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abc to Alpha-Beta-Zero, Alpha-Beta-Zero to
abc

Perform transformation from three-phase (abc) signal to ap0 stationary reference frame
or the inverse

abe
), 50 b

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Transformations

Description

The abc to Alpha-Beta-Zero block performs a Clarke transform on a three-phase abc
signal. The Alpha-Beta-Zero to abc block performs an inverse Clarke transform on the af0
components.

2_1_1
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The inverse transformation is given by
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abc to Alpha-Beta-Zero, Alpha-Beta-Zero to abc

Assume that u,, u, u, quantities represent three sinusoidal balanced currents:

ig = Isin(wt)
21

iy = Isin((ut - ?)

i, = Isin(wt + %”)

These currents are flowing respectively into windings A, B, C of a three-phase winding, as
the figure shows.

- ’
C axis "

In this case, the i, and iy components represent the coordinates of the rotating space
vector I in a fixed reference frame whose « axis is aligned with phase A axis. I, amplitude
is proportional to the rotating magnetomotive force produced by the three currents. It is
computed as follows:

o 2, J2m o jen
Is=la+J~1B=§la+1b'eT+IC'eT

Examples

The power Transformations example shows various uses of blocks performing Clarke
and Park transformations.
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Introduced in R2013a
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abc to dq0, dq0 to abc

abc to dq0, dqO0 to abc

Perform transformation from three-phase (abc) signal to dqO rotating reference frame or
the inverse

§ abu b

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Transformations

Description

The abc to dg0 block performs a Park transformation in a rotating reference frame.

The dq0 to abc block performs an inverse Park transformation.

B axis n B axis

q axis

C axis "

The block supports the two conventions used in the literature for Park transformation:
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* Rotating frame aligned with A axis at t = 0, that is, at t = 0, the d-axis is aligned with
the a-axis. This type of Park transformation is also known as the cosine-based Park
transformation.

* Rotating frame aligned 90 degrees behind A axis, that is, at t = 0, the g-axis is aligned
with the a-axis. This type of Park transformation is also known as the sine-based Park
transformation. Use it in Simscape Electrical Specialized Power Systems models of
three-phase synchronous and asynchronous machines.

Deduce the dq0 components from abc signals by performing an abc to af0 Clarke
transformation in a fixed reference frame. Then perform an a0 to dq0 transformation in
a rotating reference frame, that is, —(w.t) rotation on the space vector Us = u, + j- ug.

The abc-to-dq0 transformation depends on the dq frame alignment at t = 0. The position
of the rotating frame is given by w.t (where w represents the dq frame rotation speed).

When the rotating frame is aligned with A axis, the following relations are obtained:

—j2m j2m it
Ug+up-e 3 +u.-es|-e ¥

| | it 2
Us=ug+jug=(ug+j-up) e =5

—_

ug = §(ua + up + )

cos(wt) cos(wt - Z?H) cos(wt + Z?H)
Uqg Ug
uql = % —sin(wt) —sin(a)t - Z?H) —sin(wt + ZTH) Up
uO l l l uC
2 2 2

Inverse transformation is given by

cos(wt) —sin(wt) 1
Ua 211 . 211 Ud
up| = (oo} wt—? —sin wt—T 1 u,
Ue cos(wt + Z?H) —sin(wt + Z?H) 1|40

When the rotating frame is aligned 90 degrees behind A axis, the following relations are
obtained:
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Us = ud+j-uq=(ua+j-uﬁ)-e_j(‘“t_%)

abc to dq0, dq0 to abc

sin(wt) sin(wt - Z?H) sin(wt + Z?H)
Uqg Ug
_2 _ 21 211
Uq| = 3 cos(wt) cos(wt ?) cos(wt + ?) up
to 1 1 1 Ue
2 2 2
Inverse transformation is given by
sin(wt) cos(wt) 1
u(l . ZH ZH Ud
up| = sm(wt - T) cos(wt - T) 1 g
Ue sin(wt + Z—H) cos(wt + Z—H) 1|Uo
3 3
Parameters

Rotating frame alignment (at wt=0)

Select the alignment of rotating frame a t = 0 of the d-g-0 components of a three-
phase balanced signal:

Uy = sin(wt); up = sin(wt - Z?H) Ue = sin(wt + Z?H)

(positive-sequence magnitude = 1.0 pu; phase angle = 0 degree)

When you select Aligned with phase A axis, the d-g-0 components are d = 0, q
= —1, and zero = 0.

When you select 90 degrees behind phase A axis, the default option, the d-g-0
components ared = 1, g = 0, and zero = 0.

Inputs and Outputs

abc
The vectorized abc signal.
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dqo
The vectorized dq0 signal.
wt
The angular position of the dq rotating frame, in radians.

Examples

The power Transformations example shows various uses of blocks performing Clarke
and Park transformations.

Introduced in R2013a
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matlab:power_Transformations

abc_to_dq0 Transformation

abc _to dqO0 Transformation

Perform Park transformation from three-phase (abc) reference frame to dq0 reference
frame

abi
dqUl |-
zin_cos

Library

powerlib extras/Measurements, powerlib extras/Discrete Measurements

Note The Transformations section of the Control and Measurements library contains the
abc to dq0 block. This is an improved version of the abc_to _dq0 Transformation block.
The new block features a mechanism that eliminates duplicate continuous and discrete
versions of the same block by basing the block configuration on the simulation mode. If
your legacy models contain the abc to dq0 Transformation block, they continue to work.
However, for best performance, use the abc to dq0 block in your new models.

Description

The abc to dq0 Transformation block computes the direct axis, quadratic axis, and zero
sequence quantities in a two-axis rotating reference frame for a three-phase sinusoidal
signal. The following transformation is used:

Vg = %(Vasin(wt) + Vpsin(wt — 211/3) + Vsin(wt + 2m/3))
Vg = %(Vacos(wt) + Vpcos(wt — 211/3) + Vcos(wt + 211/3))
1
Vo= g(va +Vp+ V),

where w = rotation speed (rad/s) of the rotating frame.
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The transformation is the same for the case of a three-phase current; you simply replace
the V,, Vp,, V, Vg, V,,, and V,, variables with the I, I, I, Iy, I, and I, variables.

This transformation is commonly used in three-phase electric machine models, where it is
known as a Park transformation [1 on page 1-11]. It allows you to eliminate time-varying
inductances by referring the stator and rotor quantities to a fixed or rotating reference
frame. In the case of a synchronous machine, the stator quantities are referred to the
rotor. I3 and I, represent the two DC currents flowing in the two equivalent rotor windings
(d winding directly on the same axis as the field winding, and g winding on the quadratic
axis), producing the same flux as the stator I, I, and I, currents.

You can use this block in a control system to measure the positive-sequence component V;
of a set of three-phase voltages or currents. The V; and V, (or I and I;) then represent
the rectangular coordinates of the positive-sequence component.

You can use the Math Function block and the Trigonometric Function block to obtain the
modulus and angle of V;:

T2
[Vi| =Vg+Vqg

£Vy = atan2(V4/Vy).

This measurement system does not introduce any delay, but, unlike the Fourier analysis
done in the Sequence Analyzer block, it is sensitive to harmonics and imbalances.

Inputs and Outputs

abc

Connect to the first input the vectorized sinusoidal phase signal to be converted
[phase A phase B phase C].

sin cos
Connect to the second input a vectorized signal containing the [sin(wt) cos(wt)]
values, where w is the rotation speed of the reference frame.

dqo

The output is a vectorized signal containing the three sequence components [d q o], in
the same units as the abc input signal.



abc_to_dqO0 Transformation

References

[1] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1994, p.135.

See Also
abc to dq0, dq0 to abc | dq0 to_abc Transformation

Introduced in R2013a
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AC Current Source

Implement sinusoidal current source
=]
+:Lr‘

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Electrical
Sources

Description

The AC Current Source block implements an ideal AC current source. The positive
current direction is indicated by the arrow in the block icon. The generated current I is
described by the following relationship:

I = Asin(wt + ¢), w = 20f, ¢ = Phase in radians.

Negative values are allowed for amplitude and phase. A zero frequency and a 90-degree
phase specify a DC current source. You cannot enter a negative frequency; the software
returns an error in that case, and the block displays a question mark in the block icon.
You can modify the first three block parameters at any time during the simulation.

Parameters

Peak amplitude
The peak amplitude of the generated current, in amperes (A). Default is 10.
Phase

The phase in degrees (deg). Specify a frequency of 0 and a phase of 90 degrees to
implement a DC current source. Default is 0.



AC Current Source

Frequency

The source frequency in hertz (Hz). Default is 60. Specify a frequency of 0 and a
phase of 90 degrees to implement a DC current source.

Sample time
The sample period in seconds (s). The default is 0, corresponding to a continuous
source.

Measurements

Default is None. Select Current to measure the current flowing through the AC
Current Source block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label
Current Isrc:
Examples

The power accurrent example uses two AC Current Source blocks in parallel to sum
two sinusoidal currents in a resistor.

See Also

Controlled Current Source, Multimeter

Introduced before R2006a
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AC Voltage Source

Implement sinusoidal voltage source

2

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Electrical
Sources

Description

The AC Voltage Source block implements an ideal AC voltage source. The generated
voltage U is described by the following relationship:

U = Asin(wt + ¢), w = 20f, ¢ = Phase in radians.

Negative values are allowed for amplitude and phase. A frequency of 0 and phase equal to
90 degrees specify a DC voltage source. Negative frequency is not allowed; otherwise the
software signals an error, and the block displays a question mark in the block icon.

Parameters

Parameters Tab

Peak amplitude

The peak amplitude of the generated voltage, in volts (V). Default is 100.
Phase

The phase in degrees (deg). Default is 0.



AC Voltage Source

Frequency
The source frequency in hertz (Hz). Default is 60.
Sample time

The sample period in seconds (s). The default is 0, corresponding to a continuous
source.

Measurements

Select Voltage to measure the voltage across the terminals of the AC Voltage Source
block. Default is None.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label
Voltage Usrc:

Load Flow Tab

The Load Flow tool of the powergui block uses the parameters on this tab. These load
flow parameters affect only model initialization. They do not affect simulation.

The configuration of the Load Flow tab depends on the option selected for the
Generator type parameter.

Generator type
Specify the generator type of the voltage source. The default value is swing.

Select swing to implement a generator controlling the magnitude and phase angle of
its terminal voltage. Specify the reference voltage magnitude and angle in the Swing
bus or PV bus voltage and Swing bus voltage angle parameters of the Load Flow
Bus block connected to the voltage source terminals.

Select PV to implement a generator controlling its output active power P and voltage
magnitude V. Specify P in the Active power generation P parameter of the block.
Specify V in the Swing bus or PV bus voltage parameter of the Load Flow Bus block
connected to the voltage source terminals. You can control the minimum and
maximum reactive power generated by the block by using the Minimum reactive
power Qmin and Maximum reactive power Qmax parameters.
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Select PQ to implement a generator controlling its output active power P and reactive
power Q. Specify P and Q in the Active power generation P and Reactive power
generation Q parameters of the block, respectively.

Active power generation P

Specify the desired active power generated by the source, in watts. Default is 10e3.
This parameter is available if you specify Generator type as PV or PQ.

Reactive power generation Q

Specify the desired reactive power generated by the source, in vars. Default is 0. This
parameter is available only if you specify Generator type as PQ.

Minimum reactive power Qmin

This parameter is available only if you specify Generator type as PV. This parameter
indicates the minimum reactive power the source can generate while keeping the
terminal voltage at its reference value. Specify the reference voltage as the Swing
bus or PV bus voltage parameter of the Load Flow Bus block connected to the
source terminals. The default value is - inf, which means that there is no lower limit
on the reactive power output.

Maximum reactive power Qmax

This parameter is available only if you specify Generator type as PV. This parameter
indicates the maximum reactive power the source can generate while keeping the
terminal voltage at its reference value. Specify the reference voltage with the Swing
bus or PV bus voltage parameter of the Load Flow Bus block connected to the
source terminals. The default value is inf, which means that there is no upper limit
on the reactive power output.

Examples

The power acvoltage example uses two AC Voltage Source blocks at different
frequencies connected in series across a resistor. The sum of the two voltages is read by a
Voltage Measurement block.

See Also

Controlled Voltage Source, DC Voltage Source, Multimeter


matlab:power_acvoltage

AC Voltage Source

Introduced before R2006a
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AC1A Excitation System

Implements IEEE type AC1A excitation system model

“whef

g
ACAA Efd
ltd

LY. Y I Y .Y

“wiEtab

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

This block models an ac alternator driving a diode rectifier to produce the field voltage Vf
required by the Synchronous Machine block. A non-controlled voltage regulator provides
a voltage in p.u. with a lower limit of zero imposed by the diode rectifier.

This block is an adaptation of the AC1A excitation system of the IEEE® 421 standard,
copyright IEEE 2005, all rights reserved.

Parameters

* “Controllers Tab” on page 1-19
» “Exciter and Rectifier Tab” on page 1-19
» “Initial Values Tab” on page 1-20



AC1A Excitation System

Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal voltage
transducer. Default is 20e-3.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator. Default is [400 0.02].

Voltage regulator internal limits

The voltage regulator internal limits VAmin and VAmax, in p.u. Defaultis [-14.5
14.5].

Voltage regulator output limits

The voltage regulator output limits VRmin and VRmax, in p.u. Default is [-5.43
6.03].

Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the derivative
feedback. Defaultis [0.03 1.0].

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator. Default is [0 0].

Exciter and Rectifier Tab

Exciter gain and time constant

The gain Ke and time constant Te of the first-order system representing the exciter.
Defaultis [1.0 0.80].

Exciter alternator voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points,Vel and
Ve2 in p.u., on the air-gap line and no-load saturation curve and providing the
corresponding two saturation multipliers SeVel and SeVe2. Default is [4.18 3.14].

Typically, the voltage Vel is a value near the expected exciter maximum output
voltage, Ve2 value is about 75% of Vel [1].
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Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Vel and
Ve2 in p.u., on the air-gap line and no-load saturation curve and providing the
corresponding two saturation multipliers SeVel and SeVe2. Default is [0.10 0.03].

SeVel and SeVe2 multipliers are equal to C-B / B, C is the value of exciter field

current on the no-load saturation curve corresponding to the specified Ve voltage, and

B is the value of exciter field current on the air-gap line corresponding to the selected

Ve voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.
Demagnetizing factor Kd

The gain Kd represents the demagnetizing factor, a function of exciter alternator
reactances. Default is 0. 38.

Rectifier loading factor Kc

The gain Kc represents the rectifier loading factor proportional to the commutating
reactance. Default is 0. 20.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool. Defaultis [1 1].

Sample time

Specify a value greater than zero to discretize the block at the given sample time. Set
to -1 to inherit the simulation type and sample time parameters of the Powergui block.
Default is 0.

Ports

Vref

The reference value of the stator terminal voltage, in p.u.



AC1A Excitation System

Vit

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Ifd

The measured value in p.u. of the stator field current of the controlled Synchronous
Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink®
ground block. The input is in p.u.

Efd

The field voltage to apply to the Vf input of the controlled Synchronous Machine
block. The output is in p.u.

Examples

The power machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power machines 1lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select AC1A from the Block Choice
menu to control the Synchronous Machine block using the AC1A Excitation System block.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

Introduced in R2012b
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AC4A Excitation System

Implements IEEE type AC4A excitation system model

“whef

n
ACSHA Efd
Itd

LY. T IR Y .V ]

“witab

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

This block models an ac alternator connected to a thyristor rectifier to produce the field
voltage Vf required by the Synchronous Machine block. A voltage regulator controls the
thyristors and the excitation system stabilization is accomplished by a series lead-lag
compensator.

This block is an adaptation of the AC4A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.

Parameters

* “Controllers Tab” on page 1-23
» “Exciter and Rectifier Tab” on page 1-23
* “Initial Values Tab” on page 1-23



AC4A Excitation System

Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal voltage
transducer. Default is 20e-3.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator. Default is [200 0.015].

Voltage regulator input limits
The voltage regulator input limits VImin and VImax, in p.u. Defaultis [-10 10].
Voltage regulator output limits

The voltage regulator output limits VRmin and VRmax, in p.u. Default is [-4.53
5.64].

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator. Defaultis [10 1.0].

Exciter and Rectifier Tab

Rectifier loading factor Kc

The gain Kc represents the rectifier loading factor proportional to the commutating
reactance. Default is 0.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool. Defaultis [1 1].

Sample time

Specify a value greater than zero to discretize the block at the given sample time. Set
to -1 to inherit the simulation type and sample time parameters of the Powergui block.
Default is 0.
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Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vit

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Ifd

The measured value in p.u. of the stator field current of the controlled Synchronous
Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the Vf input of the controlled Synchronous Machine
block. The output is in p.u.

Examples

The power machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power machines 1lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select AC4A from the Block Choice
menu to control the Synchronous Machine block using the AC4A Excitation System block.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).



AC4A Excitation System

Introduced in R2012b
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AC5A Excitation System

Implements IEEE type AC5A excitation system model

Wt oACSA Efd

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

This block models a simplified brushless excitation system where the regulator is supplied
from a permanent magnet generator. This model is good to represent simplified systems
with rotating rectifiers.

This block is an adaptation of the AC5A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.

Parameters

* “Controllers Tab” on page 1-27
+ “Exciter and Rectifier Tab” on page 1-27
* “Initial Values Tab” on page 1-28



AC5A Excitation System

Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal voltage
transducer. Default is 20e-3.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator. Defaultis [100 0.02].

Voltage regulator output limits
The voltage regulator output limits VRmin and VRmax, in p.u. Defaultis [-7.3 7.3].
Damping filter gain and time constants

The gain Kf and time constants Tf1, Tf, and Tf3 of the second-order system
representing the derivative feedback. Defaultis [0.03 1 0 0O].

Exciter and Rectifier Tab

Exciter gain and time constant

The gain Ke and time constant Te of the first-order system representing the exciter.
Defaultis [1.0 0.02].

Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and constant resistance load saturation curve and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2. Default is
[5.6 0.75*5.6].

Typically, the voltage Efd1 is a value near the exciter expected maximum output
voltage, Efd2 value is about 75% of Efd1.

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and Constant Resistance Load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2. Default is
[0.86 0.5].
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SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B is the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage.

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool. Defaultis [1 1].

Sample time

Specify a value greater than zero to discretize the block at the given sample time. Set
to -1 to inherit the simulation type and sample time parameters of the Powergui block.
Default is 0.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.

Vit
The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab
Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the Vf input of the controlled Synchronous Machine
block. The output is in p.u.



AC5A Excitation System

Examples

The power machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power machines 1lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select AC5A from the Block Choice
menu to control the Synchronous Machine block using the AC5A Excitation System block.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

1-29



1 Biocks — Alphabetical List

1-30

Active & Reactive Power

Measure active and reactive powers of voltage-current pair

W
P
|

Library

powerlib_extras/Measurements

A discrete version of this block is available in the powerlib_extras/Discrete Measurements
library.

A phasor version of this block is available in the powerlib extras/Phasor Library.

Note The Measurements section of the Control and Measurements library contains the
Power block. This is an improved version of the Active & Reactive Power block. The new
block features a mechanism that eliminates duplicate continuous and discrete versions of
the same block by basing the block configuration on the simulation mode. If your legacy
models contain the Active & Reactive Power block, they continue to work. However, for
best performance, use the Power block in your new models.

Description

The Active & Reactive Power block measures the active power P and reactive power Q
associated with a periodic voltage-current pair that can contain harmonics. P and Q are
calculated by averaging the V I product with a running average window over one cycle of
the fundamental frequency, so that the powers are evaluated at fundamental frequency.



Active & Reactive Power

t
p= f V(wt) - I(wt) dt

-T

1
T
t_

—_ =

Q= V(wt) - I(wt — /2) dt,

~

where T = 1/(fundamental frequency).

A current flowing into an RL branch, for example, produces positive active and reactive
powers.

As this block uses a running window, one cycle of simulation has to be completed before
the output gives the correct active and reactive powers.

The discrete version of this block, available in the powerlib extras/Discrete
Measurements library, allows you to specify the initial input voltage and current

(magnitude and phase). For the first cycle of simulation, the outputs are held constant
using the values specified by the initial input parameters.

Parameters

Fundamental frequency (Hz)

The fundamental frequency, in hertz, of the instantaneous voltage and current.

Inputs and Outputs

v
The first input is the instantaneous voltage, in volts.
I
The second input is the instantaneous current, in amperes.
PQ
The output is a vector [P Q] of the active and reactive powers, in watts and vars,
respectively.
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Examples

The power_ transfo example simulates a three-winding distribution transformer rated at
75 kVA:14400/120/120 V.

See Also

Power

Introduced before R2006a
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Active Rectifier

Implement three-phase active (PWM) rectifier model for AC motor drives

Detailed
» Bus_SP Blaie hias. [

3
g
<

o|%hb " o
of s Wt a
Al

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description
The Active Rectifier block models a standard three-leg (three-phase) PWM rectifier with a

controller for regulating the DC bus voltage and AC line currents. It has two operating
modes to represent a detailed or an average-value rectifier.

Detailed Mode

In detailed mode, the block is modeled by a Universal Bridge block configured as a three-
arm, forced-commutated converter. The rectifier controller is based on a PI regulator
connected to the DC bus voltage, as shown in the figure.
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Three-phase
I [ active
npu rectifier
A choke
D_IWV‘_
+
E_n-f\f\n_ - DC Bus
capacitance
E‘F -
D_JWV'\_
T
Voltage Rectifier [
refarence controller

The output of this regulator is the direct, that is, active, component of the AC line current.

The reactive component of the AC line current is set to zero to operate at unity power
factor.

Rectifier controller c -
urrent limiter

V*

1 Current
< ) {% f -+ 4 regulator
dg- |,
Integral Limited algc >
gain  integrator
[
\'
< b\e\% Pulses
: 1
First-order Proportional
low-pass gain
filter
iabc
< >

The dg-abc block performs the conversion of the dq current components into abc phase

variables. The current regulator is a bang-bang current controller with adjustable
hysteresis bandwidth.
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Average Mode

Average mode allows fast simulations when the high frequency switching actions of the
switches are not required. In average mode, the Active Rectifier block models an
equivalent average-value model for three-phase inverters. Refer to the Inverter (Three-
Phase) block model of the Electric Drives library for more details. The current regulator
in the rectifier controller block generates three-level signals (-1, 0, 1), indicating if the
average-value PWM rectifier model is supplied by a negative, zero, or positive line voltage
(Vab and Vbc). In detailed mode, the rectifier controller block outputs the actual pulses
for the rectifier switches.

Parameters

Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Base sample time (s)
The time step used for the simulation, in seconds. The default value is 2e-6.
Voltage regulator gains [Proportional, Integral]

The DC bus voltage controller proportional and integral gains. The default value is
[10,100].

Low-pass filter frequency (Hz)

The DC bus voltage measurement low-pass filter cutoff frequency, in hertz. The
default value is 100.

Output current saturation (A) [Negative, Positive]

The DC bus voltage controller maximum negative and positive output, in amperes.
The default value is [ -800,800].

Sample time (s)

The DC bus voltage controller sampling time, in seconds. The sampling time must be
a multiple of the simulation time step. The default value is 1e-6.

Current hysteresis bandwidth (A)

The current regulator hysteresis bandwidth, in amperes. This value is the total
hysteresis bandwidth distributed symmetrically around the current set point. The
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figure shows a case in which the current set point is Is* and the current regulator
hysteresis bandwidth is set to dx.

This parameter is available only when the Model detail level parameter is set to
Detailed. The default value is 10.

I

Snubber [Resistance Rs (Ohms), Capacitance Cs (F)]

The value of the snubber resistance and capacitance of the rectifier. The default value
is [4e3,40e-9].

Power electronic device

Specify the type of power electronic device to use in the rectifier:

e IGBT / Diodes (default)
* MOSFET / Diodes
e GTO / Diodes

Resistance Ron (Ohms)
Internal resistance of the selected device, in ohms. The default value is 1e-3.
Forward voltages (V) [Vf, Vid]

Forward voltages of the forced-commutated devices (IGBT, MOSFET, or GTO) and of
the antiparallel diodes, in volts. The default value is [1.2,1.2].

Fall time and tail time (s) [Tf, Tt]

Fall time Tf and tail time Tt, in seconds, for the GTO or the IGBT devices. The default
valueis [1e-6,2e-6].

Input choke [Resistance (Ohms), Inductance (H)]

The input choke resistance, in ohms, and inductance, in hertz. The default value is
[0.05,1e-3].



Active Rectifier

DC bus capacitance (F)
The DC bus capacitance, in farad. The default value is 7500e-6.

Inputs and Outputs

Bus SP
DC bus voltage reference, in volts.
Va, Vb, Vc

Three-phase terminals on the AC side.
Meas

Vector of three measurement signals: DC bus voltage, DC bus current before the DC
bus capacitance, and DC bus current after the DC bus capacitance.

crtl2

Vector of three measurement signals: d-axis current reference, DC bus voltage error,
and DC bus voltage reference.

V+

Positive terminal on the DC side.
V-

Negative terminal on the DC side.

Examples

The Active Rectifier block is used in the AC5 block of the Electric Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also
DC Bus
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Topics
“Electric Drives Library”

Introduced in R2015b
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Alpha-Beta-Zero to dq0, dq0 to Alpha-Beta-Zero

Alpha-Beta-Zero to dq0, dq0 to Alpha-Beta-
Zero

Perform transformation from af0 stationary reference frame to dq0 rotating reference
frame or the inverse

;-:BEI b

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Transformations

Description

The Alpha-Beta-Zero to dq0 block performs a transformation of af0 Clarke components in
a fixed reference frame to dq0 Park components in a rotating reference frame.

The dq0 to Alpha-Beta-Zero block performs a transformation of dg0 Park components in a
rotating reference frame to a0 Clarke components in a fixed reference frame.
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B axis m B axis

q axis

C axis "

The block supports the two conventions used in the literature for Park transformation:

* Rotating frame aligned with A axis at t = 0. This type of Park transformation is also
known as the cosine-based Park transformation.

* Rotating frame aligned 90 degrees behind A axis. This type of Park transformation is
also known as the sine-based Park transformation. Use it in Simscape Electrical
Specialized Power Systems models of three-phase synchronous and asynchronous
machines.

Knowing that the position of the rotating frame is given by w.t (where w represents the
frame rotation speed), the a0 to dg0 transformation performs a —(w.t) rotation on the
space vector Us = u, + j- ug. The homopolar or zero-sequence component remains
unchanged.

Depending on the frame alignment at t = 0, the dq0 components are deduced from op0
components as follows:

When the rotating frame is aligned with A axis, the following relations are obtained:

Us=Ug+j-ug=(ug+j-upg) eI

Ud cos(wt) sin(wt) 0] Ua
Ug| = | —sin(wt) cos(wt) O|fup
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The inverse transformation is given by

ua+j~uﬁ=(ud+j~uq)'ej“’t
Uy cos(wt) —sin(wt) 0]| Ud
ug| = |sin(wt) cos(wt) Oflug
0 0

Up 1 Up

When the rotating frame is aligned 90 degrees behind A axis, the following relations are

obtained:

Us = ud+j‘uq=(ua+j‘uﬁ)~e_j(‘*’t_%)

sin(wt) sin{wt — Z?H) sin(wt + Z?H)
Ug Ug
Ug| = % cos(wt) cos(wt - Z?H) cos(wt + ZTH) Up
Uo 1 1 1 Ue
2 2 2

The inverse transformation is given by

ua+j-uB=(ud+j~uq)'ej(“’t_%)

The abc-to-Alpha-Beta-Zero transformation applied to a set of balanced three-phase
sinusoidal quantities u,, uy,, u, produces a space vector Us whose u, and ug coordinates in
a fixed reference frame vary sinusoidally with time. In contrast, the abc-to-dq0
transformation (Park transformation) applied to a set of balanced three-phase sinusoidal
quantities u,, uy, u; produces a space vector Us whose uy and u, coordinates in a dq
rotating reference frame stay constant.

Parameters

Rotating frame alignment (at wt=0)
Select the alignment of rotating frame, when wt = 0, of the dq0 components of a
three-phase balanced signal:

Uy = sin(wt); up = sin(wt - 2?11) Ue = sin(wt + Z?H)
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(positive-sequence magnitude = 1.0 pu; phase angle = 0 degree)

When you select Aligned with phase A axis, the dq0 componentsared =0, g =
-1, and zero = 0.

When you select 90 degrees behind phase A axis, the default option, the dq0
components ared = 1, g = 0, and zero = 0.

Inputs and Outputs

ap0

The vectorized ofp0 signal.
dqo

The vectorized dq0 signal.
wt

The angular position, in radians, of the dq rotating frame relative to the stationary
frame.

Example

The power Transformations example shows various uses of blocks performing Clarke
and Park transformations.

Introduced in R2013a


matlab:power_Transformations

Asynchronous Machine

Asynchronous Machine

Model the dynamics of three-phase asynchronous machine, also known as induction

machine

b

Tm
A

ofB.

a
(o]

ATm

double
o|8 cage
a

o
=

]

3

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

The Asynchronous Machine block implements a three-phase asynchronous machine
(wound rotor, single squirrel-cage, or double squirrel-cage). It operates in either

generator or motor mode. The mode of operation is dictated by the sign of the mechanical

torque:
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» If Tm is positive, the machine acts as a motor.
+ If Tm is negative, the machine acts as a generator.

The electrical part of the machine is represented by a fourth-order (or sixth-order for the
double squirrel-cage machine) state-space model, and the mechanical part by a second-
order system. All electrical variables and parameters are referred to the stator, indicated
by the prime signs in the following machine equations. All stator and rotor quantities are
in the arbitrary two-axis reference frame (dq frame). The subscripts used are defined in
this table.

Subscript Definition

d d axis quantity

q g axis quantity

r Rotor quantity (wound-rotor or single-cage)
rl Cage 1 rotor quantity (double-cage)

r2 Cage 2 rotor quantity (double-cage)

S Stator quantity

1 Leakage inductance

m Magnetizing inductance

Electrical System of the Wound-Rotor or Squirrel-Cage
Machine

5 + =t

+ o hhh— At
— ﬂl—— EY .

vqs 1':15 Lm% Lgr v ot

Vs = Rlgs + d@g/dt + weys

Vds = Rsids + d(pds/dt - w(pqs



Asynchronous Machine

Vg =RY'q +de'/dt + (0 - )@y
Vldr = erildr + d(pldr/dt - (w - wr)q)lqr
Te = 1-5p((pdsiqs - q)qsids)
R, — (98 Lyg LYy, (07010’
+

vds ds ildr

— 4— er
L, %

Vi

d wxls

w — Reference frame angular velocity
w; — Electrical angular velocity

Qqs = Lglgs + Lil'yr

@gs = Lgigs + Lni'ar

@'qp=L'Y' ¢ + Liigs

@'qr = L'd'q + Lplgs

Li=Ls+ L,

L'i=L"%+Ly

+
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Electrical System of the Double Squirrel-Cage Machine

0l o fw-o )fﬂ'dﬂ
E di Lls L '

s + Il _ +
L < erl
+ lqs 1 ol
1I
"iui"qs LmE » qrE er
— L =
B2 (e, )0y
q axls

Vs = Rlgs + d@g/dt + weys
Vs = Rglgs + d@gd/dt - w@gs
0=R'yl'qq +d@'gn/dt + (W - W)Q'4n
0 =R'yi'g + d@'4n/dt - (0 - WP ¢
0 =R'yi'qe + d@' qo/dt + (W - W)@ 4ro
0 =R'ui'gry + d@'gro/dt - (0 - WP ¢y

T, = 1-5p(§0dsiqs - q)qsids)
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d exls

Qqs = Leiqs + Lin(i'qr1 + 1'gr0)
®as = Lsigs + Lin(i'qr1 + 1'ar)
Q'qr1 = L'al'qrq + Liigs
®'ar1 = L'al'ary + Linlgs
@' qr2 = L'’ qro + Liplgs

1 _ [ .
@'ar2 = L't'arp + Liplgs

Li=Ls+L,
Llrl = Lllrl + Lm
L'y=LYy+ Ly

Mechanical System

d 1

mwm = ZH(Te - me - Tm)
d
gom = @m

The Asynchronous Machine block parameters are defined as follows (all quantities are
referred to the stator).
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Parameters Common to All Definition

Models
Rs, Lis
Ly

L

Vqs' qs
Vs, las

¢'qsr d)ds

i

@ €T @€
Lo T ] BE

@

— 3 4
=]

=

F

Parameters Specific
to Single-Cage or
Wound Rotor

L'

erl Lllr
qurr Iqr
Vldrr ildr

¢Iqr1 q)ldr

i

Stator resistance and leakage inductance
Magnetizing inductance

Total stator inductance

q axis stator voltage and current

d axis stator voltage and current

Stator q and d axis fluxes

Angular velocity of the rotor

Rotor angular position

Number of pole pairs

Electrical angular velocity (w, X p)
Electrical rotor angular position (0, X p)
Electromagnetic torque

Shaft mechanical torque

Combined rotor and load inertia coefficient. Set to infinite
to simulate locked rotor.

Combined rotor and load inertia constant. Set to infinite to
simulate locked rotor.

Combined rotor and load viscous friction coefficient

Definition

Total rotor inductance

Rotor resistance and leakage inductance
g axis rotor voltage and current

d axis rotor voltage and current

Rotor q and d axis fluxes



Asynchronous Machine

Parameters Specific Definition
to Double-Cage Rotor

R'4, L'm Rotor resistance and leakage inductance of cage 1
R'y, L'im Rotor resistance and leakage inductance of cage 2
L'y, L'y Total rotor inductances of cage 1 and 2

g1, 1'qr2 g axis rotor current of cage 1 and 2

i'4r1, 1'aro d axis rotor current of cage 1 and 2

' g1 ¢'ar q and d axis rotor fluxes of cage 1

' qr2r 'aro g and d axis rotor fluxes of cage 2
Parameters

You can choose between two Asynchronous Machine blocks to specify the electrical and
mechanical parameters of the model, by using the pu Units dialog box or the SI dialog
box. Both blocks are modeling the same asynchronous machine model.

“Configuration Tab” on page 1-49
“Parameters Tab” on page 1-54
“Advanced Tab” on page 1-56
“Load Flow Tab” on page 1-57

Configuration Tab

Rotor type

Specifies the type of rotor: Wound (default for SI units), Squirrel-cage (default for
pu units), or Double squirrel-cage.

Squirrel-cage preset model

For single squirrel-cage machines, provides a set of predetermined electrical and
mechanical parameters for various asynchronous machine ratings of power (HP),
phase-to-phase voltage (V), frequency (Hz), and rated speed (rpm). To make this

parameter available, set the Rotor type parameter to Squirrel-cage and click

Apply.
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Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. The preset models do not include
predetermined saturation parameters.

Select No (default) if you do not want to use a preset model, or if you want to modify
some of the parameters of a preset model.

When you select a preset model, the electrical and mechanical parameters in the
Parameters tab of the dialog box become nonmodifiable (unavailable). To start from
a given preset model and then modify machine parameters:

Select the preset model that you want to initialize the parameters.

Change the Preset model parameter value to No. This does not change the
machine parameters. By doing so, you just break the connection with the
particular preset model.

3 Modify the machine parameters as you want, then click Apply.

Double squirrel-cage preset model

Click Open parameter estimator to open an interface to the
power AsynchronousMachineParams function that gives you access to preset
models for double-cage asynchronous machines.

Mechanical input

Select the torque applied to the shaft or the rotor speed as a Simulink input of the
block, or to represent the machine shaft by a Simscape rotational mechanical port.

Select Torque Tm (default) to specify a torque input, in N.m or in pu, and change
labeling of the block input to Tm. The machine speed is determined by the machine
Inertia J (or inertia constant H for the pu machine) and by the difference between the
applied mechanical torque Tm and the internal electromagnetic torque Te. The sign
convention for the mechanical torque is: when the speed is positive, a positive torque
signal indicates motor mode and a negative signal indicates generator mode.

Select Speed w to specify a speed input, in rad/s or in pu, and change labeling of the
block input to w. The machine speed is imposed and the mechanical part of the model
(Inertia J) is ignored. Using the speed as the mechanical input allows modeling a
mechanical coupling between two machines.

The next figure indicates how to model a stiff shaft interconnection in a motor-
generator set when friction torque is ignored in machine 2. The speed output of
machine 1 (motor) is connected to the speed input of machine 2 (generator), while



Asynchronous Machine

machine 2 electromagnetic torque output Te is applied to the mechanical torque input
Tm of machine 1. The Kw factor takes into account speed units of both machines (pu
or rad/s) and gear box ratio w2/w1l. The KT factor takes into account torque units of
both machines (pu or N.m) and machine ratings. Also, as the inertia ]2 is ignored in
machine 2, J2 referred to machine 1 speed must be added to machine 1 inertia J1.

»{Tin w—b@—bw Te

Maching 1 Maching 2
Specify J = J1+J2* (w2112 J2 is ignored

KT

e

Select Mechanical rotational port to add to the block a Simscape mechanical
rotational port that allows connection of the machine shaft with other Simscape
blocks having mechanical rotational ports. The Simulink input representing the
mechanical torque Tm or the speed w of the machine is then removed from the block.

The next figure indicates how to connect an Ideal Torque Source block from the
Simscape library to the machine shaft to represent the machine in motor mode, or in
generator mode, when the rotor speed is positive.
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Simulink Input:

Asynchronous Machine
{rotor mode)

Simulink Input:
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Asynchronous Machine
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Source o

Asynchronous Machine

{generator mode)

Reference frame

Specifies the reference frame that is used to convert input voltages (abc reference
frame) to the dq reference frame, and output currents (dq reference frame) to the abc
reference frame. You can choose among the following reference frame
transformations:

* Rotor (Park transformation) (default)

+ Stationary (Clarke or of transformation)

* Synchronous

The following relationships describe the abc-to-dq reference frame transformations
applied to the Asynchronous Machine phase-to-phase voltages.

Vgs|  1[2cosb cosh + /3sinb|[Vabs
Vds] ~ 3| 2sind sind — y3cosh Vbcs]
Viar| _ 1[2cosB cosB + /3sinB|[V abr
Vigr| ~ 3|2sing sing - y3cosp V'bcr]'
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In the preceding equations, O is the angular position of the reference frame, while
B = 0 - 0, is the difference between the position of the reference frame and the
position (electrical) of the rotor. Because the machine windings are connected in a
three-wire Y configuration, there is no homopolar (0) component. This configuration
also justifies that two line-to-line input voltages are used inside the model instead of
three line-to-neutral voltages. The following relationships describe the dg-to-abc
reference frame transformations applied to the Asynchronous Machine phase
currents.

. cos6O sinf .
las ) ) lgs
.| =] -cosH ++/3sinf —/3cosO — sinb ||.
le 2 2 ldS
y cosp sinf .,
Lar Lar
.| =|—=cosB ++3sinf —+/3cosp —sinf || ..
1 br 2 2 1 dr
fcs = —lgs — Ips
ier=—Tqr—1pr.

The following table shows the values taken by © and B in each reference frame (0, is
the position of the synchronously rotating reference frame).

Reference Frame (c] B
Rotor 0, 0
Stationary 0 -0,
Synchronous CH 0, — 06,

The choice of reference frame affects the waveforms of all dq variables. It also affects
the simulation speed and in certain cases the accuracy of the results. The following
guidelines are suggested in [1]:

* Use the stationary reference frame if the stator voltages are either unbalanced or
discontinuous and the rotor voltages are balanced (or 0).

* Use the rotor reference frame if the rotor voltages are either unbalanced or
discontinuous and the stator voltages are balanced.

» Use either the stationary or synchronous reference frames if all voltages are
balanced and continuous.
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Use signal names to identify bus labels

When this check box is selected, the measurement output uses the signal names to
identify the bus labels. Select this option for applications that require bus signal
labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Parameters Tab

This tab contains the electrical parameters of the machine. To estimate the electrical
parameters of a double-cage asynchronous machine based on standard manufacturer
specifications, you can use the power AsynchronousMachineParams function.

Nominal power, voltage (line-line), and frequency

The nominal apparent power Pn (VA), RMS line-to-line voltage Vn (V), and frequency
fn (Hz). Default is [3730 460 60] for pu units and [1.845e+04 400 50] for SI
units.

Stator resistance and inductance

The stator resistance Rs (Q or pu) and leakage inductance Lls (H or pu). Default is
[0.01965 0.0397] for pu units and [0.5968 0.0003495] for SI units.

Rotor resistance and inductance

The rotor resistance Rr' (Q or pu) and leakage inductance LIr' (H or pu), both referred
to the stator. This parameter is visible only when the Rotor type parameter on the
Configuration tab is set to Wound or Squirrel-cage. Default is [0.01909
0.0397] for pu units and [0.6258 0.005473] for SI units.

Cage 1 resistance and inductance

The rotor resistance Rrl' (Q or pu) and leakage inductance LIrl' (H or pu), both
referred to the stator. This parameter is visible only when the Rotor type parameter
on the Configuration tab is set to Double squirrel-cage. Defaultis [0.01909
0.0397] for pu units and [0.4155 0.002066] for SI units.

Cage 2 resistance and inductance

The rotor resistance Rr2' (Q or pu) and leakage inductance LIr2' (H or pu), both
referred to the stator. This parameter is visible only when the Rotor type parameter
on the Configuration tab is set to Double squirrel-cage. Defaultis [0.01909
0.0397] for pu units and [0.4168 0.0003495] for SI units.
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Mutual inductance
The magnetizing inductance Lm (H or pu). Default is 1.354 for pu units and 0.0354
for SI units.

Inertia constant, friction factor, and pole pairs

For the SI units dialog box: the combined machine and load inertia coefficient ]
(kg.m?), combined viscous friction coefficient F (N.m.s), and pole pairs p. The friction
torque Tf is proportional to the rotor speed w (Tf = Ew). Defaultis [0.05 0.005879
2].

For the pu units dialog box: the inertia constant H (s), combined viscous friction
coefficient F (pu), and pole pairs p. Default is [0.09526 0.05479 2].
Initial conditions

Specifies the initial slip s, electrical angle ®e (degrees), stator current magnitude (A
or pu), and phase angles (degrees):

[slip, th, i,, 1ps, 1cs, phase,s, phaseys, phase.]

If the Rotor type parameter is set to Wound, you can also specify optional initial
values for the rotor current magnitude (A or pu), and phase angles (degrees):

[slip, th, i, ips, 1cs, phase,s, phaseps, phasec, i, ipr, i, phase,r, phasey., phase. ]

When the Rotor type parameter is set to Squirrel-cage, the initial conditions can
be computed by the Load Flow tool or the Machine Initialization tool in the Powergui
block.

Defaultis [ 1,0 0,0,0 0,0,0 ] forpuunitsand [0 0 © 06 0 0 O O] for SI
units.

Simulate saturation

Specifies whether magnetic saturation of the rotor and stator iron is simulated or not.
Default is cleared.

[i;v] (pu)
Specifies the no-load saturation curve parameters. Magnetic saturation of the stator
and rotor iron (saturation of the mutual flux) is modeled by a piecewise linear
relationship specifying points of the no-load saturation curve. The first row of this
matrix contains the values of stator currents. The second row contains values of
corresponding terminal voltages (stator voltages). The first point (first column of the
matrix) must be different from [0,0]. This point corresponds to the point where the
effect of saturation begins. Default is
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[0.212,0.4201,0.8125,1.0979,1.4799,2.2457,3.2586,4.5763,6.4763 ;
0.5,0.7,0.9,1,1.1,1.2 ,1.3,1.4,1.5] for pu units and [14.03593122,
27.81365428, 53.79336849, 72.68890987, 97.98006896, 148.6815601,
215.7428561, 302.9841135, 428.7778367 ; 230, 322, 414, 460, 506,
552, 598, 644, 690] for SI units..

You must select the Simulate saturation check box to simulate saturation. If you do
not select the Simulate saturation check box, the relationship between the stator
current and the stator voltage is linear.

Click Plot to view the specified no-load saturation curve.

Advanced Tab

The Advanced tab of the block is not visible when you set the Simulation type parameter
of the powergui block to Continuous, or when you select the Automatically handle
discrete solver parameter of the powergui block.

The tab is visible when you set the Simulation type parameter of the powergui block to
Discrete and when the Automatically handle discrete solver parameter of the
powergui block is cleared.

Sample time (-1 for inherited)

Specifies the sample time used by the block. To inherit the sample time specified in
the Powergui block, set this parameter to —1 (default).

Discrete solver model

Specifies the integration method used by the block when the Solver type parameter
of the Powergui block is set to Discrete. The choices are Trapezoidal non
iterative (default), Trapezoidal iterative (alg. loop), Trapezoidal
robust, and Backward Euler robust.

The Discrete solver model is automatically set to Trapezoidal robust when you
select the Automatically handle discrete solver parameter of the powergui block.

The Trapezoidal non iterative and Trapezoidal iterative (alg. loop)
methods are no longer recommended for discretizing the Asynchronous Machine. The
first method requires you to add non-negligible shunt load at the machine terminals to
guarantee simulation stability, and the second method may fail to converge
(simulation stops) when the number of machines increases in the model.
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The Trapezoidal robust and Backward Euler robust methods allow you to
eliminate the need to use parasitic loads and allow simulating a machine without
loads. To eliminate topological errors of machines connected to an inductive circuit
(for example, a circuit breaker connected in series with the machine); the machine
models a negligible internal load of 0.01% of nominal power.

The Trapezoidal robust method is slightly more accurate than the Backward
Euler robust method, especially when the model is simulated at larger sample
times. The Trapezoidal robust method may produce slight damped numerical
oscillations on machine voltage in no-load conditions, while the Backward Euler
robust method prevents oscillations and maintains good accuracy.

For more information on what method you should use in your application, see
Simulating Discretized Electrical Systems.

Load Flow Tab

The parameters on this tab are used by the Load Flow tool of the powergui block. These
load flow parameters are used for model initialization only. They have no impact on the
block model or on the simulation performance.

Mechanical power (W)

Specify the mechanical power applied to the machine shaft, in watts. When the
machine operates in motor mode, specify a positive value. When the machine
operates in generator mode, specify a negative value. Default is 0 for pu units and
1.492e+006 for SI units.

Inputs and Outputs

The stator terminals of the Asynchronous Machine block are identified by the letters A, B,
and C. The rotor terminals are identified by the letters a, b, and c. The neutral
connections of the stator and rotor windings are not available; three-wire Y connections
are assumed.

Tm

The Simulink input of the block is the mechanical torque at the machine's shaft. When
the input is a positive Simulink signal, the asynchronous machine behaves as a motor.
When the input is a negative signal, the asynchronous machine behaves as a
generator.
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When you use the SI parameters mask, the input is a signal in N.m, otherwise it is in
pu.

The alternative block input (depending on the value of the Mechanical input
parameter) is the machine speed. When you use the SI parameters mask, the input is
a signal in rad/s or in pu.

The Simulink output of the block is a vector containing measurement signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library. Depending on the type of mask that you use, the units are in SI or in pu. The
cage 2 rotor signals return null signal when the Rotor type parameter on the
Configuration tab is set to Wound or Squirrel-cage.

Name Definition Units
iar Rotor current ir a A or pu
ibr Rotor current ir b Aorpu
icr Rotor current ir ¢ A or pu
iqr Rotor current iq A or pu
idr Rotor current id A or pu
phiqgr Rotor flux phir g V.s or pu
phidr Rotor flux phir d V.s or pu
vqr Rotor voltage Vr g V or pu
vdr Rotor voltage Vr d V or pu
iar2 Cage 2 rotor current ir a A or pu
ibr2 Cage 2 rotor current ir b Aorpu
icr2 Cage 2 rotor current ir ¢ A or pu
iqr2 Cage 2 rotor current iq A or pu
idr2 Cage 2 rotor current id A or pu
phiqr2 Cage 2 rotor flux phir g V.s or pu
phidr2 Cage 2 rotor flux phir d V.s or pu
ias Stator current is a A or pu
ibs Stator current is b A or pu
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Name Definition Units
ics Stator current is ¢ A or pu
igs Stator current is g A orpu
ids Stator current is d A or pu
phigs Stator flux phis q V.s or pu
phids Stator flux phis d V.s or pu
vQs Stator voltage vs_q V or pu
vds Stator voltage vs d Vor pu
\ Rotor speed rad/s
Te Electromagnetic torque Te N.m or pu
theta Rotor angle thetam rad
Limitations

The Asynchronous Machine block does not include a representation of the saturation
of leakage fluxes. You must be careful when you connect ideal sources to the
machine's stator. If you choose to supply the stator via a three-phase Y-connected
infinite voltage source, you must use three sources connected in Y. However, if you
choose to simulate a delta source connection, you must use only two sources

connected in series.

=Tm

m

B B
C C
1 Asynchronous Machine Asynchronous Machine

G’L @ @ pu Units @ @ pu Units1
Ua Ub Ui Uahb
‘[ I ] 1 1

When you use Asynchronous Machine blocks in discrete systems, you might have to
use a small parasitic resistive load, connected at the machine terminals, to avoid
numerical oscillations. Large sample times require larger loads. The optimum resistive
load is proportional to the sample time. Remember that with a 25 ps time step on a 60
Hz system, the minimum load is approximately 2.5% of the machine nominal power.

Ube
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For example, a 200 MVA asynchronous machine in a power system discretized with a
50 ps sample time requires approximately 5% of resistive load or 10 MW. If the sample
time is reduced to 20 ps, a resistive load of 4 MW is sufficient.

Examples

Example 1: Use of the Asynchronous Machine Block in Motor
Mode

The power pwm example illustrates the use of the Asynchronous Machine block in motor
mode. It consists of an asynchronous machine in an open-loop speed control system.

The machine rotor is short-circuited, and the stator is fed by a PWM inverter, built with
Simulink blocks and interfaced to the Asynchronous Machine block through the
Controlled Voltage Source block. The inverter uses sinusoidal pulse-width modulation.
The base frequency of the sinusoidal reference wave is set at 60 Hz and the triangular
carrier wave frequency is set at 1980 Hz. This frequency corresponds to a frequency
modulation factor m; of 33 (60 Hz x 33 = 1980).

The 3 HP machine is connected to a constant load of nominal value (11.9 N.m). It is
started and reaches the set point speed of 1.0 pu at t = 0.9 second.

The parameters of the machine are those found in the preceding SI Units dialog box
above, except for the stator leakage inductance, which is set to twice its normal value to
simulate a smoothing inductor placed between the inverter and the machine. Also, the
stationary reference frame was used to obtain the results shown.

Open the power pwm example. In the simulation parameters, a small relative tolerance is
required because of the high switching rate of the inverter.


matlab:power_pwm
matlab:power_pwm

Asynchronous Machine

Continuous
ldgal Sweitch

powergui

RMS Vab voltage

<iar>

<iasx

<Tex

peskZrms
vab
RN S —
—a[+ ol
W >
) NS
Fouwier1
1.9
IHP-220V
- B0 Hz - 1725 rpm
@ vab
w .
i}

inis (A)

. 8

M {rpm)

= .
pm

Te (N.m)
pulradpersec
wm”™ Step
(p.u)
2RIl [0,-1,1]
) O
Table Math
Function

Three-Phase Asynchronous Machine

Run the simulation and observe the machine's speed and torque.
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The first graph shows the machine's speed going from 0 to 1725 rpm (1.0 pu). The second
graph shows the electromagnetic torque developed by the machine. Because the stator is
fed by a PWM inverter, a noisy torque is observed.

However, this noise is not visible in the speed because it is filtered out by the machine's
inertia, but it can be seen in the stator and rotor currents.
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100

is, (A)
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Time (s)

Look at the output of the PWM inverter. Because nothing of interest can be seen at the
simulation time scale, the graph concentrates on the last moments of the simulation.
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Example 2: Effect of Saturation of the Asynchronous Machine
Block

The power _asm_sat example illustrates the effect of saturation of the Asynchronous
Machine block.
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matlab:power_asm_sat

Asynchronous Machine
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m >
< Rotor speed (wm)>
C

Asynchronous Machine
without saturation

Phasars

Saturation in Three-Phase Asynchronous Machine

powergui

=]

Two identical three-phase motors (50 HE, 460 V, 1800 rpm) are simulated, with and
without saturation, to observe the saturation effects on the stator currents. Two different

simulations are realized in the example.

The first simulation is the no-load steady-state test. This table contains the values of the
Saturation Parameters and the measurements obtained by simulating different
operating points on the saturated motor (no-load and in steady-state).

Saturation Parameters
Vsat (Vrms L-L) Isat (peak A) Vrms L-L
- - 120
230 14.04 230
- - 250
- - 300

Measurements

Is_A (peak A)
7.322
14.03
16.86
24.04
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Saturation Parameters Measurements
Vsat (Vrms L-L) Isat (peak A) Vrms L-L Is_A (peak A)
322 27.81 322 28.39
- 351 35.22
- 382 43.83
414 53.79 414 54.21
- 426 58.58
- 449 67.94
460 72.69 460 73.01
- 472 79.12
- 488 88.43
506 97.98 506 100.9
- 519 111.6
- 535 126.9
- 546 139.1
552 148.68 552 146.3
- 569 169.1
- 581 187.4
598 215.74 598 216.5
- 620 259.6
- 633 287.8
644 302.98 644 313.2
- 659 350
- 672 383.7
- 681 407.9
690 428.78 690 432.9

The next graph illustrates these results and shows the accuracy of the saturation model.
The measured operating points fit well the curve that is plotted from the Saturation
Parameters data.
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You can observe the other effects of saturation on the stator currents by running the
simulation with a blocked rotor or with many different values of load torque.
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See Also

Powergui
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Introduced before R2006a
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Battery

Implement generic battery model

e ——

I

“I @

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Extra Sources

Description

The Battery block implements a generic dynamic model parameterized to represent most
popular types of rechargeable batteries.

This figure shows the battery equivalent circuit that the block models.

t
f
0

First order

0 (Discharge) Internal

i(t)
+ SrEe| Z : Resistance
1 (Charge) ot

Exp(s) A Ibatt
o | Sel(s) T 1HEB i) -s+1 ’

I
Ex
‘ v Vet
Echarge = J2(it.i* Exp, BattTvpe) Controlled
- . —Ebat voltage
Edischarge = fi(i1.i* .Exp, BattTipe) source
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For the lead-acid battery type, the model uses these equations:

* Discharge Model (i* > 0)

Lo e O e 0 -1{Exp(s) .
fi(it,i*,i, Exp) = Eg — K -t i* -K o~ it + Laplace (Sel(s) 0)
* Charge Model (i* < 0)
it i% i -k Q kg Q -1(Exp(s) . 1
fa(it, i*,1, Exp) = Eg = K+ 747~ g K gzt Laplace (Sel(s) s)

For the lithium-ion battery type, the model uses these equations:

* Discharge Model (i* > 0)

% -k~ it 4+ A-exp(=B-it)

Falit, i%,1) = By — K g T

* Charge Model (i* < 0)

fz(it,i*,i)=E0—K~ﬁ~i* —K‘ﬁ'it+A~exp(—B-it)

For the nickel-cadmium and nickel-metal-hydride battery types, the model uses these
equations:

* Discharge Model (i* > 0)

e O e 0 -1{Exp(s) .
f1(it,i*,i,Exp) = Eg — K o-1t i*-K 0-1 it + Laplace (—Sel(s) 0)

* Charge Model (i* < 0)

Q s k. Q

THEE I = K~ ik
fo(it,i*,i, Exp) = Eg — K [T01-Q i o=

r -1(Exp(s) 1
it + Laplace (Sel(s) s)’

In the equations:

* FEpgu: is nonlinear voltage, in V.
* E,is constant voltage, in V.
* Exp(s) is exponential zone dynamics, in V.

* Sel(s) represents the battery mode. Sel(s) = 0 during battery discharge, Sel(s) = 1

during battery charging.
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* Kis polarization constant, in V/Ah, or polarization resistance, in Ohms.
* i*is low frequency current dynamics, in A.

* iis battery current, in A.

* it is extracted capacity, in Ah.

* (Qis maximum battery capacity, in Ah.

* A is exponential voltage, in V.

* B is exponential capacity, in Ah~1.

Charge and Discharge Characteristics

The parameters of the equivalent circuit can be modified to represent a particular battery
type, based on its discharge characteristics. A typical discharge curve consists of three
sections.

Typical Discharge Characteristics

* * Discharge curve
Fully Charged Ry I Nominal area
Exponential = i
pNominaI IIIIIIII AT TII :l Exponentzlal area
Exponential Nom Max
Capacity (Ah)

The first section represents the exponential voltage drop when the battery is charged.
The width of the drop depends on the battery type. The second section represents the
charge that can be extracted from the battery until the voltage drops below the battery
nominal voltage. Finally, the third section represents the total discharge of the battery,
when the voltage drops rapidly.

When the battery current is negative, the battery recharges, following a charge
characteristic.
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Typical Charge Characteristics
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The model parameters are derived from discharge characteristics and assumed to be the
same for charging.

The Exp(s) transfer function represents the hysteresis phenomenon for the lead-acid,
nickel-cadmium (NiCD), and nickel-metal hydride (NiMH) batteries during charge and
discharge cycles. The exponential voltage increases when a battery is charging,
regardless of the battery state of charge. When the battery is discharging, the exponential
voltage decreases immediately.
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Exponential zone for Lead-Acid, NiMH, NiCD
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Temperature Effect

For the lithium-ion battery type, the impact of temperature on the model parameters is
represented by these equations.

* Discharge Model (i* > 0)

Q(Tq)

falit, i*,1,T, Tg) = Eo(T) = K(T) - gy * (1% +it) + A~ exp(~B it) = C it

Vpatt(T) = f1(it,i*,i, T, Tg) — R(T) - i
* Charge Model (i* < 0)

Q(Tq) Q(Ty)

f1(it,i*,1,T,T,) = Eo(T) — K(T) - 01 QT i* - K(T) - QAT =1t it+A

-exp(-B-it)—-C-it
Vbatt(T) = fl(lt, i*, i' T, Ta) - R(T) ' i:
with
oF
E(T) = Eo|tyo7 + 57(T = Trey)

1 1
K(T) = K|Tref : exp(a T~ Tef))
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QT = Qlr, + 5% (Ta ~ Trey)

R(T) = R|r, - exp(ﬁ

o)
T Tref ’
where:

* T,ris nominal ambient temperature, in K.

* Tis cell or internal temperature, in K.

* T,is ambient temperature, in K.

* E/T is reversible voltage temperature coefficient, in V/K.

* ais Arrhenius rate constant for the polarization resistance.

* P is Arrhenius rate constant for the internal resistance.

* AQ/AT is maximum capacity temperature coefficient, in Ah/K.

* (Cis nominal discharge curve slope, in V/Ah. For lithium-ion batteries with less
pronounced discharge curves (such as lithium iron phosphate batteries), this
parameter is set to zero.

The cell or internal temperature, T, at any given time, t, is expressed as:

PlossRth + Tq
]. + S tC

’

T(t) = L_l(

where:

* Ry is thermal resistance, cell to ambient (°C/W).
* t,is thermal time constant, cell to ambient (s).

* Py is the overall heat generated (W) during charge/discharge process and is given
by

Pioss = (Eo(T) = Voare(T)) - i+ 57 i+ T.

Aging Effect

For the lithium-ion battery type, the impact of aging (due to cycling) on the battery
capacity and internal resistance is represented by these equations:
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Q(n)

{QBOL —&(n) - (QpoL — Qeor) if k/2#0
Qn-1) otherwise

’

) = Rpor + &(n) - (ReoL — Rpor) if k/2#0
R(n-1) otherwise

with
n=kTp (k=1,2,3,..)
where:
* Ty is half-cycle duration in s. A complete cycle is obtained when the battery is

discharged and charged or conversely.

*  Qpor is battery maximum capacity in Ah, at the beginning of life (BOL), nominal
ambient temperature.

*  Qgor is battery maximum capacity in Ah at the end of life (EOL), nominal ambient
temperature.

* Rpor is battery internal resistance in ohms at the BOL, nominal ambient temperature.

* Rpor is battery internal resistance in ohms at the EOL, nominal ambient temperature.

* ¢ is battery aging factor. The aging factor is equal to zero and unity at the BOL and
EOL, respectively.

The battery aging factor, €, is expressed as

0.5 DOD(n - 2) + DOD(n)\ .
o) = en - 1) + gooy(2 - 2200 if ki2 %0
en-1) otherwise
where:

* DOD is battery depth-of-discharge (%) after a half-cycle duration.
* N is maximum number of cycles and is given by

N = HPSGE) - oxo{v{ 7 = ) vt e )

where:

* His cycle number constant (cycles).

1-75



1 Blocks — Alphabetical List

1-76

+ T is exponent factor for the DOD.

» y is Arrhenius rate constant for the cycle number.

*  Iyis ave is average discharge current in A during a half cycle duration.
* Ioh ave is average charge current in A during a half cycle duration.

* 1 is exponent factor for the discharge current.

* ¥, is exponent factor for the charge current.

Parameters

» “Parameters Tab” on page 1-76
» “Discharge Tab” on page 1-78

* “Temperature Tab” on page 1-79
* “Aging Tab” on page 1-81

Parameters Tab

Type
Provides a set of predetermined charge behavior for four types of battery:
* Lead-Acid
e Lithium-TIon (default)
* Nickel-Cadmium
* Nickel-Metal-Hydride

Simulate temperature effects

When you select this parameter, the Temperature tab becomes visible and displays
the thermal model parameters. The Ta input port becomes visible to supply the
ambient temperature. The Simulate temperature effects parameter is available
only if the Type parameter is set to Lithium-Ion. Default is cleared.

Simulate aging effects

Select this parameter to enable the Aging tab becomes visible and display the aging
model parameters. To enable the Simulate aging effects parameter, set the Type
parameter to Lithium-Ion. Default is cleared.
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Use a preset battery

The parameter contains a list of 10 predetermined temperature parameters of typical
lithium-ion batteries. Default is no. The parameters in the Temperature tab are not
accessible when a preset is selected. The Use a preset battery parameter is
available only if the Type parameter is set to Lithium-Ion and Simulate
temperature effects is selected.

Nominal voltage (V)

The nominal voltage, Vnom, of the battery in V. The nominal voltage represents the
end of the linear zone of the discharge characteristics. Default is 7. 2.

Rated capacity (Ah)

The rated capacity, Qrated, of the battery in Ah. The rated capacity is the minimum
effective capacity of the battery. Default is 5. 4.

Initial state-of-charge (%)

The initial state-of-charge (SOC) of the battery. An SOC of 100% indicates a fully
charged battery and 0% indicates an empty battery. This parameter is used as an
initial condition for the simulation and does not affect the discharge curve (when the
option Plot Discharge Characteristics is used). Default is 100.

Battery response time (s)

The response time of the battery (at 95% of the final value). Default is 30. This value
represents the voltage dynamics and can be observed when a current step is applied.

1-77



1 Biocks — Alphabetical List

Battery Voltage (V) X: 4196
i T Y. 1.27 1
X 4130 v J
Y:1.269
X: 4100 Jooni s
: i Y- 125 i
3900 3950 4000 405u 4100 4150 4200
Battery discharge current (A)
bt e e T— S
| B SRR R, P
;3] NESERRWRSERRNS. ERSUINERSRISE FRTSERSRISERes .........................................................
0 i l M
3900 3950 4000 4050 4100 4150 4200

Time

This example uses the battery response time of 30 s.

Discharge Tab

Determined from the nominal parameters of the battery

Load the corresponding parameters in the entries of the dialog box, depending on the
selected Type, the Nominal voltage, and the Rated capacity.

When a preset model is used, the detailed parameters cannot be modified. If you want
to modify the discharge curve, select the desired battery type to load the default
parameters, and then clear the Determined from the nominal parameters of the
battery check box to access the detailed parameters. Default is selected.

Maximum capacity (Ah)

The maximum theoretical capacity, Q, when a discontinuity occurs in the battery
voltage in Ah. This value is generally equal to 105% of the rated capacity. Default is
5.4.

Cut-off voltage (V)

The minimum allowable battery voltage in V. This voltage represents the end of the
discharge characteristics. At the cut-off voltage, the battery is fully discharged.
Default is 5. 4.
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Fully charged voltage (V)

The fully charged voltage, Vfull, for a given discharge current. The fully charged
voltage is not the no-load voltage. Default is 8.3807.

Nominal discharge current (A)

The nominal discharge current, for which the discharge curve has been measured, in
A. For example, a typical discharge current for a 1.5-Ah NiMH battery is 20% of the
rated capacity: (0.2*1.5Ah /1 h = 0.3 A). Default is 2.3478.

Internal resistance (Ohms)

The internal resistance of the battery in ohms. When a preset model is used, a generic
value is loaded, corresponding to 1% of the nominal power (nominal voltage
multiplied by the battery rated capacity). The resistance is supposed to be constant
during the charge and the discharge cycles and does not vary with the amplitude of
the current. Default is 0.013333.

Capacity (Ah) at nominal voltage

The capacity, Qnom, extracted from the battery until the voltage drops under the
nominal voltage. This value should be between Qexp and Qmax. Default is 4.8835.

Exponential zone [Voltage (V), Capacity (Ah)]

The voltage, Vexp, and the capacity, Qexp, corresponding to the end of the
exponential zone. The voltage should be between Vnom and Vfull. The capacity should
be between 0 and Qnom. Defaultis [7.7788 0.2653].

Discharge current [il, i2, i3,...] (A)

Allows specifying different values of discharge current. The discharge characteristics
for these currents are presented in the second part of the graph. Defaultis [6.5 13
32.5].

Units
Choose either Time (default) or Ampere-hour as the x-axis for the plot.
Plot

Plots a figure containing two graphs. The first graph represents the nominal
discharge curve (at the Nominal Discharge Current) and the second graph
represents the discharge curves at the specified discharge currents.

Temperature Tab

To enable this tab, set the Type parameter to Lithium-Ion and select Simulate
temperature effect.
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Initial cell temperature (deg. C)
The initial cell or internal temperature of the battery, in °C. Default is 20.
Nominal ambient temperature T1 (deg. C)

The ambient temperature, in °C, at nominal condition of operation. It is assumed that
all parameters provided in the Parameters tab are obtained at this ambient
temperature. Default is 20.

Second ambient temperature T2 (deg. C)

The ambient temperature, in °C, at the second operating condition, preferably below
the nominal ambient temperature. Default is -30.

Maximum capacity (Ah)

The maximum battery capacity, in Ah, at the second ambient temperature. Default is
4.8.

Initial discharge voltage (V)

The initial discharge voltage at the second ambient temperature, in V, when the
discharge current is applied. Default is 7. 1.

Voltage at 90% maximum capacity (V)

The discharge voltage, in V, when 90% of the maximum capacity is used, at the second
ambient temperature. Default is 5. 655.

Exponential zone [Voltage (V), Capacity (Ah)]

The discharge voltage, in volts, and the capacity, in Ah, corresponding to the end of
the exponential zone, at the second ambient temperature. Default is [6.58 1].

Thermal resistance, cell-to-ambient (deg. C/W)

The total thermal resistance, in °C/W, between the cell and ambient points of
measurement. It is assumed the cell temperature is equivalent to the average internal
temperature of the battery. Default is 0.6.

Thermal time constant, cell-to-ambient (s)

The temperature response time constant, in seconds, between the cell and ambient
points of measurement. You can obtain this value from the ambient temperature step
response while the battery is in idle mode. Default is 2000.

Heat loss difference [charge vs. discharge] (W)

The power loss difference between charge and discharge in W, when the battery is
charged and discharged at the same C-rate and ambient temperature. Default is 0.

Determine the power loss difference (AP) using the following expression:
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te(62 — 61)
ap =271
Rip

where 6; and 6, are the rates of change of the battery internal temperature (°C/s)
during discharge and charge, respectively.

Aging Tab

To enable this tab, set the Type parameter to Lithium-Ion and select Simulate aging
effect.
Initial battery age (Equivalent full cycles)

Battery age or equivalent full cycles at the beginning of the simulation. A full cycle is
defined as a complete discharge and charge to 100% DOD and 100% SOC,
respectively, at a nominal ambient temperature and nominal discharge and charge
current. Default is 0.

Aging model sampling time (s)

Simulation time step of the aging model, in s. Default is 1e6.
Ambient temperature Tal (deg. C)

First ambient temperature during the aging performance test, in °C. Default is 25.
Capacity at EOL (End of Life) (Ah)

Maximum capacity at EOL at ambient temperature Tal, in Ah. Default is 5.4*0.9.
Internal resistance at EOL (Ohms)

Internal resistance at EOL at ambient temperature Tal, in ohms. Default is
0.013333*1.2.

Charge current (nominal, maximum) [Ic (A), Icmax (A)]

Nominal and maximum charge current in A. Default is [2.3478, 3].
Discharge current (nominal, maximum) [Id (A), Idmax (A)]

Nominal and maximum discharge current in A. Default is [2.3478, 10].
Cycle life at 100 % DOD, Ic and Id (Cycles)

Number of cycles at 100% DOD, nominal charge and discharge current, first ambient
temperature. Default is 1500.

Cycle life at 25 % DOD, Ic and Id (Cycles)

Number of cycles at 25% DOD, nominal charge and discharge current, first ambient
temperature. Default is 10500.
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Cycle life at 100 % DOD, Ic and Idmax (Cycles)

Number of cycles at 100% DOD, nominal charge current, maximum discharge
current, first ambient temperature. Default is 1000.

Cycle life at 100 % DOD, Icmax and Id (Cycles)

Number of cycles at 100 % DOD, maximum charge current, nominal discharge
current, first ambient temperature. Default is 1400.

Ambient temperature Ta2 (deg. C)
Second ambient temperature, in °C, during the aging performance test. Default is 45.
Cycle life at 100 % DOD, Ic and Id (Cycles)

Number of cycles at 100% DOD, nominal charge and discharge current, second
ambient temperature. Default is 950.

Extract Battery Parameters from Data Sheets

This figure shows detailed parameters extracted from the Panasonic NiIMH-HHR650D
battery data sheet.
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Specifications

Typical Discharge Characteristics

Approx. Internal impedance
at 1000Hz at charged state.

‘ 2ma ’

mm inch 18 -
- 17 Charge: 8500mA(1 [1)X1.2hrs,20°C |
Diameter 33.0+0/-01 1.3+0/-0.04 - C Disharge Temperature:20°C
Height 61+0/15 240-0-0.08 ez €
Approximate Grams Ounces : 20 V4 a
Weight 170 5.0 F 12 I
2., ——
Mominal Voltage 1.2V ac
) b
- a -
Discharge Average 6800 mAh 1.0 d
i 08 =
Capacity* Rated (Min.) (5500 mAh) e *— 1300mA{0.2 1)
o 1 2 3 4 5 8

Discharge Time (hours)

Charge Standard 650mA (0.11t) = 16hrs.
Rapid 6500mA (11t) x 1.2 hrs.
°C *F

_ & | charge | Stndard  oriEC [ 32F R IIIE
E E Rapid 0°C to 40°C 32°F to 104°F
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< E e | < 2 years -20°C to 45°C -4°F to 113°F
98 [ <6months [20Cto55C | 4F 10 131F

Voltage (V)

Charge: B500mA(1 It)x1.2hrs,20°C

Cisharge Temperature: 20°C

2} —

11 "

1.0 —  B500mA[1 It)

[ =] A —Y 13000mA{2 It)

sl --- 32500mA(S It}
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Discharge Time (minutes)

From the specification tables, obtain the rated capacity and the internal resistance. The
other detailed parameters are derived from the Typical Discharge Characteristics plot.

Parameter

Rated Capacity
Internal Resistance
Nominal Voltage @
Rated Capacity

Maximum Capacity ®

)

Fully Charged Voltage ©
Nominal Discharge Current @
Capacity @ Nominal Voltage @
Exponential Voltage ©

Exponential Capacity ©

Value
6.5 Ah
2 mQ

1.18V
6.5 Ah

7 Ah (5.38 h * 1.3A)

1.39V
1.3A

6.25 Ah

1.28V
1.3 Ah
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These parameters are approximate and depend on the precision of the points obtained
from the discharge curve. You can use a tool called Scanlt (provided by amsterCHEM,
https://www.amsterchem.com) to extract values from data sheet curves.

The discharge curves you obtain with these parameters, marked by dotted lines in next
plots, are similar to the data sheet curves.

1-84


https://www.amsterchem.com

Battery
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To represent temperature effects of the lithium-ion (Li-ion) battery type, an additional
discharge curve at ambient temperature different from the nominal temperature is
required along with the thermal response parameters. Additional discharge curves are
not usually provided on the data sheet and may require simple experiments to be
obtained. The following examples show parameters extracted from the A123 Li-iron-
phosphate ANR26650M1 and the Panasonic Li-cobalt-oxide CGR 18,650 AF battery data
sheets.

The A123 ANR26650M1 data sheet specifications include the required discharge curve
points, along with other required parameters.

Specifications

Nominal capacity and voltage 2.3Ah, 3.3V Low Temperature Discharge Performance

Internal impedance [1kHz AC) 8 m( typical g0

Internal resistance (104, 1s DC) 10 mQ typical 0 // b c

Recommended standard charge method 3Ato 3.6V CCCV, 45 min eﬁsv_g y o

Recommended fast charge current 10Ato 3.6V CCCV, 15 min = 307 f

Maximum continuous discharge 70A E 25 -1 T

Pulse discharge at 10 sec 120A % 20 g

Cycle life at 10C discharge, 100% DOD Over 1,000 cycles = 15 -

Recommended pulse charge/discharge cutoff 3.8V to 1.6V 10 - — 25degl,234A

Operating temperature range -30°Cto +60°C ) (M

Storage temperature range -50°C to +60°C 051 -20deg(.2.3A

Core cell weight 70 grams 0.0 L A S —
0 20 40 60 80 100

Capacity (%)

From the data sheet, these parameters are derived for the A123 Li-ion temperature-

dependent battery model.

Parameter Value
Nominal voltage (c) 3.22V
Rated capacity 2.3 Ah
Maximum capacity (d) 2.3 Ah
Fully charged voltage (a) 3.7V
Nominal discharge current 2.3A
Internal resistance 10 mQ
Capacity at nominal voltage (c) 2.07 Ah
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Parameter Value
Exponential zone (b) [3.4V, 0.23 Ah]
Nominal ambient temperature 25 °C

Second ambient temperature 0°C

Maximum capacity at 0 °C (h) 2.208 Ah
Initial discharge voltage at 0 °C (e) 3.45V

Voltage at 90% maximum capacity at 0 °C (g) |2.8V
Exponential zone at 0 °C (f) [3.22V, 0.23 Ah]
Thermal resistance, cell-to-ambient 0.6
(estimated)

Thermal time constant, cell-to-ambient 1000

(estimated)

In the figure, the dashed lines show the discharges curves obtained from the simulation at
different ambient temperatures. The model performance is very close to the data sheet

results.
A123 Lithium-lon ANR26650M1
4 T T T T T T
s e
o i i ; i i
&
© i i i
= : : : : 1
15 - ——— T U RSN S S—1
— |26degC23A|
Ll e S et LR s T s S
| Odegl.23 N
05 b 20 dg €, 2.3 e
0 ; i i i ; i i i i i
0 10 20 30 40 50 60 70 80 90 100

Capacity (%)
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The same approach for parameter extraction is applied to the Panasonic Lithium-Ion
CGR18650AF with these specifications.

Specifications 450
- : 4 Charge:  CVCC 4.2V, Max. 1365mA, 100mA cut-off at 25°C
Nominal Voltage 36V 425 / Discharge: CC 1950mA, 3.0V cut-off at =10, 0, 25, 45°C
Standard Capacity™ -2050mAh ’
Diameter 18.6 + 0/-0.7mm 4.00
Dimensions™ Height 65.2 + 0/-1.0mm el
Weight Approx. 42.5g 3.75

*1 After a fresh battery has been charged at constant
voltage/constant current (4.2 V, 1365mA (max), 100mA
cut-off, 25°C), the average of the capacity (ending
voltage of 3V at 25°C) that is discharged at a standard
current (390mA). 2.75

*2 Dimensions of a fresh battery

Voltage (V),
w w
nN W
w (=]

w
o
=]

0 200 400 600 800 1000 1200 1400 1600 1&0 2(&0 2200
Capacity/mAh h d

These parameters are extracted for the battery model.
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Parameter Value
Nominal voltage (c) 3.3V

Rated capacity 2.05 Ah
Maximum capacity (d) 2 Ah

Fully charged voltage (a) 4.2V
Nominal discharge current 1.95A
Internal resistance (estimated) 16.5 mQ
Capacity at nominal voltage (c) 1.81 Ah
Exponential zone (b) 3.71V, 0.6 Ah
Nominal ambient temperature 25 °C
Second ambient temperature 0°C
Maximum capacity at 0 °C (h) 1.78 Ah
Initial discharge voltage at 0 °C (e) 4V

Voltage at 90 % maximum capacity at 0 °C (g) [3.11V
Exponential zone at 0 °C (f) 3.8V, 0.2 Ah
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Voltage (V)

(estimated)

Parameter Value
Thermal resistance, cell-to-ambient 0.06
(estimated)

Thermal time constant, cell-to-ambient 1000

The figure shows a good match between the simulated discharge curves (dashed line) and
the data sheet curves. The accuracy of the model depends on how precise the selected

points from the data sheet discharge curves are.

Panasonic Lithium-lon CGR18650AF

4.5

Charge:  CVCC 4.2V, Max. 1365mA; 100mA cut-off at 25°C
Discharge: CC 1950mA, 3.0V cut-off 4t-10, 0, 25, 45°C

"0 500 1000

Capacity (mAh)

Cells in Series and/or in Parallel

1500

To model a series and/or parallel combination of cells based on the parameters of a single

cell, the parameter transformation shown in the next table can be used. The Nb_ser
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variable corresponds to the
number of cells in parallel.

number of cells in series, and Nb_par corresponds to the

Parameter Value

Nominal voltage 1.18 * Nb _ser

Rated capacity 6.5 * Nb par

Maximum capacity 7 * Nb_par

Fully charged voltage 1.39 * Nb ser

Nominal discharge current 1.3 * Nb par

Internal resistance 0.002 * Nb_ser/Nb _par
Capacity at nominal voltage 6.25 * Nb par

Exponential zone 1.28 * Nb ser, 1.3 * Nb par

Block Inputs and Outputs

m

The Simulink output of the block is a vector containing seven signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink

library.
Signal

Ambient
Temperature

Cell Temperature

SOC

Definition Units
The Ambient temperature (available °C
only when temperature effects is

enabled)

The cell or internal temperature °C

(available only when temperature
effects is enabled)

The battery state-of-charge (between 0 %
and 100%). The SOC for a fully charged
battery is 100% and for an empty

battery is 0%. The SOC is calculated as:

S0C = 100(1 - %Kf(t) dt|.
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Signal Definition Units

Current The battery current A

Voltage The battery voltage \Y%

Age The battery age (available only when Equivalent full
aging effects are enabled) cycles

Maximum The battery maximum capacity Ah

Capacity (available only when aging effects are
enabled)

Ta

The input port to supply the ambient temperature to the model. To enable this port,
set the Type parameter to Lithium-Ion and select Simulate temperature effects.

Model Validation

Experimental validation of the model shown a maximum error of 5% (when SOC is
between 10% and 100%) for charge (current from 0 through 2 C) and discharge (current
from 0 through 5 C) dynamics.

Model Assumptions

* The internal resistance is assumed constant during the charge and discharge cycles
and does not vary with the amplitude of the current.

* The parameters of the model are derived from discharge characteristics and assumed
to be the same for charging.

* The capacity of the battery does not change with the amplitude of current (No Peukert
effect).

* The self-discharge of the battery is not represented. It can be represented by adding a
large resistance in parallel with the battery terminals.

* The battery has no memory effect.
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Limitations

* The minimum no-load battery voltage is 0 V and the maximum battery voltage is equal
to2 x Eo.

* The minimum capacity of the battery is 0 Ah and the maximum capacity is Qmax.

Examples

The power battery example illustrates a 200 V, 6.5-Ah NiMH battery connected to a
constant load of 50 A.
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Bistable

Bistable

Implement prioritized S-R flip-flop (bistable multivibrator)

Nz op
[ 12

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Logic

Description

The Bistable block implements the following logic:
* When S input is true and R input is false, the flip-flop goes to the Set state. This is the
first stable state, where Q is true.

* When Ris true and S is false, the flip-flop goes to the reset state. This is the second
stable state, where Q is false.

* When both S and R are true, the flip-flop goes to the prioritized state defined by the
Select priority parameter.

* When both S and R are false, the flip-flop stays in its previous state.

Parameters

Select priority

Specify the prioritized state of Q. Choices are Set (default) or Reset.
Initial condition (state of Q)

Specify the initial value of the output Q. Default is 0.
Sample time (-1 for inherited)

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.
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Inputs and Outputs

S, [S]

The Set input. Must be Boolean. When the Select priority parameter value is Set,
the input is named [S].

R, [R]

The Reset input. Must be Boolean. When the Select priority parameter value is
Reset, the input is named [R].

Bistable output. The signal is Boolean.
Q
Bistable complement output. The signal is Boolean.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Scalar Expansion Yes, of parameters

Dimensionalized Yes

Zero-Crossing Detection |No

Examples

The power_ Logic example shows the operation of the Bistable block.
The model sample time is parameterized with the variable Ts (default value Ts = 50e-3).

To simulate a continuous Bistable block, specify Ts = 0 in the MATLAB® Command
Window.

Introduced in R2013a
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Boost Converter

Boost Converter

Implement boost power converter

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Boost Converter block implements a boost power converter. You can choose from
three model types:

* Switching devices — The converter is modeled with IGBT/diode pairs controlled by
firing pulses produced by a PWM generator. This model provides the most accurate
simulation results.

* Switching function — The converter is modeled by a switching-function model. The
switches are replaced with two voltage sources and two diodes on the AC side and
with two current sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
between 0 and 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter and also correctly simulate rectifying operation as well as
blanking time. This model type is well-suited for real-time simulation.
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* Average model (D-controlled) — The converter is modeled using a switching-
function model directly controlled by the duty cycle signal (0 <D < 1). APWM
generator is not required. This model provides the fastest simulations.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)
* Switching function
* Average model (D-controlled)

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model type parameter to Switching devices. The default value
is le-3.

Snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is inf.

Forward voltages [Device Vf (V), Diode Vid (V)]

The forward voltage of the switching device and of the diode, in volts. This parameter
is available only when you set the Model type parameter to Switching devices.
The default value is [0, 0].

Diode on state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function or Average model (D-
controlled). The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
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Switching function or Average model (D-controlled). The default value is
leb.

Diode snubber capacitance (F)

The snubber capacitance in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (D-controlled). The default value is
inf.

Diode forward voltage (V)
Forward voltage, in volts, across the diode when it is conducting. This parameter is

available only when you set the Model type parameter to Switching functionor
Average model (D-controlled). The default value is le-3.

Current source snubber resistance (Ohms)

The snubber resistance, in ohms, across the two current sources. Set the snubber

resistance to inf to eliminate the snubbers. This parameter is available only when
you set the Model type parameter to Switching function or Average model

(D-controlled). The default value is inf.

Inputs and Outputs

g

The firing pulse signal to control the converter. This port is visible only when you set
the Model type parameter to Switching devices or Switching function.

The duty cycle signal (a value between 0 and 1) used to control the converter. This
port is visible only when you set the Model type parameter to Average model (D-
controlled).

BL

You can block all firing pulses to the converter by applying a signal value of 1 at the
BL input.

Examples

See the Power Converters Modeling Techniques example for a comparison of the three
converter modeling techniques.
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Breaker

Implement circuit breaker opening at current zero crossing
b 2

2
ol

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Breaker block implements a circuit breaker where the opening and closing times can
be controlled either from an external Simulink signal (external control mode), or from an
internal control timer (internal control mode).

A series Rs-Cs snubber circuit is included in the model. It can be connected to the circuit
breaker. If the Breaker block happens to be in series with an inductive circuit, an open
circuit or a current source, you must use a snubber.

When the Breaker block is set in external control mode, a Simulink input appears on the
block icon. The control signal connected to the Simulink input must be either 0, which
opens the breaker, or any positive value, which closes the breaker. For clarity, a 1 signal is
commonly used to close the breaker.

When the Breaker block is set in internal control mode, the switching times are specified
in the dialog box of the block.

When the breaker is closed, it is represented by a resistance Ron. The Ron value can be

set as small as necessary in order to be negligible compared with external components (a
typical value is 10 mohms). When the breaker is open, it has an infinite resistance.
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The arc extinction process is simulated by opening the breaker device when its current
passes through 0 at the first current zero crossing following the transition of the Simulink
control input from 1 to 0.

Operation Conditions

The Breaker Control signal goes to 1 (for discrete systems, control signal must
closes when stay at 1 for at least three times the sampling period)

The Breaker opens Control signal goes to 0

when

Breaker current passes through 0

Note The Breaker block may not be the appropriate switching device to use for DC
circuits. For such applications, it is recommended that you use the Ideal Switch block as a
switching device.

Parameters

Initial status

The initial state of the breaker. A closed contact is displayed in the block icon when it
is set to 1, and an open contact is displayed when it is set to 0. Default is 0.

If the breaker initial state is set to 1 (closed), the software automatically initializes all
the states of the linear circuit and the Breaker block initial current, so that the
simulation starts in steady state.

Switching times

Specifies the vector of switching times when using the Breaker block in internal
control mode. At each switching time the Breaker block opens or closes depending on
its initial status. For example, if the Initial status parameter is 0 (open), the breaker
closes at the first switching time, opens at the second switching time, and so on. The
Switching times parameter is not available if the External check box is selected.
Default is [1/60 5/60].

External

If selected, adds a Simulink input to the Breaker block for external control of the
switching times of the breaker. The switching times are defined by a logical signal (0
or 1) connected to the Simulink input. Default is selected.
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Breaker resistance Ron

The internal breaker resistance, in ohms (Q). The Breaker resistance Ron
parameter cannot be set to 0. Default is 0.01.

Snubber resistance Rs

The snubber resistance, in ohms (Q). Set this parameter to inf to eliminate the
snubber from the model. Default is 1e6.

Snubber capacitance Cs

The snubber capacitance, in farads (F). Set this parameter to 0 to eliminate the
snubber, or to inf to get a resistive snubber. Default is inf.

Measurements
Select Branch voltage to measure the voltage across the Breaker block terminals.

Select Branch current to measure the current flowing through the Breaker block.
If the snubber device is connected to the breaker model, the measured current is the
one flowing through the breaker contacts only.

Select Branch voltage and current to measure the breaker voltage and the
breaker current.

Default is None.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurement
is identified by a label followed by the block name:

Measurement Label

Branch voltage Ub:

Branch current Ib:
Limitations

When the block is connected in series with an inductor or another current source, you
must add the snubber circuit. In most applications, you can use a resistive snubber
(Snubber capacitance parameter set to inf) with a large resistor value (Snubber
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resistance parameter set to 1e6 or so). Because of modeling constraints, the internal
breaker inductance Ron cannot be set to 0.

Use a stiff integration algorithm to simulate circuits with the Breaker block. ode23thb
with default parameters usually gives the best simulation speed.

For discretized models, the control signal must stay at 1 for a minimum of three sampling
time periods to correctly close the Breaker block, otherwise the device stays open.

Examples

See the power_ breaker example for a circuit using the Breaker block.

See Also

Three-Phase Breaker, Three-Phase Fault

Introduced before R2006a
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Bridge Firing Unit (AC)

Bridge Firing Unit (AC)

Implement six pulse firing unit with notch filters for three-phase thyristor bridge

» Apha

» Betrl
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o|B
o|C

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Bridge Firing Unit (AC) block converts the firing angle, typically provided by a
current/voltage controller, to pulses applied to the thyristor gates. The block uses notch
filters on voltage measurement to remove voltage harmonics.

The output of the block is a vector of six pulses individually synchronized with the supply
voltage. The pulses are generated alpha (firing angle) degrees after the zero crossings of
the thyristor commutation voltages.

The figures show the synchronization of the six pulses for an alpha angle of 30 degrees
and pulse width of 10 degrees. The pulses are generated at exactly 30 degrees after the
zero crossings of the three line-to-line synchronization voltages.
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Two pulses (double-pulsing) are sent to each thyristor—a first pulse when the alpha angle
is reached, and a second pulse 60 degrees later when the next thyristor is fired.
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Parameters

Network frequency (Hz)

The frequency of the synchronization voltages, in hertz. It usually corresponds to the
frequency of the supply. The default value is 60.

Sample time
The sample time of the bridge fire unit, in seconds. The default value is 2e-6.

Inputs and Outputs

Alpha
Converter firing angle.
Bctrl
Control signal to disable or enable the output pulses.
A, B, C
Three-phase terminals of the supply.
pulse out

Gate pulses for the thyristor bridge.

Examples

The Bridge Firing Unit (AC) block is used in the AC1 block of the Electric Drives library.

References
[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Bridge Firing Unit (DC) | Current Controller (Brushless DC) | Current Controller (DC) |
Direct Torque Controller | Field-Oriented Controller | Regulation Switch | Six-Step
Generator | Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) |
Speed Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM)
| Voltage Controller (DC Bus)
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Topics
“Electric Drives Library”

Introduced in R2015b
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Bridge Firing Unit (DC)

Generate gate signals for single- or three-phase thyristor bridge

Hlpha

) He Detsiled_1ph_Zg
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Bridge Firing Unit (DC) block generates gate signals for a standard two-leg or three-
leg thyristor bridge. It features two operating modes: detailed and average. In detailed
mode, the block outputs synchronized pulses for each thyristor. In average mode, it
outputs the firing angle for the thyristor bridge.

Detailed Mode

In detailed mode, the Bridge Firing Unit (DC) block converts the firing angle provided by
the current/voltage controller to pulses to control the thyristor gates. The block contains
a low-pass filter on voltage measurement to remove voltage harmonics.

The output of the block is a vector of four pulses (or six pulses for a three-phase supply)

individually synchronized with the supply voltage. The pulses are generated alpha
degrees (firing angle) after the zero crossings of the thyristor commutation voltages.
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The figures show the synchronization of the six pulses for a firing angle of 30 degrees and
pulse width of 10 degrees. The pulses are generated at exactly 30 degrees after the zero
crossings of the three line-to-line synchronization voltages.
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Two pulses (double-pulsing) are sent to each thyristor: a first pulse when the alpha angle
is reached, and a second pulse 60 degrees later, when the next thyristor is fired. For the
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four-quadrant DC drives, the block outputs an additional set of pulses for the antiparallel
thyristor converter.

Average Mode

The average model outputs the firing angle value needed by the thyristor converter. For
four-quadrant DC drives, the block also outputs a second firing angle for the antiparallel
converter.

Parameters

Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Supply phases

Specify the number of phases—single-phase or three-phase—of the supply device
connected at the input of the unit. Choose between 1 and 3. The default value is 1.

Number of quadrants

Specify the operating mode of the unit—2-quadrant or 4-quadrant. Choose between 2
and 4. The default value is 2.

Frequency of synchronization voltages (Hz)

The frequency of the synchronization voltages, in hertz. It usually corresponds to the
frequency of the supply. The default value is 60.

Pulse width (deg.)
The width of the pulse, in degrees. The default value is 10.
Sample time (s)
The sample time of the bridge fire unit, in seconds. The default value is 2e-6.
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Inputs and Outputs

Alpha
Converter firing angle.

Alpha 1
Converter firing angle. This input is visible only when the Number of quadrants
parameter is set to 4.

Alpha 2
Converter firing angle. This input is visible only when the Number of quadrants
parameter is set to 4.

A, B, C

Connect these inputs to the three-phase terminals of the supply. This input is visible
only when the Supply phases parameter is set to 3.

A+, A-

Connect these inputs to the single-phase terminals of the supply. This input is visible
only when the Supply phases parameter is set to 1.

Pulse

The gate pulses for the thyristor bridge. This output is visible only when the Model
detail level parameter is set to Detailed.

Pulse 1

The gate pulse for the thyristor bridge. This output is visible only when the Model
detail level parameter is set to Detailed and the Number of quadrants parameter
is set to 4.

Pulse 2

The gate pulse for the thyristor bridge. This output is visible only when the Model
detail level parameter is set to Detailed and the Number of quadrants parameter
is set to 4.

Examples

The Bridge Firing Unit (DC) block is used in the DC1, DC2, DC3, and DC4 blocks from the
Electric Drives library.
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References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Bridge Firing Unit (AC) | Current Controller (Brushless DC) | Current Controller (DC) |
Direct Torque Controller | Field-Oriented Controller | Regulation Switch | Six-Step
Generator | Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) |
Speed Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM)
| Voltage Controller (DC Bus)

Topics
“Electric Drives Library”

Introduced in R2015b
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Brushless DC Motor Drive

Implement brushless DC motor drive using Permanent Magnet Synchronous Motor
(PMSM) with trapezoidal back electromotive force (BEMF)
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / AC Drives

Description

The Brushless DC Motor Drive (AC7) block represents a standard current-controlled drive
for brushless DC (BLDC) motors. The BLDC motors are also known as permanent magnet
synchronous motors with trapezoidal back EMF. This drive features closed-loop speed
control through stator current control, using Hall sensors. The speed control loop outputs
the reference electromagnetic torque of the machine. The reference stator phase currents
corresponding to the commanded torque are derived based on the machine torque
constant and the Hall sensor signals. The reference phase currents are then used to
obtain the required gate signals for the inverter through a hysteresis-band current
controller.

The main advantage of this drive compared to voltage-controlled, PWM inverter BLDC
drives, is its smooth dynamic response. This drive provides inherent current/torque-
limiting capability during motor startup and acceleration. However, to operate properly,
the drive requires a close-loop torque control based on machine currents signals.
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Note In Simscape Electrical Specialized Power Systems software, the Brushless DC
Motor Drive block is commonly called the AC7 motor drive.

Three-phase Three-phase
diode rectifier inverter
é— | PMSM
B | | Braking ‘
] T [
chopper |
¢ |
o I
I
. Position
Current M sensor
controller
T Ha_ll effect
Speed Speed signals
reference controller |« d/dt |e

The Brushless DC Motor Drive block uses these blocks from the Electric Drives /
Fundamental Drive Blocks library:

* Speed Controller (AC)

e Current Controller (Brushless DC)
* DC Bus

* Inverter (Three-Phase)

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
To simulate a digital controller device, the control system has two different sampling
times:

* Speed controller sampling time
* Current controller sampling time

The speed controller sampling time has to be a multiple of the current controller sampling
time. The latter sampling time has to be a multiple of the simulation time step. The
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average-value inverter allows the use of bigger simulation time steps since it does not
generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a current controller sampling time of 40 us, good simulation results have
been obtained for a simulation time step of 40 us. The simulation time step cannot be
higher than the current controller time step.

Parameters

* “General” on page 1-114

* “Permanent Magnet Synchronous Machine Tab” on page 1-115
* “Converters and DC Bus Tab” on page 1-115

* “Controller Tab” on page 1-117

* “Sensorless Tab” on page 1-120

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Model detail level
Select between the detailed and the average-value inverter. Default is Detailed.
Mechanical input
Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Ty, = J%wr+er+ Th.

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system



Brushless DC Motor Drive

dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Use bus as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Set sensorless

When you select this check box, the motor speed and position are estimated from
terminal voltages and currents using a back-emf observer. The commutations signals
(equivalent to hall effect signals) are generated from the rotor position every 60
electrical degrees. The Sensorless tab contains the observer gains parameters.

When this check box is cleared, the motor speed is measured by an internal speed
sensor, and the Sensorless tab is not displayed on the mask of the block.

Permanent Magnet Synchronous Machine Tab
The Permanent Magnet Synchronous Machine tab displays the parameters of the

Permanent Magnet Synchronous Machine block of the Fundamental Blocks (powerlib)
library.

Converters and DC Bus Tab
Rectifier Section

The Rectifier section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
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information on the Universal Bridge parameters, refer to the Universal Bridge reference
page.

DC Bus Section

Capacitance
The DC bus capacitance (F). Default is 2000e - 6.

Braking Chopper Section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor

deceleration or when the load torque tends to accelerate the motor (ohms). Default is
8.

Chopper frequency
The braking chopper frequency (Hz). Default is 4000.
Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the

hysteresis band. The following figure illustrates the braking chopper hysteresis logic.
Default is 320.

Shutdown voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of the
hysteresis band. Default is 310. The chopper hysteresis logic is shown in the following

figure.
A Normal operation
bus voltage
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- = - —
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Inverter Section

The Inverter section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
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information on the Universal Bridge parameters, refer to the Universal Bridge reference
page.

The average-value inverter uses the following parameter.

On-state resistance
The on-state resistance of the inverter switches (ohms). Default is 1e-3.

Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Speed Controller Section

Speed ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only. Default is 1000.

Speed ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only. Default is - 1000.

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only. Default is 100.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 7*20e-6.

PI regulator — Proportional gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only. Default is 5.
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PI regulator — Integral gain

The speed controller integral gain. This parameter is used in speed regulation mode
only. Default is 100.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m). Default is -17.8.

Torque output limits — Positive
The maximum positive demanded torque applied to the motor by the current
controller (N.m). Default is 17.8.

Current Controller Section

Sampling time
The current controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 20e-6.

Current controller hysteresis band

The current hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the current set point (A). The following figure illustrates a case
where the current set point is Is* and the current hysteresis bandwidth is set to dx.
Defaultis 0.01.

This parameter is not used when using the average-value inverter.

e e
_ motor current dx_
. y 2

Is

Note This bandwidth can be exceeded because a fixed-step simulation is used. A rate
transition block is required to transfer data between different sampling rates. This block
causes a delay in the gates signals, so the current may exceed the hysteresis band.

Maximum switching frequency

The maximum inverter switching frequency (Hz). This parameter is not used when
using the average-value inverter. Default is 20e3.
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Show/Hide Autotuning Control
Click to show or hide the parameters of the Autotuning Control tool.

Autotuning of Pl loops Section

Desired damping [zeta]

Specify the damping factor used for the calculation of the Kp and Ki gains of the
Speed Controller (AC) block. The damping factor is defined as

The natural frequency is determined by the following empirical equations:

_ wnKp
{=x

IfC < 0.69

oy = C;—%,rdlog(O.OS x 1 -9

If T = 0.69
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@n Trd

In the equation, T,4 corresponds to the Desired response time @ 5% parameter.
Default is 0.99.

Desired response time @ 5% [Trd (sec)]

Specify the desired settling time of the Speed Controller (AC) block. This is time
required for the controller response to reach and stay within a 5 percent range of the
target value. Default is 0.13/5.

Calculate PI regulator gains

Compute the Proportional gain and Integral gain parameters of the Speed
Controller (AC) block based on the Desired damping [zeta] and Desired response
time @ 5% parameters. The computed values are displayed in the mask of the Drive
block. Click Apply or OK to confirm them.

1-119



1 Blocks — Alphabetical List

1-120

Sensorless Tab

K1 - Observer gain matrix K1
The d-axis gain of the observer gain matrix.

Default is 3000.
K2 - Observer gain matrix K2
The g-axis gain of the observer gain matrix.

Default is -49500.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.
Wm, Teor S

The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv
The three-phase converters measurement vector. This vector contains:
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* The DC bus voltage
* The rectifier output current
* The inverter input current
All current and voltage values of the bridges can be visualized with the Multimeter
block.
Ctrl
The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)
* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3-hp drive parameter set. The specifications of the 3-hp drive are
shown in the following table.

3 HP Drive Specifications
Drive Input Voltage

Amplitude 220V

Frequency 60 Hz
Motor Nominal Values

Power 3 hp

Speed 1650 rpm

Voltage 300 Vdc

Examples

The ac7_example example illustrates an AC7 motor drive simulation with standard load
condition.
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References

[1] Bose, B. K. Modern Power Electronics and AC Drives. Upper Saddle River, NJ:
Prentice-Hall, 2002.

[2] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1986.

[3] Tremblay, O. Modélisation, simulation et commande de la machine synchrone a
aimants a force contre-électromotrice trapézoidale. Montreal, Canada: Ecole de
Technologie Supérieure, 2006.

Introduced in R2007a
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Buck Converter

Implement buck power converter

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Buck Converter block implements a buck power converter. You can choose from three
model types:

* Switching devices — The converter is modeled with IGBT/diode pairs controlled by
firing pulses produced by a PWM generator. This model provides the most accurate
simulation results.

* Switching function — The converter is modeled by a switching-function model. The
switches are replaced with two voltage sources and two diodes on the AC side and
with two current sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
between 0 and 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter and also correctly simulate rectifying operation as well as
blanking time. This model type is well-suited for real-time simulation.
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* Average model (D-controlled) — The converter is modeled using a switching-
function model directly controlled by the duty cycle signal (0 <D < 1). APWM
generator is not required. This model provides the fastest simulations.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)
* Switching function
* Average model (D-controlled)

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model type parameter to Switching devices. The default value
is le-3.

Snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is inf.

Forward voltages [Device Vf (V), Diode Vid (V)]

The forward voltage of the switching device and of the diode, in volts. This parameter
is available only when you set the Model type parameter to Switching devices.
The default value is [0, 0].

Diode on-state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function or Average model (D-
controlled). The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
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Switching function or Average model (D-controlled). The default value is
leb.

Diode snubber capacitance (F)

The snubber capacitance, in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (D-controlled). The default value is
inf.

Diode forward voltage (V)

Forward voltage, in volts, across the diode when it is conducting. This parameter is
available only when you set the Model type parameter to Switching function or
Average model (D-controlled). The default value is 1le-3.

Current source snubber resistance (Ohms)

The snubber resistance across the two current sources, in ohms. Set the snubber
resistance to inf to eliminate the snubbers. This parameter is available only when
you set the Model type parameter to Switching function or Average model
(D-controlled). The default value is inf.

Inputs and Outputs

9
The firing pulse signal to control the converter. This port is visible only when you set
the Model type parameter to Switching devices or Switching function.

D
The duty cycle signal (a value between 0 and 1) used to control the converter. This
port is visible only when you set the Model type parameter to Average model (D-
controlled).

BL
You can block all firing pulses to the converter by applying a signal value of 1 at the
BL input.

+

The positive electrical terminal of the converter. This port is an electrical conserving
port.
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The negative electrical terminal of the converter. This port is an electrical conserving

port.

1
The output electrical terminal of the converter. This port is an electrical conserving
port.

Examples

See the Power Converters Modeling Techniques example for a comparison of the three
converter modeling techniques.

Introduced in R2015b
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CCCV Battery Charger

CCCV Battery Charger

Constant-current constant-voltage battery charger
Library: Simscape / Electrical / Specialized Power Systems /
Electric Drives / Extra Sources

- . VL VR V.

Description

The CCCV Battery Charger block implements a generic dynamic model battery charger.
This model supports three-phase wye or delta AC, one-phase AC, or DC voltage input. The
model also provides an optional ambient temperature input for charging voltage
temperature compensation.

The figure shows the equivalent circuit for the CCCV Battery Charger block.

CCCV Battery Charger

Output (DC)
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Input (AC or DC)
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Equations
Output characteristics
The output current of the battery charger is

ki Tout,%

Lout = f1out ko, Kiy Kg, Loyt =T + sin(2mf oyt t)
out = f1lout p: Ko Rds Lout% foutlr OUtkdsz+kps+ki 100 foutlr

Variables for the output current and related equations are:

* I, is the output current command, in A.

* I',y is the pre-filtered current command, in A.

* kp,is the PID filter proportional gain.

* k;is the PID filter integral gain.

* kg is the PID filter differential gain.

* Ioyuy is the current output ripple, in %.

*  fou, is the current output ripple frequency, in Hz.

* tisthe time, ins.

» £ isthe dampening factor, which is limited to values between 0 and 0.9.
* w, is the is radian frequency, in rad/s.

* dq is the overshoot, in %.

* t,is the settling time, in s.

* Iccis the pre-filtered current regulated current command, in A.
o I is the constant current command, in A.

* Iy is the pre-filtered voltage regulated current command, in A.
* V', is the voltage command, in V.

* V', is the voltage command, in V.

* V.. is the temperature compensated voltage effect, in V.

Vout is the mean measured output voltage, in V.

» T,is the ambient temperature, in °C .
* T,.mis the nominal ambient temperature, in °C.
» V.. is the voltage compensation ratio, in V/°C.
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* Vs is the absorption voltage, in V.
* Vg is the float voltage, in V.
* Pis the output power, in W.

* I,y is the mean measured output current, in A.

The control gains are:

kg=1
kp = 28wp
ki = w%

The dampening factor is

1n[ 9%

™ 100
do, 2

100

E=_

m? +1n

When the output control is current regulated the radian frequency is

_ —log(0.02)
On= g

When the output control is voltage regulated the radian frequency is

-10g(0.001)
Wy = —gg

The pre-filtered current command, I',,,, is provided either from the pre-filtered current
regulated current command, I, or from the pre-filtered voltage regulated current
command, I,. The graphs show the different charging cycle phases.
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Charger Current
bulk : ' Absorption end condition
wfn
SOC
Charger Voltage
: : ¥

Vabs F ' " 4
Vioat |

| soc |
Bulk phase Absorption phase Float phase

If the Output control mode is set to Constant Current only (CC) or Constant
Current - Constant Voltage (CCCV) and V,, is lower than Float voltage or
Absorption voltage, while the Absorption end condition isn’t met

Tout = Icc = Ipuik

If the Output control mode is set to Constant Current only (CC) or Constant
Current - Constant Voltage (CCCV) and V,, is equal to the Float voltage or
Absorption voltage, while the Absorption end condition isn’t met

Vout + Viclout

Tout = Icv = Vout

When the Enable absorption phase option is selected and the battery charger switches
from constant current to constant voltage control, if the Absorption end condition is
not met, the ambient temperature voltage compensation, V';, is defined as

Vic = (Tq = Tnom)Vic
Otherwise, the ambient temperature voltage compensation, V', is defined as
Vie=0

When the Enable absorption phase option is selected and the battery charger switches
from constant current to constant voltage control, if the Absorption end condition is
not met, the ambient temperature voltage compensation, V',; is defined as

Vout = Vabs
Otherwise, the ambient temperature voltage compensation, V', is defined as

Vout = Vfloat
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The output power is defined as
P = Voutlout
Input characteristics
The input current of the battery charger is
Iin = f2(P, feff(P), frup(P), fPF(P’), fHARMS)
Variables for the input current and related equations are:

* [, is the input current command, in A.

* P'is the normalized output power.

* Pis the output power, in W.

* P,,mis the nominal output power, in W.

» [',is the normalized harmonic amplitude.

* fin is the input voltage frequency, in Hz.

* f,is the harmonic frequency, in Hz.

* tisthe time, ins.

* V. is the input voltage delayed by the fifth of its period, in V.
* Vi, is the input voltage of phase A delayed by the fifth of its period, in V.
* I is the input current ripple, in %.

* fin, is the input current ripple frequency, in Hz.

* 0Oy, 1isthe input voltage angle, in rad.

* 0Oy is the input voltage angle of phase A, in rad.

-_PF
Pnom

Where, f.z is a polynomial function following the parameters Charger efficiency and
Efficiency usage factor. This polynomial order is half of the number of data pairs
entered. For input values of, P', between 0 and 1, the polynomial must return values
between 0 and 1. Otherwise, the polynomial order is reduced until this condition is met. If
the order reaches 0, the output will remain constant for the mean value of the dataset.

Where, frup, is a polynomial function following the parameters Total harmonic
distortion and THD usage factor. This polynomial order is half of the number of data
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pairs entered. For input values of, P', between 0 and 1, the polynomial must return values
between 0 and 1. Otherwise, the polynomial order is reduced until this condition is met. If
the order reaches 0, the output will remain constant for the mean value of the dataset.

Where, fpr, is a polynomial function following the parameters Power factor and PF
usage factor. This polynomial order is half of the number of data pairs entered. For input
values of, P', between 0 and 1, the polynomial must return values between 0 and 1.
Otherwise, the polynomial order is reduced until this condition is met. If the order
reaches 0, the output will remain constant for the mean value of the dataset.

Where, frarums, is the sum of sine waves specified with the parameters Harmonics
amplitude and Harmonics frequency following the expression

fHARMS = E Insin(2mfinfnt)

When the Type parameter is set to DC,

P .
in= feffVin + Iin_r%SIH(ZUfinirt)

When the Type parameter is set to 1-phase AC ,

2P

m(f THDfHARMS *+ Sin(By;, — acos(fpr)))

When the Type parameter is set to 3-phase AC (wye) :

_ V2P .
Iina = W(f tHDfHARMS + Sin(fy;, , — acos(fpr)))
o 2P . _ 1
Iing = W(f THDfHARMS + sm(@vm A —acos(fpp) + W))
o 2P : _ 2
Iinc = W(f THDfHARMS + Sln(9v,~n A — acos(fpp) + W))

When the Type parameter is set to 3-phase AC (delta) :

_ V2P
Iina = m(g)fTHDfHARMS + \/—Sln(GVmA 5= aCOS(fPF)))

_ 2P 1
Iing = W( frupfHARMS™ + \/—SIH(GV,,IA % — acos(fpp) + W))
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Where:

, 1
frapfuarms = frapfHARMS(WE) = fTHDS HARMS((Ut + m)

. 1 2
frapfaarms” = frupf, HARMS(U)t + W) = frupf HARMS(wt + W)

Assumptions and Limitations

Model Assumptions

* The output load consists of an adequately sized battery.
* Three-phase alternative current inputs are balanced, synchronized, and without jitter.
* The ambient temperature does not affect the charger’s parameters.

Limitations

* The output power is independent from the input power.

Ports

Input

Ta — Ambient temperature
scalar

Ambient temperature supplied to the model. To enable this port, select the Simulate
voltage compensation check box.

CC — Constant current
scalar

Signal that defines the current threshold.
This port is visible only when the Dynamic input thresholds parameter is selected, and

when the Output control mode parameter is set to Constant Current - Constant
Voltage or to Constant Current only.
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CV — Constant voltage
vector

Signal that defines the voltage threshold.

This port is visible only when the Dynamic input thresholds parameter is selected, and
when the Output control mode parameter is set to Constant Current - Constant
Voltage orto Constant Voltage only.

Output

m — Mode
scalar

Simulink output of the block specified as a vector containing eight signals. You can
demultiplex these signals by using the Bus Selector block from the Simulink library.

Signal Definition Units
Input Voltage The battery charger’s input voltage Vv
Input Current The battery charger’s input current A
Output Voltage The battery charger’s output voltage Vv
Output Current The battery charger’s output current A
Output Ah The battery charger’s output Ah. The Ah is |Ah

calculated as:

Tt
Ah = 2258y + Ah(n = 1)

3600
Output kWh The battery charger’s output kWh kWh
_ VoutIoutts
kWh = W(n) + Ah(n—1)
Voltage Limit The battery charger’s output voltage limit |V
Current Limit The battery charger’s output current limit [A
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Conserving

A — a-phase voltage
scalar

A-phase voltage.

B — b-phase voltage
scalar

B-phase voltage.

C — c-phase voltage
scalar

C-phase voltage.

V+ — DC positive voltage
scalar

Positive DC voltage.

V- — DC negative voltage
scalar

Negative DC voltage.

Parameters

General

Preset — Parameterization method
Custom specifications (default) | Primax P4500F-3-125-10 | Transtronic
020-0085-00

The parameter contains a list of two predetermined battery chargers. The parameters in
the CCCV Battery Charger block are not enabled when a preset is selected.

Nominal power (W) — Nominal power
1500 (default)
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The nominal power, P,,,, of the battery charger in W. The nominal power is used for
normalized parameters Charger efficiency, Total harmonic distortion and Power
factor. This parameter must be greater or equal to the product of Bulk current and
Float voltage or Absorption voltage if Enable absorption phase is selected.

Input

Type — Input voltage type
3-phases AC (wye) (default) | 3-phases AC (delta) | 1-phase AC|DC

Input voltage type:

* 3-phases AC (wye) — The A, B, and C ports become visible to supply the balanced
three-phase alternating current power.

* 3-phases AC (delta) — The A, B, and C ports become visible to supply the
balanced three-phase alternating current power.

* 1-phases AC — The A and B ports become visible to supply the balanced single-
phase alternating current power.

* DC — The + and - ports become visible to supply the direct current power.

External neutral connection — Neutral connection option
cleared (default) | selected

Option to enable access to a neutral connection externally through the N port. Otherwise,
the neutral is internally connected.

Dependencies
This option is enabled when the Type is set to 3-phases AC (wye).

Effective voltage (V) — Effective voltage
208 (default)

Effective voltage, V., of the battery charger power input in V. When Type is either 3 -
phases AC (wye) or 3-phases AC (delta), the effective voltage must the rms line
voltage.

Frequency (Hz) — Frequency
60 (default)

Frequency, f;,, of the battery charger power input in Hz.
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Dependencies

This parameter is accessible when Type is set to 3-phases AC (wye), 3-phases AC

(delta), or 1-phase AC.

Current ripple (%) — Current ripple
10 (default)

Current ripple, I(;, ), of the battery charger input current.

Dependencies

This parameter is accessible when Type is set to DC (wye).

Ripple frequency (Hz) — Ripple frequency
1000 (default)

Ripple frequency of the battery charger input current.

Dependencies

This parameter is accessible when Type is set to DC (wye).

Plot Curves — Click to plot input parameter and input current harmonics curves for the

battery charger.
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Battery Charger Input Parameters Curves
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Frequency (Hz)
Simulate efficiency — Efficiency simulation option
cleared (default) | selected

Option to simulate efficiency.

Dependencies

When this parameter is selected, the parameters Charger efficiency and Efficiency
usage factor become visible. Otherwise, the battery charger efficiency factor is set to a
constant value of 1.

Charger efficiency [0-1] — Battery charger efficiency factor

[0.627 0.803 0.855 0.871 0.872 0.864] (default)
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Efficiency factor, n,, of the battery charger. This parameter is used with the Efficiency
usage factor to approximate a polynomial function corresponding to the full operation
range efficiency normalized on the Nominal Power.

Efficiency usage factor (pu) — Battery charger efficiency usage factor
[0.063 0.177 0.293 0.483 0.674 0.914] (default)

Efficiency usage factor of the battery charger. This parameter is used with the Charger
efficiency to approximate a polynomial function corresponding to the full operation
range efficiency normalized on the Nominal Power.

Simulate THD — THD simulation option
cleared (default) | selected

Total harmonic distortion (THD) simulation option.

Dependencies

When this parameter is selected, the parameters Total harmonic distortion, THD
usage factor, Harmonics amplitude, and Harmonics frequency become visible.
Otherwise, the battery charger THD factor is set to a constant value of 0.

Total harmonic distortion [0-1] — THD
[0.327 0.394 0.394 0.351 0.289 0.265] (default)

The total harmonic distortion factor, THD,, of the battery charger. This parameter is used
with the THD usage factor (pu) to approximate a polynomial function corresponding to
the full operation range THD normalized on the Nominal Power.

THD usage factor (pu) — THD usage factor
[0.056 0.136 0.194 0.303 0.555 0.916] (default)

The total harmonic distortion usage factor, THD,, of the battery charger. This parameter
is used with the Total harmonic distortion [0-1] to approximate a polynomial function
corresponding to the full operation range THD normalized on the Nominal Power.

Harmonics amplitude (A) — Harmonic amplitude
[0.199 1.297 0.328 0.029 0.416 0.200] (default)

Harmonics amplitude, I,,, of the battery charger input current in A. This parameter is used
with the Harmonics frequency to generate the battery charger’s input current
harmonics signature. The harmonics amplitude parameter’s values are normalized to 1
using this:

1-139



1 Biocks — Alphabetical List

1-140

In
s

Dependencies

I, =

This parameter is accessible when the Type is set to 3-phases AC (wye), 3-phases
AC (delta), or 1-phase AC.

Harmonics frequency (n) — Harmonic frequency
[3 57 9 11 13] (default)

The harmonics frequency, f;, of the battery charger’s input current in n multiples of
Frequency. This parameter is used with the Harmonics amplitude to generate the
battery charger’s input current harmonics signature.

Dependencies

This parameter is accessible when the Type is either 3-phases AC (wye), 3-phases
AC (delta), or 1-phase AC.

Simulate power factor — Power factor simulation option
cleared (default) | selected

Option to simulate power factor. Otherwise, the battery charger’s PF is set to a constant
equal to 1.

Dependencies

This parameter is accessible when the Type is set to 3-phases AC (wye), 3-phases
AC (delta), or 1-phase AC. When this parameter is selected, the parameters Power
factor and PF usage factor become visible.

Power factor [0-1] — Power factor
[0.316 0.532 0.662 0.731 0.780 0.792] (default)

Total harmonic distortion factor, or power factor, PF,, of the battery charger. This
parameter is used with the PF usage factor to approximate a polynomial function
corresponding to the full operation range’s PF normalized on the Nominal Power.

Dependencies

This parameter is accessible when the Type is set to 3-phases AC (wye), 3-phases
AC (delta), or 1-phase AC.
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PF usage factor (pu) — Power factor usage factor
[0.067 0.230 0.445 0.625 0.794 0.919] (default)

The PF usage factor, PF, of the battery charger. This parameter is used with the Power
factor to approximate a polynomial function corresponding to the full operation range PF
normalized on the Nominal Power

Charging Mode

Output control mode — Output control method
Constant Current - Constant Voltage (CCCV) (default) | Constant Current
only (CC) | Constant Voltage only (CV)

Methods for output control are:

* Constant Current - Constant Voltage (CCCV) — This charging mode
regulates the output current and voltage.

* Constant Current only (CC) — This charging mode regulates the output current.
* Constant Voltage only (CV) — This charging mode regulates the output voltage.

Dependencies
Different options expose different parameters.

Dynamic input thresholds — Dynamic input thresholds option
selected (default) | cleared

Option to enable dynamic access to the output current and voltage thresholds. Otherwise,
these thresholds are set withBulk current and Float voltage or Absorption voltage.

Dependencies

The CC or CV input ports become visible to supply the current and voltage thresholds
depending on the Output control mode selected.

Bulk current (A) — Bulk current
10 (default)

The bulk current, I, of the battery charger maximum output current in A. While the

output voltage is lower than Float voltage or Absorption voltage, the battery charger
limits the output current to maintain a constant current.
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Dependencies

This parameter is accessible when the Output control mode is either Constant
Current - Constant Voltage (CCCV) or Constant Current only (CC).

Float voltage (V) — Float voltage
138 (default)

Float voltage, Vo, of the battery charger steady-state output voltage in V. When the
output voltage reaches this value, the battery charger reduces the output current to
maintain a constant voltage.

Dependencies

This parameter is accessible when the QOutput control modeis either Constant
Current - Constant Voltage (CCCV) or Constant Voltage only (CV).

Enable absorption phase — Absorption phase option
cleared (default) | selected

Option to enable the battery charging absorption phase. The charging phase allows the
battery charger to maintain a higher Absorption voltage than Float voltage for a
specified Absorption end condition when switching from constant current to constant
voltage charging.

Dependencies

This parameter is accessible when the Output control mode is Constant Current -
Constant Voltage (CCCV) and the Dynamic input thresholds is cleared.

Absorption voltage (V) — Absorption voltage
142 (default)

Absorption voltage, V,,, of the battery charger transition voltage when switching from
constant current to constant voltage charging. The battery charger’s absorption voltage
will be maintained while the Absorption end condition isn’t met. This parameter must
be greater than the float voltage.

Dependencies
This parameter is accessible when the Enable absorption phase is selected.

Absorption end condition — Absorption end condition
Time based (default) | Current based
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Choose between two absorption end conditions:

* Time based — This end condition requires a specified Absorption time while
maintaining the Absorption voltage before lowering the battery charger’s output
voltage to Float voltage.

* Current based — This end condition requires a specified Absorption current while
maintaining the Absorption voltage before lowering the battery charger’s output
voltage to Float voltage.

Dependencies
This parameter is accessible when Enable absorption phase is selected.

Absorption time (s) — Absorption time
3600 (default)

Absorption time, t,,, of the time-based end condition of the absorption phase in s. When
the Absorption voltage has been maintained for the specified time, the output voltage is
lowered to the Float voltage.

Dependencies
This parameter is accessible when the Absorption end condition is Time based.

Absorption current (%) — Absorption current
40 (default)

Absorption current, I, of the absorption phase’s current-based end condition in %.
When the output current reaches the specified percentage of the Bulk current, the
output voltage lowers from the Absorption voltage to the Float voltage. This parameter
is accessible when the Absorption end condition is Current based.

Dependencies
This parameter is accessible when the Absorption end condition is Current based.

Plot Curves — Click to plot input parameter and input current harmonics curves for the
battery charger.
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Current ripple (%) — Current ripple
0.5 (default)

The output ripple, I,,;,, of the battery charger current specified as a %.

%’

Ripple frequency (Hz) — Ripple frequency
1000 (default)

fout,-r
Ripple frequency, f;, , of the battery charger output current in Hz.
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Overshoot (%) — System overshoot
1 (default)

The overshoot, dy, of the battery charger’s output control dynamic in %. This parameter
is applied to the Bulk current, Float voltage and Absorption voltage depending on
charging phase.

Settling time (s) — System settling time
5 (default)

Settling time, t,, at which the battery charger’s output control dynamic reaches 2% of its

steady-state value in s. This parameter is applied to the Bulk current, Float voltage and
Absorption voltage depending on charging phase.

Dependencies

Simulate voltage compensation — Voltage compensation option
cleared (default) | selected

Option to enable output voltage temperature compensation. When enabled, the Float
voltage and Absorption voltage will vary depending on the ambient temperature,
Voltage compensation and Nominal temperature.

Voltage compensation (V/deg. C) — Voltage compensation
-0.18 (default)

Voltage compensation, V., of the battery charger output in V/°C.

Dependencies
This parameter is accessible when the Simulate voltage compensation is selected.

Nominal temperature (deg. C) — Nominal temperature
20 (default)

Nominal temperature, T,,,, of the required battery float voltage in °C.

Dependencies

This parameter is accessible when the Simulate voltage compensation is selected.
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Chopper

Implement DC chopper model for DC motor drives

s

B

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Chopper block models a standard half-bridge (one leg, two IGBTs) or full-bridge (two
legs, four IGBTs) converter model. It has two operating modes to represent a detailed or
an average-value chopper.

Each operating mode has multiple instances depending on the DC motor drive type (two-
or four-quadrant operation).

Detailed Mode

In detailed mode, the block is modeled by a Universal Bridge block configured as a half-
bridge (one arm) or full-bridge (two arms) IGBT converter. The half-bridge IGBT converter
model is used for one- or two-quadrant DC drives. The full-bridge converter model is for
four-quadrant DC drives.
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Average Mode

Average mode is used for fast simulations, where the high frequency switching actions of
the switches is not required. The Chopper block implements an average-value half-bridge
or full-bridge IGBT converter model. The average-value model can be one of these types:

* Half-bridge, one-, or two-quadrant DC drive — The converter is composed of one
controlled current source on the DC source side and one controlled voltage source on
the motor side, as shown in the figure.

Duty Cycle (a)> -V, =aV,
ljn I[}Ul
— —
+ o.-@- O+
Controlled Controlled
Vin current voltage Vout
source source

- O L o -

- 1 in = al out

The current source allows the representation of the average input current value
following this equation:

Iin = (x-[out
where « is the duty cycle value of IGBT 1 and I,,; the armature current value.

For one-quadrant DC drives, when I, < 0,

Iin = Tout

The voltage source on the motor side represents the average voltage value following
this equation:

Vout = aVi,
For one-quadrant DC drives, when I,; < 0,

Vout = Vin
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with V;, being the input voltage.

* Full-bridge, four-quadrant DC drive — This model is similar to the half-bridge, two-
quadrant DC drive model, with the only difference being in the expressions of the
average input current and output voltage, as shown in the figure.

Duty Cycle (a) » » V. =@Ca-1)V,
|i'ﬂ Iout
+ o1—<>— —
Controlled Controlled
Vin current voltage Vout'
source source '
- O L O -
P 1;’:” :(2a_]')]{)”r

The average input current and output voltage are given by, respectively:
Iin = (2a - Dloue
Vout = (2a - DVi,
with a being the duty cycle value of IGBT 1 and IGBT 4.

Parameters

Mode detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Number of quadrants
Select from these operating quadrants:

* 1 — One quadrant
* 2 — Two quadrants (default)
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* 4 — Four quadrants

Snubber resistance Rs (Ohms)

The value of the snubber resistance of the rectifier. When you set the Model detail
level parameter to Detailed, this parameter is visible only when you set the
Number of quadrants parameter to 4. When you set the Model detail level
parameter to Average, this parameter is visible only when you set the Number of
quadrants parameter to 2 or 4. The default value is 10e3.

Snubber capacitance Cs (F)

The value of the snubber capacitance of the rectifier, in farad. The default value is
inf.

Resistance Ron (Ohms):
Internal resistance of the selected device, in ohms. The default value is 1e-3.
Forward voltages (V) [Vf, Vd]

Forward voltages, in volts, of the forced-commutated devices (IGBT, MOSFET, or GTO)
and of the antiparallel diodes. The default valueis [1.3,1.3].

Fail time and tail time (s) [Tf, Tt]

Fall time Tf and tail time Tt, in seconds, for the GTO or the IGBT devices. The default
valueis [0,0].

Sample Time

The sample time of the shopper, in seconds. The default value is 2e-6.

Inputs and Outputs

g
The gate input for the controlled switch devices. Pulses are sent to upper and lower
switches of the half- or full-bridge converter. This port is visible only when you set the
Model detail level parameter to Detailed.

Duty Cycle

The duty cycles required by IGBT 1 and IGBT 2 of a half-bridge converter. This port is
visible only when you set the Model detail level parameter to Average and the
Number of quadrants parameter to 1 or 2.
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Duty Cycles

The duty cycles required by IGBT 1 and 4 and IGBT 2 and 3 of the full-bridge
converter. This port is visible only when you set the Model detail level parameter to
Average and the Number of quadrants parameter to 4.

+
The positive terminal on the DC source side.
The negative terminal on the DC source side.
A
The bridge-converter output terminals on the motor side.
B
The bridge-converter output terminals on the motor side. This port is visible only
when you set the Number of quadrants parameter to 4.
Examples

The Chopper block is used in the DC5, DC6, and DC7 blocks from the Electric Drives
library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.
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Circulating Current Inductors

Implement circulating current inductors for four-quadrant thyristor bridge converter
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

Circulating current inductors, commonly referred as inter-group-reactors (IGR), in a four-
quadrant thyristor bridge converter, limit the circulating current in dual thyristor
converters when the latter operates in circulating current mode.

The Circulating Current Inductors block consists of two pairs of inductors connected to
each converter output for the single-phase configuration and for the three-phase
configuration, respectively.

Circulating

Single-phase current inductors Single-phase
full-converter full-converter
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The circulating current produced by the instantaneous voltage difference at the terminal
of both converters is limited by these inductors.

Parameters

Inductance (H)

The inductance, in henry, of each circulating current inductor. The default value is
80e-3.

Inputs and Outputs

+Al, -Al

Connect these terminals to the positive and negative terminals on the DC side of the
positive thyristor bridge converter.

+A2, -A2

Connect these terminals to the positive and negative terminals on the DC side of the
negative thyristor bridge converter.

Vector containing four measurement signals: the output DC voltages Vdc1 and Vdc2
and the currents Idc1 and Idc2 of the thyristor bridge converters.
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Examples

The Circulating Current Inductors block is used in the DC2 and DC4 blocks from the
Electric Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Chopper | Inverter (Five-Phase) | Inverter (Three-Phase) | Thyristor Converter

Topics
“Electric Drives Library”

Introduced in R2015b

1-154



Connection Port

Connection Port

Create Physical Modeling connector port for subsystem

e

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Connection Port block, placed inside a subsystem composed of Simscape Electrical
Specialized Power Systems blocks, creates a Physical Modeling open round connector
port @ on the boundary of the subsystem. Once connected to a connection line, the port
becomes solid ». Once you begin the simulation, the solid port « becomes an electrical
terminal port, an open square 0.

You connect individual Simscape Electrical Specialized Power Systems blocks and
subsystems made of Simscape Electrical Specialized Power Systems blocks to one another
with Simscape Electrical Specialized Power Systems connection lines, instead of regular
Simulink signal lines. These are anchored at the open, round connector ports o.
Subsystems constructed of Simscape Electrical Specialized Power Systems blocks
automatically have such open round connector ports. You can add additional connector
ports by adding Connection Port blocks to your subsystem.

Parameters

Port number

This field labels the subsystem connector port created by the block. Multiple
connector ports on the boundary of a single subsystem require different numbers as
labels. The default value for the first port is 1.
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Port location on parent subsystem
Choose which side of the parent subsystem boundary the port is placed on. The
choices are Left or Right. The default is Left.

Introduced before R2006a
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Controlled Current Source

Implement controlled current source

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Electrical
Sources

Description

The Controlled Current Source block converts the Simulink input signal into an
equivalent current source. The generated current is driven by the input signal of the
block. The positive current direction is as shown by the arrow in the block icon.

You can initialize the Controlled Current Source block with a specific AC or DC current. If
you want to start the simulation in steady state, the block input must be connected to a
signal starting as a sinusoidal or DC waveform corresponding to the initial values.

Note The Simulink input signal must be a complex value (phasor) when you are using the
Controlled Current Source block in a phasor simulation, because in this case, Simscape
Electrical Specialized Power Systems software does not automatically convert the input
signal from time-domain into complex (phasor) signal.

Parameters

Initialize
Default is selected. If selected, initializes the Controlled Current Source block with
the specified Initial current, Initial phase, and Initial frequency parameters.
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Source type

The Source type parameter is not visible if the Initialize parameter is not selected.

The type of current source. Select AC (default) to initialize the Controlled Current
Source Block as an AC current source. Select DC to initialize the Controlled Current
Source block as a DC current.

Initial amplitude

This parameter is not visible in the dialog box if the Initialize parameter is cleared.
The initial peak current for the initialization of the source, in amperes (A). Default is
0.

Initial phase

The initial phase for the initialization of the source, in degrees. Default is 0. The
Initial phase parameter is not visible in the dialog box if the Source type parameter
is set to DC.

Initial frequency

The initial frequency for the initialization of the source, in hertz (Hz). Default is 0. The
Initial frequency parameter is not visible in the dialog box if the Source type
parameter is set to DC.

Measurements

Default is None. Select Current to measure the current flowing through the
Controlled Current Source block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name:

Measurement Label
Current Isrc:
Examples

The power controlcurr example uses a Controlled Current Source to generate a 60-Hz
current modulated at 5 Hz.


matlab:power_controlcurr

Controlled Current Source

See Also

AC Current Source, Controlled Voltage Source, Multimeter

Introduced before R2006a
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Controlled Voltage Source

Implement controlled voltage source

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Electrical
Sources

Description

The Controlled Voltage Source block converts the Simulink input signal into an equivalent
voltage source. The generated voltage is driven by the input signal of the block.

You can initialize the Controlled Voltage Source block with a specific AC or DC voltage. If
you want to start the simulation in steady state, the Simulink input must be connected to
a signal starting as a sinusoidal or DC waveform corresponding to the initial values.

Note The Simulink input signal must be a complex value (phasor) when you are using the
Controlled Voltage Source block in a phasor simulation, because in this case, Simscape
Electrical Specialized Power Systems software does not automatically convert the input
signal from time-domain into complex (phasor) signal.

Parameters

Initialize

Default is selected. If selected, initializes the Controlled Voltage Source block with the
specified Initial voltage, Initial phase, and Initial frequency parameters.



Controlled Voltage Source

Source type

The Source type parameter is not available if the Initialize parameter is not
selected.

The type of voltage source. Select AC (default) to initialize the Controlled Voltage
Source block with an AC voltage source. Select DC to initialize the Controlled Voltage
Source Block with a DC voltage.

Initial amplitude

This parameter is not available if the Initialize parameter is cleared. The initial
voltage for the initialization of the source, in volts (V). Default is 0.

Initial phase

The initial phase for the initialization of the source, in degrees. Default is 0. The
Initial phase parameter is not available if the Source type parameter is set to DC.

Initial frequency

The initial frequency for the initialization of the source, in hertz (Hz). Default is 0. The
Initial frequency parameter is not available in the dialog box if the Source type
parameter is set to DC.

Measurements

Default is None. Select Voltage to measure the voltage across the terminals of the
Controlled Voltage Source block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name:

Measurement Label
Voltage Usrc:
Examples

The power controlvolt example uses Controlled Voltage Source blocks to generate a
60-Hz sinusoidal voltage containing a third harmonic. One Controlled Voltage Source
block is initialized as a 120-V AC voltage source with an initial frequency of 60 Hz and
initial phase set to 0. The second Controlled Voltage Source block is not initialized.
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See Also

AC Current Source, Controlled Current Source, Multimeter

Introduced before R2006a
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Current Controller (Brushless DC)

Implement current/torque controller model for brushless DC machine

Detailed
M Torque™
2| Hal @ Gates P
M1 abe
|

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Current Controller (Brushless DC) block represents a hysteresis current controller
for use with a brushless DC machine. It has two operating modes to represent a detailed
or an average-value inverter.

Detailed Model

In detailed mode, the Current Controller (Brushless DC) block contains four main blocks:
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Current controller

T Current
T . regulator
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Iabc E E labe

___________

The T to I block performs the conversion from the reference torque to the peak reference
current. The relation that converts torque to current assumes pure rectangular current
waveforms. In practice, due to the motor inductance, you cannot obtain these currents.
Therefore the electromagnetic torque might be lower than the reference torque,
especially at high speed.

The Hall decoder block extracts the BEMF information from the Hall Effect sensor
signals. It represents the normalized ideal phase currents to be injected in the motor
phases. The figure shows the BEMF of phase A and the output of the Hall decoder for the
phase A.
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The Current regulator block is a bang-bang current controller with adjustable hysteresis
bandwidth. The Switching control block limits the inverter commutation frequency to a
maximum value that you specify. In a detailed model, the Current Controller (Brushless
DC) block outputs the actual pulses for the inverter switches.

Average Model

In average mode, the Current Controller (Brushless DC) block does not model the high-
frequency switching actions of the power switches. The output of the block is the three-
phase motor current references of the machine controlled by the average-value inverter.

Parameters
Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Motor pairs of poles

The number of pole pairs of the machine controlled by the current controller. The
default value is 4.
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Specify
Select the machine constant that you want to specify for block parameterization.
Choices are Flux linkage established by magnets (V.s) (default), Voltage
Constant (V _peak L-L / krpm), and Torque Constant (N.m / A peak).

Flux linkage

The constant flux, in weber, per pole pairs induced in the stator windings by the
magnets of the machine controlled by the current controller. The default value is
0.175.

Voltage constant (V_peak L-L / krpm)

The peak line to line voltage per 1000 rpm of the machine controlled by the current
controller. This voltage represents the peak open circuit voltage when the machine is
driven as a generator at 1000 rpm. The default value is 146.6077.

Torque Constant (N.m / A_peak)

The torque per ampere constant of the machine controlled by the current controller.
The default value is 1. 4.

Back EMF flat area (degrees)

The width of the flat top for a half period of the electromotive force ®' (degrees) of
the machine controlled by the current controller. The default value is 120.

Maximum switching frequency (Hz)

The maximum inverter switching frequency, in hertz. This parameter is available only
when the Model detail level parameter is set to Detailed. The default value is
20e3.

Sample time (s)

The current controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step. The default value is 20e-6.

Current hysteresis bandwidth (A)

The current regulator hysteresis bandwidth, in ampere. This parameter is enabled
only when the Model detail level parameter is set to Detailed. This value
corresponds to the total hysteresis bandwidth distributed symmetrically around the
current set point.

The default value is 0.01.



Current Controller (Brushless DC)

_ motor current

Inputs and Outputs

Torque*

Torque reference, typically provided by a speed controller.
Hall

Hall Effect sensor signals for phase A, B, and C.
I abc

The three line currents of the brushless DC machine.
Sig
The three reference currents (iabc*) required by the average-value inverter. This
output is visible only when the Model detail level parameter is set to Average.
Gates

Pulses for the six inverter switches. This output is visible only when the Model detail
level parameter is set to Detailed.

Examples

The Current Controller (Brushless DC) block is used in the AC7 block in the Electric
Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.
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See Also

Bridge Firing Unit (AC) | Bridge Firing Unit (DC) | Current Controller (DC) | Direct
Torque Controller | Field-Oriented Controller | Regulation Switch | Six-Step Generator |
Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) | Speed
Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM) |

Voltage Controller (DC Bus)

Topics
“Electric Drives Library”

Introduced in R2015b
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Current Controller (DC)

Implement PI current controller model for DC machine
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description
The Current Controller (DC) block models a PI current controller for use with a DC
machine. The block has multiple instances, depending on the DC drive type (chopper DC

drive or thyristor-based DC drive) and operating quadrants (one-, two-, or four-quadrant).
It has two operating modes to represent a detailed or an average-value current controller.

Detailed Mode

The figure shows the models of the detailed Current Controller (DC) block for one-, two-,
and four-quadrant chopper DC drives, respectively.
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Current Controller (DC)
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The inputs of the DC current controller block are the current reference (in pu) and the
armature current flowing through the motor. The current reference is typically provided
by a speed or torque controller. The armature current input is filtered by a first-order low-
pass filter.

The duty cycle of the chopper is computed with a PI regulator. The duty cycle is compared
with a fixed frequency sawtooth carrier signal to obtain the required gate pulses (PWM)
for the chopper devices (IGBT 1 and IGBT 2). The figure shows PWM signal generation for
a two-quadrant chopper DC drive.
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Average Model

The Average Current Controller (DC) model is normally used with average-value DC
chopper models where the high-frequency switching actions of the power switches are
not represented.

The Average Current Controller (DC) block is similar to the detailed model. However,
there is no PWM signal generation. The output of the Average Current Controller (DC)
block is the duty cycle of the IGBTs. For a two-quadrant operation, two duty cycles are
computed for IGBT 1 and IGBT 2. For a four-quadrant operation, two duty cycles are
computed for IGBT 1 and IGBT 4 and for IGBT2 and IGBT 3.

Current Controller (DC) for Chopper DC Drives

For chopper DC drives, the block outputs actual pulses (detailed mode) or duty cycle
(average mode) for the DC chopper.

Current Controller (DC) for Thyristor-Based DC Drives

For thyristor-based DC drives, the Current Controller (DC) block outputs the firing angle
for the thyristor bridge converter. The figure shows the models for a two-quadrant and
four-quadrant thyristor-based DC drive.
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A PI regulator computes the appropriate firing angle for the thyristor bridge. For two-
quadrant operation, a feed-forward term is added to the firing angle to compensate for
nonlinearities appearing during discontinuous conduction.

For four-quadrant thyristor-based drives, the DC current controller outputs two firing
angles (Alpha 1 and Alpha 2) for the two antiparalleled thyristor bridges. The sum of the
firing angles is 180 degrees at all times. This setting ensures opposite average voltages at
each converter DC output terminal and maintains identical average voltages at the DC
motor armature.

Parameters

Drive type
Specify the drive type to use:

* Chopper based (default)
* Rectifier based

Model detail level

Select between the detailed and the average-value model. This parameter is available
only when the Drive type parameter is set to Chopper based.
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Select one of these values:

* Detailed (default)
* Average

Number of quadrants
Specify the number of operating quadrants to use. Select between 1, 2, and 4.

The default value is 2.
Power (VA)

Base power in volt amperes of the DC machine, typically equivalent to the nominal
power. The default value is 5*746.

Voltage (V)

Base voltage in volts of the DC machine, typically equivalent to the nominal voltage.
The default value is 240.

Proportional

The PI controller proportional gain. The default value is 2.
Integral

The PI controller integral gain. The default value is 200.
Low-pass filter cutoff frequency (Hz)

The cutoff frequency, in hertz, of the low-pass filter used to filter the armature current
measurement. The default value is 500.

Switching frequency (Hz)

The switching frequency, in hertz, of the DC chopper. This parameter is available only
when the DC drive type parameter is set to Chopper based and the Detail level
parameter is set to Detailed.

The default value is 5e3.
Firing angle limits

The lower and upper limits of the firing angle, in degrees. This parameter is available
only when the Drive type parameter is set to Rectifier based. The default value
is [20, 160].

Controller sample time (s)

The current controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step. The default value is 20e-6.
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Network sample time (s)
The time step used for the simulation, in seconds. The default value is 1e-6.

Inputs and Outputs

la
The measured armature current (A).
la*(pu)

Armature current reference in per-unit, typically provided by a speed/torque
controller.

di
Armature current reference error (difference between the reference and the actual
machine current).
la*
Armature current reference (A).
Pulse
PWM pulse signal required by the one-quadrant DC chopper. This port is visible only

when the Drive type parameter is set to Chopper based, the Model detail level
parameter is set to Detailed, and the Number of quadrants parameter is set to 1.

Pulses

PWM pulse signal required by the two-quadrant DC chopper or the four-quadrant DC
chopper. This port is visible only when the Drive type parameter is set to Chopper
based, the Model detail level parameter is set to Detailed, and the Number of
quadrants parameter is set to 2 or 4.

Dcycle

Duty cycle required by the one-quadrant DC chopper. This port is visible only when
the Drive type parameter is set to Chopper based, the Model detail level
parameter is set to Average, and the Number of quadrants parameter is set to 1.

Dcycles

The duty cycles required by the two-quadrant DC chopper or the four-quadrant DC
chopper. This port is visible only when the Drive type parameter is set to Chopper
based, the Model detail level parameter is set to Average, and the Number of
quadrants parameter is set to 2 or 4.
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Alpha

The firing angle required by the one-quadrant thyristor bridge or the two-quadrant
thyristor bridge converter. This port is visible only when the Drive type parameter is
setto Thyristor based and the Number of quadrants parameter is set to 1 or 2.

Alpha 1

The firing angle required by the first antiparalleled thyristor bridge in a four-quadrant
DC drive. This port is visible only when the Drive type parameter is set to
Thyristor based and the Number of quadrants parameter is set to 4.

Alpha 2

The firing angle required by the second antiparalleled thyristor bridge in a four-
quadrant DC drive. This port is visible only when the Drive type parameter is set to
Thyristor based and the Number of quadrants parameter is set to 4.

Examples

The Current Controller (DC) block is used in the DC1 to DC7 blocks from the Electric
Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Bridge Firing Unit (AC) | Bridge Firing Unit (DC) | Current Controller (Brushless DC) |
Direct Torque Controller | Field-Oriented Controller | Regulation Switch | Six-Step
Generator | Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) |
Speed Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM)
| Voltage Controller (DC Bus)

Topics
“Electric Drives Library”

Introduced in R2015b
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Current Measurement

Measure current in circuit

ip

of+

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements

Description

The Current Measurement block is used to measure the instantaneous current flowing in
any electrical block or connection line. The Simulink output provides a Simulink signal
that can be used by other Simulink blocks.

Parameters

Output signal

Specifies the format of the output signal when the block is used in a phasor
simulation. The Output signal parameter is disabled when the block is not used in a
phasor simulation. The phasor simulation is activated by a Powergui block placed in
the model.

Set to Complex (default) to output the measured current as a complex value. The
output is a complex signal.

Set to Real-Imag to output the real and imaginary parts of the measured current.
The output is a vector of two elements.

Set to Magnitude-Angle to output the magnitude and angle of the measured
current. The output is a vector of two elements.



Current Measurement

Set to Magnitude to output the magnitude of the measured current. The output is a
scalar value.

Examples

The power_ currmeasure example uses four Current Measurement blocks to read
currents in different branches of a circuit.

See Also

powergui, Three-Phase V-I Measurement, Voltage Measurement

Introduced before R2006a
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Current-Voltage Simscape Interface

Ideal coupling between Simscape Electrical Specialized Power Systems and Simscape
electrical circuits

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Interface
Elements

Description

The Current-Voltage Simscape Interface block connects Simscape Electrical Specialized
Power Systems circuits with electrical elements from the Simscape Foundation library.
This block preserves current through the block and voltage across the block, conserving
electrical power.

* On the Simscape Electrical Specialized Power Systems side, the electrical connector
ports +sps and -sps act like a controlled current source, feeding current from the
Simscape side to the connected Simscape Electrical Specialized Power Systems
elements, while maintaining the voltage across the block.

* On the Simscape side, the electrical connector ports +ssc and -ssc act like a
controlled voltage source, feeding voltage from the Simscape Electrical Specialized
Power Systems side to the connected Simscape elements, while maintaining the
current through the block.

The following figure gives an overview of the interface.



Current-Voltage Simscape Interface
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The block measures the voltage between the +sps and - sps ports and propagates it to
the +ssc and -ssc ports, preserving the polarity. The block also measures the current
flowing from the +ssc to the -ssc port and propagates it from the - sps to the +sps
port.

You can specify a filter to break the algebraic loop between Simscape
ElectricalSpecialized Power Systemsand Simscape ports. You can specify the filter as a
first order continuous transfer function or as a discrete unit delay block. You can apply it
on the Simscape Electrical Specialized Power Systems side, to the measured voltage, or
on the Simscape side, to the measured current. Depending on the measured signal where
the filter is applied, the other signal is always a direct feedthrough.

If you do not specify a filter, direct feedthrough is applied on both measured signals.
However, this configuration results in an algebraic loop containing the Voltage
Measurement, Controlled Voltage Source, Current Sensor, and Controlled Current Source
blocks, which might cause numerical issues.
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Parameters

Direct feedthrough (no filter)

If selected, direct feedthrough is applied between Simscape Electrical Specialized
Power Systems and Simscape ports on both sides. Default is cleared.

Filter type

Set this parameter to Low pass filter (continuous) (default) to implement a
first order continuous transfer function filter between Simscape Electrical Specialized
Power Systems and Simscape ports.

Set this parameter to Unit delay (discrete) to implement a discrete unit delay
filter between Simscape Electrical Specialized Power Systems and Simscape ports.

Set this parameter to First-order input filtering to implement a first order
continuous transfer function filter with first-order filtering of the Simulink-PS
Converter block that provides one derivative. You can apply this filter only on the
Simscape Electrical Specialized Power Systems side.

Set this parameter to Second-order input filtering to implement a first order
continuous transfer function filter with second-order filtering on the Simulink-PS
Converter block that provides derivatives one and two. You can apply this filter only
on the Simscape Electrical Specialized Power Systems side.

The Filter type parameter is not visible when the Direct feedthrough (no filter)
check box is selected.

Low pass filter constant (s)

Specify the low pass filter time constant of the filter, in seconds. Default is 1e-6. This
parameter is available only when the Filter type parameter is set to Low pass
filter (continuous), First-order input filtering, or Second-order
input filtering.

Sample time of unit delay (s)

Specify the sample time of the unit delay filter, in seconds. Default is 50e-6. This
parameter is available only when the Filter type parameter is set to Unit delay
(discrete).

Initial voltage (V)

Specify the initial voltage value of the measured Simscape Electrical Specialized
Power Systems voltage. Default is 0.
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This parameter is available only when you apply the filter on the Simscape Electrical
Specialized Power Systems side.

Initial current (A)
Specify the initial current value of the measured Simscape current. Default is 0.

This parameter is available only when you apply the filter on the Simscape side.
Apply filter on

Set this parameter to Specialized Power Systems side (default) to apply the
filter on the measured Simscape Electrical Specialized Power Systems voltage.

Set this parameter to Simscape side to apply the filter on the measured Simscape
current.

The Apply filter on parameter is not available when the Direct feedthrough (no
filter) check box is selected, when the Filter type is set to First-order input
filtering, or when the Filter type is set to Second-order input filtering.

Show measurement port

If selected, adds a Simulink output to the block that returns the Simscape Electrical
Specialized Power Systems current and voltage and to the Simscape current and
voltages in a bus signal. Default is cleared.

Limitations

When simulating Simscape Electrical Specialized Power Systems models along with
Simscape blocks, select the Simulink solver carefully.

Use ode23tb solver for solving Simscape Electrical Specialized Power Systems circuits
containing switches or nonlinear element. If you use other stiff solvers, Simscape
Electrical Specialized Power Systems software gives you the following warning:

Warning: You have required continuous-time simulation of a system containing
switches or nonlinear elements. The ode23tb variable-step stiff solver with
relative tolerance set to le-4 is recommended in order to get best accuracy
and simulationperformance. For some highly nonlinear models it may be
necessary to set the "Solver reset method" parameter to "Robust".

See "Improving Simulation Performance" chapter in Simscape Electrical
Specialized Power Systems documentation for additional information on how to
select an appropriate integration method.

'To ignore Simscape Electrical Specialized Power Systems warnings, select
"Disable Simscape Electrical SPS warnings" in the Powergui Preferences tab.';
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The Simscape Electrical Specialized Power Systems warning can be disabled, as
described in the warning message. However, if you use the ode23tb solver for solving
models containing Simscape blocks, Simscape software gives you the following warning:

Warning: The solver chosen is not recommended if the model is stiff, which is
typical for models containing Simscape components. These solvers are typically
preferred for Simscape models:ode23t, odel5s or odeldx (fixed-step). To disable
this diagnostic,change the explicit solver diagnostic setting on the Simscape
panel of the model Configuration Parameters.

The Simscape warning can also be disabled, as described in the warning message.

Examples

The power SSCmodeling example shows how Simscape Electrical Specialized Power
Systems and Simscape models can interface with each other.

See Also

Current-Voltage Simscape Interface (gnd), Voltage-Current Simscape Interface, Voltage-
Current Simscape Interface (gnd)

Introduced in R2011b
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Current-Voltage Simscape Interface (gnd)

Current-Voltage Simscape Interface (gnd)

Ideal coupling between Simscape Electrical Specialized Power Systems and Simscape
electrical circuits

o|=sps BN == b

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Interface
Elements

Description

The Current-Voltage Simscape Interface (gnd) block connects Simscape Electrical
Specialized Power Systems circuits with electrical elements from the Simscape
Foundation library. This block preserves current through the block and voltage across the
block, conserving electrical power.

* On the Simscape Electrical Specialized Power Systems side, the electrical connector
port sps acts like a controlled current source referred to the ground, feeding current
from the Simscape side to the connected Simscape Electrical Specialized Power
Systems elements.

* On the Simscape side, the electrical connector port ssc acts like a controlled voltage
source referred to the ground, feeding voltage from the Simscape Electrical
Specialized Power Systems side to the connected Simscape elements.

The following figure gives an overview of the interface.
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d - The measured cuments are from the
sps side to the sscside

The block measures the voltage between the sps port and Simscape Electrical
Specialized Power Systems electrical reference and propagates it to the ssc port,
preserving the polarity with respect to the Simscape electrical reference. The block also
measures the current flowing from the ssc port to the Simscape electrical reference and
propagates it to the sps port.

You can specify a filter to break the algebraic loop between Simscape Electrical
Specialized Power Systems and Simscape ports. You can specify the filter as a first order
continuous transfer function or as a discrete unit delay block. You can apply the filter on
the Simscape Electrical Specialized Power Systems side, to the measured voltage, or on
the Simscape side, to the measured current. Depending on the measured signal where
you apply the filter, the other signal is always a direct feedthrough.

If you do not specify a filter, direct feedthrough is applied on both measured signals.
However, this configuration results in an algebraic loop containing the Voltage
Measurement, Controlled Voltage Source, Current Sensor, and Controlled Current Source
blocks, which might cause numerical issues.



Current-Voltage Simscape Interface (gnd)

Parameters

Direct feedthrough (no filter)

If selected, direct feedthrough is applied between Simscape Electrical Specialized
Power Systems and Simscape ports on both sides. Default is cleared.

Filter type

Set this parameter to Low pass filter (continuous) (default) to implement a
first order continuous transfer function filter between Simscape Electrical Specialized
Power Systems and Simscape ports.

Set this parameter to Unit delay (discrete) to implement a discrete unit delay
filter between Simscape Electrical Specialized Power Systems and Simscape ports.

Set this parameter to First-order input filtering to implement a first order
continuous transfer function filter with first-order filtering of the Simulink-PS
Converter block that provides one derivative. You can apply this filter only on the
Simscape Electrical Specialized Power Systems side.

Set this parameter to Second-order input filtering to implement a first order
continuous transfer function filter with second-order filtering of the Simulink-PS
Converter block that provides derivatives one and two. You can apply this filter only
on the Simscape Electrical Specialized Power Systems side.

The Filter type parameter is not visible when the Direct feedthrough (no filter)
check box is selected.

Low pass filter constant (s)

Specify the low pass filter time constant of the filter, in seconds. This parameter is
available only when the Filter type parameter is set to Low pass filter
(continuous), First-order input filtering, or Second-order input
filtering. Default is le-6.

Sample time of unit delay (s)

Specify the sample time of the unit delay filter, in seconds. This parameter is available
only when the Filter type parameter is set to Unit delay (discrete). Defaultis
50e-6.

Initial voltage (V)

Specify the initial voltage value of the measured Simscape Electrical Specialized
Power Systems voltage. Default is 0.
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This parameter is available only when you apply the filter on the Simscape Electrical
Specialized Power Systems side.

Initial current (A)
Specify the initial current value of the measured Simscape current. Default is 0.

This parameter is available only when you apply the filter on the Simscape side.
Apply filter on

Set this parameter to Specialized Power Systems side (default) to apply the
filter on the measured Simscape Electrical Specialized Power Systems voltage.

Set this parameter to Simscape side to apply the filter on the measured Simscape
current.

The Apply filter on parameter is not visible when the Direct feedthrough (no
filter) check box is selected, when the Filter type is set to First-order input
filtering, or when the Filter type is set to Second-order input filtering.

Show measurement port

If selected, adds a Simulink output to the block that returns the Simscape Electrical
Specialized Power Systems current and voltage and to the Simscape current and
voltages in a bus signal. Default is cleared.

Limitations

When simulating Simscape Electrical Specialized Power Systems models along with
Simscape blocks, select the Simulink solver carefully.

Use the ode23tb solver for solving Simscape Electrical Specialized Power Systems
circuits containing switches or nonlinear element. If you use other stiff solvers, Simscape
Electrical Specialized Power Systems software gives you the following warning:

Warning: You have required continuous-time simulation of a system containing
switches or nonlinear elements. The ode23tb variable-step stiff solver with
relative tolerance set to le-4 is recommended in order to get best accuracy
and simulationperformance. For some highly nonlinear models it may be
necessary to set the "Solver reset method" parameter to "Robust".

See "Improving Simulation Performance" chapter in Simscape Electrical
Specialized Power Systems documentation for additional information on how to
select an appropriate integration method.

'To ignore Simscape Electrical Specialized Power Systems warnings, select
"Disable Simscape Electrical SPS warnings" in the Powergui Preferences tab.';
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The Simscape Electrical Specialized Power Systems warning can be disabled, as
described in the warning message. However, if you use the ode23tb solver for solving
models containing Simscape blocks, Simscape software gives you the following warning:

Warning: The solver chosen is not recommended if the model is stiff, which is
typical for models containing Simscape components. These solvers are typically
preferred for Simscape models:ode23t, odel5s or odeldx (fixed-step). To disable
this diagnostic,change the explicit solver diagnostic setting on the Simscape
panel of the model Configuration Parameters.

The Simscape warning can also be disabled, as described in the warning message.

Examples

The power SSCmodeling example shows how Simscape Electrical Specialized Power
Systems and Simscape models can interface using the Current-Voltage Simscape Interface
block.

See Also

Current-Voltage Simscape Interface, Voltage-Current Simscape Interface, Voltage-Current
Simscape Interface (gnd)

Introduced in R2011b
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DC Bus

Implement DC bus model that includes resistive braking chopper

Mezs [»

o|in+

o|m-

Dt o

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The DC Bus block has two operating modes. The most common mode implements a
capacitive DC bus with a proportional controller. The braking resistance is switched
based on activation and shutdown voltages, which you supply as parameters. For the
second operating mode, a smoothing inductor is added to the DC bus to filter out high-
current harmonics generally present in six-step motor drives. A resistive braking chopper
is modeled in both cases.

Capacitive DC Bus with Proportional Control

In this mode, the DC bus voltage is maintained within a range determined by the
activation and shutdown voltages. As shown in the figure, the braking chopper is
activated when the bus voltage reaches the upper limit of the hysteresis band. When the
bus voltage reaches the lower limit of the hysteresis band, the braking chopper shuts
down.
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LC DC Bus for Six-Step Induction Motor Drive

In this mode, the DC bus voltage is kept as constant as possible. A thyristor rectifier
ahead of the DC bus regulates the DC bus voltage. When the rectifier is close to its
operating limits, the braking chopper further regulates the DC bus voltage. The
smoothing inductor filters the current harmonics content generated by the thyristor
rectifier.

Parameters
Bus type
Specify the bus type to use:

* Capacitive (generic) (default)
* LC (for six-step drive)

Bus capacitance (F)
DC bus capacitance (F). The default value is 2000e-6.
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Bus inductance (H)

DC bus inductance (H). This parameter is required and available only when the Bus
type parameteris set to LC (for six-step drive). The default value is 1le-3.

Set initial bus voltage

Select to specify an initial voltage for the DC bus capacitor. Otherwise, the voltage is
initialized at zero. The default value is cleared.

Initial bus voltage (V)

Initial bus voltage, in volts. This parameter is required and available only when the
Set initial bus voltage check box is selected. The default value is 600.

Resistance (ohms)
The braking resistance, in ohms. The default value is 8.
Frequency (Hz)

The frequency at which the braking resistance is switched on and off, in hertz. The
default value is 4000.

Activation voltage (V)

The voltage at which the braking chopper is enabled, in volts. This value must be
greater than or equal to the shutdown voltage. This parameter is required and
available only when the Bus type parameter is set to Capacitive (generic). The
default value is 320.

Shutdown voltage (V)

The voltage at which the braking chopper is disabled, in volts. Use a value less than
or equal to the activation voltage. This parameter is required and available only when
the Bus type parameter is set to Capacitive (generic). The default value is 310.

Inputs and Outputs

P_chop

Duty cycle of the braking chopper, typically provided by a DC bus voltage controller.
This input is visible only when the Bus type parameter is set to LC (for six-step
drive).

Brak crtl

This binary signal enables (1) or disables (0) the braking chopper. This input is visible
only when the Bus type parameter is set to LC (for six-step drive).
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in+

The positive input port. It is usually connected to the positive output port of the
rectifier.

in-

The negative input port. It is usually connected to the negative output port of the
rectifier.

Meas

A vector containing these measurement signals:

Out+

I rectifier (A): the current entering the DC bus on the rectifier side

V rectifier (V): the voltage across the DC bus on the rectifier side. This signal is
present only in the output vector when the Bus type parameter is set to LC (for
six-step drive).

I bus (A): the current exiting the DC bus on the inverter side.

V bus (V): the voltage across the DC bus on the inverter side. If the Bus type
parameter is set to Capacitive (generic), this voltage is also the rectifier-side
voltage.

The positive output port. It is usually connected to the positive input port of the
inverter.

Out-

The negative output port. It is usually connected to the negative input port of the
inverter. Note that the in- and Out- ports are exactly the same electrical node.

Examples

The DC Bus block is used in the AC1 and AC3 blocks in the Electric Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.
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See Also

Active Rectifier

Topics
“Electric Drives Library”

Introduced in R2015b
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DC Machine

Implement wound-field or permanent magnet DC machine

¥
*

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

The DC Machine block implements a wound-field or permanent magnet DC machine.

For the wound-field DC machine, access is provided to the field terminals (F+, F—) so that
the machine model can be used as a shunt-connected or a series-connected DC machine.
The torque applied to the shaft is provided at the Simulink input T;.

The armature circuit (A+, A—) consists of an inductor La and resistor Ra in series with a
counter-electromotive force (CEMF) E.

The CEMF is proportional to the machine speed.
E — KE(L)
K5 is the voltage constant and w is the machine speed.

In a separately excited DC machine model, the voltage constant K is proportional to the
field current I

KE = LafIf'
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L, is the field-armature mutual inductance.

The electromechanical torque developed by the DC machine is proportional to the
armature current I,.

T, = K+,
Kt is the torque constant. The sign convention for T, and T; is:

T, , T > 0: Motor mode
T,, T < 0: Generator mode

The torque constant is equal to the voltage constant.
KT = KE'

The armature circuit is connected between the A+ and A— ports of the DC Machine block.
It is represented by a series Ra La branch in series with a Controlled Voltage Source and
a Current Measurement block.

In the wound-field DC machine model, the field circuit is represented by an RL circuit. It
is connected between the F+ and F— ports of the DC Machine block.

In the permanent magnet DC machine model, there is no field current as the excitation
flux is established by the magnets. K and K are constants.

The mechanical part computes the speed of the DC machine from the net torque applied
to the rotor. The speed is used to implement the CEMF voltage E of the armature circuit.

The mechanical part implements this equation:
dw
JW = Te—TL—Bm(L)—Tf,

J = inertia, B,, = viscous friction coefficient, and T; = Coulomb friction torque.

Parameters

* “Configuration Tab” on page 1-197
* “Parameters Tab” on page 1-199



DC Machine

* “Advanced Tab” on page 1-201

Configuration Tab

Preset model

Provides a set of predetermined electrical and mechanical parameters for various DC
machine ratings of power (HP), DC voltage (V), rated speed (rpm), and field voltage
(V).

The preset models are available only for the wound-field DC machine model.

Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. Select No (default) if you do not want to
use a preset model, or if you want to modify some of the parameters of a preset
model.

When you select a preset model, the electrical and mechanical parameters in the
Parameters tab of the dialog box become unmodifiable (unavailable). To start from a
given preset model and then modify machine parameters:

1 Select the preset model that you want to initialize the parameters.

2 Change the Preset model parameter value to No. This does not change the
machine parameters. By doing so, you break the connection with the particular
preset model.

3 Modify the machine parameters as you want, then click Apply.

Mechanical input

Select the torque applied to the shaft or the rotor speed as a Simulink input of the
block, or represent the machine shaft by a Simscape rotational mechanical port.

Select Torque TL (default) to specify a torque input, in N.m, and change labeling of
the block input to TL. The machine speed is determined by the machine Inertia J and
by the difference between the applied mechanical load torque TL and the internal
electromagnetic torque Te. The sign convention for the mechanical torque is: when
the speed is positive, a positive torque signal indicates motor mode and a negative
signal indicates generator mode.

Select Speed w to specify a speed input, in rad/s, and change labeling of the block
input to w. The machine speed is imposed and the mechanical part of the model
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(Inertia J) is ignored. Using the speed as the mechanical input allows modeling a
mechanical coupling between two machines.

The next figure indicates how to model a stiff shaft interconnection in a motor-
generator. The speed output of machine 1 (motor) is connected to the speed input of
machine 2 (generator), while machine 2 electromagnetic torque output Te is applied
to the mechanical load torque input TL of machine 1. The Kw factor takes into
account speed units of both machines (rad/s) and gear box ratio. The KT factor takes
into account torque units of both machines (N.m) and machine ratings. Also, as the
inertia J2 is ignored in machine 2, J2 referred to machine 1 speed must be added to
machine 1 inertia J1.

TL w 4’—» W Te

- Machme 1 o Machine 2
(specity J=I+1*(wa/wq)?) (J5 1z 1gnored)
Kr }

Select Mechanical rotational port to add to the block a Simscape mechanical
rotational port that allows connection of the machine shaft with other Simscape
blocks having mechanical rotational ports. The Simulink input representing the
mechanical torque TL or the speed w of the machine is then removed from the block.

The next figure indicates how to connect an Ideal Torque Source block from the
Simscape library to the machine shaft to represent the machine in motor mode, or in
generator mode, when the rotor speed is positive.
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Select between the wound-field and the permanent magnet DC machine. Choices are
Wound (default) and Permanent magnet.

Use signal names to identify bus labels

When this check box is selected, the measurement output uses the signal names to
identify the bus labels. Select this option for applications that require bus signal label
to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Parameters Tab

Armature resistance and inductance [Ra La]

The armature resistance Ra, in ohms, and the armature inductance La, in henries.

Defaultis [ 0.6 0.012].
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Field resistance and inductance [Rf Lf]

The field resistance Rf, in ohms, and the field inductance Lf, in henries. This
parameter is visible only when the Field type parameter on the Configuration tab is
set to Wound. Defaultis [ 240 120].

Field armature mutual inductance Laf

The field armature mutual inductance, in henries. This parameter is visible only when
the Field type parameter on the Configuration tab is set to Wound. Default is 1. 8.

Specify

For a permanent magnet DC machine, select the machine constant that you want to
specify for block parameterization. The values are Torque constant (default) and
Back-emf constant. This parameter is visible only when the Field type parameter
on the Configuration tab is set to Permanent magnet.

Torque constant

The torque per current constant of the permanent magnet DC machine, in N.m/A. This
parameter is only visible when the Field type parameter on the Configuration tab is
set to Permanent magnet and the Specify parameter above is set to Torque
constant. Defaultis 1.8.

Back-emf constant

The voltage per speed constant of the permanent magnet DC machine, in V/rpm. This
parameter is only visible when the Field type parameter on the Configuration tab is
set to Permanent magnet and the Specify parameter above is set to Back-emf
constant. Defaultis 1.8.

Total inertia ]
The total inertia of the DC machine, in kg.m?. Default is 1.
Viscous friction coefficient Bm
The total friction coefficient of the DC machine, in N.m.s. Default is 0.
Coulomb friction torque Tf
The total Coulomb friction torque constant of the DC machine, in N.m. Default is 0.
Initial speed

Specifies an initial speed for the DC machine, in rad/s, in order to start the simulation
with a specific initial speed. To start the simulation in steady state, the initial value of
the input torque signal T;, must be proportional to the initial speed. Default is 1.



DC Machine

Initial field current

Specifies an initial field current for the DC machine, in A, in order to start the
simulation with a specific initial field current. This parameter is enabled only when
the Field type parameter on the Configuration tab is set to Wound. Default is 1.

Advanced Tab

Sample time (-1 for inherited)

Specifies the sample time that the block uses. To inherit the sample time specified in
the Powergui block, set this parameter to —1 (default).

Inputs and Outputs

TL
The block input is the mechanical load torque, in N.m.

w
The alternative block input (depending on the value of the Mechanical input
parameter) is the machine speed, in rad/s.
m
The output of the block is a vector containing measurement signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.
Name Definition Units
w Speed wm rad/s
iA Armature current ia A
iF Field current if A
Te Electrical torque Te N.m
Examples

The power dcmotor example illustrates the starting of a 5 HP 240-V DC machine with a
three-step resistance starter.
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References

[1]1 Analysis of Electric Machinery, Krause et al., pp. 89-92.

See Also

Asynchronous Machine, Synchronous Machine

Introduced before R2006a
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DC Voltage Source

Implement DC voltage source

s
:

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Electrical
Sources

Description

The DC Voltage Source block implements an ideal DC voltage source. The positive
terminal is represented by a plus sign on one port. You can modify the voltage at any time
during the simulation.

Parameters

Amplitude
The amplitude of the source, in volts (V). Default is 100.
Measurements

Select Voltage to measure the voltage across the terminals of the DC Voltage Source
block. Default is None.

Place a Multimeter block in your model to display the selected measurements during

the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name:
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Measurement Label
Voltage Usrc:
Examples

The power dcvoltage example illustrates the simulation of the transient response of a
first-order RC circuit.

See Also

AC Voltage Source, Controlled Voltage Source

Introduced before R2006a
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DC1A Excitation System

Implements IEEE type DC1A excitation system model

Wt DCAA Efd P

istab

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

This block models a field controlled dc-commutator exciter with continuously acting
voltage regulator. It uses self-excited shunt fields with a voltage regulator operating in a
buck-boost mode. You can use this model to represent other types of excitation systems
when detailed data is not available or when a simplified model is required [1].

This block is an adaptation of the DC1A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.

Parameters

* “Controllers Tab” on page 1-206
+ “Exciter and Rectifier Tab” on page 1-206
» “Initial Values Tab” on page 1-207
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Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal voltage
transducer. Default is 20e-3.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator. Defaultis [46 0.06].

Voltage regulator output limits
The voltage regulator output limits VRmin and VRmayx, in p.u. Defaultis [-0.9 1.0].
Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the derivative
feedback. Defaultis [0.05 1.5].

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator. Default is [0 O].

Exciter and Rectifier Tab

Exciter gain and time constant

The gain Ke and time constant Te of the first-order system representing the exciter.
Defaultis [0.05 0.46].

Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and constant resistance load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2. Default is
[3.1 2.3].

Typically, the voltage Efd1 is a value near the expected exciter maximum output
voltage. The Efd2 value is about 75% of Efd1.
Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation.
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The saturation function is determined by specifying two voltage points, Efd1 and Efd2
in p.u., on the air-gap line and Constant Resistance Load saturation curve and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2. Default is
[0.33 0.10].

SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool. Defaultis [1 1].

Sample time

Specify a value greater than zero to discretize the block at the given sample time. Set
to -1 to inherit the simulation type and sample time parameters of the Powergui block.
Default is 0.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vt

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.
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Efd

The field voltage to apply to the Vf input of the controlled Synchronous Machine
block. The output is in p.u.

Examples

The power _machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power machines 1lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select DC1A from the Block
Choice menu to control the Synchronous Machine block using the DC1A Excitation
System block.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

Introduced before R2006a
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DC2A Excitation System

Implements IEEE type DC2A excitation system model

Nt DCza Efd

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

This block models a field controlled dc-commutator exciter with continuously acting
voltage regulators supplied from the generator or auxiliaries bus voltage. The voltage
regulator output limits are proportional to terminal voltage Vt.

This block is an adaptation of the DC2A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.

Parameters

* “Controllers Tab” on page 1-210
+ “Exciter and Rectifier Tab” on page 1-210
» “Initial Values Tab” on page 1-211
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Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal voltage
transducer. Default is 20e-3.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator. Default is [46 0.06].

Voltage regulator output limits

The voltage regulator output limits VRmin and VRmayx, in p.u. Default is [-4.9
4.95].

Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the derivative
feedback. Defaultis [0.05 1.5].

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator. Default is [0 0].

Exciter and Rectifier Tab

Exciter gain and time constant

The gain Ke and time constant Te of the first-order system representing the exciter.
Defaultis [0.05 0.46].

Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u, on the air-gap line and Constant Resistance Load Saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2 Default is
[3.05 2.29].

Typically, the voltage Efd1 is a value near the expected exciter maximum output
voltage. The Efd2 value is about 75% of Efd1.

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation.
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The saturation function is determined by specifying two voltage points, Efd1 and Efd2
in p.u., on the air-gap line and Constant Resistance Load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2. Default is
[0.279 0.117].

SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool. Defaultis [1 1].

Sample time

Specify a value greater than zero to discretize the block at the given sample time. Set
to -1 to inherit the simulation type and sample time parameters of the Powergui block.
Default is 0.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vt

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.
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Efd

The field voltage to apply to the Vf input of the controlled Synchronous Machine
block. The output is in p.u.

Examples

The power _machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power machines 1lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select DC2A from the Block
Choice menu to control the Synchronous Machine block using the DC2A Excitation
System block.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

Introduced before R2006a
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Digital Flickermeter

Implement digital flickermeter as described in IEC 61000-4-15 standard

Menable 55 [

Hu m [

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Digital Flickermeter block implements a digital flickermeter as described in the IEC
61000-4-15 standard. The model implements the first four modules of the design. The
statistical analysis (module 5) is implemented by an external function for offline analysis
of recorded simulation signal.

Note You must have a Control System Toolbox™ license to use the Digital Flickermeter
block.

Parameters

Open statistical analysis
Opens the Statistical Analysis of Instantaneous Flicker Level module tool.
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Network frequency

The frequency of the analyzed signal. Choose between 60 Hz and 50 Hz. The default
value is 60 Hz.

Nominal input phase voltage (Vrms)

The nominal voltage value of the analyzed signal, in volts rms. The default value is
25e3/sqrt(3).

Maximum input voltage (pu)

The maximum input voltage value of the input voltage adaptor (module 1), in per unit.
The default value is 5. 0.

Maximum instantaneous sensation (pu)

The maximum value of the instantaneous flicker sensation measured by the block, in
per unit. The default value is 1000.

Sample time (s)

The sampling rate used to compute the instantaneous flicker sensation. The default
value is 0.001.

Scaling factor for sensation perceptibility

The scaling factor of the flickermeter for measuring the sensation perceptibility. The
default value is 1.24e6.

Inputs and Outputs

enable

Set this input to 1 to enable the flicker measurement. The flickermeter is normally
enabled after a given period of time, when the analyzed signal (input U) is stable.

Connect this input to the analyzed signal.
S5
Outputs the instantaneous flicker sensation measured for the analyzed signal.

This output contains these measurements:
Output 1: Half-cycle, rms-normalized voltage (pu)
Output 2: Weighted voltage fluctuation
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Output 3: Square root of Output 5

Output 4: One-minute dose (integral) of instant perception
Output 5: Instantaneous flicker sensation (Output S5)

u: The analyzed signal

Init: initialization period time

Examples

The Flickermeter on a Distribution STATCOM example shows a flickermeter device that
measures the instantaneous flicker sensation on the terminal voltage of a STATCOM unit.

The Flickermeter Statistical Analysis Module example shows a method to compute short-
term flicker severity of a phase-to-ground voltage taken from one feeder of a given remote
community.

References

[1] Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques -
Section 15: Flickermeter - Functional and design specifications.,IEC-61000-4-15,
2003-02.

[2] Gutierrez, ]. J., J. Ruiz, A. Lazkano, and L. A. Leturiondo. “Measurement of Voltage
Flicker: Application to Grid-connected Wind Turbines.” In Advances in
Measurement Systems, edited by Milind Kr Sharma, 365-380. InTech, DOI:
10.5772/8731, 2010. Available from: http://www.intechopen.com/books/advances-
in-measurement-systems/measurement-of-voltage-flicker-application-to-grid-
connected-wind-turbines.

See Also

power flicker

Introduced in R2015b
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Diode

Implement diode model

m

=y

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The diode is a semiconductor device that is controlled by its own voltage Vak and current
Iak. When a diode is forward biased (Vak > 0), it starts to conduct with a small forward
voltage Vf across it. It turns off when the current flow into the device becomes 0. When
the diode is reverse biased (Vak < 0), it stays in the off state.

lak
+ 1I"'IrElJG. —
slope = 1/Ron
AD—)—DI—QK
lak
anode cathode
| * Vak
Vi

The Diode block is simulated by a resistor, an inductor, and a DC voltage source
connected in series with a switch. The switch operation is controlled by the voltage Vak
and the current lak.
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The Diode block also contains a series Rs-Cs snubber circuit that can be connected in
parallel with the diode device (between nodes A and K).

Parameters

Resistance Ron

The diode internal resistance Ron, in ohms (Q). Default is 0.001. The Resistance
Ron parameter cannot be set to 0 when the Inductance Lon parameter is set to 0.

Inductance Lon

The diode internal inductance Lon, in henries (H). Default is 0. The Inductance Lon
parameter cannot be set to ® when the Resistance Ron parameter is set to 0.

Forward voltage Vf
The forward voltage of the diode device, in volts (V). Default is 0. 8.
Initial current Ic

Specifies an initial current flowing in the diode device. Default is 0. It is usually set to
0 to start the simulation with the diode device blocked. If the Initial Current IC
parameter is set to a value greater than 0, the steady-state calculation considers the
initial status of the diode as closed.

Initializing all states of a power electronic converter is a complex task. Therefore, this
option is useful only with simple circuits.

Snubber resistance Rs

The snubber resistance, in ohms (QQ). Default is 500. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.
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Snubber capacitance Cs

The snubber capacitance in farads (F). Default is 250e-9. Set the Snubber
capacitance Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive
snubber.

Show measurement port

If selected, adds a Simulink output to the block returning the diode current and
voltage. Default is selected.

Inputs and Outputs

m

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 Diode current A
2 Diode voltage \Y%

Assumptions and Limitations

The Diode block implements a macro model of a diode device. It does not take into
account either the geometry of the device or the complex physical processes underlying
the state change [1]. The leakage current in the blocking state and the reverse-recovery
(negative) current are not considered. In most circuits, the reverse current does not affect
converter or other device characteristics.

Depending on the value of the inductance Lon, the diode is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The Diode block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

The inductance Lon is forced to 0 if you choose to discretize your circuit.
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Examples

The power diode example illustrates a single pulse rectifier consisting of a Diode block,
an RL load, and an AC Voltage source block.

References

[1] Rajagopalan, V., Computer-Aided Analysis of Power Electronic Systems, Marcel
Dekker, Inc., New York, 1987.

[2] Mohan, N., TM. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

Thyristor, Universal Bridge

Introduced before R2006a
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Direct Torque Controller

Implement direct torque and flux controller (DTFC or DTC) model

M Torque™

hiagC
M Flux™
W abe

Gatez [»
1_ab

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Direct Torque and Flux controller (DTC) directly controls the torque and stator flux of
a machine, using inverter voltage vectors typically selected from an optimal switching
table. For an explanation, see “Direct Torque Control”.

The Direct Torque controller (DTC) is built with two types of modulation, hysteresis
modulation and space vector modulation (SVM). The following figures present the block
diagram of the controller for the two types of modulation.
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DTC with hysteresis modulation
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DTC with space vector modulation
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The Torque & Flux calculator block estimates the motor flux af components and the
electromagnetic torque. This calculator is based on motor equation synthesis.

The magnetization control unit contains the logic for switching between magnetization
and normal operation modes.

Blocks for Modulation with Hysteresis

The Flux Sector Seeker block finds the sector of the of plane in which the flux vector lies.
The af} plane is divided into six different sectors spaced by 60 degrees.

The Flux & Torque Hysteresis block contain a two-level hysteresis comparator for flux
control and a three-level hysteresis comparator for the torque control.

The Switching Table block contains two lookup tables that select a specific voltage vector
in accordance with the output of the flux and torque hysteresis comparators. This block
also produces the initial flux in the machine.
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The Switching Control block limits the inverter commutation frequency to a maximum
value that you specify.

Blocks for Modulation with Space Vector

The Torque PI and Flux PI blocks are proportional-integral regulators. The commanded
electromagnetic torque and commanded stator flux amplitudes are compared with the
estimated actual values of torque and flux. The torque and flux errors are fed to the PI
controllers. The output signals are the commanded stator voltage components Vgs and
Vds, respectively.

The Vector Sector block is used to find the sector of the aff plane in which the voltage
vector lies. The of plane is divided into six different sectors spaced by 60 degrees.

The Ramp Generator block is used to produce a unitary ramp at the PWM switching
frequency. This ramp is used as a time base for the switching sequence.

The Switching Time Calculator block is used to calculate the timing of the voltage vector
applied to the motor. The block input is the sector in which the voltage vector lies.

The Gates Logic block receives the timing sequence from the Switching Time Calculator

block and the ramp from the Ramp Calculator block. This block compares the ramp and
the gate timing signals to activate the inverter switches at the proper time.

Parameters

General

Modulation type
Select hysteresis or space vector modulation. The default is Hysteresis.

Controller Tab

Torque hysteresis-band width (N.m)

The torque hysteresis bandwidth, in newton-meters. This value is the total bandwidth
distributed symmetrically around the torque set point. The figure shows a case where
the torque set point is Te* and the torque hysteresis bandwidth is set to dTe. This
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parameter is enabled only when the Modulation type parameter is set to
Hysteresis. The default value is 0.5.

. i o ™ s o Te*+d_7_e
dTe 2
dTe 2
Te*
, dle
Te*- >

Torque controller — Proportional gain

The torque controller proportional gain. This parameter is enabled only when the
Modulation type parameter is set to SVM. The default value is 1.5.

Torque Controller — Integral gain

The torque controller integral gain. This parameter is enabled only when the
Modulation type parameter is set to SVM. The default value is 100.

Flux hysteresis bandwidth (Wb)

The stator flux hysteresis bandwidth, in webers. This value is the total bandwidth
distributed symmetrically around the flux set point. The figure shows a case where
the flux set point is y* and the torque hysteresis bandwidth is set to dy. This

parameter is enabled only when the Modulation type parameter is set to
Hysteresis. The default value is 0.01.

e 11JMO'LF
dVy 2
dt 2 X
LlJ
o Y
=2
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Flux controller - Proportional gain

The flux controller proportional gain. This parameter is enabled only when the
Modulation type parameter is set to SVM. The default value is 250.

Flux controller - Integral gain

The flux controller integral gain. This parameter is enabled only when the
Modulation type parameter is set to SVM. The default value is 4000.

DTC Sample time (s)

The sample time of the direct torque controller, in seconds. The default value is
20e-6.

Base Sample Time

The controller sampling time, in seconds. The sampling time must be a multiple of the
simulation time step. The default value is 1le-6.

Maximum switching frequency (Hz)
The maximum inverter switching frequency, in hertz. The default value is 20000.
SVM switching frequency (Hz)

The fixed inverter switching frequency, in hertz. This parameter is enabled only when
the Modulation type parameter is set to SVM. The default value is 20000.

DC bus voltage sensor cutoff frequency (Hz)

The cutoff frequency of the first-order low-pass filter applied to the DC bus voltage
measurement, in hertz. This parameter is enabled only when the Modulation type
parameter is set to SVM. The default value is 50.

Machine Tab

Stator phase resistance (ohms)

The stator resistance, in ohms. The default value is 0.435.
Initial flux (Wb)

The initial stator flux for the machine, in webers. The default value is 0. 3.
Pairs of poles

The number of pole pairs. The default value is 2.
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Inputs and Outputs

Torque*
The torque reference, typically provided by a speed controller.
Flux*
The flux reference, typically provided by a speed controller.
V_abc
The three-phase voltages of the induction machine.
I ab
The line currents Ia and Ib of the induction machine.
MagC
This binary signal indicates if the machine is magnetized enough to be started (1) or
not (0).

Gates
The pulses for the six inverter switches.

Examples

The Direct Torque Controller block is used in the AC4 block of the Electric Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives. NJ: Prentice-Hall, 2002.

See Also

Bridge Firing Unit (AC) | Bridge Firing Unit (DC) | Current Controller (Brushless DC) |
Current Controller (DC) | Field-Oriented Controller | Regulation Switch | Six-Step
Generator | Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) |
Speed Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM)
| Voltage Controller (DC Bus)

Topics
“Electric Drives Library”
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Introduced in R2015b
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Discrete Shift Register

Implement serial-in, parallel-out shift register

Hugky  Out [

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Additional
Components

Description

The Discrete Shift Register block outputs a vector containing the last N samples of the
input signal. When the input contains more than one signal, the block outputs the last N
samples of each signal in the following order:

Out = [ul(k), ul(k-1), ul(k-2), ul(k-3), u2(k), u2(k-1), u2(k-2), u2(k-3)]

This example shows the block output for an input containing two signals, represented by
ul and u2, and a number of samples N = 4, represented by the k to k—3 indices. The
dimension of the output vectoris 4 x 2 = 8.

Parameters

Number of samples N

Specify the number of samples, or stages, of the register. The minimum value is 1.
Default is 32.

Initial inputs

Specify the initial value of the N-1 samples preceding time 0. Enter a scalar value or a
vector of the same size as the input signal. Default is 0.
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Sample time
Specify the time interval between the samples. Default is 50e-6.

Characteristics

Direct Feedthrough Yes

Sample Time Discrete

Dimensionalized Yes

Scalar Expansion Yes, of the parameter Initial inputs
Zero-Crossing Detection No

Examples

The power DiscreteShiftRegister example shows various uses of the Discrete Shift
Register block.

Introduced in R2013a
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Discrete Variable Time Delay

Delay signal by variable time value

;:; Out [»

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Additional
Components

Description

The Discrete Variable Time Delay block delays the input signal by the value specified in
the D input. At each simulation time step, the Discrete Variable Time Delay block saves
the time and the input value in an internal buffer and outputs the previous input value
determined by the delay input.

When the delay input is not an integer of the time step, the Discrete Variable Time Delay
block performs linear interpolation. When the Direct feedthrough parameter is
selected, the delay can be less than the simulation time step.

Parameters

Maximum delay (s)

Specify the expected maximum delay of the D input delay, in seconds. The Maximum
delay parameter determines the input buffer size. When the maximum delay is
exceeded, the delay is clipped to the maximum delay value. Default is 1.

Initial conditions

Specify the initial conditions of the signal. The block outputs the specified values until
the first delayed sample of signal is out. Default is 0.
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Set to 0 to implement null initial output, or specify the N previous input values of
signal to start from steady-state. The required number of input values is N =
ceil(D1/Ts) where D1 is the value of the delay at t = 0, and Ts the sample time value.
The figure shows the details of the initial conditions.

\ Delayed fignal

N previous | /.
input values

7|
i
i

o ¥~ Steady-state initial

Z £ output

Null-initial
output

Suppose, for example, that the signal is a 60 Hz sine wave, the initial delay is set to
D1 = 10*Ts by the D input of the block, and the sample time is equal to 50e-6 s. The N
previous input values of the signal are determined as follows:

N ceil(10*Ts)/Ts; % N=10
t [-N*¥Ts:Ts:-1*Ts]; % time vector of the N previous inputs
S init = sin(2*pi*60*t); % The N previous input values of signal

Sample time
Specify the time interval between the samples. Default is 50e-6.
Direct feedthrough

When this check box is selected, the block can handle a delay less than the simulation
time step. Otherwise the block extrapolates the input values. Default is selected.
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Inputs and Outputs

In

The signal. The input can be a scalar signal or a vector of signals. The dimension of
the In and D inputs must be the same.

D
The value of the delay to apply to the signal. The input can be a scalar delay signal or
a vector of delay signals. The dimensions of the In and D inputs must be the same.
Out
Returns the delayed signal.
Characteristics
Direct Feedthrough Yes
Sample Time Discrete

Scalar Expansion

Yes, of input D and of the Initial conditions parameter

Dimensionalized

Yes

Zero-Crossing Detection

No

Example

The power DiscreteVariableTimeDelay example shows various uses of the Discrete

Variable Time Delay block.

Introduced in R2013a
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Distributed Parameter Line

Distributed Parameter Line
Implement N-phase distributed parameter transmission line model with lumped losses

o1 +—n
o—————1—n

o S—

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Distributed Parameter Line block implements an N-phase distributed parameter line
model with lumped losses. The model is based on the Bergeron's traveling wave method
used by the Electromagnetic Transient Program (EMTP) [1]. In this model, the lossless
distributed LC line is characterized by two values (for a single-phase line): the surge
impedance Z, = /I/c and the wave propagation speed v = 1/4/Ic. | and ¢ are the per-unit
length inductance and capacitance.

The figure shows the two-port model of a single-phase line.

i -
C o

For a lossless line (r = 0), the quantity e + Zi, where e is the line voltage at one end and i
is the line current entering the same end, must arrive unchanged at the other end after a
transport delay T.
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<l

where d is the line length and v is the propagation speed.
The model equations for a lossless line are:

er(t) = Zoin(t) = et — 1) + Z,ig(t — 1)

es(t) = Zoig(t) = ep(t — 1) + Z it — 1)

knowing that

ir(t)= 7 - Irh(t)

In a lossless line, the two current sources I, and I,;, are computed as:

Ln(t) = Zicer(t — 1) - Lp(t— 1)

In(t) = Z%es(t —1) = Ig(t—=7)

When losses are taken into account, new equations for I, and I,;, are obtained by lumping
R/4 at both ends of the line and R/2 in the middle of the line:

R = total resistance = r x d

The current sources I, and I, are then computed as follows:

L (b) = (#)(#er(t — )= hIyt- r)) + (12;’1](#95@ — )= hIg(t- r))
In(®) = (5215 Restt = 0 - hinte - o) + (157 [F5 et - - e - 0)
where
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[
.
T =dy/lc

r, I, c are the per unit length parameters, and d is the line length. For a lossless line, r =
0,h=1,and Z=Z,.

For multiphase line models, modal transformation is used to convert line quantities from
phase values (line currents and voltages) into modal values independent of each other.
The previous calculations are made in the modal domain before being converted back to
phase values.

In comparison to the PI section line model, the distributed line represents wave
propagation phenomena and line end reflections with much better accuracy.

Parameters

Number of phases N

Specifies the number of phases, N, of the model. The block icon dynamically changes
according to the number of phases that you specify. When you apply the parameters
or close the dialog box, the number of inputs and outputs is updated. Default is 3.

Frequency used for rlc specifications

Specifies the frequency used to compute the per unit length resistance r, inductance
I, and capacitance ¢ matrices of the line model. Default is 60.

Resistance per unit length

The resistance r per unit length, as an N-by-N matrix in ohms/km (Q/km). Default is
[0.01273 0.3864].

For a symmetrical line, you can either specify the N-by-N matrix or the sequence

parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence resistances [r1 r0]. For a symmetrical six-phase
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line you can enter the sequence parameters plus the zero-sequence mutual resistance
[r1 rO rOm].

For asymmetrical lines, you must specify the complete N-by-N resistance matrix.
Inductance per unit length

The inductance I per unit length, as an N-by-N matrix in henries/km (H/km). Default is
[0.9337e-3 4.1264e-3].

For a symmetrical line, you can either specify the N-by-N matrix or the sequence
parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence inductances [I1 10]. For a symmetrical six-phase
line, you can enter the sequence parameters plus the zero-sequence mutual
inductance [I1 10 [0m].

For asymmetrical lines, you must specify the complete N-by-N inductance matrix.
Capacitance per unit length

The capacitance c¢ per unit length, as an N-by-N matrix in farads/km (F/km). Default is
[12.74e-9 7.751e-9].

For a symmetrical line, you can either specify the N-by-N matrix or the sequence
parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence capacitances [c1 c0]. For a symmetrical six-
phase line you can enter the sequence parameters plus the zero-sequence mutual
capacitance [c1 ¢0 cOm].

For asymmetrical lines, you must specify the complete N-by-N capacitance matrix.

Note The powergui block provides the RLC Line Parameters tool, which calculates
resistance, inductance, and capacitance per unit of length based on the line geometry
and the conductor characteristics.

Line length
The line length, in km. Default is 100.
Measurements

Select Phase-to-ground voltages to measure the sending end and receiving end
voltages for each phase of the line model. Default is None.
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Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurement
is identified by a label followed by the block name:

Measurement Label
Phase-to-ground voltages, sending end Us phl gnd:
Phase-to-ground voltages, receiving end Ur phl gnd:

Limitations

This model does not represent accurately the frequency dependence of RLC parameters
of real power lines. Indeed, because of the skin effects in the conductors and ground, the
R and L matrices exhibit strong frequency dependence, causing an attenuation of the high
frequencies.

Examples

The power _monophaseline example illustrates a 200-km line connected ona 1 kV, 60-
Hz infinite source.

References

[1] Dommel, H., “Digital Computer Solution of Electromagnetic Transients in Single and
Multiple Networks,” IEEE Transactions on Power Apparatus and Systems, Vol.
PAS-88, No. 4, April, 1969.

See Also

PI Section Line

Introduced before R2006a
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dq0_to_abc Transformation

Perform Park transformation from dqO reference frame to abc reference frame

dqil
abe [
zin_cos

Library

powerlib _extras/Measurements, powerlib_extras/Discrete Measurements

Note The Transformations section of the Control and Measurements library contains the
dqO to abc to block. This is an improved version of the dq0_to abc Transformation block.
The new block features a mechanism that eliminates duplicate continuous and discrete
versions of the same block by basing the block configuration on the simulation mode. If
your legacy models contain the dq0 to abc Transformation block, they continue to work.
However, for best performance, use the dq0 to abc block in your new models.

Description

The dq0_to abc Transformation block performs the reverse of the so-called Park
transformation, which is commonly used in three-phase electric machine models. It
transforms three quantities (direct axis, quadratic axis, and zero-sequence components)
expressed in a two-axis reference frame back to phase quantities. The following
transformation is used:
V4 = Vgsin(wt) + Vgcos(wt) + Vo
Vp = Vgsin(wt — 211/3) + Vcos(wt — 21/3) + Vg
Ve = Vgsin(wt + 211/3) + Vcos(wt + 211/3) + Vy,

where w = rotation speed (rad/s) of the rotating frame.

The transformation is the same for the case of a three-phase current; you simply replace
the V,, Vp,, V, Vg, V,,, and V,, variables with the I, I, I, Iy, I, and I, variables.
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The dq0 to abc Transformation block is used in the model of the Synchronous Machine
block where the stator quantities are referred to the rotor. The Park transformation then
eliminates time-varying inductances by referring the stator and rotor quantities to a fixed
or rotating reference frame. The I, and I; currents represent the two DC currents flowing
in the two equivalent rotor windings (d winding on the same axis as the field winding, and
g winding in quadratic) producing the same flux as the stator I,, I, and I, currents.

Inputs and Outputs

dqo

Connect to the first input a vectorized signal containing the sequence components [d
g 0] to be converted.

sin cos

Connect to the second input a vectorized signal containing the [sin(wt) cos(wt)]
values, where w is the rotation speed of the reference frame.

abc

The output is a vectorized signal containing the three-phase sinusoidal quantities
[phase A phase B phase C], in the same units as the dq0 input signal.

Examples

See the example of the abc to dq0 Transformation block for an example using the dq0 to
abc block (the improved version of the dq0 to _abc Transformation block).

References

[1] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1994, p.135.

See Also
abc to dq0, dq0 to abc | abc to dgO Transformation

Introduced before R2006a
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DTC Induction Motor Drive

Implement direct torque and flux control (DTC) induction motor drive model
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / AC Drives

Description

The DTC Induction Motor Drive (AC4) block represents an improved scalar control drive
for induction motors with direct torque and flux control. This drive features closed-loop
speed control using hysteresis-band torque and flux controllers. The speed control loop
outputs the reference electromagnetic torque and stator flux of the machine. The torque
and flux references are compared with their estimated values, respectively, and the errors
are fed to hysteresis-band controllers. The outputs of the hysteresis-band controllers are
then used to obtain the required gate signals for the inverter through an optimal
switching table.

The main advantage of this drive compared to other scalar-controlled drives is its
improved dynamic response. This drive can reduce the impact of torque variation on the
flux and conversely through an optimal switching table. Therefore, this drive is less
sensitive to the inherent coupling effect (between the torque and flux) present in the
machine. However, this drive requires similar signal processing as in vector-controlled
drives, which makes its implementation complex compared to closed-loop Volts/Hertz
controlled drives.
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Note In Simscape Electrical Specialized Power Systems software, the DTC Induction
Motor Drive block is commonly called the AC4 motor drive.
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The DTC Induction Motor Drive block uses these blocks from the Electric Drives /
Fundamental Drive Blocks library:

* Speed Controller (AC)

* Direct Torque Controller
* DC Bus

* Inverter (Three-Phase)

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
In order to simulate a digital controller device, the control system has two different
sampling times:

* The speed controller sampling time
* The D.T.C. controller sampling time

The speed controller sampling time has to be a multiple of the D.T.C. sampling time. The
latter sampling time has to be a multiple of the simulation time step.
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Parameters

* “General” on page 1-242

* “Asynchronous Machine Tab” on page 1-243
* “Converters and DC Bus Tab” on page 1-243
* “Controller Tab” on page 1-244

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Mechanical input

Select between the load torque, the motor speed, and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fwr + Ty

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.
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Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Asynchronous Machine Tab

The Asynchronous Machine tab displays the parameters of the Asynchronous Machine
block of the Fundamental Blocks (powerlib) library.

Converters and DC Bus Tab

Rectifier Section

The Rectifier section of the Converters and DC Bus tab displays the parameters of the
Rectifier block of the Fundamental Blocks (powerlib) library. For more information on the
rectifier parameters, refer to the Universal Bridge reference page.

DC Bus Section

Capacitance
The DC bus capacitance (F). Default is 2000e- 6.

Braking Chopper Section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor
deceleration or when the load torque tends to accelerate the motor (Q). Default is 8.

Chopper frequency
The braking chopper frequency (Hz). Default is 4000.
Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band. The following figure illustrates the braking chopper hysteresis logic.
Default is 320.
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Shutdown voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of the
hysteresis band. Default is 310. The Chopper hysteresis logic is shown below:

A Normal operation

bus voltage
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Inverter Section

The Inverter section of the Converters and DC Bus tab displays the parameters of the
Inverter block of the Fundamental Blocks (powerlib) library. For more information on the
inverter parameters, refer to the Universal Bridge reference page.

Controller Tab

Regulation type

This parameter allows you to choose between speed and torque regulation. Default is
Speed regulation.

Modulation type

Select hysteresis or space vector modulation. The default modulation type is
Hysteresis.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Speed Controller Section

Speed ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only. Default is 1800.
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Speed ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only. Default is - 1800.

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only. Default is 100.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 100e-6.

PI regulator — Proportional gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only. Default is 5.

PI regulator — Integral gain

The speed controller integral gain. This parameter is used in speed regulation mode
only. Default is 10.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m). Default is -17.8.

Torque output limits — Positive
The maximum positive demanded torque applied to the motor by the current
controller (N.m). Default is 17.8.

DTC Controller Section

Hysteresis bandwidth — Torque

The torque hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the torque set point (N.m). Default is 0. 5. The following figure
illustrates a case where the torque set point is Te* and the torque hysteresis
bandwidth is set to dTe.
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Hysteresis bandwidth — Flux

The stator flux hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the flux set point (Wb). Default is 0.01. The following figure
illustrates a case where the flux set point is y* and the torque hysteresis bandwidth is

set to dy.
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Note This bandwidth can be exceeded because a fixed-step simulation is used. A rate
transition block is needed to transfer data between different sampling rates. This
block causes a delay in the gate signals, so the current may exceed the hysteresis
band.

Initial machine flux

The desired initial stator flux established before the DTC drive module begins to
produce an electromagnetic torque. This flux is produced by applying a constant
voltage vector at the motor terminals (Wb). Default is 0. 3.

DTC sampling time

The DTC controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 20e-6.
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Maximum switching frequency

The maximum inverter switching frequency (Hz). Default is 20000.
Show/Hide Autotuning Control

Click to show or hide the parameters of the Autotuning Control tool.

Autotuning of Pl loops Section

Desired damping [zeta]

Specify the damping factor used for the calculation of the Kp and Ki gains of the
speed controller. Default is 0.707.

Desired response time @ 5% [Trd (sec)]

Specify the desired settling time of the speed controller. This is time required for the
controller response to reach and stay within a 5 percent range of the target value.
Default is 0.01.

Bandwidth ratio (InnerLoop/SpeedLoop)
Specify the ratio between the bandwidth and natural frequency. Default is 30.
Calculate PI regulator gains

Compute the Proportional gain and Integral gain parameters of the Speed
Controller (AC) block. The computation is based on the Desired damping [zeta],
Desired response time @ 5%, and Bandwidth ratio (InnerLoop/SpeedLoop)
parameters. The computed values are displayed in the mask of the Drive block. Click
Apply or OK to confirm them.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.
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Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The three-phase converters measurement vector. This vector contains:

* The DC bus voltage
* The rectifier output current
* The inverter input current
Note that all current and voltage values of the bridges can be visualized with the
Multimeter block.
Ctrl

The controller measurement vector. This vector contains:

* The torque reference
» The speed error (difference between the speed reference ramp and actual speed)
* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3 hp and a 200-hp drive parameter set. The specifications of these
two drives are shown in the following table.
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Drive Specifications

Drive Input Voltage

Motor Nominal Values

Examples

Amplitude
Frequency

Power
Speed
Voltage

3 HP Drive

220V
60 Hz

3 hp
1705 rpm
220V

200 HP Drive

460V
60 Hz

200 hp
1785 rpm
460 V

The ac4_example example illustrates the simulation of an AC4 motor drive with

standard load condition.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives. Upper Saddle River, NJ:

Prentice-Hall, 2002.

[2] Grelet, G. and G. Clerc. Actionneurs électriques. Paris: Editions Eyrolles, 1997.

[3] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1986.

Introduced in R2006a
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Edge Detector

Detect change in logical signal state

A b

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Logic

Description

The Edge Detector block outputs a needle impulse when a change in the logical input is
detected.

The Edge Detector block can be programmed to detect a rising edge (when the input goes
from false to true), a falling edge (when the input goes from true to false), or either edge
(any change in input is detected).

Parameters

Edge detection

Select the detection criteria triggering the output impulse. Choices are Rising
(default), Falling, or Either.

Initial condition of previous input

Specify the initial value of the previous input. The Edge Detector block can detect an
edge at t = 0 if the input is different from the specified value. Default is 0.

Sample time (-1 for inherited)

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.



Edge Detector

Inputs and Outputs

The input signal must be a Boolean signal. The output is Boolean.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Scalar Expansion Yes

Dimensionalized Yes

Zero-Crossing Detection Yes

Examples

The power Logic example shows the operation of the Edge Detector block.

The model sample time is parameterized with the variable Ts (default value Ts = 50e-3).
To simulate a continuous Edge Detector block, specify Ts = 0 in the MATLAB Command
Window.

Introduced in R2013a
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Excitation System

Provide excitation system for synchronous machine and regulate its terminal voltage in
generating mode
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Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines /
Excitation Systems

Description

The Excitation System block is a Simulink system implementing a DC exciter described in
[1], without the exciter's saturation function. The basic elements that form the Excitation
System block are the voltage regulator and the exciter.
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Excitation System

The exciter is represented by the following transfer function between the exciter voltage
Vfd and the regulator's output ef:

Vig _ 1
ef ~ Ke+sTe-
Parameters

Low-pass filter time constant

The time constant Tr, in seconds (s), of the first-order system that represents the
stator terminal voltage transducer. Default is 20e-3.

Regulator gain and time constant

The gain Ka and time constant Ta, in seconds (s), of the first-order system
representing the main regulator. Defaultis [ 300, 0.001 ].

Exciter

The gain Ke and time constant Te, in seconds (s), of the first-order system
representing the exciter. Defaultis [ 1, 0 ].

Transient gain reduction

The time constants Tb, in seconds (s), and Tc, in seconds (s), of the first-order system
representing a lead-lag compensator. Defaultis [ 0, 0 ].

Damping filter gain and time constant

The gain Kf and time constant Tf, in seconds (s), of the first-order system representing
a derivative feedback. Defaultis [ 0.001, 0.1 ].

Regulator output limits and gain

Limits Efmin and Efmax are imposed on the output of the voltage regulator. The upper
limit can be constant and equal to Efmax, or variable and equal to the rectified stator
terminal voltage Vtf times a proportional gain Kp. If Kp is set to 0, the former applies.
If Kp is set to a positive value, the latter applies. Defaultis [ -11.5, 11.5, 0 ].

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 (pu) and field voltage V0 (pu). When set
correctly, they allow you to start the simulation in steady state. Initial terminal voltage
should normally be set to 1 pu. Both Vt0 and V{0 values are automatically updated by
the load flow utility of the Powergui block. Defaultis [1.0 1.28].
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Examples

See the Hydraulic Turbine and Governor block.

Inputs and Outputs

vref
The desired value, in pu, of the stator terminal voltage.
vd
v4 component, in pu, of the terminal voltage.
vq
V4 component, in pu, of the terminal voltage.
vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations.

VT
The field voltage, in pu, for the Synchronous Machine block.

References

[1] “Recommended Practice for Excitation System Models for Power System Stability
Studies,” IEEE Standard 421.5-1992, August, 1992.

See Also

Generic Power System Stabilizer, Hydraulic Turbine and Governor, Multiband Power
System Stabilizer, Steam Turbine and Governor, Synchronous Machine

Introduced before R2006a
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Field-Oriented Control Induction Motor Drive

Implement field-oriented control (FOC) induction motor drive model
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / AC Drives

Description

The Field-Oriented Control Induction Motor Drive block represents a standard vector or
rotor field-oriented control drive for induction motors. This drive features closed-loop
speed control based on the indirect or feedforward vector control method. The speed
control loop outputs the reference electromagnetic torque and rotor flux of the machine.
The reference direct and quadrature (dq) components of the stator current,
corresponding to the commanded rotor flux and torque, are derived based on the indirect
vector control strategy. The reference dq components of the stator current are then used
to obtain the required gate signals for the inverter through a hysteresis-band or PWM
current controller.

The main advantage of this drive compared to scalar-controlled drives is its fast dynamic
response. The inherent coupling effect between the torque and flux in the machine is
managed through decoupling (rotor flux orientation) control, which allows the torque and
flux to be controlled independently. However, due to its computation complexity, the
implementation of this drive requires fast computing processors or DSPs.
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Note In Simscape Electrical Specialized Power Systems software, the Field-Oriented
Control Induction Motor Drive block is commonly called the AC3 motor drive.

Three-phase Three-phase
diode rectifier inverter
A Induction
© [ § motor
B 1 Braking N
0— T I
chopper |
% |
Oo—] |
I
! 5 I Speed
I
F.O.C. ] sensor

Speed Speed
—
reference controller

r

The Field-Oriented Control Induction Motor Drive block uses these blocks from the
Electric Drives / Fundamental Drive Blocks library:

* Speed Controller (AC)

* Field-Oriented Controller

* DC Bus

* Inverter (Three-Phase)

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
To simulate a digital controller device, the control system has two different sampling
times:

* Speed controller sampling time
* FOC sampling time

The speed controller sampling time has to be a multiple of the FOC sampling time. The
latter sampling time has to be a multiple of the simulation time step. The average-value
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inverter allows the use of bigger simulation time steps since it does not generate small
time constants (due to the RC snubbers) inherent to the detailed converter. For an FOC
sampling time of 60 ps, good simulation results have been obtained for a simulation time
step of 60 ps. This time step cannot be higher than the FOC time step.

Parameters

* “General” on page 1-257

» “Asynchronous Machine Tab” on page 1-258
* “Converters and DC Bus Tab” on page 1-258
* “Controller Tab” on page 1-260

* “Sensorless Tab” on page 1-262

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Model detail level
Select between the detailed and the average-value inverter. Default is Detailed.
Mechanical input
Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fw, + Thy

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
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dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.
Use bus as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Set sensorless

When you select this check box, the motor speed is estimated from terminal voltages
and currents based on the Model Referencing Adaptive System (MRAS) technique.
The Sensorless tab contains the estimator controller parameters.

When this check box is cleared, the motor speed is measured by an internal speed
sensor, and the Sensorless tab is not displayed on the block mask.

Asynchronous Machine Tab

The Asynchronous Machine tab displays the parameters of the Asynchronous Machine
block of the Fundamental Blocks (powerlib) library.

Converters and DC Bus Tab

Rectifier Section

The Rectifier section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the universal bridge parameters, refer to the Universal Bridge reference

page.
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DC Bus Section

Capacitance
The DC bus capacitance (F). Default is 2000e - 6.

Braking Chopper Section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor

deceleration or when the load torque tends to accelerate the motor (ohms). Default is
8.

Chopper frequency
The braking chopper frequency (Hz). Default is 4000.
Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band (V). The following figure illustrates the braking chopper hysteresis
logic. Default is 320.

Shutdown voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of the

hysteresis band (V). The Chopper hysteresis logic is shown in the next figure. Default
is 310.

A Normal operation
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Inverter Section

The Inverter section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the universal bridge parameters, refer to the Universal Bridge reference
page.
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The average-value inverter uses the following parameters.

Source frequency

The frequency of the three-phase voltage source (Hz). Default is 60.
On-state resistance

The on-state resistance of the inverter switches (ohms). Default is 1e-3.

Controller Tab

Regulation Type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.

Modulation type

Select hysteresis or space vector modulation. The default modulation type is
Hysteresis.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Speed Controller Section

Speed Ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only. Default is 900.

Speed Ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only. Default is -900.

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only. Default is 1000.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 100e-6.
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PI regulator — Proportional gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only. Default is 300.

PI regulator — Integral gain

The speed controller integral gain. This parameter is used in speed regulation mode
only. Default is 2000.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m). Default is -1200.

Torque output limits — Positive

The maximum positive demanded torque applied to the motor by the current
controller (N.m). Default is 1200.

Field Oriented Control Section

Flux Controller — Proportional gain

The flux controller proportional gain. Default is 100.
Flux Controller — Integral gain

The flux controller integral gain. Default is 30.
Flux output limits — Negative

The flux controller maximum negative output (Wb). Default is - 2.
Flux output limits — Positive

The flux controller maximum positive output (Wb). Default is 2.
Lowpass filter cutoff frequency

The flux estimation first-order filter cutoff frequency (Hz). Default is 16.
Sampling Time

The FOC controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 20e-6.

Current controller hysteresis band

The current hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the current set point . Default is 10. The following figure
illustrates a case where the current set point is Is‘and the current hysteresis
bandwidth is set to dx.

This parameter is not used when using the average-value inverter.
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Maximum switching frequency

The maximum inverter switching frequency (Hz). This parameter is not used when
using the average-value inverter. Default is 20000.

Show/Hide Autotuning Control
Select to show or hide the parameters of the Autotuning Control tool.

Autotuning of PI loops Section

Desired damping [zeta]

Specify the damping factor used for the calculation of the Kp and Ki gains of the
Speed Controller (AC) block. Default is 0. 9.

Desired response time @ 5% [Trd (sec)]

Specify the desired settling time of the Speed Controller (AC) block. This is time
required for the controller response to reach and stay within a 5 percent range of the
target value. Default is 0. 1.

Bandwidth ratio (InnerLoop/SpeedLoop)

Specify the ratio between the bandwidth and natural frequency of the regulator.
Default is 30.

Calculate PI regulator gains

Compute the Proportional gain and Integral gain parameters of the Speed
Controller (AC) and of the Field-Oriented Controller blocks. The computation is based
on the Desired damping [zeta], Desired response time @ 5%, and Bandwidth
ratio (InnerLoop/SpeedLoop) parameters. The computed values are displayed in
the mask of the Drive block. Click Apply or OK to confirm them.

Sensorless Tab

Proportional gain

Specify the value of the proportional gain of the PI regulator that is used to tune the
motor speed.



Field-Oriented Control Induction Motor Drive

Default is 5000.
Integral gain
Specify the value of the integral gain of the PI regulator that is used to tune the motor
speed.
Default is 50.
Upper - Upper output limit
Specify the upper output limit of the PI controller.

Default is 500.
Lower - Lower output limit
Specify the lower output limit of the PI controller.

Default is -500.
Controller sample time

Controller sample time, in s. The sample time must be a multiple of the simulation
time step. Default is 2e-06.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.
Wm, Teor S

The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).
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When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv
The three-phase converters measurement vector. This vector contains:

» The DC bus voltage
* The rectifier output current
* The inverter input current
Note that all current and voltage values of the bridges can be visualized with the
Multimeter block.
Ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)
* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3 hp and a 200-hp drive parameter set. The specifications of these
two drives are shown in the following table.



Field-Oriented Control Induction Motor Drive

3 HP and 200 HP Drive Specifications

Drive Input Voltage
Amplitude
Frequency
Motor Nominal Values
Power
Speed
Voltage

Examples

3 HP Drive

220V
60 Hz

3 hp
1705 rpm
220V

200 HP Drive

460V
60 Hz

200 hp
1785 rpm
460 V

The ac3 _example example illustrates an AC3 motor drive simulation with standard load
conditions for the detailed and average-value models.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives. Upper Saddle River, NJ:

Prentice-Hall, 2002.

[2] Grelet, G., and G. Clerc. Actionneurs électriques. Paris: Editions Eyrolles, 1997.

[3] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1986.

Introduced in R2006a
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Field-Oriented Controller

Implement a field-oriented controller model based on indirect or feedforward vector
control strategy
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Field-Oriented Controller block makes an AC machine-based drive behave like a DC
machine-based drive in terms of controlling the torque and the flux independently. For an
explanation, see “Flux-Oriented Control”.

The Field-Oriented Controller model has two operating modes. It generates pulses for
either a detailed or average-value inverter.

Detailed Model

In detailed mode, the Field-Oriented Controller block has two types of modulation:
hysteresis modulation and space vector modulation (SVM). The figure shows a control
schematic for the two types of modulation.
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The yr calculation block estimates the motor’s rotor flux. This calculation is based on
motor equation synthesis.

The ©e calculation block finds the phase angle of the rotor flux rotating field.

The abc-dq block performs the conversion of abc phase variables into dq components
of the rotor flux rotating field reference frame.

The igs* calculation block uses the calculated rotor flux and the torque reference to
compute the stator current quadrature component required to produce the
electromagnetic torque on the motor’s shaft.



Field-Oriented Controller

The ids* calculation block uses the rotor flux reference to compute the stator current
direct component required to produce the rotor flux in the machine.

The flux controller controls the flux dynamics and reduces the steady-state flux error.
The magnetization vector unit contains the vector used to create the motor initial flux.

The magnetization control unit contains the logic for switching between magnetization
and normal operation modes.

Blocks for Modulation with Hysteresis

The current regulator is a bang-bang current controller with adjustable hysteresis
bandwidth.

The dqabc block performs the conversion of the calculated values Ids* and Iqgs* into
abc phase reference currents. The actual values of abc current components track the
reference currents within the hysteresis bandwidth.

The switching control block limits the inverter commutation frequency to a maximum
value.

Blocks for Modulation with Space Vector

The PI blocks are proportional-integral regulators. The calculated values Igs* and Ids*
are compared to the actual values of current components Igs and Ids, respectively and
the current errors are fed to the PI controllers, which generate commanded stator
voltage components Vqs, and Vds, respectively.

The dq-ap block converts the commanded stator voltage from rotating dq coordinates
into stationary ap coordinates using the phase angle of the rotor flux rotating field.

The Space Vector Modulator block receives the obtained voltage vector Vap and
generates appropriate switching states vector for control of inverter switching
devices.

The SVM unit contains four main blocks:

The Sector Selector block is used to find the sector of the off plane in which the
voltage vector lies. The ap plane is divided into six different sectors spaced by 60
degrees.

The Ramp Calculator block is used to produce a unitary ramp at the PWM switching
frequency. This ramp is used as a time base for the switching sequence.

The Switching Time Calculator block is used to calculate the timing of the voltage
vector applied to the motor. The block input is the sector in which the voltage vector
lies.
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» The Gates Logic block receives the timing sequence from the Switching Time
Calculator block and the ramp from the Ramp Calculator block. This block compares
the ramp and the gate timing signals to activate the inverter switches at the proper
time.

Average Model

In average mode, the high-frequency switching actions of the power switches are not
represented.

Average mode is similar to detailed mode with hysteresis modulation except that there is
no switching control block and the pulses generated by the current regulator are three-
level signals (-1, 0, 1) indicating whether the average-value inverter applies a negative,
zero, or positive DC bus voltage (Vdc) to the machine during inverter saturation. In
detailed mode, the Field Oriented Controller block outputs the actual pulses for the
inverter switches.

Parameters

* “Controller Tab” on page 1-270
* “Machine Tab” on page 1-272

Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Modulation type
Select hysteresis or space vector modulation. The default is Hysteresis.

Controller Tab

Flux controller - Proportional gain

The flux controller proportional gain. The default value is 100.
Flux controller - Integral gain

The flux controller integral gain. The default value is 30.
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Low-pass filter cutoff frequency (Hz)
The flux estimation first-order filter cutoff frequency, in hertz. The default value is 16.
Controller output flux saturation (Wb) [Negative, Positive]

The flux controller maximum negative and positive output, in webers. The default
valueis [-2,2].

Vector control sampling time (s)

The controller sampling time, in seconds. The sampling time must be a multiple of the
simulation time step. The default value is 20e-6.

Base sample time (s)
The time step used for the simulation, in seconds. The default value is 2e-6.
Current regulator hysteresis bandwidth (A)

The current regulator hysteresis bandwidth, in amperes. This value is the total
hysteresis bandwidth distributed symmetrically around the current set point. The
figure shows a case where the current set point is Is* and the current regulator
hysteresis-band width is set to dx.

I

This parameter is available only when the Model detail level parameter is set to
Detailed. The default value is 10.

Maximum inverter frequency (Hz)

The maximum inverter switching frequency, in hertz. This parameter is available only
when the Model detail level parameter is set to Detailed. The default value is
20000.

DC bus voltage sensor cutoff frequency (Hz)

The cutoff frequency of the first-order low-pass filter applied to the DC bus voltage
measurement, in hertz. This parameter is enabled only in detailed mode with SVM
selected. The default value is 50.
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SVM switching frequency (Hz)

The fixed inverter switching frequency, in hertz. This parameter is enabled only when
the Model detail level parameter is set to Detailed and the Modulation type is
set to SVM. The default value is 20000.

d-axis current regulator — Proportional gain

The d-axis current regulator proportional gain. This parameter is enabled only when
the Model detail level parameter is set to Detailed and the Modulation type is
set to SVM. The default value is 5.

d-axis current regulator — Integral gain

The d-axis current regulator integral gain. This parameter is enabled only when the
Model detail level parameter is set to Detailed and the Modulation type is set to
SVM. The default value is 100.

(-axis current regulator — Proportional gain

The g-axis current regulator proportional gain. This parameter is enabled only when
the Model detail level parameter is set to Detailed and the Modulation type is
set to SVM. The default value is 5.

g-axis current regulator — Integral gain

The g-axis current regulator integral gain. This parameter is enabled only when the
Model detail level parameter is set to Detailed and the Modulation type is set to
SVM. The default value is 100.

Machine Tab

Rotor resistance Rr' (ohms)
The rotor resistance referred to the stator, in ohms. The default value is 9.295e-3.
Rotor leakage inductance Llr' (H)

The rotor leakage inductance referred to the stator, in henry. The default value is
0.3027e-3.

Mutual inductance Lm (H)

The magnetizing inductance, in henry. The default value is 10.46e-3.
Pairs of poles

The number of pole pairs. The default value is 2.
Initial flux (Wb)

The initial flux for the machine, in webers. The default value is 0.73.
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Inputs and Outputs

Torque*

The torque reference, typically provided by a speed controller.
Flux*

The flux reference, typically provided by a speed controller.
wm

The mechanical angular speed of the induction machine.
I ABC

The three line currents of the induction machine.
MagC

This binary signal indicates if the machine is magnetized enough to be started (1) or
not (0).

Theta
The phase angle of the rotor flux.
sig*
A vector containing measurement signals:
* Vmode — A logical value indicating if the mode is magnetization (1) or normal
operation (0).
* we —The electrical angular speed of the rotor flux.
* iabc* — The three reference currents.

* pulses* — Two three-level signals (-1, 0, 1) indicating if the average-value
inverter applies a negative, zero, or positive DC bus voltage (Vdc) to the machine.

This output is visible only when the Model detail level parameter is set to Average.
Gates

The pulses for the six inverter switches. This output is visible only when the Model
detail level parameter is set to Detailed.

Examples

The Field-Oriented Controller block is used in the AC3 block of the Electric Drives library.
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References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Bridge Firing Unit (AC) | Bridge Firing Unit (DC) | Current Controller (Brushless DC) |
Current Controller (DC) | Direct Torque Controller | Regulation Switch | Six-Step
Generator | Space Vector Modulator | Speed Controller (AC) | Speed Controller (DC) |
Speed Controller (Scalar Control) | Vector Controller (PMSM) | Vector Controller (WFSM)
| Voltage Controller (DC Bus)

Topics
“Electric Drives Library”

Introduced in R2015b
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First-Order Filter

Implement first-order filter

>_\_>

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Filters

Description

Depending on the Filter type selected in the block menu, the First-Order Filter block
implements the following transfer function:

Low-pass filter:

1

H(s) = 175

High-pass filter:

T,
HG) = 1575

s = Laplace operator
T = time constant

The key characteristics of the First-Order Filter block are:

» Input accepts a vectorized input of N signals, thus implementing N filters. This feature
is particularly useful for designing controllers in three-phase systems (N = 3).
* You can initialize filter states for specified DC and AC inputs.

» It enables you to compute and plot filter response.
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Parameters

Filter type

Specify the type of filter: Lowpass (default) or Highpass.
Time constant (s)

Specify the filter time constant, in seconds. Default is 10e-3 .
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Initialize filter states

When this check box is selected, the filter states are initialized according to the AC
initial input and DC initial input parameters. Default is selected.

AC initial input: [ Mag, Phase (degrees), Freq (Hz) ]

Specify the magnitude of the initial AC component of the input signal, its phase, in
degrees, and its frequency, in hertz. Defaultis [0, 0, 60].

When the input is vectorized (N signals), specify an N-by-3 matrix, where each row of
the matrix corresponds to a particular input.

The AC initial input parameter is visible only when the Initialize filter states
parameter is selected.

DC initial input
Specify the value of the initial DC component of the input signal. When the input

signal is vectorized, specify a 1-by-N vector, where each value corresponds to a
particular input. Default is 0.

The DC initial input parameter is visible only when the Initialize filter states
parameter is selected.
Plot filter response

When this check box is selected, the filter step response and its Bode diagram
(magnitude and phase of transfer function as a function of frequency) are plotted in a
figure. Default is cleared.

Frequency range (Hz): [Start, End, Inc.]

The frequency range used for plotting the filter Bode diagram. Specify a vector
containing the starting frequency, the end frequency, and the incremental frequency,
in hertz. Default is [0, 200, 1].



First-Order Filter

The Frequency range parameter is visible only when the Plot filter response
parameter is selected.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

States One state per filter

Dimensionalized Yes

Examples

The power FirstOrderFilter example shows various uses of the First-Order Filter
block using two Filter type parameter settings (Lowpass and Highpass).

The model sample time is parameterized with variable Ts (default value Ts = 50e-6). To
simulate continuous filters, specify Ts = 0 at the MATLAB command prompt before you
start.

Introduced in R2013a
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Five-Phase PM Synchronous Motor Drive

Implement five-phase permanent magnet synchronous motor vector control drive
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / AC Drives

Description

The Five-Phase PM Synchronous Motor Drive (AC8) block represents a classical vector
control drive for five-phase permanent magnet synchronous motors. This drive features a
closed loop speed control based on vector control method. The speed control loop outputs
the reference electromagnetic torque of the machine. The reference direct and
quadrature (dq) components of the stator current corresponding to the commanded
torque are derived based on vector control strategy. The reference dq components of the
stator current are then used to obtain the required gate signals for the inverter through a
hysteresis-band current controller.

The main advantage of this drive, compared to scalar-controlled drives, is its fast dynamic
response. The inherent coupling effect between the torque and flux in the machine is
managed through decoupling (stator flux orientation) control, which allows the torque
and flux to be controlled independently. However, due to its computation complexity, the
implementation of this drive requires fast computing processors or DSPs.

Note The Five-Phase PM Synchronous Motor Drive block is commonly called the AC8
motor drive.
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The Five-Phase PM Synchronous Motor Drive block uses these blocks from the Electric
Drives / Fundamental Drive Blocks library:

* Speed Controller (AC)

* Vector Controller (PMSM)

* DC Bus

* Inverter (Five-Phase)

Remarks

The control system has two different sampling times: the speed controller sampling time
and the vector controller sampling time.

The speed controller sampling time must be a multiple of the vector controller sampling
time and a multiple of the simulation time step. The average-value inverter model has
lower time constants, compared to the detailed converter model. Therefore, you can use
higher simulation time steps with this type of model. For a vector controller sampling
time of 30 ps, good simulation results have been obtained for a simulation time step of 30

ns.

The simulation time step must be lower than the vector controller time step.
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The stator currents id1*, iq2*, and id2* are set to 0 inside the vector controller block
since only the igl current contributes to torque production.

Parameters

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a single
bus.

Model detail level
Select between Detailed (default) and Average inverter models.
Mechanical input

Select between Torque Tm (default), Speed w, and the mechanical rotational
port as the mechanical input.

When you select Torque Tm, the block outputs the motor speed according to the
following differential equation, describing the mechanical system dynamics:

Ty = J%wr + Fwr+ Ty

This mechanical system is modeled inside the Synchronous Machine block.

When you select Speed w as the mechanical input, the block outputs the
electromagnetic torque, allowing you to model the mechanical system dynamics
outside the Five-Phase PM Synchronous Motor Drive block. With this setting, the
inertia and viscous friction parameters do not appear in the mask of the block.

When you select mechanical rotational port, the block shows the connection
port S, which counts for the mechanical input and output. It allows a direct
connection to the Simscape environment. The mechanical system of the motor is
modeled inside the drive and is based on the same differential equation.

See “Mechanical Coupling of Two Motor Drives”.



Five-Phase PM Synchronous Motor Drive

Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Permanent Magnet Synchronous Machine Tab

The Electrical parameters and the Mechanical parameters sections display the
parameters of the Synchronous Machine block.

Converters and DC Bus Tab
Rectifier

The Rectifier section of the Converters and DC bus tab displays the parameters of the
Universal Bridge block.

DC Bus

Capacitance
Specify the DC bus capacitance, in farads. Default is 2000e-6.

Braking Chopper Section

Resistance

Specify the braking chopper resistance, in ohms. Use this resistance to avoid bus
overvoltage during motor deceleration or when the load torque tends to accelerate
the motor. Default is 8.

Chopper frequency
Specify the braking chopper frequency, in hertz. Default is 4000.
Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band. Default is 320. The figure “Chopper Hysteresis Logic” on page 1-282
shows the braking chopper hysteresis logic.
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Shutdown voltage

Specify the shutdown voltage, in volts. This value is the point at which the dynamic
braking shuts down when the bus voltage reaches the lower limit of the hysteresis
band. Default is 310. The chopper hysteresis logic is shown in the following figure.
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Chopper Hysteresis Logic
Inverter

The Inverter section of the Converters and DC bus tab displays the parameters of the
Universal Bridge block that is included in the Power Electronics library of the
Fundamental Blocks library.

Source frequency

Specify the frequency of the voltage source, in hertz. Default is 60. The Source
frequency parameter is available only when the Model detail level parameter is set
to Average.

On-state resistance

Specify the on-state resistance of the inverter devices, in ohms. Default is 1e-3. The
On-state resistance parameter is available only when the Model detail level
parameter is set to Average.

Controller Tab

Regulation type

Specify the type of regulation, Speed regulation (default) or Torque
regulation.
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Schematic
Open a diagram showing the speed and vector controllers schematics.

Speed Controller Section

Acceleration

Specify the maximum acceleration allowed for the motor, in rpm/s. An excessively
large positive value can cause DC bus undervoltage. This parameter is used only in
speed regulation mode. Default is 1000.

Deceleration

Specify the maximum change of speed allowed during motor deceleration, in rpm/s.
An excessively large negative value can cause DC bus overvoltage. This parameter is
used only in speed regulation mode. Default is - 1000.

Speed cutoff frequency

Specify the speed measurement first-order low-pass filter cutoff frequency, in hertz.
This parameter is used only in speed regulation mode. Default is 250.

Speed controller sampling time

Specify the speed controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step. Default is 4*20e-6.

Proportional gain

Specify the speed controller proportional gain. This parameter is used only in speed
regulation mode. Default is 0.5.

Integral gain

Specify the speed controller integral gain. This parameter is used only in speed
regulation mode. Default is 40.

Negative

Specify the maximum negative torque, in newton-meters, applied to the motor by the
vector controller (N.m). Default is - 35.

Positive

Specify the maximum positive torque, in newton-meters, applied to the motor by the
vector controller. Default is 35.
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Vector Control Section

Sampling time

Specify the vector controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step. Default is 20e-6.

Current controller hysteresis band

Specify the current hysteresis bandwidth, in amperes. Default is 0. 1. This value is the
total bandwidth distributed symmetrically around the current set point. The following
figure shows a case where the current set point is Is* and the current hysteresis
bandwidth is set to dx.

This parameter is ignored when using the average-value inverter.
e 5=
~ motor current dx_
y 2
A
__________ Y 2

Note A Rate Transition block is needed to transfer data between different sampling
rates. This block causes a delay in the gate signals, so the current might exceed the
hysteresis band.

Is

Maximum switching frequency

Specify the maximum inverter switching frequency, in hertz. Default is 20e3. This
parameter is ignored when using the average-value inverter.

Inputs and Outputs

SP

Outputs the speed or torque set point. The speed set point can be a step function, but
the speed change rate follows the acceleration and deceleration ramps. When the
load torque and the speed have opposite signs, the accelerating torque is the sum of
the electromagnetic and load torques.
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Wm, Tm, or S

The mechanical input of the drive: motor speed (Wm), mechanical torque (Tm), or
mechanical rotational port (S).

A, B, C
The three phase terminals of the motor drive.
When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The five-phase converter measurement vector. This vector contains:

* The DC bus voltage
* The rectifier output current
* The inverter input current
You can visualize all current and voltage values of the bridges using the Multimeter
block.
Ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)
* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 4.4 kW drive parameter set. The table shows the specifications of
the 4.4 kW drive.
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Drive Input Voltage:

Amplitude 160 V (L-L)
Frequency 60 Hz
Motor Nominal Values:

Power 4.4 kW
Speed 900 rpm
Voltage 160 V (L-N)
Examples

The ac8 example model shows the simulation of the Five-Phase PM Synchronous Motor
Drive block under standard load condition. The ac8 example simplified model shows
the simulation of the average-value model under the same load conditions.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives. Upper Saddle River, NJ:
Prentice-Hall, 2002.

[2] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1986.

[3] Toliyat, H. A. Analysis and Simulation of Multi-Phase Variable Speed Induction Motor
Drives Under Asymmetrical Connections. Applied Power Electronics Conference
and Exposition, Vol. 2, 1996, pp. 586-592.

[4] Beaudart, F.,, F. Labrique, E. Matagne, D. Telteux, and P. Alexandre. Control under
normal and fault tolerant operation of multiphase SMPM synchronous machines
with mechanically and magnetically decoupled phases. International Conference
on Power Engineering, Energy and Electrical Drives, 2009, pp. 461-466.
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See Also

Topics

AC8 - Five-Phase PM Synchronous 4.4kW Motor Drive

AC8 - Comparison Between Detailed and Simplified Models
Five-Phase PM Synchronous Motor Drive during speed regulation

Introduced in R2013a
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Fourier

Perform Fourier analysis of signal

[u] p
Su

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Fourier block performs a Fourier analysis of the input signal over a running window
of one cycle of the fundamental frequency of the signal. The Fourier block can be
programmed to calculate the magnitude and phase of the DC component, the
fundamental, or any harmonic component of the input signal.

Recall that a signal f(t) can be expressed by a Fourier series of the form

ft) = % + Elancos(nwt) + b,sin(nwt)
n=

where n represents the rank of the harmonics. (n = 1 corresponds to the fundamental
component.) The magnitude and phase of the selected harmonic component are
calculated by these equations:

|H,,| = a2 + b,%

LH, = atan(%)
n
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f1:Fundamental frequency

As this block uses a running average window, one cycle of simulation must complete
before the outputs give the correct magnitude and angle. For the first cycle of simulation,
the outputs are held to the values specified by the initial input parameter.

Parameters

Fundamental frequency (Hz)
Specify the fundamental frequency, in hertz, of the input signal. Default is 60.
Harmonic n (0 = DC, 1 = fundamental)

Specify the harmonic component for the Fourier analysis. Enter 0 to analyze the DC
component. Enter 1 to analyze the fundamental frequency, or enter a number
corresponding to the desired harmonic. Default is 1.

Initial input [ Mag, Phase (degrees) ]

Specify the initial magnitude and phase in degrees of the output signal. Default is [0,
0].

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.
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Inputs and Outputs

Input

Connect to the signal to be analyzed. Typical input signals are voltages or currents
measured by Current Measurement or Voltage Measurement blocks.

|u[Magnitude

The first output returns the magnitude of the harmonic component specified, in the
same units as the input signal.

ZuPhase

The second output returns the phase, in degrees, of the harmonic component
specified.

Characteristics

Sample Time Specified in the Sample Time parameter. Continuous if
Sample Time = 0.

Scalar Expansion Yes, of the parameters.

Dimensionalized Yes.

Examples

The power Fourier model shows two applications of the Fourier measurement block.
The upper part of the model shows how to use the Fourier block to compute the DC
component, fundamental value, and second and third harmonic content of the same input
signal. In the lower part of the model, the block computes the fundamental value
(magnitude and phase) of three different inputs. For this application, specify initial values
for the three output signals in the dialog box of the mask.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Four-Quadrant Chopper DC Drive

Four-Quadrant Chopper DC Drive

Implement four-quadrant chopper DC drive
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / DC Drives

Description

The Four-Quadrant Chopper DC Drive (DC7) block represents a four-quadrant, DC-
supplied, chopper (or DC-DC PWM converter) drive for DC motors. This drive features
closed-loop speed control with four-quadrant operation. The speed control loop outputs
the reference armature current of the machine. Using a PI current controller, the chopper
duty cycle corresponding to the commanded armature current is derived. This duty cycle
is then compared with a sawtooth carrier signal to obtain the required PWM signals for
the chopper.

The main advantage of this drive, compared with other DC drives, is that it can operate in
all four quadrants (forward motoring, reverse regeneration, reverse motoring, and
forward regeneration). In addition, due to the use of high switching frequency DC-DC
converters, a lower armature current ripple (compared with thyristor-based DC drives) is
obtained. However, four switching devices are required, which increases the complexity
of the drive system.

1-291



1 Biocks — Alphabetical List

Note In Simscape Electrical Specialized Power Systems oftware, the Four-Quadrant
Chopper DC Drive block is commonly called the DC7 motor drive.
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The Four-Quadrant Chopper DC Drive block uses these blocks from the Electric Drives/
Fundamental Drive Blocks library:

* Speed Controller (DC)

* Regulation Switch

* Current Controller (DC)

* Chopper

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when a
simulation is started.

The armature voltage is provided by an IGBT converter controlled by two PI regulators.
The converter is fed by a constant DC voltage source. Armature current oscillations are
reduced by a smoothing inductance connected in series with the armature circuit.

1-292



Four-Quadrant Chopper DC Drive

The model is discrete. Good simulation results have been obtained with a 1-ps time step.
In order to simulate a digital controller device, the control system has two different
sampling times:

* The speed controller sampling time

* The current controller sampling time

The speed controller sampling time has to be a multiple of the current sampling time. The
latter sampling time has to be a multiple of the simulation time step.

Parameters

* “General” on page 1-293

* “DC Machine Tab” on page 1-294
* “Converter Tab” on page 1-294

* “Controller Tab” on page 1-295

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses, the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between the detailed and the average-value inverter. Default is Detailed
Mechanical input
Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fw, + Ty

This mechanical system is included in the motor model.
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If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.

Converter Tab

Smoothing Inductance and Excitation Circuit Section

Smoothing inductance

The smoothing inductance value (H). Default is 10e- 3.
Field DC source

The DC motor field voltage value (V). Default is 150.

IGBT/Diode Device Section

The IGBT/Diode device section of the Converter tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
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information on the Universal Bridge block parameters, refer to the Universal Bridge
reference page.

Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.

Schematic
When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Controller — Speed Controller Subtab

Nominal speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit). Default is 1750.

Initial speed reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm. Default is 0.

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz). Default is 40.

Sampling time

The speed controller sampling time (s). This sampling time has to be a multiple of the
current controller sampling time and of the simulation time step. Default is 100e-6.

Proportional gain

The proportional gain of the PI speed controller. Default is 10.
Integral gain

The integral gain of the PI speed controller. Default is 50.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great a
value can cause armature over-current. Default is 1000.
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Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current. Default is -1000.

Controller — Current Controller Subtab

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz). Default is 500.

Reference limit

Symmetrical current reference (pu) limit around 0 pu. 1.5 pu is a common value.
Default is 1.5.

PWM switching frequency
The switching frequency of the four IGBT devices (Hz). Default is 5e3.
Sampling time

The current controller sampling time (s). This sampling time has to be a submultiple
of the speed controller sampling time and a multiple of the simulation time step.
Default is 20e-6.

Power and Voltage nominal values

The DC motor nominal power (W) and voltage (V) values. These values are used to
convert armature current from amperes to pu (per unit). Default for Power is
200*746. Default for Voltage is 440.

Proportional gain

The proportional gain of the PI current controller. Default is 2.
Integral gain

The integral gain of the PI current controller. Default is 200.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.
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Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

Vcc, Gnd

The DC voltage source electric connections. The voltage must be adequate for the
motor size.

Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector is composed of two elements:

* The armature voltage

* The DC motor measurement vector (containing the speed, armature current, field
current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv

The IGBT/Diode device measurement vector. This vector includes the converter
output voltage. The output current is not included since it is equal to the DC motor
armature current. Note that all current and voltage values of the converter can be
visualized with the Multimeter block.

Ctrl

The controller measurement vector. This vector contains:

e The armature current reference
* The duty cycle of the PWM pulses

* The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

« The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.
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Model Specifications

The library contains a 5 hp and a 200-hp drive parameter set. The specifications of these
two drives are shown in the following table.

5 HP and 200 HP Drive Specifications

5 HP Drive 200 HP Drive
Drive Input Voltage
Amplitude 280V 500 V
Motor Nominal Values
Power 5 hp 200 hp
Speed 1750 rpm 1184 rpm
Voltage 240V 440V

Examples

The dc7_example example illustrates the four-quadrant chopper drive used with the
200-hp drive parameter set during speed regulation.

References

[1] Boldea, Ion, and S.A. Nasar, Electric Drives, CRC Press LLC, 1999.

[1] Séguier, Guy, Electronique de puissance, Dunod, 1999.

See Also

Topics
DC7 - Four-Quadrant Chopper 200 HP DC Drive
Simplified Four-Quadrant Chopper 200 HP Drive


matlab:dc7_example
matlab:dc7_example_simplified

Four-Quadrant Chopper DC Drive

Introduced in R2006a
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Four-Quadrant Single-Phase Rectifier DC
Drive

Implement single-phase dual-converter DC drive with circulating current
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / DC Drives

Description

The Four-Quadrant Single-Phase Rectifier DC Drive (DC2) block represents a four-
quadrant, single-phase, thyristor-based (or phase controlled) drive for DC motors. This
drive features closed-loop speed control with two anti-paralleled single-phase thyristor
rectifiers. The anti-parallel rectifiers operate in circulating current mode with the help of
circulating current inductors. The speed control loop outputs the reference armature
current of the machine. Using a PI current controller, the thyristor firing angles (for the
two rectifiers) corresponding to the commanded armature current are derived. These
firing angles are then used to obtain the required gate signals for the rectifiers through a
thyristor bridge firing unit.

The main advantage of this drive, compared with other DC drives, is that it can operate in
all four quadrants (forward motoring, reverse regeneration, reverse motoring, and
forward regeneration). However, two anti-paralleled converters along with circulating
current inductors are required, which increases the complexity of the drive system.
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Note In Simscape Electrical Specialized Power Systems software, the Four-Quadrant
Single-Phase Rectifier DC Drive block is commonly called the DC2 motor drive.
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The Four-Quadrant Single-Phase Rectifier DC Drive block uses these blocks from the
Electric Drives/Fundamental Drive Blocks library:

* Speed Controller (DC)

* Regulation Switch

* Current Controller

* Bridge Firing Unit (DC)

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when a
simulation is started.

The armature voltage is provided by two single-phase antiparallel-connected converters
controlled by two PI regulators. The circulating current produced by the instantaneous
voltage difference at the terminal of both converters is limited by inductors connected
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between these terminals. Armature current oscillations are reduced by a smoothing
inductance connected in series with the armature circuit.

The average-value converter represents the average behavior of a single-phase rectifier
for continuous armature current in a dual-converter topology. This model is thus not
suitable for simulating DC drives under discontinuous armature current conditions. The
converter outputs a continuous voltage value equal to the average-value of the real-life
rectified voltage. The armature voltage, armature current, and electromagnetic torque
ripples are thus not represented. The input currents have the frequency and amplitude of
the fundamental current component of the real-life input currents.

The model is discrete. Good simulation results have been obtained with a 4-us time step.
The control system (speed and current controllers) samples data following a user-defined
sample time in order to simulate a digital controller device. Keep in mind that this
sampling time has to be a multiple of the simulation time step.

The average-value converter allows the use of bigger simulation time steps since it does
not generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a controller sampling time of 100-us, good simulation results have been
obtained for a simulation time step of 100 ps. This time step cannot be higher than the
controller time step.

Parameters

* “General” on page 1-302

* “DC Machine Tab” on page 1-303
* “Converters Tab” on page 1-304
* “Controller Tab” on page 1-305

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Model detail level

Select between the detailed and the average-value inverter. Default is Detailed.
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Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Ty = J%wr + Fwr + Ty

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal

definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.
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Converters Tab

DC Bus and Excitation Circuit Section

Smoothing inductance

The smoothing inductance value (H). Default is 50e- 3.
Field DC source

The DC motor field voltage value (V). Default is 150.
Circulating current inductors

The four circulating current inductors inductance value (H). Default is 0.
Converter Sections

The Converter 1 and Converter 2 sections of the Converter tab display the parameters of
the Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the Universal Bridge block parameters, refer to the Universal Bridge
reference page.

RMS voltage

RMS voltage of the single-phase voltage source connected to the A+,A— terminals of
the drive (V). This parameter is not used when using the detailed rectifier. Default is
460.

Frequency

Frequency of the single-phase voltage source connected to the A+,A— terminals of
the drive (Hz). This parameter is not used when using the detailed rectifier. Default is
60.

Source inductance

Source inductance of the single-phase voltage source connected to the A+,A—
terminals of the drive (H). This parameter is not used when using the detailed
rectifier. Default is 0.1e-3.

Phase angle

Phase angle of the single-phase voltage source connected to the A+,A— terminals of
the drive (deg.). This parameter is not used when using the detailed rectifier. Default
is 0.
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Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.

Sampling time (s)

The controller (speed and current) sampling time (s). The sampling time has to be a
multiple of the simulation time step. Default is 20e-6.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Controller — Speed Controller Subtab

Nominal speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit). Default is 1750.

Initial speed reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than © rpm. Default is 0.

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz). Default is 40.

Proportional gain

The proportional gain of the PI speed controller. Default is 10.
Integral gain

The integral gain of the PI speed controller. Default is 50.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great a
value can cause armature over-current. Default is 1000.

Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current. Default is - 1000.
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Controller — Current Controller Subtab

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz). Default is 500.

Symmetrical reference limit

Symmetrical current reference (pu) limit around 0 pu. 1.5 pu is a common value.
Defaultis 1.5.

Power and Voltage nominal values

The DC motor nominal power (W) and voltage (V) values. These values are used to
convert armature current from amperes to pu (per unit). Default for Power is 5*746.
Default for Voltage is 440.

Proportional gain

The proportional gain of the PI current controller. Default is 2.
Integral gain

The integral gain of the PI current controller. Default is 200.

Controller — Bridge Firing Unit Subtab

Alpha min

Minimum firing angle value (deg.). 20 degrees is a common value. Default is 20.
Alpha max

Maximum firing angle value (deg.). 160 degrees is a common value. Default is 160.
Frequency of synchronization voltages

Frequency of the synchronization voltages used by the discrete synchronized pulse
generator block (Hz). This frequency is equal to the line frequency of the single-phase
power line. This parameter is not used when using the average-value converter.
Default is 60.

Pulse width

The width of the pulses applied to the thyristor gates (deg.). This parameter is not
used when using the average-value converter. Default is 10.
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Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A+, A-

The single-phase electric connections. The applied voltage must be adequate for the
motor size.

Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. It is composed of two elements:

* The armature voltage

* The DC motor measurement vector (containing the speed, armature current, field
current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv

The single-phase converter measurement vector. This vector includes

* The output voltage of converter 1
* The output voltage of converter 2
* The output current of converter 1
* The output current of converter 2
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Note that all current and voltage values of the detailed bridges can be visualized with
the Multimeter block.

Ctrl

The controller measurement vector. This vector contains:

The armature current reference
The firing angle computed by the current controller

The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 5-hp drive parameter set. The specifications of the 5-hp drive are
shown in the following table.

5 HP Drive Specifications

Drive Input Voltage

Amplitude 320V

Frequency 60 Hz
Motor Nominal Values

Power 5 hp

Speed 1750 rpm

Voltage 240V

Examples

The dc2_example example illustrates the single-phase dual-converter drive used with
the 5-hp drive parameter set during speed regulation.
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References
[1] Sen, P.C., Thyristor DC Drives, ].Wiley and Sons, 1981.

Introduced in R2006a
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Four-Quadrant Three-Phase Rectifier DC
Drive

Implement three-phase dual-converter DC drive with circulating current
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / DC Drives

Description

The Four-Quadrant Three-Phase Rectifier DC Drive (DC4) block represents a four-
quadrant, three-phase, thyristor-based (or phase controlled) drive for DC motors. This
drive features closed-loop speed control with two anti-paralleled three-phase thyristor
rectifiers. The anti-paralleled rectifiers operate in circulating current mode with the help
of circulating current inductors. The speed control loop outputs the reference armature
current of the machine. Using a PI current controller, the thyristor firing angles (for the
two rectifiers) corresponding to the commanded armature current are derived. These
firing angles are then used to obtain the required gate signals for the rectifiers through a
thyristor bridge firing unit.

The main advantage of this drive, compared with other DC drives, is that it can operate in
all four quadrants (forward motoring, reverse regeneration, reverse motoring, and
forward regeneration). However, two anti-paralleled converters along with circulating
current inductors are required, which increases the complexity of the drive system.
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Note In Simscape Electrical Specialized Power Systems software, the Four-Quadrant
Three-Phase Rectifier DC Drive block is commonly called the DC4 motor drive.
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The Four-Quadrant Three-Phase Rectifier DC Drive block uses these blocks from the
Electric Drives/Fundamental Drive Blocks library:

* Speed Controller (DC)

* Regulation Switch

¢ Current Controller (DC)

* Bridge Firing Unit (DC)

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when a
simulation is started.

The armature voltage is provided by two three-phase antiparallel-connected converters
controlled by two PI regulators. The circulating current produced by the instantaneous
voltage difference at the terminal of both converters is limited by inductors connected
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between these terminals. No smoothing inductance is placed in series with the armature
circuit, the armature current oscillations being quite small due to the three-phase voltage
source.

The average-value converter represents the average behavior of a three-phase rectifier
for continuous armature current in a dual-converter topology. This model is thus not
suitable for simulating DC drives under discontinuous armature current conditions. The
converter outputs a continuous voltage value equal to the average-value of the real-life
rectified voltage. The armature voltage, armature current, and electromagnetic torque
ripples are thus not represented. The input currents have the frequency and amplitude of
the fundamental current component of the real-life input currents.

The model is discrete. Good simulation results have been obtained with a 10-us time step.
The control system (speed and current controllers) samples data following a user-defined
sample time in order to simulate a digital controller device. Keep in mind that this
sampling time has to be a multiple of the simulation time step.

The average-value converter allows the use of bigger simulation time steps, since it does
not generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a controller sampling time of 100-ps, good simulation results have been
obtained for a simulation time step of 100 ps. This time step cannot be higher than the
controller time step.

Parameters

* “General” on page 1-312

* “DC Machine Tab” on page 1-313
* “Converters Tab” on page 1-314
* “Controller Tab” on page 1-314

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.
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Model detail level
Select between the detailed and the average-value inverter. Default is Detailed.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fw, + Th,

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

See “Mechanical Coupling of Two Motor Drives”.

Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.
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Converters Tab

DC Bus and Excitation Circuit Section

Field DC source
The DC motor field voltage value (V). Default is 150.
Circulating current inductors
The four circulating current inductors inductance value (H). Default is 240.

Converter Sections

The Converter 1 and Converter 2 sections of the Converter tab display the parameters of
the Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the Universal Bridge block parameters, refer to the Universal Bridge
reference page.

Phase-to-phase RMS voltage

Phase-to-phase rms voltage of the three-phase voltage source connected to the A,B,C
terminals of the drive (V). This parameter is not used when using the detailed
rectifier. Default is 460.

Frequency

Frequency of the three-phase voltage source connected to the A,B,C terminals of the
drive (Hz). This parameter is not used when using the detailed rectifier. Default is 60.

Source inductance

Source inductance of the three-phase voltage source connected to the A,B,C terminals
of the drive (H). This parameter is not used when using the detailed rectifier. Default
is0.1le-3.

Phase angle of phase A

Phase angle of phase A of the three-phase voltage source connected to the A,B,C
terminals of the drive (deg). This parameter is not used when using the detailed
rectifier. Default is 0.

Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.
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Sampling time (s)

The controller (speed and current) sampling time (s). The sampling time has to be a
multiple of the simulation time step. Default is 20e-6.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Controller — Speed Controller Subtab

Nominal speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit). Default is 1750.

Initial speed reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm. Default is 0.

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz). Default is 40.

Proportional gain

The proportional gain of the PI speed controller. Default is 10.
Integral gain

The integral gain of the PI speed controller. Default is 50.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great a
value can cause armature over-current. Default is 1000.

Deceleration
The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current. Default is - 1000.

Controller — Current Controller Subtab

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz). Default is 500.
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Symmetrical reference limit

Symmetrical current reference (pu) limit around 0 pu. 1.5 pu is a common value.
Defaultis 1.5.

Power and Voltage nominal values

The DC motor nominal power (VA) and voltage (V) values. The nominal power and
voltage values are used to convert armature current from amperes to pu (per unit).
Default for Power is 5*746. Default for Voltage is 440.

Proportional gain

The proportional gain of the PI current controller. Default is 2.
Integral gain

The integral gain of the PI current controller. Default is 200.

Controller — Bridge Firing Unit Subtab

Alpha min

Minimum firing angle value (deg). 20 degrees is a common value. Default is 20.
Alpha max

Maximum firing angle value (deg). 160 degrees is a common value. Default is 160.
Frequency of synchronization voltages

Frequency of the synchronization voltages used by the discrete synchronized 6-pulse
generator block (Hz). This frequency is equal to the line frequency of the three-phase
power line. This parameter is not used when using the average-value converter.
Default is 60.

Pulse width

The width of the pulses applied to the thyristor gates (deg.). This parameter is not
used when using the average-value converter. Default is 10.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.
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Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm).

A, B, C
The three-phase electric connections. The voltage must be adequate for the motor
size.

Wmor Te

The mechanical output: motor speed (Wm) or electromagnetic torque (Te).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector is composed of two elements:

* The armature voltage

* The DC motor measurement vector (containing the speed, armature current, field
current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv

The three-phase converter measurement vector. It includes:

* The output voltage of converter 1
* The output voltage of converter 2
* The output current of converter 1
* The output current of converter 2
Note that all current and voltage values of the detailed bridges can be visualized with
the Multimeter block.
Ctrl

The controller measurement vector. This vector contains:

* The armature current reference
* The firing angle computed by the current controller

* The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)
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* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 5 hp and a 200-hp drive parameter set. The specifications of these

two drives are shown in the following table.

5 HP and 200 HP Drive Specifications

Drive Input Voltage

Motor Nominal Values

Examples

Amplitude
Frequency

Power
Speed
Voltage

5 HP Drive

230V
60 Hz

5 hp
1750 rpm
240V

200 HP Drive

380V
50 Hz

200 hp
1184 rpm
440V

The dc4_example example illustrates the three-phase dual-converter drive used with the
200-hp drive parameter set during torque regulation.

References

[1] Sen, P.C., Thyristor DC Drives, ].Wiley and Sons, 1981

Introduced in R2006a
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Frequency (Phasor)

Measure phasor signal frequency

Library: Simscape / Electrical / Specialized Power Systems /
Fundamental Blocks / Measurements / Additional Fraq {Hz)
Measurements 7| Phase “ﬁ;hi“ o) b

Simscape / Electrical / Specialized Power Systems /
Control & Measurements / Measurements

Description

The Frequency (Phasor) block measures the frequency of a phasor voltage or current by
calculating the derivative of the phase angle variation of the signal, with respect to a
synchronous phasor rotating at the specified nominal frequency. A low-pass filter is
filtering out the high frequency components of the computed frequency. The unwrapped
phase angle is computed and provided at the APhi output.

This diagram shows an example of the Frequency (phasor) block measuring the frequency
of a three-phase voltage phasor.

Vabe (phasor) Ju| =<
a > abc Freq (Hz) p
£Lu pif180 Phase (rad) >
n .
o Sequence Analyzer APhi {rad)
o (Phasaor) deg-to-rad Frequency
a (phasor)

Thres-Phase
VI Measurement

Use this block to measure the frequency of a phasor signal in a power system.
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Ports

Input

Phase (rad) — Phase angle
scalar

Phase angle variation of the measured signal, in rad.

Data Types: single | double

Output

Freq (Hz) — Frequency
scalar

Frequency of the input signal, in Hz.

Data Types: single | double

APhi (rad) — Phase angle
scalar

Unwrapped phase angle without 2*pi discontinuities, in rad.

Data Types: single | double

Parameters

Nominal frequency (Hz) — Fundamental frequency
60 (default) | positive scalar

Nominal frequency of the input signal, in Hz.

Time constant T for derivative (s) — Filter time constant
0.1 (default) | scalar in the range [0.01,0.1]

The low-pass filter time constant, in seconds.
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Extended Capabilities

C/C++ Code Generation

™

Generate C and C++ code using Simulink® Coder™.

See Also
PMU (PLL-Based, Positive-Sequence)

Introduced in R2018a
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Fuel Cell Stack

Implement generic hydrogen fuel cell stack model

T

I
= -

Hy B A

= |

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Extra Sources

Description

The Fuel Cell Stack block implements a generic model parameterized to represent most
popular types of fuel cell stacks fed with hydrogen and air.

The block represents two versions of the stack model: a simplified model and a detailed
model. You can switch between the two models by selecting the level in the mask under
Model detail level in the block dialog box.

Simplified Model

This model is based on the equivalent circuit of a fuel cell stack shown below:



Fuel Cell Stack

Internal
Resistance
VAN Pt

+ ife
£ =<) N Ve
)

The simplified model represents a particular fuel cell stack operating at nominal
conditions of temperature and pressure. The parameters of the equivalent circuit can be
modified based on the polarization curve obtained from the manufacturer datasheet. You
just have to input in the mask the value of the voltage at 0 and 1 A, the nominal and the
maximum operating points, for the parameters to be calculated. A diode is used to
prevent the flow of negative current into the stack. A typical polarization curve consists of
three regions:
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Eoc Activation

region

Ohmic
region
Mass
transport
region

Fuel cell Vaoltage (V)

fuel cell current (A)

The first region represents the activation voltage drop due to the slowness of the
chemical reactions taking place at electrode surfaces. Depending on the temperature and
operating pressure, type of electrode, and catalyst used, this region is more or less wide.
The second region represents the resistive losses due to the internal resistance of the fuel
cell stack. Finally, the third region represents the mass transport losses resulting from the
change in concentration of reactants as the fuel is used.

Detailed Model

The detailed model represents a particular fuel cell stack when the parameters such as
pressures, temperature, compositions and flow rates of fuel and air vary. You can select
which parameters to vary on the Signal variation pane on the block dialog box. These
variations affect the open circuit voltage (E,.), the exchange current (iy), and the Tafel
slope (A). E,,, i, and A are modified as follows:

Eoc = KcEp
. ZFk(Pg, + Po,)Av -4G
Ip = R € RT
_RT
A= ZaF
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where:

R = 8.3145 J/(mol K)

F = 96485 A s/mol

z = Number of moving electrons

E, = Nernst voltage, which is the thermodynamics voltage of the cells and depends on the
temperatures and partial pressures of reactants and products inside the stack (V)

a = Charge transfer coefficient, which depends on the type of electrodes and catalysts
used

Py, = Partial pressure of hydrogen inside the stack (Pa)
P, = Partial pressure of oxygen inside the stack (Pa)

k = Boltzmann's constant = 1.38 x 1023 J/K

h = Planck's constant = 6.626 x 1034 ] s

Av = Activation barrier volume factor (m?). The size of activation barrier (AG) is computed
assuming Av = 1 m3,

AG = Size of the activation barrier which depends on the type of electrode and catalyst
used (J/mol)

T = Temperature of operation (K)
K, = Voltage constant at nominal condition of operation

The equivalent circuit is the same as for the simplified model, except that the parameters
E,. ip and A have to be updated on-line as shown below:
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.{_ __________ 4 —_
=~ Internal
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g AYAYA Pt
& —
|

- prm(Fm’a’J(?/mf??)*

—Vipmeain/(U/min)m\

b -Uio —E,»
_PFuef(atm)—.'— D Block SH2 Block o

—P,.,-,.(arm)—l»’// ' i
4
T(K) b/,rf — > Block L >
sy —TEM_C
Y%

The rates of conversion (utilizations) of hydrogen (Ug,) and oxygen (Uyy,) are determined
in Block A as follows:

_ My, 60000RTNig,
fHy n}?z zFP fuelVIpm(fuel)X%

no, _ 60000RTNig,
nion2 2zFP, airVIpm(air)y %

Uro, =

where
Ppe1 = Absolute supply pressure of fuel (atm)

P, = Absolute supply pressure of air (atm)
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Vipm(uen = Fuel flow rate (1/min)

Vipmir = Air flow rate (I/min)

x = Percentage of hydrogen in the fuel (%)
y = Percentage of oxygen in the oxidant (%)
N = Number of cells

The 60000 constant comes from the conversion from the liter/min flow rate used in the
model to m3/s (1 liter/min = 1/60000 m3/s).

The partial pressures and the Nernst voltage are determined in Block B as follows:
Pry = (1 = Upyg, X%Pruel
PHZO = (W + zy%UfOz)Pair

Po, = (1 - UfOZ)y%Pair

and
1.220 + (T - 208) =243 & KLy by PY2) when T < 100°C
_ 1/2
o 1.229 + (T - 298)% + % % when T > 100°C
where

Py,0 = Partial pressure of water vapor inside the stack (atm)
w = Percentage of water vapor in the oxidant (%)

From the partial pressures of gases and the Nernst voltage, the new values of the open
circuit voltage (E,.) and the exchange current (i;) can be calculated.

Block C calculates the new value of the Tafel slope (A).

The parameters o, AG, and K, are calculated based on the polarization curve at nominal
conditions of operation along with some additional parameters, such as the low heating

1-327



1 Blocks — Alphabetical List

1-328

value (LHV) efficiency of the stack, composition of fuel and air, supply pressures and
temperatures. They can be easily obtained from the manufacturer datasheet.

The nominal rates of conversion of gases are calculated as follows:

Up. = nnomAhO(HZO(gaS))N
fHy = 2FVoom
U - 60000RTomNInom
[0y = 22F Pyiryy Vipm(

0.21

air)pom
where:

NMom = Nominal LHV efficiency of the stack (%).

Ah%(H,0(gas)) = 241.83 x 103 J/mol.

Voom = Nominal voltage (V).

I,,m = Nominal current (A).

Vipm(ainnom = Nominal air flow rate (I/min).

P,imom = Nominal absolute air supply pressure (Pa).

T,om = Nominal operating temperature (K).

From these rates of conversion, the nominal partial pressures of gases and the Nernst
voltage can be derived. With E,, i, and A known and assuming that the stack operates at
constant rates of conversion or utilizations at nominal condition, «, AG, and K, can be
determined.

If there is no fuel or air at the stack input, it is assumed that the stack is operating at a
fixed rate of conversion of gases (nominal rate of conversion), that is, the supply of gases
is adjusted according to the current so that they are always supplied with just a bit more
than needed by the stack at any load.

The maximum current the stack can deliver is limited by the maximum flow rates of fuel

and air that can be reached. Beyond that maximum current, the voltage output by the
stack decreases abruptly as more current is drawn.
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The dynamics of the fuel cell are represented if you specify the response time and the
parameters for flow dynamics (peak utilization and corresponding voltage undershoot) on
the Fuel Cell Dynamics pane on the dialog box.

The response time (T;) @ 95% is used to model the "charge double layer" phenomenon
due to the build-up of charges at electrode/electrolyte interface. This affects only the
activation voltage (NAln(ix/iy)) as shown on the equivalent circuits.

The peak utilization (Ufp,pear)) and the corresponding voltage undershoot (V) are used to
model the effect of oxygen depletion (due to the air compressor delay) on the cell output
voltage. The Nernst voltage is modified due to this effect as follows:

E En = K{Uto, = Urg,mom) Uro, > Ufp,mom)
n =
E, Uro, = Ufo,(nom)

where

K = voltage undershoot constant
Utozmom) = Nominal oxygen utilization
K is determined as follows:

K= Vu

Kc Ufoz(peak) - Ufoz(nom)

Current step and interrupt tests must be made on a real stack to represent with accuracy
its dynamics. The figure below shows the stack response from these tests and the
required parameters (T, Ufpspeak) and V).
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The response time (T,;) depends on the fuel cell stack itself and is usually given on the
datasheet. The parameters for flow dynamics (Ufp,pear) and V,,) depend on the dynamics of
external equipment (compressor, regulator, and loads) and they are not provided by
manufacturers as their values vary with the user application. For simulation, assume
values of Ufpzpear) between 60% to 70% and V, between 2-5% of the stack nominal
voltage.

Parameters

* “Parameters Tab” on page 1-331
* “Signal Variation Tab” on page 1-333
* “Fuel Cell Dynamics Tab” on page 1-334
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Parameters Tab

Preset model
Provides a set of predetermined polarization curves and parameters for particular
fuel cell stacks found on the market:
* No (User-Defined) (default)
* PEMFC - 1.26 kW - 24 Vdc
* PEMFC - 6 kW - 45 Vdc
* PEMFC - 50 kW - 625 Vdc
« AFC - 2.4 kW - 48 Vdc
* SOFC - 3 kW - 100 Vdc
* SOFC - 25 kW - 630 Vdc
Select one of these preset models to load the corresponding parameters in the entries

of the dialog box. Select No (User-Defined) if you do not want to use a preset
model.

Model detail level

Provide access to the two versions of the model:

 Simplified
* Detailed (default)

When a simplified model is used, there is no variable under the signal variation tab.
Voltage at 0 Aand 1 A

The voltage at 0 A and 1 A of the stack (Volts). Assuming nominal and constant gases
utilizations. Default is [65 63].

Nominal operating point

The rated current (Ampere) and rated voltage (Volts) of the stack. Assuming nominal
and constant gases utilizations. Default is [133.3 45].

Maximum operating point

The current (Ampere) and voltage (Volts) of the stack at maximum power. Assuming
nominal and constant gases utilizations. Default is [225 37].
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Number of cells

The number of cells in series in the stack. This parameter is available only for a
detailed model. Default is 65.

Nominal stack efficiency

The rated efficiency of the stack relative to the low heating value (LHV) of water. This
parameter is available only for a detailed model. Default is 55.

Operating temperature

The nominal temperature of operation in degrees Celsius. This parameter is available
only for a detailed model. Default is 65.

Nominal air flow rate

The rated air flow rate (I/min). This parameter is available only for a detailed model.
Default is 300.

Nominal supply pressure

Rated supply pressure (absolute) of fuel and air in bars. This parameter is available
only for a detailed model. Defaultis [1.5 1].

Nominal composition

The rated percentage of hydrogen (x) in the fuel, oxygen (y) and water (w) in the
oxidant. This parameter is available only for a detailed model. Default is [99.95 21
1].

Plot V-I characteristic

Plots a figure containing two graphs. The first graph represents the stack voltage
(Volts) vs current (A) and the second graph represents the stack power (kW) vs
current (A). This button is available only for a detailed model.

View cell parameters

Presents the overall parameters of the stack. This button is available only for a
detailed model. The dialog box is shown below.
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TFueI’CeI’I’parameters EI = @

Fuel cell nominal parameters:
Stack Power:
-Nominal = 5898.5 W
-Maximal = 8325 W
Fuel Cell Resistance = 0.07833 ohms
Nerst woltage of one cell [En] =1.1288 V
Nominal Utilization:
-Hydmogen (H2)= 99.56 %
-Oxidant (02)= 59.3 %
Nominal Consumption:
-Fuel = 60.38 slpm
-Air =143.7 slpm
Exchange cument [i0] = 0.29197 A
Exchange coefficient [alpha] = 0.60645

Fuel cell signal variation parameters:

Fuel compaosition [x_H2] = 99.95 %

Oxidant composition [y_02] = 21 %

Fuel flow rate [FuelFr] at nominal Hydrogen utilization:
-Nominal = 50.06 Ipm
Maximum = 84 .5 Ipm

Air flow rate [AirFr] at nominal Oxidant utilization:
-Nominal = 300 lpm
Maximum = 506.4 lpm

System Temperature [T] = 338 Kelvin

Fuel supply pressure [Pfuel] = 1.5 bar

Air supply pressure [PAir] = 1 bar

Signal Variation Tab

The Signal Variation tab is available only if Model detail level is set to Detailed. It
provides a list of parameters that can be varied. Select a check box for a variable to input
a corresponding signal to the block. The following signals can be input to the block:
Fuel composition

Percentage of hydrogen in the fuel. Default is cleared.
Oxidant composition

Percentage of oxygen in the oxidant. Default is cleared.
Fuel flow rate

Fuel flow rate in liter per minutes. Default is cleared.
Air flow rate

Air flow rate in liter per minutes. Default is cleared.
System Temperature

Temperature of operation in Kelvin. Default is cleared.
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Fuel supply pressure

Fuel supply pressure in bars. Default is cleared.
Air supply pressure

Air supply pressure in bars. Default is cleared.

Fuel Cell Dynamics Tab

Specify Fuel Cell Dynamics?

Asks whether you want to specify the fuel cell dynamics. Select the check box to enter
the fuel cell response time in seconds. Default is cleared.

Fuel Cell response time (sec)

Enter the response time of the cell (at 95% of the final value). Default is 1. This
parameter becomes available only when the Specify Fuel Cell Dynamics? check box
is selected.

Peak 02 utilization (%)

Enter the peak oxygen utilization at nominal condition of operation. Default is 80.
This parameter is available only when the Specify Fuel Cell Dynamics? check box is
selected and the Air flow rate check box is selected in the Signal Variation tab.

Voltage undershoot (V) @ peak O2 utilization

Enter the voltage undershoot (Volts) at peak oxygen utilization at nominal condition of
operation. Default is 10. This parameter is available only when the Specify Fuel Cell
Dynamics? check box is selected and the Air flow rate check box is selected in the
Signal Variation tab.

How to Extract Parameters from Data Sheet

Here is the procedure to extract parameters from fuel cell stack manufacturer's data
sheet. For this example, the NetStack PS6 data sheet from NetStack is used:
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Type & kW tuel call system | MedStack PS&
Parformance Net Rated Electrical Peok Power 7 kw (DC)
Mt Rated Electrical Mominal Power Skw (AC)
Cuiput vohage 60-32V [DC)
Operating cutrent rangs 0-225 A [DC)
Typical Beginning of Life Vollage Ronge 42V ot nominal
Efficiency - LHY (G5 % |stackL P 50 % fsysters)
Time from off model to idle Within 3 min.
Time from 10% to full powsr AEEW_TD
[Epected e |20.000 h ftack]
Maintenance routine 2.000 h [system]
Operational ombient lemperature 20-+40°C
Fuel H2 or Reformat
Purity 99,999 % H2 r Reformot (<50 ppm CO)
T )
Stack Operating Pressure amblent
Maximum Consumption 12.5 slpm/kW
Alr delivory systom Flow rate (e 500 [/min
Supply pressure Gmblen
Physical Dimensions 400 x 400 x 1600 mm
Mass Appresc. 80 kg
Emissions “Woter collechd |75 Vi
NOx, SOx 0
Cooling system requirements Haat Rejection 1o Coolant ot Maximum Power 10w
i | Maximum Ambient Temperaturs (a5°C
FCPM Operafing Temperaturs [65°¢ >
Cooling methed Radiator Fan
IV-curve NedStack P8/PS6
Stack Voltags [V] 70 ¥ ond 1P Stack Powse [W]
Bk,

volloge — 50 100

power — " Cutrent [A]

The rated power of the stack is 6 kW and the nominal voltage is 45 V. The following
detailed parameters are deduced from the datasheet.

* Voltage at 0 Aand 1 A [E,.,V;] = [65, 63]

* Nominal operating point [I,mn, Vieml=[133.3, 45]

*  Maximum operating point [Ig,q,Vengl=[225, 37]

* Nominal stack efficiency (n,,m)= 55%

» Operating temperature = 65 °C

* Nominal supply pressure [H2, Air]=[1.5 1]
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If the pressure given is relative to the atmospheric pressure, add 1 bar to get the
absolute pressure.

* Nominal composition (%)[H2, 02, H20(Air)]=[99.999, 21, 1]

If air is used as oxidant, assume 21% of O, and 1% of H,O in case their percentages
are not specified.

e  Number of cells

If not specified, estimate it from the formulae below:

296485 Vyon
241.83-10% nyom

In this case,

_ 29648545
241.83-10°-0.55

* Nominal air flow rate

= 65.28 = 65 cells.

If the maximum air flow rate is given, the nominal flow rate can be calculated
assuming a constant oxygen utilization at any load. The current drawn by the cell is
linearly dependent on air flow rate and the nominal flow rate is given by:

Inom * lem(air)maX

Iend

lem(air)nom =

In this case,

_133.3-500

lem(air)nom =95 297 liters/min .

In case no information is given, assume the rate of conversion of oxygen to be 50% (as
it is usually the case for most fuel cell stacks) and use the formulae below to
determine the nominal air flow rate.

_ 60000RTy0mNInom
Vipm(aininem = 9,Fp 0.5-0.21"

airnom

» Fuel cell response time = 10 s
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Note The parameters [E,., Vi1, [Iyoms Vioml, @and [Ieng, Venal are approximate and depend on
the precision of the points obtained from the polarization curve. The higher the accuracy
of these parameters, the more closed the simulated stack voltage to the data sheet curve
is. A tool, called Scanlt (from amsterchem) can be used to extract precise values from
data sheet curves.

With the above parameters, the polarization curve of the stack operating at fixed nominal
rate of conversion of gases is closed to the datasheet curves as shown below: The blue
dotted line shows that the simulated stack voltage and green dotted line shows the
simulated stack power.

Datasheet vs simulation results

\

\ === simulation
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60 8000

Stack voltage (V)
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A

12000
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Current (A)

Above the maximum current, the flow rate of gases entering the stack is maximum and
the stack voltage decreases abruptly as more current is drawn.
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Block Inputs and Outputs

m
The Simulink output of the block is a vector containing 11 signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Model detail level
(Signal availability)

Signal Definition Units Symbol |Detailed Simplified

1 Voltage \Y% Vi Yes Yes

2 Current I I, Yes Yes

3 Stack Efficiency % n Yes No(Set to 0)

4 Stack consumption [Air, Fuel] slpm Vet Yes No(Set to 0)

5 Flow Rate [Air, Fuel] lpm - Yes No(Set to 0)

6 Stack consumption [Air, Fuel] lpm Wi Yes No(Set to 0)

7 Utilization [Oxygen, Hydrogen] % Us Yes No(Set to 0)

8 Slope of Tafel curve A Yes No(Set to 0)

9 Exchange current A ig Yes No(Set to 0)

10 Nernst voltage Vv 15 Yes No(Set to 0)

11 Open circuit voltage \Y% E.c Yes No(Set to 0)
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Model Assumptions

* The gases are ideal
» The stack is fed with hydrogen and air

* The stack is equipped with a cooling system which maintains the temperature at the
cathode and anode exits stable and equal to the stack temperature

* The stack is equipped with a water management system to maintain the humidity

inside the cell at appropriate level at any load

* The cell voltage drops are due to reaction kinetics and charge transport as most fuel

cells do not operate in the mass transport region




Fuel Cell Stack

* Pressure drops across flow channels are negligible
* The cell resistance is constant at any condition of operation

Model Limitations

* Chemical reaction dynamics caused by partial pressure changes of chemical species
inside the cell are not considered

» The stack output power is limited by the fuel and air flow rates supplied

* The effect of temperature and humidity of the membrane on the internal resistance is
not considered

* The flow of gases or water through the membrane is not considered

Examples

The power fuel cell example illustrates a 6 kW, 45 volts Proton Exchange Membrane
(PEM) Fuel Cell Stack model feeding a 100Vdc DC/DC converter.

References

[1] Njoya, S. M., O. Tremblay, and L. -A. Dessaint. A generic fuel cell model for the
simulation of fuel cell vehicles. Vehicle Power and Propulsion Conference, 2009,
VPPC '09, IEEE . Sept. 7-10, 2009, pp. 1722-29.

[2] Motapon, S.N., O. Tremblay, and L. -A. Dessaint. “Development of a generic fuel cell
model: application to a fuel cell vehicle simulation.” Int. J. of Power Electronics.
Vol. 4, No. 6, 2012, pp. 505-22.

Introduced in R2008a
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Full-Bridge Converter

Implement full-bridge power converter

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Full-Bridge Converter block implements a full-bridge power converter. You can
choose from three model types:

* Switching devices — The converter is modeled with IGBT/diode pairs controlled by
firing pulses produced by a PWM generator. This model provides the most accurate
simulation results.

* Switching function — The converter is modeled by a switching-function model. The
switches are replaced with two voltage sources and two diodes on the AC side and
with two current sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
between 0 and 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter and also correctly simulate rectifying operation as well as
blanking time. This model type is well-suited for real-time simulation.



Full-Bridge Converter

* Average model (Uref-controlled) — The converter is modeled using a switching-
function model directly controlled by the reference voltage signals (Uref). A PWM
generator is not required. This model provides the fastest simulations.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)
* Switching function
* Average model (Uref-controlled)

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model type parameter to Switching devices. The default value
is le-3.

Snubber resistance (Ohms)

The snubber resistance, in ochms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is inf.

Diode on-state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function or Average model
(Uref-controlled). The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (Uref-controlled). The default value
is 1e6.
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Diode snubber capacitance (F)

The snubber capacitance in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (Uref-controlled). The default value
is inf.

Diode forward voltage (V)
Forward voltage, in volts, across the diode when it is conducting. This parameter is
available only when you set the Model type parameter to Switching functionor
Average model (Uref-controlled). The default value is le-3.

Current source snubber resistance (Ohms)

The snubber resistance across the two current sources, in ohms. Set the snubber
resistance to inf to eliminate the snubbers. This parameter is only enabled when you
set the Model type parameter to Switching function or Average model
(Uref-controlled). The default value is inf.

Inputs and Outputs

g9

The vectorized gating signal to control the converter. The gating signal contains four
firing pulses to control Q1, Q2, Q3, and Q4. This port is visible only when you set the
Model type parameter to Switching devices or Switching function.

Uref

The reference voltage signal to control the converter. This port is visible only when
you set the Model type parameter to Average model (Uref-controlled).

BL

You can block all firing pulses to the converter by applying a signal value of 1 at the
BL input.

Examples

See the Power Converters Modeling Techniques example for a comparison of the three
converter modeling techniques.

Introduced in R2015b
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Full-Bridge MMC (External DC Links)

Full-Bridge MMC (External DC Links)

Full-bridge MMC power converter with external DC connections

Library: Simscape / Electrical / Specialized Power Systems /
Fundamental Blocks / Power Electronics Ha |
| lci+]a
b S N
; |
| s
Description

The Full-Bridge MMC (External DC Links) block implements a full-bridge modular
multilevel converter with external DC links. The converter consists of multiple series-
connected power modules. Each power module consists of one H-Bridge with external DC
outputs.

You can choose from three model types:

* Switching devices — The converter uses IGBT/diode pairs.
* Switching function — The converter is based on a switching-function model.

* Average model (Uref-controlled) — The converter is modeled using a
switching-function model directly controlled by the reference voltage signals.

Ports

Input

g — Firing pulse gate
vector
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Gate signal that controls the converter. The gate signal contains the firing pulses to
control four switches at each power module in the converter (four times the Number of
power modules pulses).

Dependencies

This port is visible only when you set the Model type parameter to Switching devices
or Switching function.

Data Types: single | double | Boolean

Uref — Reference
vector

Reference voltage signal that controls the converter. The vectorized signal contains one
reference voltage for each power module in the converter.

Dependencies

This port is visible only when you set the Model type parameter to Average model
(Uref-controlled).

Data Types: single | double

BL — Firing pulse block
scalar

Input used to block all firing pulses when the signal is 1. To block all firing pulses to the
converter, input a value of 1.

Data Types: single | double | Boolean

Output

cl+ — Positive DC terminal
scalar

Positive DC terminal of the first power module. Additional positive DC terminals, labeled
c2+, c3+, ¢4+, and so on, are added to the block for the corresponding number of power
modules defined by the Number of power modules parameter.

cl- — Negative DC terminal
scalar
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Negative DC terminal of the first power module. Additional negative DC terminals,
labeled c2-, ¢3-, c4-, and so on, are added to the block for the corresponding number of
power modules defined by the Number of power modulesparameter.

1 — Output terminal
vector

Output terminal 1 of the converter.

2 — Output terminal
vector

Output terminal 2 of the converter.

Parameters

Model type — Converter model
Switching devices | Switching function | Average model (Uref-
controlled)

Specify the model type to use for the switching devices. You can choose from three model
types:

* Switching devices — The converter uses IGBT/diode pairs. A multilevel PWM
generator produces firing pulses (0/1 signals), which trigger switching in the
converter.

* Switching function — The converter is based on a switching-function model. The
model uses two voltage sources and two diodes on the AC side, and two current
sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
from 0 through 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter, and also correctly simulate the rectifying operation and
blanking time. This model type is suitable for real-time simulation

* Average model (Uref-controlled) — The converter is modeled using a
switching-function model directly controlled by the reference voltage signals. A PWM
generator is not required. This model provides the fastest simulations.

1-345



1 Blocks — Alphabetical List

Dependencies
Each Model type option enables a particular set of parameters.

Number of power modules — Number of modules
1 (default)

Number of series-connected power modules that are in the converter.

Device on-state resistance (Ohms) — Resistance
le-3 (default)

Internal resistance of the switching devices.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
devices.

Snubber resistance (Ohms) — Resistance
1le6 (default) | inf

To eliminate the snubbers, set the snubber resistance to inf.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
devices.

Snubber capacitance (F) — Capacitance
inf (default)

Snubber resistance of the switching device. To eliminate the snubbers, set the snubber
capacitance to 0.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
devices.

Diode on-state resistance (Ohms) — Resistance
le-3 (default)

Internal resistance of the diodes,

1-346



Full-Bridge MMC (External DC Links)

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

Diode snubber resistance (Ohms) — Resistance
le6 (default) | inf

Snubber resistance of the diode device. To eliminate the snubbers, set the snubber
resistance to inf.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

Diode snubber capacitance (F) — Capacitance
inf (default) | O

Snubber capacitance of the diode. To eliminate the snubbers, set the snubber capacitance
to 0.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

Diode forward voltage (V) — Voltage
le-3 (default)

Forward voltage across the diode when it is conducting.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

Current source snubber resistance (Ohms) — Resistance
inf (default)

The snubber resistance across the two current sources.To eliminate the snubbers, set the
snubber resistance to inf.
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Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

Sample time (s) — Computation rate
10e-6 (default)

Sample time of the block. To implement a continuous block, set to 0.

Dependencies

This parameter is enabled when the Model type parameter is set to Switching
function or Average model (Uref-controlled).

See Also

Full-Bridge Converter | Full-Bridge MMC | Half-Bridge MMC | PWM Generator
(Multilevel)

Introduced in R2017b
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Full-Bridge MMC

Implement a full-bridge modular multilevel converter

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Full-Bridge MMC block implements a full-bridge modular multilevel converter. The
converter consists of multiple series-connected power modules. Each power module
consists of one H-bridge and one capacitor on the DC side.

You can choose from three model types:

* Switching devices — The converter uses IGBT/diode pairs. A multilevel PWM
generator produces firing pulses (0/1 signals), which trigger switching in the
converter.

* Switching function — The converter is based on a switching-function model. The
model uses two voltage sources and two diodes on the AC side, and two current
sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
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from 0 through 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter, and also correctly simulate the rectifying operation and
blanking time. This model type is suitable for real-time simulation.

* Average model (Uref-controlled) — The converter is modeled using a switching-
function model directly controlled by the reference voltage signals. A PWM generator
is not required. This model provides the fastest simulations.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)
* Switching function
* Average model (Uref-controlled)

Number of power modules

Specify the number of series-connected power modules that are in the converter. The
default value is 1.

Capacitor value (F)

Specify the capacitance, in farads, of the capacitors connected on the DC side of each
power module. You can specify a single value that sets all the capacitances to the
same value, or specify a vector containing different capacitance values for every
power module. The default value is 10e-3.

Capacitor initial voltage (V)

Specify the capacitor initial voltage, in volts, of the capacitors connected on the DC
side of each power module. You can specify a single value that sets all the capacitor
initial voltage to the same value, or specify a vector containing different initial voltage
for every power module. The default value is 1000.

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model type parameter to Switching devices. The default value
is le-3.
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Snubber resistance (Ohms)

The snubber resistance, in ohms. To eliminate the snubbers, set the snubber
resistance to inf. This parameter is available only when you set the Model type
parameter to Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. To eliminate the snubbers, set the snubber
capacitance to 0. This parameter is available only when you set the Model type
parameter to Switching devices. The default value is inf.

Diode on-state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function or Average model
(Uref-controlled). The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. To eliminate the snubbers, set the snubber
resistance to inf. This parameter is available only when you set the Model type
parameter to Switching function or Average model (Uref-controlled). The
default value is 1e6.

Diode snubber capacitance (F)

The snubber capacitance in farads. To eliminate the snubbers, set the snubber
capacitance to 0. This parameter is available only when you set the Model type
parameter to Switching function or Average model (Uref-controlled). The
default value is inf.

Diode forward voltage (V)

Forward voltage, in volts, across the diode when it is conducting. This parameter is
available only when you set the Model type parameter to Switching function or
Average model (Uref-controlled). The default valueis le-3.

Sample time (s)
Sample time of the block. To implement a continuous block, set to 0.
This parameter is available only when you set the Model type parameter to

Switching function or Average model (Uref-controlled). The default value
is 10e-6.
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Inputs and Outputs

g

Vectorized gating signal that controls the converter. The gating signal contains the
firing pulses to control four switches at each power module in the converter (four
times the Number of power modules pulses). This port is visible only when you set
the Model type parameter to Switching devices or Switching function.

Uref

BL

Vectorized reference voltage signal that controls the converter. The vectorized signal
contains one reference voltage for each power module in the converter. This port is
visible only when you set the Model type parameter to Average model (Uref-
controlled).

You can block all firing pulses to the converter by applying a scalar signal value of 1
at the BL input. It is not possible to block an individual module. When the input signal
is 1, all modules in the MMC are blocked.

Output terminal 1 of the converter.

Output terminal 2 of the converter.

Measurement signal containing the voltage of capacitors connected on the DC side of
each power module.

See Also
Full-Bridge Converter | Half-Bridge MMC | PWM Generator (Multilevel)

Topics
“Switching Function Converter Controlled by Averaged Firing Pulses”
“STATCOM (Detailed MMC Model with 22 Power Modules per Phase)”

Introduced in R2016b
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Fundamental (PLL-Driven)

Compute fundamental value of signal

MFreq
Nt [ul p
Aln zup

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Fundamental (PLL-Driven) block computes the fundamental value of the input 3 over
a running window of one cycle of fundamental frequency given by input 1. The reference
frame required for the computation is given by the input 2.

Based on the Fourier analysis of a periodic signal, the fundamental value of a signal f{t)
can be expressed as

Fundamental(f(t)) = acos(wgt) + bsin(wgt)

Q

I
~no
—_

f(t)cos(wgt)dt
t-T)
t
b=2 [ rwsin(otiat
t-7
T = fio fo:Fundamental frequency
wy =2 XITXfy
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The magnitude and phase of the fundamental is calculated by

Magnitude = \/a2 +b®>  Phase = atan(b/a)

To resolve these equations, the block uses the input 1 (Freq) for f; and input 2 (wt) for
wot. These two input signals are normally connected to the outputs of a PLL block.

As this block uses a running average window, one cycle of simulation must complete
before the outputs give the correct magnitude and angle. For the first cycle of simulation,
the outputs are held to the values specified by the initial input parameter.

Parameters

Initial frequency (Hz)
Specify the frequency of the first cycle of simulation. Default is 60.
Minimum frequency (Hz)

Specify the minimum frequency value that sets the buffer size of the Variable Time
Delay block used inside the block to compute the fundamental value. Default is 45.

Initial input [ Mag, Phase-relative-to-PLL (degrees) ]

Specify the initial magnitude and phase in degrees of the input signal. Defaultis [1,
0].

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Inputs and Outputs

Freq

Fundamental frequency (Hz) required by the computation. This input is normally
connected to the output Freq of a PLL block.

wt

Angle of the reference frame (rad/s) required for the computation. This input is
normally connected to the output wt of a PLL block.
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In

Connects to the signal to be analyzed. Typical input signals are voltages or currents
measured by the Current Measurement or Voltage Measurement block.

|u[Magnitude
Returns the magnitude of the fundamental in the same unit as the input signal.
ZuPhase

Returns the phase of the fundamental, in degrees, relative to the reference frame wt
(input 2).

Characteristics

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

Dimensionalized Yes, for Input 3 (In)

Examples

The power FundamentalPLLDriven model compares the Fourier block (with a
specified fundamental frequency of 60 Hz) output to the Fundamental (PLL-Driven) block
output. The PLL-Driven block outputs accurate magnitude and phase even if the
fundamental frequency of the input signal varies during the simulation.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Generic Power System Stabilizer

Implement generic power system stabilizer for synchronous machine

In “etab

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

Note This block requires that you have a Control System Toolbox license. Otherwise,
trying to simulate a model containing this block produces an error.

The Generic Power System Stabilizer (PSS) block can be used to add damping to the rotor
oscillations of the synchronous machine by controlling its excitation. The disturbances
occurring in a power system induce electromechanical oscillations of the electrical
generators. These oscillations, also called power swings, must be effectively damped to
maintain the system stability. The output signal of the PSS is used as an additional input
(vstab) to the Excitation System block. The PSS input signal can be either the machine
speed deviation, dw, or its acceleration power, Pa = Pm - Peo (difference between the
mechanical power and the electrical power).

The Generic Power System Stabilizer is modeled by the following nonlinear system:

Tin.s+1 T2n.s+1 [ -
1 . .
.—>.dw —\_ Tid.5+1 T2d.s+1 Lr Ystah
Sensor Wash-out
Overall Lead-lag #1 Lead-lag #2
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To ensure a robust damping, the PSS should provide a moderate phase advance at
frequencies of interest in order to compensate for the inherent lag between the field
excitation and the electrical torque induced by the PSS action.

The model consists of a low-pass filter, a general gain, a washout high-pass filter, a phase-
compensation system, and an output limiter. The general gain K determines the amount of
damping produced by the stabilizer. The washout high-pass filter eliminates low
frequencies that are present in the dw signal and allows the PSS to respond only to speed
changes. The phase-compensation system is represented by a cascade of two first-order
lead-lag transfer functions used to compensate the phase lag between the excitation
voltage and the electrical torque of the synchronous machine.

Parameters

Sensor time constant

The time constant, in seconds (s), of the first-order low-pass filter used to filter the
block's input signal. Default is 30e-3.

Gain
The overall gain K of the generic power system stabilizer. Default is 20.
Wash-out time constant

The time constant, in seconds (s), of the first-order high-pass filter used by the
washout system of the model. Default is 2.

Lead-lag #1 time constants: [Tnum Tden]

The numerator time constant T1n and denominator time constant T1d, in seconds (s),
of the first lead-lag transfer function. Default is [50e-3 20e-3].

Lead-lag #2 time constants: [Tnum Tden]

The numerator time constant T2n and denominator time constant T2d, in seconds (s),
of the second lead-lag transfer function. Defaultis [3 5.4].

Output limits: [Vsmin Vsmax]

The limits VSmin and VSmax, in pu, imposed on the output of the stabilizer. Default is
[-0.15 0.15].

Initial input

The initial DC voltage, in pu, of the block's input signal. Specification of this
parameter is required to initialize all states and start the simulation in steady state
with vstab set to zero. Default is 0.

1-357



1 Blocks — Alphabetical List

Plot frequency response

If selected, a plot of the frequency response of the stabilizer is displayed when you
click the Apply button. Default is cleared.

Magnitude in dB

The Magnitude in dB parameter is not visible if the Plot frequency response is not
selected. If selected, the magnitude of the frequency response is plotted in dB.
Default is selected.

Frequency range

The Frequency range parameter is not visible in the dialog box if the Plot
frequency response is not selected. Specify the frequency range used to plot the
frequency response of the stabilizer. Default is Logspace(-2,2,500).

Inputs and Outputs

In
Two types of signals can be used at the input In:

* The synchronous machine speed deviation dw signal (in pu)

* The synchronous machine acceleration power Pa = Pm - Peo (difference between
the machine mechanical power and output electrical power (in pu))

Vstab

The output is the stabilization voltage (in pu) to connect to the Vstab input of the
Excitation System block used to control the terminal voltage of the synchronous
machine.

Examples

See the help text of the power PSS example model.
References
[1] Kundur, P, Power System Stability and Control, McGraw-Hill, 1994, Section 12.5.
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Generic Power System Stabilizer

See Also

Multiband Power System Stabilizer

Introduced before R2006a
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Ground

Provide connection to ground

L

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Ground block implements a connection to the ground.

See Also

Neutral

Introduced before R2006a
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Grounding Transformer

Implement three-phase grounding transformer providing a neutral in three-wire system

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

Grounding transformers are used in utility distribution networks and in some power
electronic converters in order to provide a neutral point in a three-wire system. This
transformer is a three-phase two-winding transformer with winding 1 and winding 2
connected in zig zag as shown in the figure below.

| | S
+
TT N

. 7

The figure shows a single-phase load connected between phase C and ground in a three-
wire system. The current I absorbed by the load returns to the source through the ground

173
A 173
B 2173
C
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and the neutral of the grounding transformer. Because of the zig zag connection and the
opposite winding polarities of upper and lower windings, the grounding transformer
offers a low impedance in zero-sequence while keeping a very high impedance to positive-
sequence. In other words, only a zero-sequence current can flow through the three
windings. By definition, a zero-sequence current is a set of three-phase currents having
same magnitude and phase. Therefore, the neutral current I shares into three equal
currents I/3. Because the three currents flowing in the grounding transformer are equal,
the neutral point stays fixed and the line-to-neutral voltages remain balanced.

The grounding transformer is modeled by three two-winding transformers having a 1:1
voltage ratio. Assume six identical windings with:

R = winding resistances
X = winding leakage reactances
Rmag, Xmag= parallel resistance and reactance of the magnetizing branch

The positive-sequence impedance Z; and the zero-sequence impedance Z, of the
grounding transformer are given by:

. JRmagXmag
Z1 =R +jX1=3——"""—"—"=
(Rmag + Xmag)

Zo=Ro+ jXo = 2(R + jX).

The zero-sequence reactance X, is the most important parameter of the grounding
transformer. In order to minimize voltage unbalance, reactance X, should be kept as low
as possible.

Parameters

Units

Specify the units used to enter the parameters of the Grounding Transformer block.
Select pu to use per unit. Select SI to use SI units. Changing the Units parameter
from pu to SI, or from ST to pu, will automatically convert the parameters displayed
in the mask of the block. The per unit conversion is based on the transformer rated
power Pn in VA, nominal frequency fn in Hz, and nominal voltage Vn, in Vrms, of the
windings. Default is pu.
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Nominal power and frequency

The nominal power rating, in volt-amperes (VA), and nominal frequency, in hertz (Hz),
of the transformer. Note that the nominal parameters have no impact on the
transformer model when the Units parameter is set to SI. Default is [100e6 60].

Nominal voltage

The nominal phase-to-phase voltage Vn of the Grounding Transformer, in volts RMS
(Vrms). Default is 25e3.

Zero-sequence resistance and reactance

The zero-sequence resistance R0 and the zero-sequence reactance X0 in pu or in
ohms. Default is [0.025 0.75] when the Units parameter is pu and [0.15625
4.6875] when the Units parameter is SI.

Magnetization branch

The shunt resistance Rm modeling the transformer core losses and the magnetizing
reactance Xm modeling the magnetization current, in pu or ohms. Default is [500
500] when the Units parameter is pu and [3125 3125] when the Units parameter
is SI.

These values define the active power losses P and the reactive power losses Q
required for magnetizing the grounding transformer.

P—VTZI
“Rm
_Va

Q_Xm'

As the nominal voltage across each of the six windings is the nominal line-to-line
voltage divided by 3 (Vn/3), the three impedances effectively connected across one of
the two windings on each leg are Rmag=Rm/3 and Xmag=Xm/3.

Measurements

Select Voltages to measure the line-to-neutral voltages at the terminals of the
Grounding Transformer block.

Select Currents to measure the currents flowing into the three terminals of the
Grounding Transformer block.

Select ALl voltages and currents to measure voltages and currents.

Default is None.
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Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurements are identified by a label followed by the block name.

Measurement Label

line-to-neutral voltages Uan

currents Ian
Limitations

Saturation of the grounding transformer is not modeled.

See Also

Linear Transformer, Multimeter, Three-Phase Transformer (Two Windings), Three-Phase
Transformer (Three Windings)

Introduced in R2008a
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GTO

Implement gate turn off (GTO) thyristor model
q m
a -ﬁt{rk

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The gate turnoff (GTO) thyristor is a semiconductor device that can be turned on and off
via a gate signal. Like a conventional thyristor, the GTO thyristor can be turned on by a
positive gate signal (g > 0). However, unlike the thyristor, which can be turned off only at
a zero crossing of current, the GTO can be turned off at any time by the application of a
gate signal equal to 0.

The GTO thyristor is simulated as a resistor Ron, an inductor Lon, and a DC voltage
source Vf connected in series with a switch. The switch is controlled by a logical signal
depending on the voltage Vak, the current Iak, and the gate signal g.

+ Vak -
lak  aw Ran  Lon +\."f_
A K A Q_WJYV\_“—QK
anode cathode
E
t
gate aTo WVak
Logic lak
B
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The Vi, Ron, and Lon parameters are the forward voltage drop while in conduction, the
forward conducting resistance, and the inductance of the device. The GTO block also
contains a series Rs-Cs snubber circuit that can be connected in parallel with the GTO
device (between terminal ports A and K).

The GTO thyristor turns on when the anode-cathode voltage is greater than Vf and a
positive pulse signal is present at the gate input (g > 0). When the gate signal is set to 0,
the GTO thyristor starts to block but its current does not stop instantaneously.

Because the current extinction process of a GTO thyristor contributes significantly to the
turnoff losses, the turnoff characteristic is built into the model. The current decrease is
approximated by two segments. When the gate signal becomes 0, the current Iak first
decreases from the value Imax (value of Iak when the GTO thyristor starts to open) to
Imax/10, during the fall time (Tf), and then from Imax/10 to 0 during the tail time (Tt).
The GTO thyristor turns off when the current lak becomes 0. The latching and holding
currents are not considered.

Iak
A
- g becomes 0
Ttail
o t
jit3 Tt
Parameters

Resistance Ron

The internal resistance Ron, in ohms (QQ). Default is 0.001. The Resistance Ron
parameter cannot be set to 0 when the Inductance Lon parameter is set to 0.
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Inductance Lon

The internal inductance Lon, in henries (H). Default is 0. The Inductance Lon

parameter is normally set to @ except when the Resistance Ron parameter is set to
0.

Forward voltage Vf
The forward voltage of the GTO thyristor device, in volts (V). Default is 1.
Initial current Ic

You can specify an initial current flowing in the GTO thyristor. It is usually set to 0 in
order to start the simulation with the device blocked. Default is 0.

If the Initial Current IC parameter is set to a value greater than 0, the steady-state
calculation considers the initial status of the GTO as closed. Initializing all states of a
power electronic converter is a complex task. Therefore, this option is useful only
with simple circuits.

Snubber resistance Rs

The snubber resistance, in ohms (QQ). Default is 1e5. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance, in farads (F). Default is inf. Set the Snubber capacitance
Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the GTO current and voltage.
Default is selected.

Inputs and Outputs

g
Simulink signal to control the gate of the GTO.

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.
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Signal Definition Units
1 GTO current A
2 GTO voltage Vv

Assumptions and Limitations

The GTO block implements a macro model of a real GTO thyristor. It does not take into
account either the geometry of the device or the underlying physical processes of the
device [1].

The GTO block requires a continuous application of the gate signal (g > 0) in order to be
in the on state (with Iak > 0). The latching current and the holding current are not
considered. The critical value of the derivative of the reapplied anode-cathode voltage is
not considered.

Depending on the value of the inductance Lon, the GTO is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The GTO block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

The inductance Lon is forced to 0 if you choose to discretize your circuit.

References

[1] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

IGBT, MOSFET, Three-Level Bridge, Thyristor, Universal Bridge

Introduced before R2006a
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Half-Bridge Converter

Implement half-bridge power converter

Y.
m
-

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Half-Bridge Converter block implements a half-bridge power converter. You can
choose from three model types:

* Switching devices — The converter is modeled with IGBT/diode pairs controlled by
firing pulses produced by a PWM generator. This model provides the most accurate
simulation results.

* Switching function — The converter is modeled by a switching-function model. The
switches are replaced with two voltage sources and two diodes on the AC side and
with two current sources on the DC side.

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
between 0 and 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter and also correctly simulate rectifying operation as well as
blanking time. This model type is well-suited for real-time simulation.
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* Average model (Uref-controlled) — The converter is modeled using a switching-
function model directly controlled by the reference voltage signals (Uref). A PWM
generator is not required. This model provides the fastest simulations.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)
* Switching function
* Average model (Uref-controlled)

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model typeparameter to Switching devices. The default value
is le-3.

Snubber resistance (Ohms)

The snubber resistance, in ochms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching devices. The default value is inf.

Diode on-state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function or Average model
(Uref-controlled). The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. Set the snubber resistance to inf to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (Uref-controlled). The default value
is 1e6.
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Diode snubber capacitance (F)

The snubber capacitance in farads. Set the snubber capacitance to 0 to eliminate the
snubbers. This parameter is available only when you set the Model type parameter to
Switching function or Average model (Uref-controlled). The default value
is inf.

Diode forward voltage (V)
Forward voltage, in volts, across the diode when it is conducting. This parameter is

available only when you set the Model type parameter to Switching function or
Average model (Uref-controlled). The default value is 1le-3.

Current source snubber resistance (Ohms)

The snubber resistance across the two current sources, in ohms. Set the snubber
resistance to inf to eliminate the snubbers. This parameter is available only when
you set the Model type parameter to Switching function or Average model
(Uref-controlled). The default value is inf.

Inputs and Outputs

g

A vectorized gating signal to control the converter. The gating signal contains two
firing pulses. The first pulse controls Q1 and the second pulse controls Q2. This port
is visible only when you set the Model type parameter to Switching devices or
Switching function.

Uref

The reference voltage signal to control the converter. This port is visible only when
you set the Model type parameter to Average model (Uref-controlled)..

BL

You can block all firing pulses to the converter by applying a signal value of 1 at the
BL input.

Examples

See the Power Converters Modeling Techniques example for a comparison of the three
converter modeling techniques.
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Introduced in R2015b
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Half-Bridge MMC

Implement a half-bridge modular multilevel converter

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Half-Bridge MMC block implements a half-bridge modular multilevel converter. The
converter consists of multiple series-connected power modules. Each power module
consists of one half-bridge and one capacitor on the DC side.

You can choose from four model types:

* Switching devices — The converter is modeled with IGBT/diode pairs. A multilevel
PWM generator produces firing pulses (0/1 signals), which trigger switching in the
converter.

* Switching function — The converter is based on a switching-function model. The
model uses two voltage sources and two diodes on the AC side, and two current
sources on the DC side.

1-373



1 Blocks — Alphabetical List

1-374

The converter is controlled by firing pulses produced by a PWM generator (0/1
signals) or by firing pulses averaged over a specified period (PWM averaging: signals
from 0 through 1). Both modes of operation produce harmonics normally generated by
a PWM-controlled converter and also correctly simulate the rectifying operation and
blanking time. This model type is suitable for real-time simulation.

* Average model (Uref-controlled) — The converter is modeled using a switching
function model directly controlled by the reference voltage signals. A PWM generator
is not required. This model provides the fastest simulations.

* Aggregate model — The converter is modeled using a switching-function model
where only one equivalent module is used to represent all modules. This aggregate
model represents control system dynamics, converter harmonics, and circulating
currents phenomena. However, because a single virtual capacitor represents all
capacitors of one arm, the model assumes that capacitor voltages of all power modules
are balanced. As a result, a capacitor voltage-balancing scheme cannot be simulated.
The aggregate model runs much faster than a detailed model that would use two
switching devices and one capacitor for each individual power module of one arm. This
aggregate model is also suitable for real-time simulation.

Parameters

Model type
Specify the model type to use:

* Switching devices (default)

* Switching function

* Average model (Uref-controlled)
* Aggregate model

Number of power modules

Specify the number of series-connected power modules that are in the converter. The
default value is 1.

Capacitor value (F)

Specify the capacitance, in farads, of the capacitors connected on the DC side of each
power module. You can specify a single value that sets all the capacitances to the
same value, or specify a vector containing different capacitance values for every
power module. The default value is 10e-3.
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Capacitor initial voltage (V)
Specify the capacitor initial voltage, in volts, of the capacitors connected on the DC
side of each power module. You can specify a single value that sets all the capacitor
initial voltage to the same value, or specify a vector containing different initial voltage
for every power module. The default value is 1000.

Device on-state resistance (Ohms)

Internal resistance of the switching devices, in ohms. This parameter is available only
when you set the Model type parameter to Switching devices. The default value
is le-3.

Snubber resistance (Ohms)

The snubber resistance, in ohms. To eliminate the snubbers, set the snubber
resistance to inf. This parameter is available only when you set the Model type
parameter to Switching devices. The default value is 1e6.

Snubber capacitance (F)

The snubber capacitance, in farads. To eliminate the snubbers, set the snubber
capacitance to 0. This parameter is available only when you set the Model type
parameter to Switching devices. The default value is inf.

Diode on-state resistance (Ohms)

Internal resistance of the diodes, in ohms. This parameter is available only when you
set the Model type parameter to Switching function, Average model (Uref-
controlled), or Aggregate model. The default value is 1e-3.

Diode snubber resistance (Ohms)

The snubber resistance, in ohms. To eliminate the snubbers, set the snubber
resistance to inf. This parameter is available only when you set the Model type
parameter to Switching function, Average model (Uref-controlled), or
Aggregate model. The default value is 1e6.

Diode snubber capacitance (F)

The snubber capacitance in farads. To eliminate the snubbers, set the snubber
capacitance to 0. This parameter is available only when you set the Model type
parameter to Switching function, Average model (Uref-controlled), or
Aggregate model. The default value is inf.

Diode forward voltage (V)

Forward voltage, in volts, across the diode when it is conducting. This parameter is
available only when you set the Model type parameter to Switching function,
Average model (Uref-controlled), or Aggregate model. The default value is
le-3.
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Sample time (s)
Specify the sample time of the block. To implement a continuous block, set to 0.

This parameter is available only when you set the Model type parameter to
Switching function, Average model (Uref-controlled), or Aggregate
model. The default value is 10e-6.

Inputs and Outputs

g

Vectorized gating signal that controls the converter. The gating signal contains the
firing pulses to control two switches at each power module in the converter (double
the Number of power modules pulses). This port is visible only when you set the
Model type parameter to Switching devices or Switching function.

Uref

Vectorized reference voltage signal that controls the converter. The vectorized signal
contains one reference voltage for each power module in the converter. This port is
visible only when you set the Model type parameter to Average model (Uref-
controlled).

Vectorized signal of two elements [N on, N blk]. N on represents the number of
power modules in the ON state, and N blk the number of power modules in the
blocked state.

The number of power modules in the blocked state is normally set to zero for a
nominal operation of the converter. The number of power modules in the ON state is
obtained by summing all the pulses that trigger the upper switching devices (Q1) that
are in the ON state.

N blk must be equal to 0 if the converter is deblocked and equal to the number of
power modules if blocked. Then, as for the Average model, it is not possible to block
an individual module.
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Aggregate model

This port is visible only when you set the Model type parameter to Aggregate
model.

BL

You can block all firing pulses to the converter by applying a scalar signal value of 1
at the BL input. It is not possible to block an individual module. When the input signal
is 1, all modules in the MMC are blocked.

1
Output terminal 1 of the converter.
2
Output terminal 2 of the converter.
m
Measurement signal containing the voltage of capacitors connected on the DC side of
each power module. If you set the Model type parameter to Aggregate model, the
measurement has only one element that gives the average value of all the capacitors.
See Also

Full-Bridge MMC | Half-Bridge Converter | PWM Generator (Multilevel)
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Topics
“Switching Function Converter Controlled by Averaged Firing Pulses”

Introduced in R2016b
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Hydraulic Turbine and Governor

Model hydraulic turbine and proportional-integral-derivative (PID) governor system

wref

Prer M
e
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dw

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

The Hydraulic Turbine and Governor block implements a nonlinear hydraulic turbine
model, a PID governor system, and a servomotor [1].
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The hydraulic turbine is modeled by the following nonlinear system.
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The gate servomotor is modeled by a second-order system.
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Parameters

Servo-motor

The gain Ka and time constant Ta, in seconds (s), of the first-order system
representing the servomotor. Defaultis [ 10/3 0.07 ].

Gate opening limits
The limits gmin and gmax (pu) imposed on the gate opening, and vgmin and vgmax
(pu/s) imposed on gate speed. Defaultis [ 0.01 0.97518 -0.1 0.1 ].
Permanent droop and regulator

The static gain of the governor is equal to the inverse of the permanent droop Rp in
the feedback loop. The PID regulator has a proportional gain Kp, an integral gain Ki,
and a derivative gain Kd. The high-frequency gain of the PID is limited by a first-order
low-pass filter with time constant Td (s). Defaultis [ 0.05 1.163 0.105 0

0.01 1.

Hydraulic turbine

The speed deviation damping coefficient B and water starting time Tw (s). Default is
[ 0 2.67 1.

Droop reference

Specifies the input of the feedback loop: gate position (set to 1) or electrical power
deviation (set to 0). Default is 0.

Initial mechanical power

The initial mechanical power PmO (pu) at the machine's shaft. This value is
automatically updated by the load flow utility of the Powergui block. Default is
0.7516.
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Inputs and Outputs

wref
Reference speed, in pu.
Pref

Reference mechanical power in pu. This input can be left unconnected if you want to
use the gate position as input to the feedback loop instead of the power deviation.

we
Machine actual speed, in pu.
Pe0®

Machine actual electrical power in pu. This input can be left unconnected if you want
to use the gate position as input to the feedback loop instead of the power deviation.

dw

Speed deviation, in pu.
Pm

Mechanical power Pm for the Synchronous Machine block, in pu.
gate

Gate opening, in pu.

Examples

The power_ turbine example illustrates the use of the Synchronous Machine associated
with the Hydraulic Turbine and Governor (HTG) and Excitation System blocks.

References

[1] IEEE Working Group on Prime Mover and Energy Supply Models for System Dynamic
Performance Studies, “Hydraulic Turbine and Turbine Control Models for
Dynamic Studies,” IEEE Transactions on Power Systems, Vol. 7, No. 1, February,
1992, pp. 167-179.
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See Also

Excitation System, Steam Turbine and Governor, Synchronous Machine

Introduced before R2006a
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Ideal Switch

Ideal Switch
Implement ideal switch device

TS

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The Ideal Switch block does not correspond to a particular physical device. When used
with appropriate switching logic, it can be used to model simplified semiconductor
devices such as a GTO or a MOSFET, or even a power circuit breaker with current
chopping. The switch is simulated as a resistor Ron in series with a switch controlled by a
logical gate signal g.
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The Ideal Switch block is fully controlled by the gate signal (g > 0 or g = 0). It has the
following characteristics:
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* Blocks any forward or reverse applied voltage with 0 current flow when g = 0
* Conducts any bidirectional current with quasi-zero voltage drop when g > 0

* Switches instantaneously between on and off states when triggered

The Ideal Switch block turns on when a positive signal is present at the gate input (g > 0).
It turns off when the gate signal equals 0 (g = 0).

The Ideal Switch block also contains a series Rs-Cs snubber circuit that can be connected
in parallel with the ideal switch (between nodes 1 and 2).
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Parameters

Internal resistance Ron
The internal resistance of the switch device, in ohms (Q). Default is 0.001. The
Internal resistance Ron parameter cannot be set to 0.

Initial state

The initial state of the Ideal Switch block. Default is 0. The initial status of the Ideal
Switch block is taken into account in the steady-state calculation.
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Snubber resistance Rs

The snubber resistance, in ohms (QQ). Default is 1e5. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Default is inf. Set the Snubber capacitance
Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the ideal switch current and
voltage. Default is selected.

Inputs and Outputs

g
Simulink signal to control the opening and closing of the switch.

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 Ideal switch current A
2 Ideal switch voltage Vv

Assumptions and Limitations

The Ideal Switch block is modeled as a current source. It cannot be connected in series
with an inductor, a current source, or an open circuit, unless its snubber circuit is in use.

Examples

The power switch example uses the Ideal Switch block to switch an RLC circuit on an
AC source (60 Hz). The switch, which is initially closed, is first opened at t = 50 ms (3
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cycles) and then reclosed at t = 138 ms (8.25 cycles). The Ideal Switch block has 0.01
ohms resistance and no snubber is used.

References

[1] Mohan, N., TM. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

Breaker

Introduced before R2006a
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IGBT

Implement insulated gate bipolar transistor (IGBT)

g | m
o e

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The IGBT block implements a semiconductor device controllable by the gate signal. The
IGBT is simulated as a series combination of a resistor Ron, inductor Lon, and a DC
voltage source Vf in series with a switch controlled by a logical signal (g > 0 or g = 0).
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The IGBT turns on when the collector-emitter voltage is positive and greater than Vf and
a positive signal is applied at the gate input (g > 0). It turns off when the collector-emitter
voltage is positive and a 0 signal is applied at the gate input (g = 0).
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The IGBT device is in the off state when the collector-emitter voltage is negative. Note
that many commercial IGBTs do not have the reverse blocking capability. Therefore, they
are usually used with an antiparallel diode.

The IGBT block contains a series Rs-Cs snubber circuit, which is connected in parallel
with the IGBT device (between terminals C and E).
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The turnoff characteristic of the IGBT model is approximated by two segments. When the
gate signal falls to 0, the collector current decreases from Imax to 0.1 Imax during the fall
time (Tf), and then from 0.1 Imax to 0 during the tail time (Tt).
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Parameters

Resistance Ron

The internal resistance Ron, in ohms (Q). Default is 0.001. The Resistance Ron
parameter cannot be set to 0 when the Inductance Lon parameter is set to 0.

Inductance Lon

The internal inductance Lon, in henries (H). Default is 0. The Inductance Lon
parameter is normally set to 0 except when the Resistance Ron parameter is set to
0.

Forward voltage Vf
The forward voltage of the IGBT device, in volts (V). Default is 1.
Initial current Ic

You can specify an initial current flowing in the IGBT. Default is 0. It is usually set to 0
to start the simulation with the device blocked.

If the Initial Current IC parameter is set to a value greater than 0, the steady-state
calculation considers the initial status of the IGBT as closed. Initializing all states of a
power electronic converter is a complex task. Therefore, this option is useful only
with simple circuits.
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Snubber resistance Rs

The snubber resistance, in ohms (Q). Default is 1e5. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Default is inf. Set the Snubber capacitance
Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the diode IGBT current and
voltage. Default is selected.

Inputs and Outputs

9
Simulink signal to control the opening and closing of the IGBT.

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 IGBT current A
2 IGBT voltage Vv

Assumptions and Limitations

The IGBT block implements a macro model of the real IGBT device. It does not take into
account either the geometry of the device or the complex physical processes [1].

Depending on the value of the inductance Lon, the IGBT is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The IGBT block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

The inductance Lon is forced to 0 if you choose to discretize your circuit.



IGBT

Examples

The power igbtconv example illustrates the use of the IGBT block in a boost DC-DC
converter. The IGBT is switched on and off at a frequency of 10 kHz to transfer energy
from the DC source to the load (RC). The average output voltage (Vy) is a function of the
duty cycle (a) of the IGBT switch:

1

VR:l—oc

Vdc

References

[1] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

GTO, MOSFET, Three-Level Bridge, Thyristor

Introduced before R2006a
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IGBT/Diode

Implements ideal IGBT, GTO, or MOSFET and antiparallel diode

I:—|EI:|

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The IGBT/Diode block is a simplified mode of an IGBT (or GTO or MOSFET)/Diode pair
where the forward voltages of the forced-commutated device and diode are ignored.

Parameters

Internal resistance Ron
The internal resistance Ron of the IGBT device, in ohms (QQ). Default is 1e-3.
Snubber resistance Rs

The snubber resistance, in ohms (QQ). Default is 1e5. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Default is inf. Set the Snubber capacitance
Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the diode IGBT current and
voltage. Default is selected.



IGBT/Diode

Inputs and Outputs

)
Simulink signal to control the opening and closing of the IGBT.

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 IGBT/Diode current A
2 IGBT/diode voltage Vv

Assumptions and Limitations
The IGBT/Diode block implements a macro model of the real IGBT and Diode devices. It

does not take into account either the geometry of the devices or the complex physical
processes [1].

The IGBT/Diode block cannot be connected in series with an inductor, a current source, or
an open circuit, unless its snubber circuit is in use.

See Also

IGBT, Diode

Introduced in R2006a
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Impedance Measurement

Measure impedance of circuit as function of frequency

-]
o

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements

Description

The Impedance Measurement block measures the impedance between two nodes of a
linear circuit as a function of the frequency. It consists of a current source Iz, connected
between inputs one and two of the Impedance Measurement blocks, and a voltage
measurement Vz, connected across the terminals of the current source. The network
impedance is calculated as the transfer function H(s) from the current input to the
voltage output of the state-space model.

The impedance (magnitude and phase) as function of frequency is displayed by using the
Impedance versus Frequency Measurement tool of the Powergui block.

The measurement takes into account the initial states of the Breaker and Ideal Switch
blocks. It also allows impedance measurements with Distributed Parameter Line blocks in
your circuit.

The source impedances are taken into account in the impedance calculations. By
definition, the impedance of voltage sources is 0 (voltage source blocks are considered as
short-circuit) and the impedance of current sources is infinite (current source blocks are
considered as open-circuit).

In some applications, you may need to delete current or voltage source blocks manually in
order to ignore their impact on impedance calculations.
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Parameter

Multiplication factor

If you use the Impedance Measurement block in a three-phase circuit, you can use the
Multiplication factor parameter to rescale the measured impedance. For example,
measuring the impedance between two phases of a three-phase circuit gives two
times the positive-sequence impedance. Therefore you must apply a multiplication
factor of 1/2 to the impedance in order to obtain the correct positive-sequence
impedance value. Default is 1.

Similarly, to measure the zero-sequence impedance of a balanced three-phase circuit,
you can connect the Impedance Measurement block between ground or neutral and
the three phases connected together.

In that case, you are measuring one third of the zero-sequence impedance and you
must apply a multiplication factor of 3 to obtain the correct zero-sequence value.

Limitations

The only nonlinear blocks that are taken into account during the impedance measurement
are the Breaker, Three-Phase Breaker, Three-Phase Fault, Ideal Switch, and Distributed
Parameter Line blocks. All other nonlinear blocks, such as machines and power electronic
devices, are not considered, and they are disconnected during the measurement.

If you plan to connect the Impedance Measurement block in series with an inductance, a
current source, or any nonlinear element, you must add a large resistor across the
terminals of the block, because the Impedance Measurement block is simulated as a
current source block.

See Also

power zmeter

Introduced before R2006a
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Inverter (Five-Phase)

Implements five-phase inverter model for five-phase PM Synchronous motor drive

)g Detailed 2l
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Inverter (Five-Phase) block models a standard five-leg, two-level inverter model when
set to detailed mode or an average-value inverter model when set to average mode.

Detailed mode

In detailed mode, this block consists of five Universal Bridge models configured as single-
leg (one leg with two switches), force-commutated converters and connected in parallel.

Average Mode

In average mode, the Inverter (Five-phase) block implements an average-value inverter
model where the inverter is represented using current and voltage sources, as shown in
the figure.
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The average-value model is composed of one controlled current source on the DC side

and four controlled current sources and four controlled voltage sources on the AC side.

The DC current source allows the representation of the average DC bus current behavior
following the equation

Switch

Igc = (Pac + Piosses) / Vins
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with Pp,..sbeing the AC side instantaneous power, Py, the losses in the power
electronics devices, and V;, the DC bus voltage.

On the AC side, the current sources represent the average phase currents fed to the
motor. Because the regulation is fast, the current values are set equal to the current
references sent by the current regulator. A small current is injected to compensate for the
current drawn by the five-phase load.

During loss of current tracking due to insufficient inverter voltage, the currents are fed by
four controlled voltage sources. These voltage sources represent the square wave mode
and allow good representation of the phase currents during inverter saturation. Each
voltage source outputs either V;, or 0, depending on the values of the pulses (1 or 0) sent
by the current controller. This mode of operation is detected by the Saturation detection
block using the DC bus voltage and the counter electro-motive force generated by the AC
machine.

Parameters

Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Sample Time
The sample time of the inverter, in seconds. The default value is 2e-6.
Snubber resistance Rs (Ohms)

The snubber resistance, in ohms. Set the Snubber resistance Rs parameter to inf
to eliminate the snubbers from the model. The default value is 500.

Snubber capacitance Cs (F)

The snubber capacitance, in farads. Set the Snubber capacitance Cs parameter to 0
to eliminate the snubbers or to inf to get a resistive snubber. The default value is
le-9.

Power electronic device
Select the type of power electronic device to use in the inverter.
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e GTO / Diodes (default)
* MOSFET / Diodes
» IGBT / Diodes

Resistance Ron (Ohms)
Internal resistance of the switch, in ohms. The default value is 1e-3.
Forward voltages (V) [Vf, Vid]

Forward voltages, in volts, of the forced-commutated devices (GTO, MOSFET, or
IGBT) and of the antiparallel diodes. The default valueis [1.2,1.2].

Fall time and tail time (s) [Tf, Tt]

Fall time Tf and tail time Tt, in seconds, for the GTO or the IGBT devices. The default
value is [1e-6,2e-6].

Source Frequency (Hz)

Synchronous frequency of the machine (Hz). This parameter is visible only when the
Model detail level parameter is set to Average. The default value is 60.

Inductance (H)

The armature inductance of the sinusoidal model with round rotor (Ld is equal to Lq).
This parameter is visible only when the Model detail level parameter is set to
Average. The default value is 1350e-6.

Flux induced by magnets (Wh)

The constant flux, in weber, per pole pairs induced in the stator windings by the
magnets of the machine. This parameter is visible only when the Model detail level
parameter is set to Average. The default value is 0. 05.

Stator resistance Rs (ohm)

The stator phase resistance Rs, in ohms, of the motor. This parameter is visible only
when the Model detail level parameter is set to Average. The default value is 0.12.

Pairs of poles

The number of pole pairs of the machine controlled by the inverter. This parameter is
visible only when the Model detail level parameter is set to Average. The default
value is 4.
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Inputs and Outputs

g9

The gate input for the controlled switch devices. Pulses are sent to upper and lower
switches of inverter legs A, B, C, D, and E. This input is visible only when the Model
detail level parameter is set to Detailed.

ctrl

Control signals from the PMSM vector controller. In average mode, the three-phase
inverter no longer receives pulses for each switch. The control signals are the AC
current references for each phase along with pulses (0 or 1) to enable square wave
operating mode. This input is visible only when the Model detail level parameter is
set to Average.

The positive terminal on the DC side.
The negative terminal on the DC side.

A, B, C, D, E
The five-phase terminals on the AC side.

Examples

The Inverter (Five-Phase) block is used in the AC8 block of the Electric Drives library.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

See Also

Chopper | Circulating Current Inductors | Inverter (Three-Phase) | Thyristor Converter

Topics
“Electric Drives Library”
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Introduced in R2015b
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Inverter (Three-Phase)

Implements a three-phase inverter model for AC Motor Drives
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Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Fundamental Drive
Blocks

Description

The Inverter (Three-Phase) block models a standard three-leg, two-level inverter model
(detailed mode) or an average-value inverter model (average mode). Average mode has
multiple instances, depending on the AC motor drive type.

Detailed mode

In detailed mode, the Inverter (Three-Phase) block is an instance of the Universal Bridge
block configured as a three-arm (three-phase), forced-commutated converter.

Average Mode

In average mode, the Inverter (Three-Phase) block implements an average-value inverter
model for a specific AC drive type. The average-value inverter model can be a current
source type with AC current reference signal, voltage source type with an AC voltage
reference signal, or voltage source type with AC current reference signal.
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Current Source Type with AC Current Reference Signal

This model is used for an AC drive type based on field-oriented control, WFSM vector
control, or PMSM vector control.

The inverter is represented by current sources on the AC side during normal operation.
The AC current reference signal generates the three-phase currents at the inverter
output. When the inverter is saturated, it operates in square-wave mode, and the current

sources are replaced with voltage sources. The average-value inverter model of this type
is shown in the figure.
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The model is composed of one controlled current source on the DC side and of two
controlled current sources and three controlled voltage sources on the AC side. The DC

current source allows the representation of the average DC bus current behavior
following the equation

Idc - (Pac + Plosses) / Vdc'
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with P, being the AC side instantaneous power, P, the losses in the power electronics
devices, and V,, the DC bus voltage.

On the AC side, the current sources represent the average phase currents fed to the
motor. The current values are set equal to the current references sent by the current
regulator. A small current is injected to compensate for the current drawn by the three-
phase load (needed because of the inverter current sources in series with the inductive
motor).

The currents are fed by three controlled voltage sources during loss of current tracking
due to insufficient inverter voltage. These voltage sources represent the square wave
mode and allow good representation of the phase currents during inverter saturation.
Each voltage source outputs either V;, or 0, depending on the values of the pulses (1 or 0)
send by the current controller. This mode of operation is detected from the Saturation
detection block using the DC bus voltage and the counter electro-motive force generated
by the AC machine.

Voltage Source Type with AC Voltage Reference Signal
This model is used for AC drive type based on space vector modulation.

The inverter is represented with voltage sources on the AC side. The AC voltage reference
signal generates the three-phase voltage at the inverter output. The average-value
inverter model of this type is shown in the figure.
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The model is composed of one controlled current source on the DC side and three
controlled voltage sources on the AC side. The DC current source allows the
representation of the average DC bus current behavior, following the equation
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(Pout"'PIDsses)Nin
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Idc = aala + ablb + aCIC,

with a,, a;, a, being the PWM duty cycles (or phase-voltage-to-DC-bus-voltage ratio) of
the inverter legs A, B, and C respectively, and I,, I, I, the corresponding three-phase
currents. The three AC voltage sources represent the average voltage values of the three-
phase inverter voltages V,, V;, V,, following the equation

Va = g Vi n
v = o Vin
Vc = acVi n

with V;, being the input DC bus voltage value.
Voltage Source Type with AC Current Reference Signal

This average-value inverter model is used for the Brushless DC current control AC drive
type.

The inverter is represented with voltage sources on the AC side. The AC machine
parameters are required together with the AC current reference signal to generate the
three-phase voltages at the inverter output. The figure shows the average-value inverter
model of this type for a trapezoidal PMSM drive.
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The model is composed of one controlled current source on the DC side and two
controlled voltage sources on the AC side. The DC current source allows the
representation of the DC bus current behavior described by the equation

Idc = (Pout + Plosses) / Vin'

with P, being the output AC power, P, the losses in the power electronic devices, and
Vi, the DC bus voltage.

On the AC side, the voltage sources are fed by the instantaneous voltages provided by the
Trapezoidal PMSM dynamic model (see the PMSM documentation for the machine
model). This dynamic model takes the AC reference currents (the rate of these currents
has been limited to represent the real-life currents), the measured BEMF voltages, and
the machine speed to compute the terminal voltages to apply to the machine.

The dynamic rate limiter limits the rate of the reference currents when transitions occur.
The rate depends on the inverter saturation degree.

During loss of current tracking due to insufficient inverter voltage, the dynamic rate
limiter saturates the reference current according to this operation mode.

Parameters

Model detail level
Specify the model detail level to use:

* Detailed (default)
* Average

Sample Time
The sample time of the inverter, in seconds. The default value is 2e-6.
Snubber resistance Rs (Ohms)

The snubber resistance, in ohms. Set the Snubber resistance Rs parameter to inf
to eliminate the snubbers from the model. The default value is 10e3.

Snubber capacitance Cs (F)

The snubber capacitance, in farads. Set the Snubber capacitance Cs parameter to 0
to eliminate the snubbers or to inf to get a resistive snubber. The default value is
inf.
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Power electronic device
Select the type of power electronic device to use in the bridge.

* GTO / Diodes (default)
* MOSFET / Diodes
 IGBT / Diodes
Drive type
Specify the drive type to use. This parameter is visible only when the Model detail
level parameter is set to Average. Select one of these values:
* Field-oriented control (default)
* Space vector modulation
* WFSM vector control
* PMSM vector control
* Brushless DC

Ron (Ohms)
Internal resistance of the switch, in ohms. The default value is 1e-3.
Forward voltages (V) [Vf, Vid]

Forward voltages, in volts, of the forced-commutated devices (GTO, MOSFET, or
IGBT) and of the antiparallel diodes. This parameter is available when the selected
Power electronic device is GTO/Diodes or IGBT/Diodes. The default value is
[1.2,1.2].

Fall time and tail time (s) [Tf, Tt]
Fall time Tf and tail time Tt, in seconds, for the GTO or the IGBT devices. The default
value is [1e-6,2e-6].
The default value is[1e-6,2e-6].
Measurements
Default is None.

Select Device voltages to measure the voltages across the six power electronic
device terminals.

Select Device currents to measure the currents flowing through the six power
electronic devices. If antiparallel diodes are used, the measured current is the total
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current in the forced-commutated device (GTO, MOSFET, or IGBT) and in the
antiparallel diode. A positive current therefore indicates a current flowing in the
forced-commutated device and a negative current indicates a current flowing in the
diode. If snubber devices are defined, the measured currents are the ones flowing
through the power electronic devices only.

Select UAB UBC UCA UDC voltages to measure the terminal voltages (AC and DC)
of the Inverter (Three-Phase) block.

Select ALl voltages and currents to measure all voltages and currents defined
for the Inverter (Three-Phase) block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements menu of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label
Device voltages Uswl:
Branch current Iswl:
Terminal voltages Uab:

Source Frequency (Hz)

Synchronous frequency of the machine, in hertz. This parameter is visible only when
the Model detail level parameter is set to Average. The default value is 60.

Reference frame

Specifies the reference frame that is used to convert input voltages (abc reference
frame) to the dq reference frame, and output currents (dq reference frame) to the abc
reference frame. You can choose from the following reference frame transformations:
* Rotor (default)

+ Stationary

* Synchronous

This parameter is visible only when the Model detail level parameter is set to
Average and the Drive type parameter is set to Field-oriented control.

Stator [Rs (Ohms), Lls (H)]

The stator resistance, in ohms, and leakage inductance, in henry, of the motor. This
parameter is visible only when the Model detail level parameter is set to Average
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and the Drive type parameter is set to Field-oriented control .The default
value is [14.85e-3,0.3027e-3].

Stator [Rs (Ohms), L1, Lmd, Lmq (H)]

The stator resistance, in ohms, leakage inductance, in henry, and the d and g mutual
inductances of the motor, in henry. This parameter is visible only when the Model
detail level parameter is set to Average and the Drive type parameter is set to
WFSM vector control. The default value is
[2.01e-3,4.289e-4,4.477e-3,1.354e-3].

Rotor [ Rr' (Ohms) Lir' (H)]

The rotor resistance, in ohms, and leakage inductance, in henry, both referred to the
stator. This parameter is visible only when the Model detail level parameter is set to
Average and the Drive type parameter is set to Field-oriented control. The
default value is [9.295e-3,0.3027e-3].

Mutual inductance Lm (H)

The magnetizing inductance of the motor, in henry. This parameter is visible only
when the Model detail level parameter is set to Average and the Drive type
parameter is set to Field-oriented control. The default value is 10.46e-3.

The default value is10.46e-3.
Inductances (H) [Ld, Lql

The phase-to-neutral Ld and Lq inductances in the d-axis and g-axis of the sinusoidal
model with salient-pole rotor. This parameter is visible only when the Model detail
level parameter is set to Average and the Drive type parameter is set to PMSM
vector control.

The default value is [8.5e-3,8.5e-3].

Inductance (H)

The armature inductance of the sinusoidal model with round rotor (Ld is equal to Lq).
This parameter is visible only when the Model detail level parameter is set to
Average and the Drive type parameter is set to Brushless DC . The default value
is 8.5e-3.

Resistance (Ohms)

The stator phase resistance Rs, in ohms, of the motor. This parameter is visible only
when the Model detail level parameter is set to Average and the Drive type
parameter is set to PMSM vector control. The default value is 0. 2.

1-409



1 Blocks — Alphabetical List

1-410

Flux induced by magnets (Wh)

The constant flux, in weber, per pole pairs induced in the stator windings by the
magnets of the motor. This parameter is visible only when the Model detail level
parameter is set to Average and the Drive type parameter is set to PMSM vector
control or Brushless DC. The default value is ©0.175.

Pairs of poles

The number of pole pairs of the machine controlled by the inverter. This parameter is
visible only when the Model detail level parameter is set to Average. The default
value is 4.

Inputs and Outputs

g

The gate input for the controlled switch devices. Pulses are sent to upper and lower
switches of inverter legs A, B, and C. This input is visible only when the Model detail
level parameter is set to Detailed.

ctrl

Control signals from the appropriate controller. In average mode, the Inverter (Three-
Phase) block no longer receives pulses, but receives various types of other signals
that are drive-type specific. This input is visible only when the Model detail level
parameter is set to Average and the Drive type parameter is set to Field-
oriented control, WFSM vector control, or PMSM vector control.

Duty

The PWM duty cycles (or phase-voltage-to-DC-bus-voltage ratio) of the inverter legs A,
B, and C. This input is visible only when the Model detail level parameter is set to
Average and the Drive type parameter is set to Space vector modulation.

The positive terminal on the DC side.
The negative terminal on the DC side.

A, B, C

The three-phase terminals on the AC side.
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Examples

The Inverter (Three-Phase) block is used in the AC1 to AC7 blocks of the Electric Drives
library.

References
[1] Bose, B. K. Modern Power Electronics and AC Drives, NJ: Prentice-Hall, 2002.

[2] Erickson, R. W,, and D. Maksimovic. Fundamentals of Power Electronics, Second
Edition. NY: Kluwer Academic Publishers, 2004.

See Also

Chopper | Circulating Current Inductors | Inverter (Five-phase) | Thyristor Converter

Topics
“Electric Drives Library”

Introduced in R2015b
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Lead-Lag Filter

Implement first-order lead-lag filter

14715
TP

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Filters

Description

The Lead-Lag Filter block implements the following transfer function:

_ 1+Ts

H(s) = 14+ Tys

where

s = Laplace operator
T1,To = time constants

This type of filter is used mainly for implementing lead-lag compensation in control
systems. The key characteristics of the Lead-Lag Filter block are:

* Input accepts a vectorized input of N signals, thus implementing N filters. This feature
is particularly useful for designing controllers in three-phase systems (N=3).

* The same block is used for continuous or discrete model. Changing the sample time Ts
from 0 to a positive value automatically discretizes the filter, and vice versa.

» Filter states can be initialized for specified DC inputs and outputs.
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Parameters

Time constant T1 (s)

Specify the filter time constant(s) T; in seconds. Default is 5e-3.
Time constant T2 (s)

Specify the filter time constant(s) T, in seconds. Default is 20e- 3.
DC initial input and output

Specify the DC initial value of input and output signals. If the input signal is
vectorized, specify a 1-by-N vector, where each value corresponds to a particular
input. Default is 0.

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

States One state per filter

Dimensionalized Yes

Examples

The power LeadlLagFilter example shows two uses of a vectorized Lead-Lag Filter.

The model sample time is parameterized with variable Ts (default value Ts = 50e-6). To
simulate continuous filters, specify Ts = 0 in the MATLAB Command Window before
simulating the model.

Introduced in R2013a
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Linear Transformer

Implement two- or three-winding linear transformer

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Linear Transformer block model shown consists of three coupled windings wound on
the same core.
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The model takes into account the winding resistances (R1 R2 R3) and the leakage
inductances (L1 L2 L3), as well as the magnetizing characteristics of the core, which is
modeled by a linear (Rm Lm) branch.
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The Per Unit Conversion

In order to comply with industry, the block allows you to specify the resistance and
inductance of the windings in per unit (pu). The values are based on the transformer
rated power Pn, in VA, nominal frequency fn, in Hz, and nominal voltage Vn, in Vrms, of
the corresponding winding. For each winding, the per unit resistance and inductance are
defined as

R(pw) = 7o)
Lpu) = 1)

The base impedance, base resistance, base reactance, and base inductance used for each
winding are

2
Vn
Zbase = Rpase = Xbase = %
L _ Xbase
base = m

For the magnetization resistance Rm and inductance Lm, the pu values are based on the
transformer rated power and on the nominal voltage of winding 1.

For example, the default parameters of winding 1 specified in the dialog box section give
the following bases:

2
735e3
Rbase = Loioed) = 21610
2161
Lbase = m = 5732H

Suppose that the winding 1 parameters are R1 = 4.32 Q and L1 = 0.4586 H; the
corresponding values to be entered in the dialog box are

4320

Rl = m = 0002pu
_ 0.4586H _

L1 = 5730 = 0.08pu
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To specify a magnetizing current of 0.2% (resistive and inductive) based on nominal
current, you must enter per unit values of 1/0.002 = 500 pu for the resistance and the
inductance of the magnetizing branch. Using the base values calculated previously, these
per unit values correspond to Rm = 1.08e6 ohms and Lm = 2866 henries.

Modeling an Ideal Transformer

To implement an ideal transformer model, set the winding resistances and inductances to
0, and the magnetization resistance and inductance (Rm Lm) to inf.

Parameters

Units

Specify the units used to enter the parameters of the Linear Transformer block.
Select pu to use per unit. Select SI to use SI units. Changing the Units parameter
from pu to SI, or from SI to pu, will automatically convert the parameters displayed
in the mask of the block. The per unit conversion is based on the transformer rated
power Pn in VA, nominal frequency fn in Hz, and nominal voltage Vn, in Vrms, of the
windings. Default is pu.

Nominal power and frequency

The nominal power rating Pn in volt-amperes (VA) and frequency fn, in hertz (Hz), of
the transformer. Note that the nominal parameters have no impact on the transformer
model when the Units parameter is set to SI. Defaultis [ 250e6 60 ].

Winding 1 parameters

The nominal voltage V, in volts RMS, resistance, in pu or ohms, and leakage
inductance, in pu or henries. The pu values are based on the nominal power Pn and
on V1. Set the winding resistances and inductances to 0 to implement an ideal
winding. Defaultis [ 735e3 0.002 0.08 ] when the Units parameter is pu and
[7.35e+05 4.3218 0.45856] when the Units parameter is SI .

Winding 2 parameters

The nominal voltage V2 in volts RMS, resistance, in pu or ohms, and leakage
inductance, in pu or henries. The pu values are based on the nominal power Pn and
on V2. Set the winding resistances and inductances to 0 to implement an ideal
winding. Defaultis [ 315e3 0.002 0.08 ] when the Units parameter is pu and
[3.15e+05 0.7938 0.084225] when the Units parameter is SI.



Linear Transformer

Three windings transformer
If selected, implements a linear transformer with three windings; otherwise, it
implements a two-windings transformer. Default is selected.

Winding 3 parameters

The Winding 3 parameters parameter is not available if the Three windings
transformer parameter is not selected.

The nominal voltage in volts RMS (Vrms), resistance, in pu or ohms, and leakage
inductance in pu or henries. The pu values are based on the nominal power Pn and on
V3. Set the winding resistances and inductances to 0 to implement an ideal winding.
Defaultis [ 315e3 0.002 0.08 ] when the Units parameter is pu and [3.15e+05
0.7938 0.084225] when the Units parameter is SI.

Magnetization resistance and inductance

The resistance and inductance simulating the core active and reactive losses. When
selected, the pu values are based on the nominal power Pn and on V1. For example, to
specify 0.2% of active and reactive core losses, at nominal voltage, use Rm = 500 pu
and Lm = 500 pu. Defaultis [ 500 500 ] when the Units parameter is pu and
[1.0805e+06 2866] when the Units parameter is SI.

Rm must have a finite value when the inductance of winding 1 is greater that zero.
Measurements

Select Winding voltages to measure the voltage across the winding terminals of
the Linear Transformer block.

Select Winding currents to measure the current flowing through the windings of
the Linear Transformer block.

Select Magnetization current to measure the magnetization current of the Linear
Transformer block.

Select ALl voltages and currents to measure the winding voltages and currents
plus the magnetization current.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

Default is None.

In the Available Measurements list box of the Multimeter block, the measurements
are identified by a label followed by the block name.
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Measurement Label

Winding voltages Uwl:

Winding currents Iwl:

Magnetization current Imag:
Limitations

Windings can be left floating (that is, not connected to the rest of the circuit). However,
an internal resistor is automatically added between the floating winding and the main
circuit. This internal connection does not affect voltage and current measurements.

Due to limitations inherent to graph theory and its application to electric network theory
as implemented in Simscape Electrical Specialized Power Systems software, the following
topologies are unsolvable:

Loops containing only ideal transformer secondary windings (for example, delta-
connected ideal secondary windings of three-phase transformer). To solve this
topology issue, you can add a small impedance in series with the loop.

Loops containing only ideal transformer secondary windings and ideal voltage sources.
To solve this topology issue, you can add a small impedance in series with the loop.

Loops containing only ideal transformer secondary windings and capacitors. To solve
this topology issue, you can add a small impedance in series with the loop.

All topologies where an ideal transformer primary has at least one of its nodes that is
connected to elements consisting only of ideal transformer primary windings or
current sources (for example, wye-connected three-phase primary windings with
floating common point). To resolve this circuit topology, you connect a small resistance
to problematic node.

Examples

The power transformer example shows a typical residential distribution transformer
network feeding line-to-neutral and line-to-line loads.


matlab:power_transformer

Linear Transformer

See Also

Mutual Inductance, Saturable Transformer, Three-Phase Transformer (Two Windings),
Three-Phase Transformer (Three Windings)

Introduced before R2006a
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Load Flow Bus

Identify and parameterize load flow bus

‘ Load Flow Bus
BUS 1
Z2oedV
1pu
Odeg,

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements

Description

You use the Load Flow Bus block in models to specify the bus locations and parameters to
solve a load flow. The Powergui Load Flow tool solves the load flow. Simscape
ElectricalSpecialized Power Systems allows you to perform two types of load flows:

* Positive-sequence load flow applied to a three-phase system. Positive-sequence
voltages as well as active power (P) and reactive power (Q) flows are computed at
each three-phase bus.

* Unbalanced load flow applied to a mix of three-phase, two-phase, and single-phase
systems. Individual phase voltage and PQ flow are computed for each phase.

To perform a positive-sequence load flow, you must define all of the Load Flow Bus blocks
in your model with the Connectors parameter set to single. For this type of load flow,
the load flow blocks are:

* Asynchronous Machine

* Simplified Synchronous Machine

* Synchronous Machine

* Three-Phase Dynamic Load



Load Flow Bus

* Three-Phase Parallel RLC Load

* Three-Phase Programmable Voltage Source
* Three-Phase Series RLC Load

* Three-Phase Source

To perform an unbalanced load flow, you must define all of the Load Flow Bus blocks in
your model with the Connectors parameter set to one of the following values: ABC, AB,
AC, BC, A, B, or C. For an unbalanced load flow, the load flow blocks are:

* AC Voltage Source

* Asynchronous Machine

* Parallel RLC Load

* Series RLC Load

* Synchronous Machine

* Three-Phase Dynamic Load

* Three-Phase Parallel RLC Load

* Three-Phase Series RLC Load

* Three-Phase Source

The Powergui Load Flow tool reports an error if a model contains a mix of Load Flow Bus
blocks set to perform a positive-sequence load flow and Load Flow Bus blocks set to
perform an unbalanced load flow.

When several load flow blocks are connected together at the same bus, only one Load
Flow Bus block is required. You can also connect the Load Flow Bus block at a location
where you are interested in monitoring the load flow, even if no load flow blocks are
connected at that location.

Implicit Buses (for Positive-Sequence Load Flow Only)

If you omit to connect a Load Flow Bus block to a load flow block, the Load Flow tool will
automatically define an implicit (internal) load flow bus for that block. The bus base
voltage of this implicit bus is set to the same value as the nominal voltage of the load flow
block. When several load flow blocks are connected together, one nominal voltage is
arbitrarily selected among the blocks.
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Although the Load Flow tool can perform load flow on a model with no Load Flow Bus
block in the model (working only with implicit buses), the recommended practice is to
connect a Load Flow Bus block everywhere a load flow block exists.

Parameters

The Load Flow Bus parameters are used for model initialization only. They have no impact
on the simulation performance.

The block dialog box contains two tabs:

» “Parameters Tab” on page 1-422
* “Load Flow Tab” on page 1-427

Parameters Tab

Connectors

Set to single (default) when you perform a positive-sequence load flow. You connect
a Load Flow Bus block to any phase (A, B, or C) of every load flow block in the model.
The icon of the block displays the number 3, indicating that the block is defined to
perform a positive-sequence load flow.



Load Flow Bus
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When you perform an unbalanced load flow, you connect a Load Flow Bus block to all
phases of every load flow block in the model. Depending on the number of phases, you

need to specify the appropriate Connectors parameter by selecting one of these
connector combinations:

* Three connectors: ABC
¢ Two connectors: AB, AC, or BC
* Asingle connector : A, B, or C

The figure shows examples of Load Flow Bus blocks set to define different phases of a
given model, to perform an unbalanced load flow.
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Configuration

When the Configuration parameter is set to on one side (default), the block
displays the block phase ports only on one side of the block. You can connect the Load
Flow Bus block anywhere in the model to identify a connection line as a load flow bus:
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When the Configuration parameter is set to on both sides, the block displays the
block phase ports on both sides of the block. You can connect the Load Flow Bus
block in series with other Simscape ElectricalSpecialized Power Systems blocks to

identify a connection line as a load flow bus.
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Both options perform the same action, and you can seamlessly use either method to
connect the Load Flow Bus blocks.

Bus Identification

Enter a meaningful alphanumeric label. The Bus Identification label appears below
the block as a block annotation. Default is BUS 1.

Base voltage (Vrms phase-phase)

The base voltage is usually the same as the nominal voltage of the load flow blocks

connected to the Load Flow Bus block. The Base voltage values appears below the
block as a block annotation. This parameter is available only when the Connectors
parameter is set to single. Default is 25e3.

Swing bus or PV bus voltage (pu)

Specify the required bus voltage magnitude, in pu. Depending on the bus type of the
load flow blocks connected at that bus, this voltage corresponds to the swing bus
voltage or the PV bus voltage. This parameter is available only when the Connectors
parameter is set to single. Default is 1.

Swing bus voltage angle (degrees)

The swing bus voltage angle is used as a reference to compute voltage angles of all
other buses in the model. This parameter is available only when the Connectors
parameter is set to single. Default is 0.

Base voltage (Vrms phase-ground)

The base voltage is usually the same as the nominal voltage of the load flow blocks

connected to the Load Flow Bus block. The Base voltage values appears below the
block as a block annotation. This parameter is available only when the Connectors
parameter is not set to single. Default is 25e3.

Swing bus or PV bus voltage, per phase (pu)

Specify the required bus voltage magnitude, in pu, for every phase specified by the
Connectors parameter. Depending on the bus type of the load flow blocks connected
at that bus, this voltage corresponds to the swing bus voltage or the PV bus voltage.
This parameter is available only when the Connectors parameter is not set to
single. Default is 1.

Swing bus voltage angle, per phase (degrees)

Specify the required bus voltage angle, in pu, for every phase specified by the
Connectors parameter. The swing bus voltage angles are used as a reference to
compute voltage angles of all other buses in the model. This parameter is available
only when the Connectors parameter is not set to single. Default is 0.



Load Flow Bus

Note The bus type (PV, PQ, or swing) is not defined in the mask of the Load Flow Bus
block. You can have several machines and voltage source blocks with different generator
type parameters connected at the same bus. The Load Flow tool determines the resulting
bus type.

Load Flow Tab

Bus voltage section

Phase A

Displays the resulting bus voltage of phase A, in pu, once the load flow is solved. This
parameter appears dimmed because it is updated by the Load Flow tool. The
parameter value appears below the block as a block annotation. Default is 1.

The value is set to NaN by the Load Flow tool when the load flow solution is not
computed for this phase (that is, when the Connectors parameter is set to BC, B, or
Q).

Phase B

Displays the resulting bus voltage of phase B, in pu, once the load flow is solved. This
parameter appears dimmed because it is updated by the Load Flow tool. The
parameter value appears below the block as a block annotation. Default is 1.

This parameter is available only when the Connectors parameter is not set to
single. The value is set to NaN by the Load flow tool when the load flow solution is
not computed for this phase (that is, when the Connectors parameter is set to AC, A,
or C).

Phase C
Displays the resulting bus voltage of phase C, in pu, once the load flow is solved. This

parameter appears dimmed because it is updated by the Load Flow tool. The
parameter value appears below the block as a block annotation. Default is 1.

This parameter is available only when the Connectors parameter is not set to
single. The value is set to NaN by the Load flow tool when the load flow solution is
not computed for this phase (that is, when the Connectors parameter is set to AB, A,
or B).

1-427



1 Blocks — Alphabetical List

1-428

Bus angle section

Phase A

Displays the resulting bus voltage angle of phase A, in pu, once the load flow is
solved. This parameter appears dimmed because it is updated by the Load Flow tool.
The parameter value appears below the block as a block annotation. Default is 0.

The value is set to NaN by the Load Flow tool when the load flow solution is not
computed for this phase (that is, when the Connectors parameter is set to BC, B, or
Q).

Phase B

Displays the resulting bus voltage angle of phase B, in pu, once the load flow is
solved. This parameter appears dimmed because it is updated by the Load Flow tool.
The parameter value appears below the block as a block annotation. Default is 0.

This parameter is available only when the Connectors parameter is not set to
single. The value is set to NaN by the Load flow tool when the load flow solution is
not computed for this phase (that is, when the Connectors parameter is set to AC, A,
or C).

Phase C

Displays the resulting bus voltage angle of phase C, in pu, once the load flow is
solved. This parameter appears dimmed because it is updated by the Load Flow tool.
The parameter value appears below the block as a block annotation. Default is 0.

This parameter is available only when the Connectors parameter is not set to
single. The value is set to NaN by the Load flow tool when the load flow solution is
not computed for this phase (that is, when the Connectors parameter is set to AB, A,
or B).

Examples

The power turbine example contains two Load Flow Bus blocks. The B1 block is
connected to the 5 MW Three-Phase Parallel RLC Load and to the Synchronous Machine
load flow blocks. The B2 block is connected to the 10 MW Three-Phase Parallel RLC Load
and to the Three-Phase Source load flow blocks.

The two blocks display the bus voltages and angles resulting from a load flow solution
previously saved with the model. The bus voltage at bus B1 displays 1 pu, -23.67 deg.


matlab:power_turbine

Load Flow Bus

Start the simulation, verify it starts in steady state, then zoom on the initial value of the
measured voltage Va. You should read an initial voltage of about -0.4015 pu. At the
MATLAB command prompt, compute the angle of the measured voltage:

asin(-0.4015)*180/pi

ans =
-23.672

You can also take a look at the power LFnetwork 5bus model. In this model five Load
Flow Bus blocks are used. The block labeled B120 is the swing bus.

The power 13NodeTestFeeder example contains Load Flow Bus blocks set to perform an
unbalanced load flow for a 13-node test feeder IEEE benchmark model.

See Also

power loadflow

Introduced in R2011a

1-429


matlab:power_LFnetwork_5bus

1 Blocks — Alphabetical List

Machine Measurement Demux

Split measurement signal of machine models into separate signals

iz_qd |

m ws_qd |

wm

Library

Fundamental Blocks/Machines

Description

Note This block is now obsolete. We strongly recommend using the Bus Selector block
from Simulink library to demux the measurement signals of the machine blocks.

Introduced before R2006a
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Mean

Compute mean value of signal

) Xp

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Mean block computes the mean value of the input signal. The mean value is
computed over a running average window of one cycle of the specified fundamental
frequency:

t
Mean(f®) = [ ft)-dt

t-T)
f(t):input signal, T = 1/fundamental frequency

As this block uses a running average window, one cycle of simulation must complete
before the output gives the correct value. For the first cycle of simulation, the output is
held constant to the specified initial input value.
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Parameters

Fundamental frequency (Hz)

Specify the fundamental frequency, in hertz. This value determines the period (1/F) of
the running average window. Default is 60.

Initial input (DC component)
Specify the input value for the first cycle of simulation. Default is 0.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Characteristics

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

Dimensionalized Yes

Examples

The power_ Mean model uses the Mean block to determine the mean value of a DC signal
containing a 12th harmonic ripple.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Mean (Phasor)

Mean (Phasor)

Compute mean value of input phasor over a running window of one cycle of specified
frequency

b Xp

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Mean (Phasor) block filters an AC sinusoidal component that is added to the DC
component of a phasor signal. Filtering is performed by computing the average values of
real and imaginary parts of the input phasor, using a running window of one cycle of the
specified fundamental frequency.

Parameters

Fundamental frequency (Hz)

Specify the fundamental frequency, in hertz, to determine the period (1/F) of the
running average window. Default is 60.

Initial input (DC component)

Specify the initial DC component of the input signal. If the input is a vectorized signal,
specify a 1-by-N vector, where each value corresponds to a particular input. Default is
0.
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Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

States Two states per filter

Dimensionalized Yes

Examples

The power PhasorMeasurements example shows the use of the Mean (Phasor) block.

Introduced in R2013a
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Mean (Variable Frequency)

Mean (Variable Frequency)

Compute mean value of signal
MFrey _
oin Xp

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Mean (Variable Frequency) block computes the mean value of the signal connected to
the second input of the block. The mean value is computed over a running average
window of one cycle of the frequency of the signal:

t
1
Mean(f®) = [ f)-dt
t-T7
f(t):input signal, T = 1/ frequency
This block uses a running average window. Therefore, one cycle of simulation must

complete before the block outputs the computed mean value. For the first cycle of
simulation, the output is held constant to the specified initial value.

Parameters

Initial frequency (Hz)
Specify the frequency of the first cycle of simulation. Default is 60.
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Minimum frequency (Hz)

The minimum frequency value determines the buffer size of the Variable Time Delay
block used inside the block to compute the mean value. Default is 45.

Initial input (DC component)
Specify the initial value of the input during the first cycle of simulation. Default is 0.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Inputs and Outputs

Freq
The frequency of the signal.
In
Connects to the signal to be analyzed.

X
The mean value of the signal.
Characteristics
Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0
Scalar Expansion Yes, of the parameters
Dimensionalized Yes
Examples

The power MeanVariableFrequency model compares the Mean block to the Mean
(Variable Frequency) block for three identical input signals. It shows that, even if the
frequency of the input signals varies during the simulation, the Mean (Variable
Frequency) block outputs correct values.



matlab:power_MeanVariableFrequency

Mean (Variable Frequency)

The model sample time is parameterized by the Ts variable with a default value of 50e-6 s.
Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Mechanical Shaft

Implement mechanical shaft

&

Shaft

Nm

]

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / Shafts and Speed
Reducers

Description

The model outputs the transmitted torque through the shaft regarding the speed
difference between the driving side and the loaded side of the shaft.

The transmitted torque T, is given by the following equation:
T = K [ (& = @) dt + B(on - @),

where K (N.m) is the shaft stiffness, B (N.m.s) is the internal damping, and w,, and w; are
the speeds (rad/s) of the driving side and the loaded side, respectively. The following
figure shows the internal schematic of the model. In this model the speeds are converted
from rpm to rad/s.



Mechanical Shaft

/ > T

Integrator Stiffness

B

Damping
Mechanical Shaft Model Schematic
The stiffness is defined as
K = T / 0,

where T is the torsional torque applied to the shaft and 6 the resulting angular deflection
(rad).

The stiffness can also be determined by
K = GJ / I,
where G is the shear modulus, J the polar moment of inertia, and I the length of the shaft.

For steel, the shear modulus G is usually equal to about 80 GPa, and the polar moment of
inertia J of a shaft with a circular section of diameter D is given by

J = nD* / 32.

Mechanical shafts have very small angular deflections to avoid bearing problems. As an
example, the following table gives the corresponding stiffness for angular deflections of
0.1 degrees at maximum torque with respect to the power and speed of electrical motors
connected to the driving end of the shaft. The maximum torque is here assumed to be 1.5
times bigger than the nominal torque.
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Shaft Stiffness K

P (HP) N (rpm) T (N.m) Tmax (N.m) (=1.5 K (N.m)
T

5 1750 20 30 17190

200 1750 815 1223 700730

200 1200 1190 1785 1022730

The damping factor B represents internal friction. This factor increases with the shaft

stiffness. As an example, the following table gives some values of B for the stiffness of the
preceding table.

Shaft Internal Damping B

K (N.m) B (N.m.s)
17190 600
700730 24460
1022730 35700

Simulink Schematic

— Ksh &)
Ll I

rrm2rad Stiffness

La =B

Damping

Remarks

The stiffness must be high enough to avoid large angular deflections that could cause
misalignment inside the bearings and damage.

For proper simulation results, the internal damping must be high enough to avoid
undesired transient speed and torque oscillations.



Mechanical Shaft

The model is discrete. Good simulation results have been obtained with a 10-ps time step.

Parameters

Preset model

This pop-up menu allows you to choose preset model parameters. When you select a
preset model, the other block parameters become inaccessible. Default is No.

Stiffness

The stiffness of the shaft (N.m). Default is 17190.
Damping

The internal damping of the shaft (N.m.s). Default is 600.

Block Inputs and Outputs

Inputs
The block has two inputs: Nm and NI.
The first input, Nm, is the speed (rpm) of the driving end of the shaft.

The second input, NI, is the speed (rpm) of the load connected to the second end of the
shaft.

Outputs
The block has one output: Tl

The Tl output is the torque transmitted from the driving end of the shaft to the load.

Model Specifications

The library contains three preset models. The nominal torques of these mechanical shaft
models are shown in the following table:
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Preset Mechanical Shaft Models

1st 2nd 3rd
Nominal torque (N.m) 20 815 1190

The preset models have been designed in order to present 0.1 degrees of angular
deflection at maximum torque (supposed to be 1.5 times the nominal torque).

Examples

The shaft_example illustrates the mechanical shaft model.

References

[1] Norton, Robert L., Machine Design. , Prentice Hall, 1998.

[2] Nise, Norman S., Control Systems Engineering. , Addison-Wesley Publishing Company,
1995.

Introduced in R2006a
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Monostable

Implement monostable flip-flop (one-shot multivibrator)

y & Tl
0.015 =

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Logic

Description

The Monostable block outputs a true pulse when a change in the logical input is detected.

The Monostable block can be programmed to detect a rising edge (when the input goes
from false to true), a falling edge (when the input goes from true to false), or either edge
(any change in input is detected). The Monostable block ignores any edge occurring when
the pulse is true.

Parameters

Edge detection

Select the detection criteria triggering the output pulse. Choices are Rising
(default), Falling, or Either.

Pulse duration (s)

Specify the duration of the output true state. When the Sample time parameter is
greater than 0, the Pulse duration value must be a multiple of the sample time.
Default is 0.015.

Initial condition of previous input

Specify the initial value of the previous input (0 or 1). The Monostable block can
detect an edge at t = 0 if the input is different from the specified value. Default is 0.
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Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Inputs and Outputs

The input signal must be a Boolean signal. The output is Boolean.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Scalar Expansion Yes, of parameters

Dimensionalized Yes

Zero-Crossing Detection |Yes (in continuous-time domain)

Examples

The power Logic example shows the operation of the monostable flip-flop.
The model sample time is parameterized with the variable Ts (default value Ts = 5e-3). To

simulate a continuous Monostable block, specify Ts = 0 in the MATLAB Command
Window.

Introduced in R2013a
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MOSFET

MOSFET

Implement MOSFET model
a_l m

T

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics

Description

The metal-oxide semiconductor field-effect transistor (MOSFET) is a semiconductor
device controllable by the gate signal (g > 0). The MOSFET device is connected in
parallel with an internal diode that turns on when the MOSFET device is reverse biased
(Vds < 0) and no gate signal is applied (g=0). The model is simulated by an ideal switch
controlled by a logical signal (g > 0 or g =0), with a diode connected in parallel.

1II"'rf Hd Lon
|
g

=

Gate

The MOSFET device turns on when a positive signal is applied at the gate input (g > 0)
whether the drain-source voltage is positive or negative. If no signal is applied at the gate
input (g=0), only the internal diode conducts when voltage exceeds its forward voltage Vf.
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With a positive or negative current flowing through the device, the MOSFET turns off
when the gate input becomes 0. If the current I is negative and flowing in the internal
diode (no gate signal or g = 0), the switch turns off when the current I becomes 0.

The on state voltage Vds varies:

* Vds = Ron*I when a positive signal is applied at the gate input.
* Vds = Rd*I-Vf +Lon*dI/dt when the antiparallel diode is conducting (no gate signal).

The Lon diode inductance is available only with the continuous model. For most
applications, Lon should be set to zero for both continuous and discrete models.

The MOSFET block also contains a series Rs-Cs snubber circuit that can be connected in
parallel with the MOSFET (between nodes d and s).

Parameters

FET Resistance Ron

The internal resistance Ron, in ohms (QQ). Default is 0. 1. The Resistance Ron
parameter cannot be set to © when the Inductance Lon parameter is set to 0.

Internal diode inductance Lon

The internal inductance Lon, in henries (H). Default is 0. The Inductance Lon
parameter is normally set to @ except when the Resistance Ron parameter is set to
0.

Internal diode resistance Rd

The internal resistance of the internal diode, in ohms (Q). Default is 0.01.
Internal diode forward voltage Vf

The forward voltage of the internal diode, in volts (V). Default is 0.
Initial current Ic

You can specify an initial current flowing in the MOSFET device. It is usually set to 0
in order to start the simulation with the device blocked. Default is 0.

If the Initial current IC parameter is set to a value greater than 0, the steady-state
calculation considers the initial status of the MOSFET as closed. Initializing all states
of a power electronic converter is a complex task. Therefore, this option is useful only
with simple circuits.
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Snubber resistance Rs

The snubber resistance, in ohms (Q). Default is 1e5. Set the Snubber resistance Rs
parameter to inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance, in farads (F). Default is inf . Set the Snubber
capacitance Cs parameter to 0 to eliminate the snubber, or to inf to get a resistive
snubber.

Show measurement port
If selected, add a Simulink output to the block returning the MOSFET current and

voltage. Default is selected.
Inputs and Outputs

9
Simulink signal to control the opening and closing of the MOSFET.

The Simulink output of the block is a vector containing 2 signals. You can demultiplex
these signals by using the Bus Selector block provided in the Simulink library.

Signal Definition Units
1 MOSFET current A
2 MOSFET voltage Vv

Assumptions and Limitations

The MOSFET block implements a macro model of the real MOSFET device. It does not
take into account either the geometry of the device or the complex physical processes [1].

Depending on the value of the inductance Lon, the MOSFET is modeled either as a
current source (Lon > 0) or as a variable topology circuit (Lon = 0). The MOSFET block
cannot be connected in series with an inductor, a current source, or an open circuit,
unless its snubber circuit is in use.

The inductance Lon is forced to 0 if you choose to discretize your circuit.
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References

[1] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

Diode, GTO, Ideal Switch, Three-Level Bridge, Thyristor, Universal Bridge

Introduced before R2006a
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Multiband Power System Stabilizer

Implement multiband power system stabilizer

dw  Wstab

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

Note This block requires that you have a Control System Toolbox license. Otherwise,
trying to simulate a model containing this block produces an error.

The disturbances occurring in a power system induce electromechanical oscillations of
the electrical generators. These oscillations, also called power swings, must be effectively
damped to maintain the system's stability. Electromechanical oscillations can be classified
in four main categories:

* Local oscillations: between a unit and the rest of the generating station and between
the latter and the rest of the power system. Their frequencies typically range from 0.8
Hz to 4.0 Hz.

* Interplant oscillations: between two electrically close generation plants. Frequencies
can vary from 1 Hz to 2 Hz.

* Interarea oscillations: between two major groups of generation plants. Frequencies
are typically in a range of 0.2 Hz to 0.8 Hz.

* Global oscillation: characterized by a common in-phase oscillation of all generators as
found on an isolated system. The frequency of such a global mode is typically under
0.2 Hz.
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The need for effective damping of such a wide range, almost two decades, of
electromechanical oscillations motivated the concept of the multiband power system
stabilizer (MB-PSS).

As its name reveals, the MB-PSS structure is based on multiple working bands. Three
separate bands are used, respectively dedicated to the low-, intermediate-, and high-
frequency modes of oscillations: the low band is typically associated with the power
system global mode, the intermediate with the interarea modes, and the high with the
local modes.

Each of the three bands is made of a differential bandpass filter, a gain, and a limiter (see
the figure called “Conceptual Representation” on page 1-450). The outputs of the three
bands are summed and passed through a final limiter producing the stabilizer output
Vb This signal then modulates the set point of the generator voltage regulator so as to
improve the damping of the electromechanical oscillations.

To ensure robust damping, the MB-PSS should include a moderate phase advance at all
frequencies of interest to compensate for the inherent lag between the field excitation
and the electrical torque induced by the MB-PSS action.
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Internal Specifications

The MB-PSS is represented by the IEEE St. 421.5 PSS 4B type model [2], illustrated in
the figure called “Internal Specifications” on page 1-451, with built-in speed transducers
whose parameters are fixed according to manufacturer's specifications.

Generally, only a few of the lead-lag blocks in this figure should be used in a given PSS
application. Two different approaches are available to configure the settings in order to
facilitate the tuning process:

1

Simplified settings:

Only the first lead-lag block of each frequency band is used to tune the Multiband
Power System Stabilizer block. The differential filters are assumed to be symmetrical
bandpass filters respectively tuned at the center frequency F;, F;, and Fy. The peak
magnitude of the frequency responses (see the figure called “Conceptual
Representation” on page 1-450) can be adjusted independently through the three
gains K;, K;, and Ky. Only six parameters are therefore required for a simplified
tuning of the MB-PSS.

Detailed settings:

The designer is free to use all the flexibility built into the MB-PSS structure to
achieve nontrivial controller schemes and to tackle even the most constrained
problem (for example, multi-unit plant including an intermachine mode, in addition to
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a local mode and multiple interarea modes). In this case, all the time constants and
gains appearing in the figure called “Internal Specifications” on page 1-451 have to
be specified in the dialog box.

Parameters

General

Mode of operation
Choices are Simplified settings (default) or Detailed settings.

Simplified Settings Mode

Global gain
The overall gain K of the multiband power system stabilizer. Default is 1.0.
Low frequency band: [FL KL]

The center frequency, in hertz, and peak gain of the low-frequency bandpass filter.
Defaultis [0.2 20].

Intermediate frequency band: [FI KI]

The center frequency, in hertz, and peak gain of the intermediate- frequency bandpass
filter. Defaultis [0.9 25].

High frequency band: [FH KH]

The center frequency, in hertz, and peak gain of the high-frequency bandpass filter.
Defaultis [12.0 145].

Signal limits [VLmax VImax VHmax VSmax]

The limits imposed on the output of the low-, intermediate-, and high-frequency bands
and the limit VSmax imposed on the output of the stabilizer, all in pu. Default is
[.075 .15 .15 .15].

Plot frequency response

If selected, a plot of the frequency response of the stabilizer is displayed when you
click the Apply button. Default is cleared.

Magnitude in dB

Select to plot the magnitude of the stabilizer frequency response, in dB. Default is
cleared. This parameter is enabled when Plot frequency response is selected.
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Frequency range (Hz)

Specify the frequency range, in Hz, of the stabilizer frequency response plot. Default
is logspace(-2,2,500). This parameter is enabled when Plot frequency
response is selected.

Detailed Settings Mode

Low frequency gains: [KL1 KL2 KL]

The gains of the positive and negative branches of the differential filter in the low-
frequency band and the overall gain K; of the low-frequency band, in pu. Default is
[66 66 9.4].

Low frequency time constants

The time constants, in seconds, of the lead-lag blocks in the positive and negative
branches of the low-frequency filter. Defaultis [1.667 2 © 06 06 0 2 2.4 0 0 0 O
1 1]. You need to specify the following twelve time constants and two gains:

[TBl TBZ TBS TB4 TB5 TBG TB7 TB8 TB9 TBlO TBll TBlZ KBll KB17]

Set Kz to 0 in order to make the first block of the positive filter branch a washout
block. Set Kg;; to 1 in order to make the block a lead-lag block.

Set Kg;7 to 0 in order to make the first block of the negative filter branch a washout
block. Set Kg;7 to 1 in order to make the block a lead-lag block.

Intermediate frequency gains: [KI1 KI2 KI]

The gains of the positive and negative branches of the differential filter in the
intermediate-frequency band and the overall gain K; of the intermediate-frequency
band, in pu. Default is [66 66 47.6].

Intermediate frequency time constants

The time constants, in seconds, of the lead-lag blocks in the positive and negative
branches of the intermediate-frequency filter. Defaultis [1 1 0.25 0.3 0 0 1 1
0.3 0.36 0 0 0 O]. You need to specify the following twelve time constants and

two gains:

[Tll TIZ TIS TI4 TIS TI6 TI7 TIB TIQ TIlO TIll TIlZ KIll K117]

Set Kj;; to 0 in order to make the first block of the positive filter branch a washout
block. Set Kj;; to 1 in order to make the block a lead-lag block.
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Set Ky;7 to 0 in order to make the first block of the negative filter branch a washout
block. Set Kj;7 to 1 in order to make the block a lead-lag block.

High frequency gains: [KH1 KH2 KH]

The gains of the positive and negative branches of the differential filter in the high-
frequency band and the overall gain K; of the high-frequency band, in pu. Default is
[66 66 233].

High frequency time constants

The time constants, in seconds, of the lead-lag blocks in the positive and negative
branches of the high-frequency filter. Defaultis [0.01 0.012 06 0 0 0 0.012

0.0144 0 0 0 0 1 1]. You need to specify the following twelve time constants and
two gains:

[THl THZ TH3 TH4 TH5 THG TH7 TH8 TH9 THlO THll TH12 KHll KH17]

Set Ky to 0 in order to make the first block of the positive filter branch a washout
block. Set K31 to 1 in order to make the block a lead-lag block.

Set Ky17 to 0 in order to make the first block of the negative filter branch a washout
block. Set K7 to 1 in order to make the block a lead-lag block.

Signal limits [VLmax VImax VHmax VSmax]

The limits imposed on the output of the low-, intermediate-, and high-frequency bands
and the limit VSmax imposed on the output of the stabilizer, all in pu. Default is
[.075 .15 .15 .15].

Plot frequency response

If selected, a plot of the frequency response of the stabilizer is displayed when you
click the Apply button. Default is cleared.

Magnitude in dB

Select to plot the magnitude of the stabilizer frequency response, in dB. Default is
cleared. This parameter is enabled when Plot frequency response is selected.

Frequency range (Hz)

Specify the frequency range, in Hz, of the stabilizer frequency response plot. Default
is logspace(-2,2,500). This parameter is enabled when Plot frequency
response is selected.
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Input and Output

dw
Connect to the first input the synchronous machine speed deviation dw signal (in pu).
Vstab

The output is the stabilization voltage, in pu, to connect to the vstab input of the
Excitation System block used to control the terminal voltage of the block.

Examples

See the help text of the power PSS example model.

References

[1] Grondin, R., I. Kamwa, L. Soulieres, ]J. Potvin, and R. Champagne, “An approach to PSS
design for transient stability improvement through supplementary damping of the
common low frequency,” IEEE Transactions on Power Systems, 8(3), August 1993,
pp. 954-963.

[2] IEEE recommended practice for excitation system models for power system stability
studies: IEEE St. 421.5-2002(Section 9).

See Also

Generic Power System Stabilizer

Introduced before R2006a
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Multimeter

Measure voltages and currents specified in dialog boxes of Simscape Electrical
Specialized Power Systems blocks

o]

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements

Description

This block measures the voltages and currents specified in the Measurements
parameter of Simscape Electrical Specialized Power Systems blocks in your model.
Choosing voltages or currents through the Multimeter block is equivalent to connecting
an internal voltage or current measurement block inside your blocks.

Polarity of Measured Voltages and Currents

The polarity of the measured voltages and current is determined by the + and - terminals
of the measured Simscape Electrical Specialized Power Systems blocks. The following
table identifies the positive terminals of the Simscape Electrical Specialized Power
Systems blocks that do not have the + sign to identify block polarity.

Block Positive terminal(s)
Mutual Inductance 123
Three-Phase Mutual Inductance Z1-Z0 ABC
Three-Phase Series RLC Branch ABC
Three-Phase Parallel RLC Branch ABC
Three-Phase Breaker ABC



Multimeter

Block Positive terminal(s)

Breaker 1

For three-phase transformers, the voltage polarities and positive current directions are
indicated by the signal labels used in the Multimeter block. For example, Uan w2 = phase
A-to-neutral voltage of the Y connected winding #2 and Iab w1 = winding current flowing
from A to B in the delta-connected winding #1.

The Multimeter block is not designed to be used in a model that contains more than one
powergui block.

Parameters

Available Measurements

The Available Measurements list box shows the measurements in the Multimeter
block. Use the >> button to select measurements from the Available Measurements
list box. Click the Update button to refresh the list of available measurements.

The measurements in the list box are identified by the name of the block where the
measurement is done. The type of measurement (voltage measurement, current
measurement, or flux) is defined by a label preceding the block name. For more
information, see the Measurements parameter description in the Parameters section

of blocks in your model.

Selected Measurements

The Selected Measurements list box shows the measurements sent to the output of
the block. You can reorder the measurements by using the Up, Down, and Remove
buttons. The +/- button allows you to reverse the polarity of any selected

measurement.
Plot selected measurements after simulation

If selected, displays a plot of selected measurements in a MATLAB figure window. The
plot is generated when the simulation stops. Default is cleared.

Output type
Specifies the format of the output signals when the block is used in a phasor
simulation. The OQutput type parameter is unavailable when the block is not used in a
phasor simulation. The phasor simulation is activated by a Powergui block placed in

the model.
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Set to Complex (default) to output the selected measurements as complex values. The
outputs are complex signals.

Set to Real-Imag to output the real and imaginary parts of the measurements. For
each selected measurement, the multimeter outputs the real and imaginary parts.

Set to Magnitude-Angle to output the magnitude and angle of the selected
measurements. For each selected measurement, the multimeter outputs the
magnitude and angle values.

Set to Magnitude to output the magnitude of the selected measurements.

Examples

The power compensated example uses a Multimeter block to measure the voltage
across the secondary winding of a Saturable Transformer block and the currents flowing
through two Series RLC Load blocks.

The output of the Multimeter block is connected to a Scope block in order to display the
measurements during the simulation. In addition, you can select the Plot selected
measurements parameter to display a plot of selected measurements when simulation
stops.

Open the Multimeter block dialog box and select the signals you want to observe, as
described in the Parameters section. Notice the labels used to define the available
measurements in the Multimeter block. For a description of these labels, see the
reference section of the Saturable Transformer block and Series RLC Load block.

Start the simulation. After 0.4 seconds, the simulation stops and a MATLAB figure window
opens to display the selected measurements in the Multimeter block.

See Also

Current Measurement, Voltage Measurement

Introduced before R2006a


matlab:power_compensated

Multi-Winding Transformer

Multi-Winding Transformer
Implement multi-winding transformer with taps
="

%?ﬁ

+4
1 g .

o 1+

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Multi-Winding Transformer block implements a transformer where the number of
windings can be specified for both the primary (left side windings) and the secondary
(right side windings).

The equivalent circuit of the Multi-Winding Transformer block is similar to the one of the
Linear Transformer blocks and the saturation characteristic of the core can be specified
or not. See the Saturable Transformer block reference pages for more details on how the
saturation and the hysteresis characteristic are implemented.

The equivalent circuit of a Multi-Windings Transformer block with two primary windings
and three secondary windings is shown in the next figure.
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You can add equally spaced taps to the first primary winding (the upper-left winding) or to
the first secondary winding (the upper-right winding). The equivalent circuit of a Multi-
Winding Transformer block with one primary winding and eight taps on the first of the
two secondary windings is shown in the next figure.

ideal transformer L2 B2
L

El Ll

1+ oA

Lm

4 3




Multi-Winding Transformer

The winding terminals are identified by the corresponding winding number. The first
winding is the first one on the primary side (upper-left side) and the last winding is the
last one on the secondary side (bottom-right side). The polarities of the windings are
defined by a plus sign.

The tap terminals are identified by their winding number followed by a dot character and
the tap number. Taps are equally spaced so that voltage appearing at no load between two
consecutive taps is equal to the total voltage of the winding divided by (number of taps
+1). The total winding resistance and leakage inductance of a tapped winding is equally
distributed along the taps.

Parameters

Configuration Tab

Number of windings on left side

Specifies the number of windings on the primary side (left side) of the transformer.
Default is 1.

Number of windings on right side

Specifies the number of windings on the secondary side (right side) of the
transformer. Default is 3.
Tapped winding

Select no taps (default) if you don't want to add taps to the transformer. Select taps
on upper left winding to add taps to the first winding on the primary side of the
transformer. Select taps on upper right winding to add taps to the secondary
winding on the right side of the transformer. The number of taps is specified by the
Number of taps (equally spaced) parameter.

Number of taps (equally spaced)
This parameter is not enabled if the Tapped winding parameter is set to no taps.
Default is 2.

If theTapped winding parameter is set to taps on upper left winding, you
specify the number of taps to add to the first winding on the left side.

If theTapped winding parameter is set to taps on upper right winding, you
specify the number of taps to add to the first winding on the right side.
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Saturable core

If selected, implements a saturable transformer. See also the Saturation
characteristic parameter on the Parameters tab. Default is cleared.

Simulate hysteresis

Select to model hysteresis saturation characteristic instead of a single-valued
saturation curve. This parameter is enabled only if the Saturable core parameter is
selected. Default is cleared.

Hysteresis Mat file

The Hysteresis Mat file parameter is enabled only if the Simulate hysteresis
parameter is selected.

Specify a .mat file containing the data to be used for the hysteresis model. When you
open the Hysteresis Design Tool of the Powergui, the default hysteresis loop and
parameters saved in the hysteresis.mat file are displayed. Use the Load button of
the Hysteresis Design tool to load another .mat file. Use the Save button of the
Hysteresis Design tool to save your model in a new .mat file.

Measurements

Select Winding voltages to measure the voltage across the winding terminals of
the Saturable Transformer block.

Select Winding currents to measure the current flowing through the windings of
the Saturable Transformer block.

Select Flux and excitation current (Im + IRm) to measure the flux linkage, in volt
seconds (V.s), and the total excitation current including iron losses modeled by Rm.

Select Flux and magnetization current (Im) to measure the flux linkage, in
volt seconds (V.s), and the magnetization current, in amperes (A), not including iron
losses modeled by Rm.

Select ALl measurement (V, I, Flux) to measure the winding voltages,
currents, magnetization currents, and the flux linkage.

Default is None.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurements
are identified by a label followed by the block name.
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Measurement Label
Winding voltages U LeftWinding 1:

U TapWinding 2.1:U RightWinding 1:
Winding currents I LeftWinding 1:

I TapWinding 2.1:I RightWinding 1:
Excitation current Texc:
Magnetization current Imag:
Flux linkage Flux:

Parameters Tab

Units

Specify the units used to enter the parameters of the Multi-Winding Transformer
block. Select pu to use per unit. Select SI to use SI units. Changing the Units
parameter from pu to SI, or from SI to pu, will automatically convert the parameters
displayed in the mask of the block. The per unit conversion is based on the
transformer rated power Pn in VA, nominal frequency fn in Hz, and nominal voltage
Vn, in Vrms, of the windings. Default is pu.

Nominal power and frequency

The nominal power rating, in volt-amperes (VA), and nominal frequency, in hertz (Hz),
of the transformer. Note that the nominal parameters have no impact on the
transformer model when the Units parameter is set to SI. Default is [75e3 60].

Winding nominal voltages

Specify a vector containing the nominal RMS voltages, in Vrms, of the windings on
the left side, followed by the nominal RMS voltages of the windings on the right side.
You don't have to specify the individual tap nominal voltages. Default is [ 14400 120
120 120 1.

Winding resistances

Specify a vector containing the resistance values of the windings on the left side,
followed by the resistance values of the windings on the right side. You don't have to
specify the individual tap resistances. Defaultis [ 0.005 0.005 0.005 0.005]
when the Units parameter is pu and [13.824 0.00096 0.00096 0.00096] when
the Units parameter is SI.
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Winding leakage inductances

Specify a vector containing the leakage inductance values of the windings on the left
side, followed by the leakage inductance values of windings on the right side. You
don't have to specify the individual tap leakage inductances. Defaultis [ 0.02 0.02
0.02 0.02 ] when the Units parameter is pu and [0.14668 1.0186e-05
1.0186e-05 1.0186e-05] when the Units parameter is SI.

Magnetization resistance Rm

The magnetization resistance Rm, in ohms or in pu. Default is 50 when the Units
parameter is pu and 1.3824e+05 when the Units parameter is SI.

Magnetization inductance Lm

The Magnetization inductance Lm parameter is not accessible if the Saturable
core parameter on the Configuration tab is selected.

The magnetization inductance Lm, in Henry or in pu, for a nonsaturable core. Default
is 50 when the Units parameter is pu and 366 .69 when the Units parameter is SI.

Saturation characteristic

This parameter is accessible only if the Saturation core parameter on the
Configuration tab is selected.

The saturation characteristic for the saturable core. Specify a series of current/ flux
pairs (in pu) starting with the pair (0,0). Defaultis [ 0,0 ; 0.0024,1.2 ;
1.0,1.52 ] when the Units parameteris puand [0 0;0.017678
64.823;7.3657 82.109] when the Units parameter is SI.

Advanced Tab

The Advanced tab of the block is not visible when you set the Simulation type
parameter of the powergui block to Continuous, or when you select the Automatically
handle discrete solver parameter of the powergui block. The tab is visible when you set
the Simulation type parameter of the powergui block to Discrete, and when the
Automatically handle discrete solver parameter of the powergui block is cleared.

Break Algebraic loop in discrete saturation model

When selected, a delay is inserted at the output of the saturation model computing
magnetization current as a function of flux linkage (the integral of input voltage
computed by a trapezoidal method). This delay eliminates the algebraic loop resulting
from trapezoidal discretization methods and speeds up the simulation of the model.
However, the delay introduces a one simulation step time delay in the model and can
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cause numerical oscillations if the sample time is too large. The algebraic loop is
required in most cases to get an accurate solution.

When cleared (default), the discretization method of the saturation model is specified
by the Discrete solver model parameter.

Discrete solver model

Select one of these methods to resolve the algebraic loop.

* Trapezoidal iterative—Although this method produces correct results, it is
not recommended because Simulink tends to slow down and may fail to converge
(simulation stops), especially when the number of saturable transformers is
increased. Also, because of the Simulink algebraic loop constraint, this method
cannot be used in real time. In R2018b and previous releases, you used this
method when the Break Algebraic loop in discrete saturation model
parameter was cleared.

* Trapezoidal robust—This method is slightly more accurate than the
Backward Euler robust method. However, it may produce slightly damped
numerical oscillations on transformer voltages when the transformer is at no load.

* Backward Euler robust—This method provides good accuracy and prevents
oscillations when the transformer is at no load.

The maximum number of iterations for the robust methods is specified in the
Preferences tab of the powergui block, in the Solver details for nonlinear
elements section. For real time applications, you may need to limit the number of
iterations. Usually, limiting the number of iterations to 2 produces acceptable results.
The two robust solvers are the recommended methods for discretizing the saturation
model of the transformer.

For more information on what method to use in your application, see “Simulating
Discretized Electrical Systems”.

Examples

The power OLTCregtransformer example uses three Multi-Winding Transformer
blocks to implement a three-phase On Load Tap Changer (OLTC) transformer.

Introduced before R2006a
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Mutual Inductance

Implement inductances with mutual coupling

e 1 []

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Mutual Inductance block can be used to model two- or three-windings inductances
with equal mutual coupling, or to model a generalized multi-windings mutual inductance
with balanced or unbalanced mutual coupling.

If you choose to model two- or three-windings inductances with equal mutual coupling,
you specify the self-resistance and inductance of each winding plus the mutual resistance
and inductance. The electrical model for this block in this case is given below:

A A
RlBm LlLm LZLmn R2Rm

Lm o

3

=
BEm [
L3-Lm BE3-Em
=
i)

Ideal
transformer

1:1:1

If you choose to model a general mutual inductance, specify the number of self-windings
(not just limited to 2 or 3 windings) plus the resistance and inductance matrices that
define the mutual coupling relationship between the windings (balanced or not).
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Equations

The resistance and inductance matrices are defined as

and

where:

R is the resistance.
R1 is the self-resistance of resistor R1.
R2 is the self-resistance of resistor R2.

Rm is the mutual resistance, such that and .

L is the inductance.

L1 is the self-inductance of inductor L1.
L2 is the self-inductance of inductor L2.
Lm is the mutual inductance, such that

Parameters

Two or Three Windings Inductances with Equal Mutual
Coupling:

Type of mutual inductance

Select Two or Three windings with equal mutual terms to implement a
three-phase mutual inductance with equal mutual coupling between the windings.

This is the default.

Winding 1 self impedance

The self-resistance and inductance for winding 1, in ohms (Q) and henries (H). Default

is[1.1 1.1e-03].

Winding 2 self impedance

The self-resistance and inductance for winding 2, in ohms (Q) and henries (H). Default

is[ 1.1 1.1e-03].
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Three windings Mutual Inductance

If selected, implements three coupled windings; otherwise, it implements two coupled
windings. Default is cleared.

Winding 3 self impedance

The Winding 3 self impedance parameter is not available if the Three windings
Mutual Inductance parameter is not selected. The self-resistance and inductance in
ohms (Q) and henries (H) for winding 3. Defaultis [ 1.1 1.1e-03].

Mutual impedance

The mutual resistance and inductance between windings, in ohms (Q2) and henries
(H). The mutual resistance and inductance corresponds to the magnetizing resistance
and inductance on the standard transformer circuit diagram. If the mutual resistance
and reactance are set to [0 0], the block implements three separate inductances
with no mutual coupling. Defaultis [1.0 1.0e-03].

The mutual inductance can be expressed as a relationship between two self
inductances as

L, = k*sqrt(L,*L,),
where k is the coupling coefficient (-1 <= k < 1).

Measurements
Select Winding voltages to measure the voltage across the winding terminals.

Select Winding currents to measure the current flowing through the windings.

Select Winding voltages and currents to measure the winding voltages and
currents.

Default is None.
Place a Multimeter block in your model to display the selected measurements during
the simulation.

Generalized Mutual Inductance:

Type of mutual inductance

Select Generalized mutual inductance to implement a multi windings mutual
inductance with mutual coupling defined by an inductance and a resistance matrix.
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Number of windings
The number of self inductances. Default is 3.
Inductance matrix L

The inductance matrix, in Henrys, that define the mutual coupling relationship
between the self windings. It must be a N-by-N symmetrical matrix. Defaultis [1.0
0.9 0.9 ; 0.91.00.9; 0.9 0.9 1.0 ] * 1le-3.

Resistance matrix R

The resistance matrix, in ohms, that define the mutual coupling relationship between
the self windings. It must be a N-by-N symmetrical matrix. Defaultis [1.0 0.9
0.9 ; 0.91.00.9; 0.90.91.017.

Measurements
Select Winding voltages to measure the voltage across the winding terminals.

Select Winding currents to measure the current flowing through the windings.

Select Winding voltages and currents to measure the winding voltages and
currents.

Default is None.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurements are
identified by a label followed by the block name.

Measurement Label
Winding voltages Uwl:
Winding currents Iwl:
Limitations

If you choose to model two or three windings inductances with equal mutual coupling, the
following restrictions apply:

R, R,, Ry # R,L, L, Ly# L,.
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Negative values are allowed for the self- and mutual inductances as long as the self-
inductances are different from the mutual inductance.

Windings can be left floating (not connected by an impedance to the rest of the circuit).
However an internal resistor between the floating winding and the main circuit is
automatically added. This internal connection does not affect voltage and current
measurements.

Examples

The power _mutual example uses three coupled windings to inject a third harmonic
voltage into a circuit fed at 60 Hz.

See Also

Linear Transformer, Saturable Transformer, Three-Phase Mutual Inductance Z1-Z0

Introduced before R2006a
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Neutral

Neutral

Implement common node in circuit

%

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description
The Neutral block implements a common node with a specific node number. You can use

this block to create a floating neutral or to interconnect two points without drawing a
connection line.

Parameters

Node number

Specify a number of the neutral node. If the Node number parameter is set to 0, the
Neutral block makes a connection to ground. The node number is displayed next to
the block icon. Default is 10.

Examples

The power_ neutral example uses three Neutral blocks. One Neutral block is used to
refer a Voltage Measurement block to the ground (node 0).

See Also

Ground
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One-Quadrant Chopper DC Drive

One-Quadrant Chopper DC Drive

Implement one-quadrant chopper (buck converter topology) DC drive

5P Motor

Tm @ Conv.

o|Wec Ctrl
DCH

=|Gnd Wm

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / DC Drives

Description

The One-Quadrant Chopper DC Drive (DC5) block represents a one-quadrant, DC-
supplied, chopper (or DC-DC PWM converter) drive for DC motors. This drive features
closed-loop speed control with one-quadrant operation. The speed control loop outputs
the reference armature current of the machine. Using a PI current controller, the chopper
duty cycle corresponding to the commanded armature current is derived. This duty cycle
is then compared with a sawtooth carrier signal to obtain the required PWM signals for
the chopper.

The main advantage of this drive, compared with other DC drives, is its implementation
simplicity. In addition, due to the use of high switching frequency DC-DC converters, a
lower armature current ripple (compared with thyristor-based DC drives) is obtained.
However, this drive only operates in one quadrant (forward motoring), which limits its
presence in applications where two/four operating quadrants are required.

Note In Simscape Electrical Specialized Power Systems software, the One-Quadrant
Chopper DC Drive block is commonly called the DC5 motor drive.
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The One-Quadrant Chopper DC Drive block uses these blocks from the Electric Drives/
Fundamental Drive Blocks library:

* Speed Controller (DC)

* Regulation Switch

* Current controller (DC)

* Chopper

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when a
simulation is started.

The armature voltage is provided by an IGBT buck converter controlled by two PI
regulators. The buck converter is fed by a constant DC voltage source. Armature current
oscillations are reduced by a smoothing inductance connected in series with the armature
circuit.

The model is discrete. Good simulation results have been obtained with a 1-ps time step.
In order to simulate a digital controller device, the control system has two different
sampling times:



One-Quadrant Chopper DC Drive

* The speed controller sampling time
* The current controller sampling time

The speed controller sampling time has to be a multiple of the current sampling time. The
latter sampling time has to be a multiple of the simulation time step.

Parameters

* “General” on page 1-475

* “DC Machine Tab” on page 1-476
* “Converter Tab” on page 1-476

* “Controller Tab” on page 1-477

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Model detail level
Select between the detailed and the average-value inverter. Default is Detailed.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm.

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fw, + Th,

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
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dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.
Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.

Converter Tab

Smoothing Inductance and Excitation Circuit Section

Smoothing inductance

The smoothing inductance value (H). Default is 10e- 3.
Field DC source

The DC motor field voltage value (V). Default is 150.

IGBT/Diode Device Section

The IGBT/Diode device section of the Converter tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the Universal Bridge block parameters, refer to the Universal Bridge
reference page.
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Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation.

Schematic

When you click this button, a diagram illustrating the speed and current controllers
schematics appears.

Controller — Speed Controller Subtab

Nominal speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit). Default is 1750.

Initial speed reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm. Default is 0.

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz). Default is 40.

Sampling time (s)

The speed controller sampling time (s). This sampling time has to be a multiple of the
current controller sampling time and of the simulation time step. Default is 100e-6.

Proportional gain

The proportional gain of the PI speed controller. Default is 10.
Integral gain

The integral gain of the PI speed controller. Default is 50.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great a
value can cause armature over-current. Default is 1000.

Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current. Default is - 1000.

1-477



1 Blocks — Alphabetical List

1-478

Controller — Current Controller Subtab

Low-pass filter cutoff frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz). Default is 500.

Reference limit

Maximum current reference value (pu). 1.5 pu is a common value. Default is 1. 5.
PWM switching frequency

The switching frequency of the IGBT device (Hz). Default is 5e3.
Sampling time

The current controller sampling time (s). This sampling time has to be a submultiple
of the speed controller sampling time and a multiple of the simulation time step.
Default is 100e-6.

Power and Voltage nominal values

The DC motor nominal power (W) and voltage (V) values. These values are used to
convert armature current from amperes to pu (per unit). Default for Power is 5*746.
Default for Voltage is 240.

Proportional gain

The proportional gain of the PI current controller. Default is 2.
Integral gain

The integral gain of the PI current controller. Default is 200.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.
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Vcc, Gnd

The DC voltage source electric connections. The voltage must be adequate for the
motor size.

Wm, Teor S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector is composed of two elements:

* The armature voltage

* The DC motor measurement vector (containing the speed, armature current, field
current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv

The IGBT/Diode device measurement vector. This vector includes the converter
output voltage. The output current is not included since it is equal to the DC motor
armature current. Note that all current and voltage values of the converter can be
visualized with the Multimeter block.

Ctrl
The controller measurement vector. This vector contains:

* The armature current reference
* The duty cycle of the PWM pulses

* The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.
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Model Specifications

The library contains a 5-hp drive parameter set. The specifications of the 5-hp drive are
shown in the following table.

5 HP Drive Specifications
Drive Input Voltage

Amplitude 280V
Motor Nominal Values

Power 5 hp

Speed 1750 rpm

Voltage 240V

Examples

The dc5 example example illustrates the one-quadrant chopper drive used with the 5-hp
drive parameter set during speed regulation.

References

[1] Boldea, Ion, and S.A. Nasar, Electric Drives, CRC Press LLC, 1999.

[2] Séguier, Guy, Electronique de puissance, Dunod, 1999.

Introduced in R2006a
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On/Off Delay

Implement switch-on or switch-off delay

7 0.01 s ?

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Logic

Description

The On/Off Delay block implements the following logic when the Select type parameter is
set to On delay:

*  When the input becomes true, the output becomes true after a preset time delay. The
output remains true as long as the input is true.
* When the input is false or becomes false, the output becomes false with no delay.

*  When the Initial condition of previous input parameter is set to 1, and the input is
true at t = 0, the output is true with no delay.

The On/Off Delay block implements the following logic when the Select type parameter is
set to Off delay:

*  When the input becomes false, the output becomes false after a preset time delay. The
output remains false as long as the input is false.
*  When the input is true or becomes true, the output is true with no delay.

*  When the Initial condition of previous input parameter is set to 0, and the input is
false at t = 0, the output is false with no delay.
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Parameters

Select type

Select between On delay (default for On Delay blocks) or Off delay (default for
Off Delay blocks).

Time delay (s)

Specify the duration of the delay, in seconds. When the Sample time parameter is

greater than 0, the time delay value must be a multiple of the sample time. Default is
0.01.

Initial condition of previous input

Specify the initial value of the previous input. Default is 0 for On Delay blocks and 1
for Off Delay blocks.

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Inputs and Outputs

The input signal must be a Boolean signal. The output is Boolean.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Scalar Expansion Yes, of parameters

Dimensionalized Yes

Zero-Crossing Detection No

Examples

The power Logic example shows the operation of the On/Off Delay block.


matlab:power_Logic

On/Off Delay

The model sample time is parameterized with the variable Ts (default value Ts = 5e-3). To

simulate a continuous On/Off Delay block, specify Ts = 0 in the MATLAB Command
Window.

Introduced in R2013a
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Overmodulation

Add third harmonic or triplen harmonic zero-sequence signal to three-phase signal

A UrefUref [»

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / Pulse &
Signal Generators

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Power
Electronics / Pulse & Signal Generators

Description

The Overmodulation block increases the linear region of a three-phase PWM generator by
adding a third harmonic or triplen harmonic zero-sequence signal V,, to the three-phase
original reference signal U, This zero-sequence signal does not appear in the line-to-line
voltages.

A modulation index of up to 1.1547 (exact value = 2/sqrt(3)) can be used without pulse
dropping.

The Overmodulation block implements three overmodulation techniques:

* The Third Harmonic overmodulation technique. In this technique the third-harmonic
signal VO subtracted from the original signal is calculated as
U]

VO = ? X Sin[3 * (Wt + LU)]

» The Flat Top overmodulation technique. In this technique the portion of the three-
phase input signal exceeding values +/—1 is computed. The three resulting signals are
then summed and removed from the original signal U, The resulting modified signal



Overmodulation

U, is therefore a flat-top three-phase signal that contains zero-sequence triplen-
harmonics. The block outputs a value between —1 and 1.

* The Min-Max overmodulation technique. In this technique the minimum and maximum
values of the three components of input signal U, are summed and divided by two,
and then subtracted from the input signal. The resulting modified signal U,¢* also
contains zero-sequence triplen-harmonics. The block outputs a value between —1 and
1.

Parameters

Overmodulation type

Select the overmodulation technique you want to apply to the Uref signal: Third
harmonic (default), Flat top, or Min-Max.

Inputs and Outputs

Uref

The three-phase reference signal of three-phase PWM generator.
Uref*

The overmodulated three-phase signal of three-phase PWM generator.

Characteristics

Sample Time Inherited
Scalar Expansion No
Dimensionalized Yes
Examples

The power OverModulation example compares the three overmodulation techniques
implemented in the Overmodulation block. Choose the overmodulation technique (type 1,
2, or 3 on the first input of the Multiport Switch) and run the simulation. Observe the
resulting waveforms in Scope 1.
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The model sample time is parameterized with variable Ts (default value of 5e-6). To run a
continuous simulation, at the MATLAB command prompt, enter

Ts = 0

and set the Simulation type parameter of the Powergui block to Continuous before
starting the simulation.

Introduced in R2013a
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Parallel RLC Branch

Implement parallel RLC branch

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Parallel RLC Branch block implements a single resistor, inductor, and capacitor or a
parallel combination of these. Use multi-winding transformthe Branch type parameter to
select elements you want to include in the branch.

Negative values are allowed for resistance, inductance, and capacitance.

Parameters

Branch type

Select the elements you want to include in the branch. The R letter defines the
resistor, the L letter defines the inductor, and the C letter defines the capacitor. Select
Open circuit to define an open circuit (R=inf, L=inf, C=0). Only existing elements
are displayed in the block icon. Default is RLC.

Resistance

The branch resistance, in ohms (Q). Default is 1. The Resistance parameter is not
visible if the resistor element is not specified in the Branch type parameter.

Inductance L

The branch inductance, in henries (H). Default is 1e-3. The Inductance parameter is
not visible if the inductor element is not specified in the Branch type parameter.
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Set the initial inductor current

If selected, the initial inductor current is defined by the Inductor initial current
parameter. If cleared, the software calculates the initial inductor current in order to
start the simulation steady-state. Default is cleared.

The Set the initial inductor current parameter is not visible and have no effect on
the block if the inductor element is not specified in the Branch type parameter.

Inductor initial current (A)

The initial inductor current used at the start of the simulation. Default is 0. This
parameter is not visible and has no effect on the block if the inductor is not modeled
and if the Set the initial inductor current parameter is not selected.

Capacitance C

The branch capacitance, in farads (F). Default is 1e-6. The Capacitance parameter
is not visible if the capacitance element is not specified in the Branch type
parameter.

Set the initial capacitor voltage

If selected, the initial capacitor voltage is defined by the Capacitor initial voltage
parameter. If cleared, the software calculates the initial capacitor voltage in order to
start the simulation in steady-state. Default is cleared.

The Set the initial capacitor voltage parameter is not visible and have no effect on
the block if the capacitor element is not specified in the Branch type parameter.

Capacitor initial voltage (V)

The initial capacitor voltage used at the start of the simulation. The Capacitor initial
voltage parameter is not visible and have no effect on the block if the capacitor is not
modeled and if the Set the initial capacitor voltage parameter is not selected.

Measurements

Select Branch voltage to measure the voltage across the Parallel RLC Branch
block terminals.

Select Branch current to measure the total current (sum of R, L, C currents)
flowing through the Parallel RLC Branch block.

Select Branch voltage and current to measure the voltage and the current of
the Parallel RLC Branch block.

Default is None.



Parallel RLC Branch

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label

Branch voltage Ub:

Branch current Ib:
Examples

The power paralbranch example is used to obtain the frequency response of an
eleventh-harmonic filter (tuned frequency at 660 Hz) connected on a 60 Hz power system:

The network impedance in the Laplace domain is

_V(s) _ RLCs*+Ls +R
I(s) LCs? + RCs

Z(s)

To obtain the frequency response of the impedance you have to get the state-space model
(A B C D matrices) of the system.

This system is a one input (Is) and one output (Vs) system.

Note If you have Control System Toolbox software installed, you can get the transfer
function Z(s) from the state-space matrices and the bode function.

[A,B,C,D] = power_analyze('power paralbranch');
freq = logspace(1,4,500);

w = 2*pi*freq;

[Zmag, Zphase] = bode(A,B,C,D,1,w);
subplot(2,1,1)

loglog(freq,Zmag)

grid

title('11th harmonic filter')
xlabel('Frequency, Hz')
ylabel('Impedance Z')
subplot(2,1,2)
semilogx(freq,Zphase)
xlabel('Frequency, Hz')
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ylabel('phase Z')
grid

You can also use the Impedance Measurement block and the Powergui block to plot the
impedance as a function of frequency.

See Also

Multimeter, Parallel RLC Load, powergui, Series RLC Branch, Series RLC Load

Introduced before R2006a
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Parallel RLC Load

Implement linear parallel RLC load

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The Parallel RLC Load block implements a linear load as a parallel combination of RL.C
elements. At the specified frequency, the load exhibits a constant impedance. The active
and reactive powers absorbed by the load are proportional to the square of the applied
voltage.

Only elements associated with nonzero powers are displayed in the block icon.

Parameters

Parameters Tab

Nominal voltage Vn
The nominal voltage of the load, in volts RMS (Vrms). Default is 1000.
Nominal frequency fn
The nominal frequency, in hertz (Hz). Default is 60.
Active power P
The active power of the load, in watts. Default is 10e3.
Inductive reactive power QL

The inductive reactive power QL, in vars. Specify a positive value, or 0. Default is
100.
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Capacitive reactive power QC

The capacitive reactive power QC, in vars. Specify a positive value, or 0. Default is
100.

Set the initial capacitor voltage

If selected, the initial capacitor voltage is defined by the Capacitor initial voltage
parameter. If cleared, the software calculates the initial capacitor voltage in order to
start the simulation in steady-state. Default is cleared.

The Set the initial capacitor voltage parameter have no effect on the block if the
capacitive reactive power is equal to zero.

Capacitor initial voltage (V)
The initial capacitor voltage used at the start of the simulation. The Capacitor initial
voltage parameter have no effect on the block if the capacitive reactive power is

equal to zero and if the Set the initial capacitor voltage parameter is cleared.
Default is 0.

Set the initial inductor current

If selected, the initial inductor current is defined by the Inductor initial current
parameter. If cleared, the software calculates the initial inductor current in order to
start the simulation steady-state. Default is cleared.

The Set the initial inductor current parameter have no effect on the block if the
inductive reactive power is equal to zero.

Inductor initial current (A)

The initial inductor current used at the start of the simulation. The Inductor initial
current parameter have no effect on the block if the inductive reactive power is equal
to zero and if the Set the initial inductor current parameter is cleared. Default is
0.

Measurements
Select Branch voltage to measure the voltage across the Parallel RLC Load block
terminals.

Select Branch current to measure the current flowing through the Parallel RLC
Load block.

Select Branch voltage and current to measure the voltage and the current of
the Parallel RLC Load block.

Default is None.



Parallel RLC Load

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label
Branch voltage Ub:
Branch current Ib:

Load Flow Tab

The Load Flow tool of the powergui block uses the parameters on this tab. These load
flow parameters affect only model initialization. They do not affect simulation.

Load type
Specify the load type. The default value is constant Z.

If you select constant Z, the load impedance is determined from the nominal phase-
to-phase voltage Vn, active power P, and reactive power (QL-QC) specified on the
Parameters tab of the block dialog box. During the load flow solution, the impedance
is kept constant. The effective P and Q therefore vary proportionally to the square of
the bus voltage computed by the Load Flow tool.

If you select constant PQ, the active power P and reactive power Q are kept
constant and equal to the values specified on the Parameters tab of the block dialog
box. When you apply the load flow solution to the model (by clicking Apply in the
Load Flow tool), the Nominal phase-to-phase voltage Vn parameter on the
Parameters tab is automatically adjusted to the phase-to-phase bus voltage
computed by the Load Flow tool.

If you select constant I, the load current is kept constant at its nominal value
determined from the base voltage specified in the dialog box of the associated Load
Flow Bus block and from active power P and reactive power QL and QC specified on
the Parameters tab of the block dialog box. The effective P and Q therefore vary
proportionally to the bus voltage computed by the Load Flow tool. When you apply the
load flow solution to the model (by clicking Apply in the Load Flow tool), the pu value
of the nominal voltage Vn on the Parameters tab is automatically adjusted to the
square root of the load voltage (in pu) computed by the Load Flow tool.
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Examples

The power paralload example uses a Parallel RLC Load block to implement a load.

See Also

Multimeter, Parallel RLC Branch, Series RLC Branch, Series RLC Load

Introduced before R2006a
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Permanent Magnet Synchronous Machine

Permanent Magnet Synchronous Machine

Model the dynamics of a three-phase permanent magnet synchronous machine with
sinusoidal or trapezoidal back electromotive force, or the dynamics of a five-phase
permanent magnet synchronous machine with sinusoidal back electromotive force

=>Tm
oA
i} mx
o B
5
ol

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Machines

Description

The Permanent Magnet Synchronous Machine block operates in either generator or
motor mode. The mode of operation is dictated by the sign of the mechanical torque
(positive for motor mode, negative for generator mode). The electrical and mechanical
parts of the machine are each represented by a second-order state-space model.

The sinusoidal model assumes that the flux established by the permanent magnets in the
stator is sinusoidal, which implies that the electromotive forces are sinusoidal.

The trapezoidal model assumes that the winding distribution and flux established by the
permanent magnets produce three trapezoidal back EMF waveforms.

The block implements the following equations.

Three-Phase Sinusoidal Model Electrical System

These equations are expressed in the rotor reference frame (qd frame). All quantities in
the rotor reference frame are referred to the stator.

4 =Ly Ry Lay,
dg'd = IV T Iy T I,PYmla
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Ly Ly g and d axis inductances

R Resistance of the stator windings

Iy 1l g and d axis currents

Vg V4 q and d axis voltages

W Angular velocity of the rotor

A Amplitude of the flux induced by the permanent magnets of the rotor in
the stator phases

p Number of pole pairs

T, Electromagnetic torque

The L, and L, inductances represent the relation between the phase inductance and the
rotor position due to the saliency of the rotor. For example, the inductance measured
between phase a and b (phase c is left open) is given by:

Lap=Lg+Lg+ (Lg— Ld)cos(Zee + %)

0, represents the electrical angle.

The next figure shows the variation of the phase to phase inductance in function of the
electrical angle of the rotor.

Phase-Phase inductance (Lab)

0 30 60 0 120 150 180
Electrical angle {se deg)

» For a round rotor, there is no variation in the phase inductance.
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Lap
2
» For a salient round rotor, the dq inductances are given by:

Ly=Lg=

_ max(Lgp)

Ly=——>H—
and

min(Lgp)

q= o5

Five-Phase Sinusoidal Model Electrical System
These equations are expressed in the rotor reference frame using an extended Park

transformation (q1d1 and q2d2 frame). All quantities in the rotor reference frame are
referred to the stator.

ii =lv —Bi +ﬁpwi
dtdl T Vdl1— 71l I miql

d. _1 R. Lg . Apwp,
gtlal = TVal T Tlat T L POmldl T T
d. 1 R,

drld2 = pVd2 — 7 la2

. R,
drla2 = Va2 T Tla2

Te = 2.5pAig
L Armature inductance
R Resistance of the stator windings
iq1, a1 gl and d1 axis currents
Va1, Vai gl and d1 axis voltages
iqo, 1a2 g2 and d2 axis currents
Va2, Va2 g2 and d2 axis voltages
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W Angular velocity of the rotor

A Amplitude of the flux induced by the permanent magnets of the rotor in
the stator phases

p Number of pole pairs

T, Electromagnetic torque

Three-Phase Trapezoidal Model Electrical System

These equations are expressed in the phase reference frame (abc frame). Note that the
phase inductance L, is assumed constant and does not vary with the rotor position.

d. 1 . , , ,
mla = 3—Ls(2vab + Vpe — 3Rsig + Apwp (=29, + O + D))
d, _ 1

gt = 3 (~Vab *+ Vb = 3Rsip + Apwm(@, — 205 + 27))
d. _ d. , d.
mlc = — mla + mlb
To =pADy - ig+ Dy - ip + D+ i),
The electromotive force @' is represented by

Electrormoteie force ¢

bbb b L N — — fooj.|
150 180 210 240 270 300 330 380 390 420 450 480 510 540 570 €00 630 660 690 720

Wi, s N . .|

0 a0 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 G20 720
FI _....!.....!...........

I

b'c

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 430 480 510 540 570 600 630 660 G690 720
B electrical

and
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L, Inductance of the stator windings

R Resistance of the stator windings

ig, p, 1¢ a, b and c phase currents

D, D), D a, b and ¢ phase electromotive forces, in per-unit value to the
amplitude of the flux A.

Vabr Ve ab and bc phase to phase voltages

Wp Angular velocity of the rotor

A Amplitude of the flux induced by the permanent magnets of the rotor
in the stator phases

p Number of pole pairs

T, Electromagnetic torque

Mechanical System (for all models)

%wm = T(Te — Tf = Fwp — Tp)

do _
dt ~

[EN

W,

Combined inertia of rotor and load

Combined viscous friction of rotor and load

Rotor angular position

Shaft mechanical torque

Shaft static friction torque

SISIEIE I

m Angular velocity of the rotor (mechanical speed)
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Parameters

Configuration Tab

Number of phases

Select between a three-phase machine model or a five-phase machine model. Default
is 3. This parameter is disabled when the Back EMF waveform parameter is set to
Trapezoidal, or when the Rotor type parameter is set to Salient-pole.

Back EMF waveform

Select between the Sinusoidal (default) and the Trapezoidal electromotive force.
This parameter is disabled when the Number of phases parameter is set to 5.

Rotor type

Select between the Salient-pole and Round, the round (cylindrical) rotor. Default
is Round. This parameter is disabled when the Number of phases parameter is set
to 5 or when the Back EMF waveform parameter is set to Trapezoidal.

Mechanical input

Select the torque applied to the shaft, the rotor speed as a Simulink input of the
block, or to represent the machine shaft by a Simscape rotational mechanical port.

Select Torque Tm (default) to specify a torque input, in N.m., and change labeling of
the block input to Tm. The machine speed is determined by the machine Inertia J and
by the difference between the applied mechanical torque Tm and the internal
electromagnetic torque Te. The sign convention for the mechanical torque is when the
speed is positive, a positive torque signal indicates motor mode and a negative signal
indicates generator mode.

Select Speed w to specify a speed input, in rad/s, and change labeling of the block
input to w. The machine speed is imposed and the mechanical part of the model
(Inertia J) is ignored. Using the speed as the mechanical input allows modeling a
mechanical coupling between two machines.

The next figure indicates how to model a stiff shaft interconnection in a motor-
generator set when friction torque is ignored in machine 2. The speed output of
machine 1 (motor) is connected to the speed input of machine 2 (generator), while
machine 2 electromagnetic torque output Te is applied to the mechanical torque input
Tm of machine 1. The Kw factor takes into account speed units of both machines (pu
or rad/s) and gear box ratio w2/wl. The KT factor takes into account torque units of
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both machines (pu or N.m) and machine ratings. Also, as the inertia ]2 is ignored in
machine 2, J2 referred to machine 1 speed must be added to machine 1 inertia J1.

Tm W W Te

- I\-‘Iaclﬁlli 1 e Machine 2
(specity J=I+1*(wa/wq)?) (J5 1s 1gnored)

K }

Select Mechanical rotational port to add to the block a Simscape mechanical
rotational port that allows connection of the machine shaft with other Simscape
blocks with mechanical rotational ports. The Simulink input representing the
mechanical torque Tm or the speed w of the machine is then removed from the block.

The next figure indicates how to connect an Ideal Torque Source block from the
Simscape library to the machine shaft to represent the machine in motor mode, or in
generator mode, when the rotor speed is positive.
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Simulink Input:

[}

Trn (M.} oA w0

H () S=s=coccaoa0) 3
o g

3
o C

Permanent Magnet
Synchronous Machine
{rotor mode)

Simulink Input:

[}

Trn (M.} oA w0

H () S=s=coccaoa0) 3
oB

3
o

Permanent Magnet
Synchronous Machine
{generator mode)

Mechanical rotational

ort:
Ideal Torque P

Source

-3

%n_“ [ I— Y

N i
o E
-
oc
spsh
— Permanent Magnet

Trn (M.} Sirmulink-PS SynE::jrootnD?.ursngﬂdaecShine

Converter

Mechanical rotational

Simulink-P3 port:

Converter

=

Trn M.

%n—- w0 .

Ideal Torque
Source

oA

H o
oB

5
oc

Permanent Magnet

Synchronous Machine
{generator mode)

Preset Model

Provides a set of predetermined electrical and mechanical parameters for various
permanent magnet synchronous motor ratings of torque (N.m), DC bus voltage (V),
rated speed (rpm), and continuous stall torque (N.m).

The Preset Model parameter is enabled only when the Back EMF waveform
parameter is set to Sinusoidal, and the Rotor type parameter is set to Round.

Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. Select No (default) if you do not want to
use a preset model, or if you want to modify some of the parameters of a preset
model.

When you select a preset model, the electrical and mechanical parameters in the
Parameters tab of the dialog box become nonmodifiable (unavailable). To start from
a given preset model and then modify machine parameters:

1 Select the preset model that you want to initialize the parameters.
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2 Change the Preset model parameter value to No. This does not change the
machine parameters. It just breaks the connection with the particular preset
model.

3 Modify the machine parameters as you want, then click Apply.

Use signal names to identify bus labels

When this check box is selected, the measurement output uses the signal names to
identify the bus labels. Select this option for applications that require bus signal
labels to have only alphanumeric characters. Default is cleared.

When this check box is cleared, the measurement output uses the signal definition to
identify the bus labels. The labels contain nonalphanumeric characters that are
incompatible with some Simulink applications.

Parameters Tab

Stator phase resistance
The stator phase resistance Rs (Q). Default is 0.0485.
Armature inductance (H)

The armature inductance of the sinusoidal model with round rotor (Ld is equal to Lq).
This parameter is available only when the Back EMF waveform parameter is set to
Sinusoidal, and the Rotor type parameter set to Round. Default is 0.000395.

Inductances [Ld(H) Lq(H)]

The phase to neutral Ld (H) and Lg (H) inductances in the d-axis and g-axis of the
sinusoidal model with salient-pole rotor. This parameter is available only when the
Back EMF waveform parameter is set to Sinusoidal, and the Rotor type
parameter set to Salient-pole. Defaultis [8.5e-3,8.5e-3].

Stator phase inductance Ls (H)

The stator-phase-to-neutral inductance Ls (H) of the trapezoidal model. This
parameter is available only when the Back EMF waveform parameter is set to
Trapezoidal. Default is 8.5e-3.

Specify
Lets you select the machine constant that you want to specify for block
parameterization:

* Flux linkage established by magnets (default)
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* Voltage Constant
* Torque Constant

Once you select a constant, you can enter its value in the appropriate parameter field,
while the other two parameters become inaccessible.

Flux linkage

The constant flux A (Wb) per pole pairs induced in the stator windings by the
magnets. Default is 0.1194. This parameter is available only when the Specify
parameter is set to Flux linkage established by magnets.

Voltage constant

The peak line to line voltage per 1000 rpm. This voltage represents the peak open
circuit voltage when the machine is driven as a generator at 1000 rpm. Default is
86.6271. This parameter is available only when the Specify parameter is set to
Voltage Constant.

Torque constant

The torque per ampere constant. Default is 0.7164. This parameter is available only
when the Specify parameter is set to Torque Constant. This constant assumes that
the machine is driven by an inverter which provides a perfect synchronization
between the current and the Back-EMFE.

* Sinusoidal model: A sine wave current is assumed (for more information, see
acbt example simplified).
» Trapezoidal model: A square ware current is assumed (for more information, see
ac7_example_simplified).
Pole pairs p ()

The number of pole pairs p. Default is 4. This parameter is available only when the
Mechanical input parameter is set to Speed w.

Back EMF flat area

The width of the flat top for a half period of the electromotive force ® (degrees) (only
for trapezoidal machine). This parameter is available only when the Back EMF
waveform parameter is set to Trapezoidal. Default is 120.

Inertia, viscous damping, pole pairs, static friction

The combined machine and load inertia coefficient J (kg.m?), combined viscous
friction coefficient F (N.m.s), pole pairs p, and shaft static friction T; (N.m).
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If the static friction parameter value is omitted or not specified, the block considers
this value to be 0. Defaultis [0.0027 0.0004924 4 0].

Initial conditions

Specifies the mechanical speed (rad/s), mechanical angle ©,, (degrees), and
instantaneous stator current (A):

Three-phase machine [wy, 0, i,, i]
Five-phase machine [wy, 0, i,, i, i, i4]

Because the stator is wye-connected and the neutral point is isolated, the current i; in
the three-phase machine is given by i, = -i,-i;,, and the current i, in the five-phase
machine is given by i, = -i, -i}, -i; -ig. Defaultis [0,0, 0,0].

Advanced Tab

Sample time (-1 for inherited)

Specifies the sample time used by the block. To inherit the sample time specified in
the Powergui block, set this parameter to —1 (default).

Rotor flux position when theta = 0
Lets you select the reference position of the rotor flux relative to the phase A axis.

Select 90 degrees behind phase A axis (modified Park) (default) to
choose the reference position of the rotor represented by:

bs

Or g as

CSs d
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The modified Park transformation [4 on page 1-509] is more convenient for vector
control because the maximum phase induction occurs at theta = 0.

Select Aligned with phase A axis (original Park) to choose the reference
position of the rotor represented by:

bsq

or as

CS

Inputs and Outputs

Tm

The Simulink input is the mechanical torque at the machine shaft. This input is
normally positive because the Permanent Magnet Synchronous Machine block is
usually used as a motor. If you choose to use the block in generator mode, you can
apply a negative torque input.

The alternative block input (depending on the value of the Mechanical input
parameter) is the machine speed, in rad/s.

The Simulink output of the block is a vector containing measurement signals. The
available signals depend on the model you selected. You can demultiplex these signals
by using the Bus Selector block provided in the Simulink library.
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Name
ias
ibs
ics
ids
ies
igs
ids
igsl
ids1
igs2
ids2
vQs
vds
vgsl
vds1
v(Qs2
vds?2
ea
eb
ec
ha

hb

hc

theta
Te

Definition

Stator current is a
Stator current is b
Stator current is ¢
Stator current is d
Stator current is e
Stator current is q
Stator current is d
Stator current is gl
Stator current is dl
Stator current is g2
Stator current is _d2
Stator voltage Vs g
Stator voltage Vs d
Stator voltage Vs gl
Stator voltage Vs dl
Stator voltage Vs g2
Stator voltage Vs d2
Phase back EMF e a
Phase back EMF e b
Phase back EMF e ¢
Hall effect signal h_a*

Hall effect signal h b*
Hall effect signal h _c¢*

Rotor speed wm
Rotor angle thetam

Electromagnetic torque Te

c
S
+
0

< < < < << << B EoEoE B P B B B> >

A
logic 0-1

logic 0-1
logic 0-1

rad/s
rad
N.m

Model

all

all

all

5-Phase Sinusoidal
5-Phase Sinusoidal
3-Phase Sinusoidal
3-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
3-Phase Sinusoidal
3-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
5-Phase Sinusoidal
3-Phase Trapezoidal
3-Phase Trapezoidal
3-Phase Trapezoidal

3-Phase, Sinusoidal
and Trapezoidal

3-Phase, Sinusoidal
and Trapezoidal

3-Phase, Sinusoidal
and Trapezoidal

all
all
all
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The Hall effect signal provides a logical indication of the back EMF positioning. This
signal is very useful to directly control the power switches. There is a change of state at
each zero crossing of the phase to phase voltage. These signals must be decoded before
being applied to the switches.

Line-ine vokags Eac, phase wiltage Ea and Hall st phass a

T . - S-f-

- : - =,
030 &0 a0 120 150 18 20 240 A0 3 D 300 420 450 481 510 540 5T Q0 G BED G0 Y0

——
1200150 180 210 M40 F70 M0 320 G0 36 420 450 480 510 S40 570
Lira-ling voltage Ecb, phess wataga E- and Hell affet phesa ©

an Enoan

i

30 460 300 420 450 480 510 540 5
g ekt

Assumption

The Permanent Magnet Synchronous Machine block assumes a linear magnetic circuit
with no saturation of the stator and rotor iron. This assumption can be made because of
the large air gap usually found in permanent magnet synchronous machines.

Limitations

When you use Permanent Magnet Synchronous Machine blocks in discrete systems, you
might have to use a small parasitic resistive load, connected at the machine terminals, to
avoid numerical oscillations. Large sample times require larger loads. The minimum
resistive load is proportional to the sample time. Remember that with a 25 ps time step on
a 60 Hz system, the minimum load is approximately 2.5% of the machine nominal power.
For example, a 200 MVA PM synchronous machine in a power system discretized with a
50 ps sample time requires approximately 5% of resistive load or 10 MW, If the sample
time is reduced to 20 ps, a resistive load of 4 MW is sufficient.
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Examples

The power brushlessDCmotor example illustrates the use of the Permanent Magnet
Synchronous Machine block.
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Pl Section Line

Implement single-phase transmission line with lumped parameters

S

Library

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Elements

Description

The PI Section Line block implements a single-phase transmission line with parameters
lumped in PI sections.

For a transmission line, the resistance, inductance, and capacitance are uniformly
distributed along the line. An approximate model of the distributed parameter line is
obtained by cascading several identical PI sections, as shown in the following figure.

Section]

TWW T T i o

1

1-510

c2

T TT1T 1T

Unlike the Distributed Parameter Line block, which has an infinite number of states, the
PI section linear model has a finite number of states that permit you to compute a linear
state-space model. The number of sections to be used depends on the frequency range to
be represented.

An approximation of the maximum frequency range represented by the PI line model is
given by the following equation:

_ N-v
fmax = 8 - Itot



PI Section Line

where

N Number of PI sections

v Propagation speed (km/s) = 1 = y/Ic; I in H/km, ¢ in F/km
Itot Line length (km)

For example, for a 100 km aerial line having a propagation speed of 300,000 km/s, the
maximum frequency range represented with a single PI section is approximately 375 Hz.
For studying interactions between a power system and a control system, this simple
model could be sufficient. However for switching surge studies involving high-frequency
transients in the kHz range, much shorter PI sections should be used. In fact, you can
obtain the most accurate results by using a distributed parameters line model.

Note The powergui block provides the RLC Line Parameters tool, which calculates
resistance, inductance, and capacitance per unit of length based on the line geometry and
the conductor characteristics.

Hyperbolic Correction of RLC Elements

For short line sections (approximately Isec <50 km) the RLC elements for each line
section are simply given by:

R=r"Isec

L=1-Isec

C=c-lsec
where
r Resistance per unit length (Q/km)
l Inductance per unit length (H/km)
c Capacitance per unit length (F/km)
f Frequency (Hz)
Isec Line section length = Itot / N (km)

However, for long line sections, the RLC elements given by the above equations must be
corrected in order to get an exact line model at a specified frequency. The RLC elements
are then computed using hyperbolic functions as explained below.
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w = 20f
Per unit length series impedance at frequency f'is
zZ=r+ jwl
Per unit length shunt admittance at frequency f'is
y = jwc
Characteristic impedance is
Zg = 2]y
Propagation constant is
y=vz'y
Z =R+ jwL = Z. - sinh(y - Isec)
R =real(2)
L = imag(Z)/w

_ 2 Isec
Y—Z—C tanh(y T)

C = imag(Y)/w

Hyperbolic corrections result in RLC values slightly different from the non-corrected
values. R and L are decreased while C is increased. These corrections become more
important as line section length is increasing. For example, let us consider a 735 kV line
with the following positive-sequence and zero-sequence parameters (these are the default
parameters of the Three-Phase PI Section Line block and Distributed Parameter Line
block):

Positive sequence r=0.01273 Q/km
I =0.9337x1073H/km
¢ =12.74x107F/km

Zero sequence r=0.3864 Q/km
[=4.1264%1073H/km
¢ =7.751x10~°F/km

1-512




Pl Section Line

For a 350 km line section, noncorrected RLC positive-sequence values are:

R =0.01273 x 350 = 4.455 Q
L =009337x 1073 x 350 = 0.3268 H
C=12.74x10"2x350=4.459x 1075 F

Hyperbolic correction at 60 Hz yields:

R=4.1530
L=0.3156H

C=4538x10"°F

For these particular parameters and long line section (350 km), corrections for positive-
sequence RLC elements are relatively important (respectively —6.8%, —3.4%, and +
1.8%). For zero-sequence parameters, you can verify that even higher RLC corrections
must be applied (respectively —18%, —8.5%, and +4.9%).

The PI Section Line block always uses the hyperbolic correction, regardless of the line
section length.

Parameters

Frequency used for rlc specifications

Frequency f, in hertz (Hz), at which per unit length r, I, ¢ parameters are specified.
Hyperbolic correction is applied on RLC elements of each line section using this
frequency. Default is 60.

Resistance per unit length
The resistance per unit length of the line, in ohms/km (Q/km). Default is 0.01273.
Inductance per unit length

The inductance per unit length of the line, in henries/km (H/km). This parameter
cannot be zero, because it would result in an invalid propagation speed computation.
Default is 0.9337e-3.

Capacitance per unit length

The capacitance per unit length of the line, in farads/km (F/km). This parameter
cannot be zero, because it would result in an invalid propagation speed computation.
Default is 12.74e-9.
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Length

The line length in km. Default is 100.
Number of pi sections

The number of PI sections. The minimum value is 1. Default is 1.
Measurements

Select Input and output voltages to measure the sending end (input port) and
receiving end (output port) voltages of the line model.

Select Input and output currents to measure the sending end and receiving
end currents of the line model.

Select ALl pi-section voltages and currents to measure voltages and
currents at the start and end of each pi-section.

Select ALl voltages and currents to measure the sending end and receiving
end voltages and currents of the line model.

Default is None.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block, the
measurement is identified by a label followed by the block name.

Measurement Label

Sending end voltage (block input) Us:

Receiving end voltage (block output) Ur:

Sending end current (input current) Is:

Receiving end current (output current) Ir:
Examples

The power piline example shows the line energization voltages and currents of a PI
section line.
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See Also

Distributed Parameter Line, Three-Phase PI Section Line

Introduced before R2006a
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PLL

Determine frequency and fundamental component of signal phase angle
Frag [»

)In ut

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / PLL

Description

The PLL block models a Phase Lock Loop (PLL) closed-loop control system, which tracks
the frequency and phase of a sinusoidal signal by using an internal frequency oscillator.
The control system adjusts the internal oscillator frequency to keep the phases difference
to 0.

The figure shows the internal diagram of the PLL.

Freq

Bttt el 1
I

Variable Low-pass filter

(Rate limited)

Controlled ot
Oscillator

frequency |
mean value,

PID
Controller

Automatic
Gain Control

The input signal is mixed with an internal oscillator signal. The DC component of the
mixed signal (proportional to the phase difference between these two signals) is extracted
with a variable frequency mean value. A Proportional-Integral-Derivative (PID) controller
with an optional automatic gain control (AGC) keeps the phase difference to 0 by acting
on a controlled oscillator. The PID output, corresponding to the angular velocity, is filtered
and converted to the frequency, in hertz, which is used by the mean value.

Phase detector




PLL

Parameters

Minimum frequency (Hz)

Specify the minimum expected frequency of the input signal. This parameter sets the
buffer size of the Mean (Variable Frequency) block used inside the block to compute
the mean value. Default is 45.

Initial inputs [ Phase (degrees), Frequency (Hz) ]
Specify the initial phase and frequency of the input signal. Default is [0, 60].
Regulator gains [ Kp, Ki, Kd ]

Specify the proportional, integral, and derivative gains of the internal PID controller.
Use the gains to tune the PLL response time, overshoot, and steady-state error
performances. Default is [180, 3200, 1].

Time constant for derivative action (s)

Specify the time constant for the first-order filter of the PID derivative block. Default
is le-4.

Maximum rate of change of frequency (Hz/s)

Specify the maximum positive and negative slope of the signal frequency. Default is
12.

Filter cut-off frequency for frequency measurement (Hz)
Specify the second-order lowpass filter cut-off frequency. Default is 25.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Enable automatic gain control

When this check box is selected, the PLL block optimizes its performances by scaling
the PID regulator signal according to the input signal magnitude. Select this option
when the input signal is not normalized. Default is selected.

Inputs and Outputs

In
The normalized input signal, in pu.
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Freq
The measured frequency, in hertz.
wt

Angle (rad) varying between 0 and 2*pi, synchronized on the zero-crossing (rising) of
the fundamental of the input signal.

Characteristics

Sample Time Specified in the Sample Time parameter.
Continuous when Sample Time = 0.

Scalar Expansion No

Dimensionalized No

Zero-Crossing Detection |Yes

Examples

The power PLL example shows the use of the PLL (3ph) and PLL blocks.

The PLL block is fed by a sinusoidal signal of 60 Hz, increasing to 61 Hz from 0.5 s to 1.5
s. Notice that the frequency reaches the new frequency in a short response time.

The PLL (3ph) block is fed by three-phase sinusoidal signals increasing from 60 Hz to 61
Hz between 0.5 and 1.5 seconds. The PLL (3ph) frequency reaches the new frequency
faster than the PLL due to the additional phase information.

The model sample time is parameterized with the variable Ts (with a default value of 0).
To discretize the PLL block, at the MATLAB command prompt, enter

Ts = 50e-6

Introduced in R2013a
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PLL (3ph)

PLL (3ph)

Determine frequency and fundamental component of three-phase signal phase angle

Freq>

)at:u: wt >

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements / PLL

Description

The PLL (3ph) block models a Phase Lock Loop (PLL) closed-loop control system, which
tracks the frequency and phase of a sinusoidal three-phase signal by using an internal
frequency oscillator. The control system adjusts the internal oscillator frequency to keep
the phases difference to 0.

The figure shows the internal diagram of the PLL.

Freq

| Variable | Low-pass filter
| frequency | (Rate limited)
: mean value:
abe | abe to dgo L[ PD Controlled | ot
! : Controller Oscillator
|

Phase detector Automatic
Gain Control

The three-phase input signal is converted to a dqO rotating frame (Park transform) using
the angular speed of an internal oscillator. The quadrature axis of the signal, proportional
to the phase difference between the abc signal and the internal oscillator rotating frame,
is filtered with a Mean (Variable Frequency) block. A Proportional-Integral-Derivative
(PID) controller, with an optional automatic gain control (AGC), keeps the phase
difference to 0 by acting on a controlled oscillator. The PID output, corresponding to the
angular velocity, is filtered and converted to the frequency, in hertz, which is used by the
mean value.

1-519



1 Blocks — Alphabetical List

1-520

Parameters

Minimum frequency (Hz)

Specify the minimum expected frequency of the input signal. This parameter sets the
buffer size of the Mean (Variable Frequency) block used inside the block to compute
the mean value. Default is 45.

Initial inputs [ Phase (degrees), Frequency (Hz) ]
Specify the initial phase and frequency of the input signal. Default is [0, 60].
Regulator gains [ Kp, Ki, Kd ]

Specify the proportional, integral, and derivative gains of the internal PID controller.
Use the gains to tune the PLL response time, overshoot, and steady-state error
performances. Default is [180, 3200, 1].

Time constant for derivative action (s)

Specify the time constant for the first-order filter of the PID derivative block. Default
is le-4.

Maximum rate of change of frequency (Hz/s)

Specify the maximum positive and negative slope of the signal frequency. Default is
12.

Filter cut-off frequency for frequency measurement (Hz)
Specify the second-order lowpass filter cut-off frequency. Default is 25.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Enable automatic gain control

When this check box is selected, the PLL block optimizes its performances by scaling
the PID regulator signal according to the input signal magnitude. Select this option
when the input signal is not normalized. Default is selected.

Inputs and Outputs

abc
The normalized three-phase signals, in pu.
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Freq
The measured frequency, in hertz.
wt

Angle (rad) varying between 0 and 2*pi, synchronized on zero crossings of the
fundamental (positive-sequence) of phase A.

Characteristics

Sample Time Specified in the Sample Time parameter.
Continuous when Sample Time = 0.

Scalar Expansion No

Dimensionalized No

Zero-Crossing Detection |Yes

Examples

The power PLL example shows the use of the PLL (3ph) and PLL blocks.

The PLL block is fed by a sinusoidal signal of 60 Hz, increasing to 61 Hz from 0.5 s to 1.5
s. Notice that the frequency reaches the new frequency in a short response time.

The PLL (3ph) block is fed by three-phase sinusoidal signals increasing from 60 Hz to 61
Hz between 0.5 and 1.5 seconds. The PLL (3ph) frequency reaches the new frequency
faster than the PLL due to the additional phase information.

The model sample time is parameterized with the variable Ts (with a default value of 0).
To discretize the PLL block, at the MATLAB command prompt, enter

Ts = 50e-6

Introduced in R2013a
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PM Synchronous Motor Drive

Implement Permanent Magnet Synchronous Motor (PMSM) vector control drive

Library

Simscape / Electrical / Specialized Power Systems / Electric Drives / AC Drives

Description

The PM Synchronous Motor Drive (AC6) block represents a classical vector control drive
for permanent synchronous motors. This drive features a closed-loop speed control based
on the vector control method. The speed control loop outputs the reference
electromagnetic torque of the machine. The reference direct and quadrature (dq)
components of the stator current corresponding to the commanded torque are derived
based on vector control strategy. The reference dq components of the stator current are
then used to obtain the required gate signals for the inverter through a hysteresis-band
current controller.

The main advantage of this drive compared to scalar-controlled drives, is its fast dynamic
response. The inherent coupling effect between the torque and flux in the machine is
managed through decoupling (stator flux orientation) control, which allows the torque
and flux to be controlled independently. However, due to its computation complexity, the
implementation of this drive requires fast computing processors or DSPs.

Note In Simscape Electrical Specialized Power Systems software, the PM Synchronous
Motor Drive block is commonly called the AC6 motor drive.




PM Synchronous Motor Drive
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The PM Synchronous Motor Drive block uses these blocks from the Electric Drives /
Fundamental Drive Blocks library:

* Speed Controller (AC)

* Vector Controller (PMSM)

* DC Bus

e Inverter (Three-Phase)

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
To simulate a digital controller device, the control system has two different sampling
times:

* Speed controller sampling time

* Vector controller sampling time

The speed controller sampling time has to be a multiple of the vector controller sampling
time. The latter sampling time has to be a multiple of the simulation time step. The
average-value inverter allows the use of bigger simulation time steps since it does not

generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a vector controller sampling time of 75 ps, good simulation results have
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been obtained for a simulation time step of 75 ps. The simulation time step can, of course,
not be higher than the vector controller time step.

The stator current direct component id* is set to zero inside the vector controller block
because the rotor flux is supplied by the permanent magnets.

Parameters

General

Output bus mode

Select how the output variables are organized. If you select Multiple output
buses (default), the block has three separate output buses for motor, converter, and
controller variables. If you select Single output bus, all variables output on a
single bus.

Model detail level
Select between the detailed and the average-value inverter. Default is Detailed.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. Default is Torque Tm

If you select and apply a load torque, the output is the motor speed according to the
following differential equation that describes the mechanical system dynamics:

Te = J%wr + Fw, + Th

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.
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See “Mechanical Coupling of Two Motor Drives”.
Use signal names as labels

When you select this check box, the Motor, Conv, and Ctrl measurement outputs
use the signal names to identify the bus labels. Select this option for applications that
require bus signal labels to have only alphanumeric characters.

When this check box is cleared (default), the measurement output uses the signal
definition to identify the bus labels. The labels contain nonalphanumeric characters
that are incompatible with some Simulink applications.

Permanent Magnet Synchronous Machine Tab

The Permanent Magnet Synchronous Machine tab displays the parameters of the
Permanent Magnet Synchronous Machine block of the Fundamental Blocks (powerlib)
library.

Converters and DC Bus Tab

Rectifier Section

The Rectifier section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the Universal Bridge parameters, refer to the Universal Bridge reference

page.
DC Bus Section

Capacitance
The DC bus capacitance (F). Default is 2000e - 6.

Braking Chopper Section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor
deceleration or when the load torque tends to accelerate the motor (ohms). Default is
8.

Chopper frequency
The braking chopper frequency (Hz). Default is 4000.
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Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band. The following figure illustrates the braking chopper hysteresis logic.
Default is 320.

Shutdown voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of the
hysteresis band. Default is 310. The chopper hysteresis logic is shown in the following
figure.

A Normal operation

bus voltage
ON A <
- = - —
&2 Ez ES
@© = T —®
5o V82 Tz
S 52
OFF > ’Bus voltage

Inverter Section

The Inverter section of the Converters and DC Bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. For more
information on the Universal Bridge parameters, refer to the Universal Bridge reference
page.

The average-value inverter uses the following parameters.

Source frequency

The frequency of the three-phase voltage source (Hz). Default is 60.
On-state resistance
The on-state resistance of the inverter devices (ohms). Default is 1e-3.

Controller Tab

Regulation type

This pop-up menu allows you to choose between speed and torque regulation. Default
is Speed regulation
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Modulation type

Select hysteresis or space vector modulation. The default modulation type is
Hysteresis.

Schematic

When you click this button, a diagram illustrating the speed and vector controllers
schematics appears.

Speed Controller Section

Speed ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only. Default is 1000.

Speed ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only. Default is - 1000.

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only. Default is 100.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 7*20e-6.

PI regulator — Proportional gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only. Default is 5.

PI regulator — Integral gain

The speed controller integral gain. This parameter is used in speed regulation mode
only. Default is 100.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m). Default is -17.8.

Torque output limits — Positive

The maximum positive demanded torque applied to the motor by the current
controller (N.m). Default is 17. 8.
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Vector Controller Section

Sampling time

The vector controller sampling time (s). The sampling time must be a multiple of the
simulation time step. Default is 20e-6.

Current controller hysteresis band

The current hysteresis bandwidth. Default is 0. 1. This value is the total bandwidth
distributed symmetrically around the current set point (A). The following figure
illustrates a case where the current set point is Is* and the current hysteresis
bandwidth is set to dx.

This parameter is not used when using the average-value inverter.

e e
_ motor current dx_
. y 2

Is

Note This bandwidth can be exceeded because a fixed-step simulation is used. A rate
transition block is needed to transfer data between different sampling rates. This
block causes a delay in the gate signals, so the current may exceed the hysteresis
band.

Maximum switching frequency

The maximum inverter switching frequency (Hz). Default is 20e3. This parameter is
not used when using the average-value inverter.

Show/Hide Autotuning Control

Click to show or hide the parameters of the Autotuning Control tool.

Autotuning of Pl loops Section

Desired damping [zeta]

Specify the damping factor used for the calculation of the Kp and Ki gains of the
Speed Controller (AC) block. Default is 0. 9.
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Desired response time @ 5% [Trd (sec)]

Specify the desired settling time of the Speed Controller (AC) block. This is time
required for the controller response to reach and stay within a 5 percent range of the
target value. Default is 0. 1.

Bandwidth ratio (InnerLoop/SpeedLoop)

Specify the ratio between the bandwidth and natural frequency of the regulator.
Default is 30.

Calculate PI regulator gains

Compute the Proportional gain and Integral gain parameters of the Speed
Controller (AC) block. The computation is based on the Desired damping [zetal],
Desired response time @ 5%, and Bandwidth ratio (InnerLoop/SpeedLoop)
parameters. The computed values are displayed in the mask of the Drive block. Click
Apply or OK to confirm them.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm
The mechanical input: load torque (Tm) or motor speed (Wm).
A, B, C
The three phase terminals of the motor drive.
Wmor Te
The mechanical output: motor speed (Wm) or electromagnetic torque (Te).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.
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Conv

The three-phase converters measurement vector. This vector contains:

* The DC bus voltage
* The rectifier output current
* The inverter input current

Note that all current and voltage values of the bridges can be visualized with the
Multimeter block.

Ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3 hp drive parameter set. The specifications of the 3 hp drive are
shown in the following table.

3 HP Drive Specifications

Drive Input Voltage

Amplitude 220V

Frequency 60 Hz
Motor Nominal Values

Power 3 hp

Speed 1800

Voltage 300
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Examples

The ac6_example example illustrates an AC6 motor drive simulation with standard load
condition.

References

[1] Bose, B. K. Modern Power Electronics and AC Drives. Upper Saddle River, NJ:
Prentice-Hall, 2002.

[2] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1986.

Introduced in R2006a
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PMU (PLL-Based, Positive-Sequence)

Implements a phasor measurement unit using a phase-locked loop

Library: Simscape / Electrical / Specialized Power Systems /
Fundamental Blocks / Measurements / Additional "‘_‘ﬂ ul p
Measurements Nave] 2N cul
Simscape / Electrical / Specialized Power Systems / } > b
Control & Measurements / Measurements

Description

The PMU (PLL-Based, Positive-Sequence) block implements a phasor measurement unit
(PMU) using a phase-locked loop (PLL), which computes the positive-sequence
component of the input abc signal over a running window of one cycle of fundamental
frequency given by input abc. The signal can be a set of three balanced or unbalanced
signals which may contain harmonics. The PMU (PLL-Based, Positive-Sequence) block is
inspired by the IEEE Std C37.118.1-2011.

PLL (3ph) Block

R — Freq, F (Hz)
Variable ! !

| ‘ Positive-Sequence (PLL-Driven) Block
v Frequency L(clJ{w;PaI'ss .';”ES" I ittty \
Lo : ate limite | [
| labc to dgo Mean Value3 | ! Freq :
abc - abc Freq BN PID A_)Controlled Wt 1 : wt d——{d axis —>Re !
P —>q axis | : |Controller Oscillator P . O jul—— ul
1wt 3 T i r—>abc  g}—»{q axis - >Im—" ‘
0 [ , |1 abcto dq0 - - !
| Phase Detector Automatic . 4 variable R;a;glrmizeto |
1 Gain Control K Frequency }
o SRR Mean Value |
wt @ Awt ,angle (rad) angle (deg)l—— /u
Synchronous -180 < alpha < 180

Reference
The PLL (3ph) block tracks the frequency and phase of a sinusoidal three-phase signal

(abc) by using an internal frequency oscillator. The control system adjusts the internal
oscillator frequency to keep the phase difference at 0.
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The Positive-Sequence (PLL-Driven) block computes the positive-sequence components
(magnitude and phase) of a sinusoidal three-phase input signal (abc) over a running
window of one cycle of the fundamental frequency tracked by the PLL (3ph) closed-loop
control system. The reference frame required for the computation is given by the angle
(rad, varying between 0 and 2*pi), synchronized on zero crossings of the fundamental
(positive-sequence) of phase A. The angle is also tracked by the PLL (3ph) closed-loop
control system.

Because the block uses a running average window to perform the Fourier analysis, one
cycle of simulation must complete before the outputs give the correct magnitude and
angle. For example, the block response to a step change in the positive-sequence
component of a three-phase signal is a one-cycle ramp. For the first cycle of simulation,
the output is held constant at the values specified by the initial input parameters.

The three outputs of the PMU (PLL-Based, Positive-Sequence) block return the magnitude
(same units as the input signal), the phase (in degrees relative to the PLL phase), and the
frequency of the positive-sequence component of the abc input at the fundamental
frequency, respectively.

The sample time (Ts) of the block, in seconds, is a function of the nominal frequency fn
and the sampling rate Nsr, as follows:

Finally, the reporting rate (Rt), that determines the length of the interval over which an
event will be reported, is related to the sample time using a reporting rate factor k, as
follows:

Rt = ¢ X Ts

Limitations

* Under subsynchronous conditions, the phasor estimation may present erroneous
results.

* Time synchronization from the common time source of a global positioning systems
(GPS) radio clock is implicit in the model.
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Ports

Input

abc — Signal
vector

Three-phase sinusoidal voltage or current.

Data Types: single | double

Output

|u|] — Magnitude
scalar

Magnitude of the positive-sequence component of the abc input at the fundamental
frequency in the same units as the input signal.

Data Types: single | double

Zu — Phase
scalar

The phase, in degrees, relative to the PLL phase of the positive-sequence component of
the abc input at the fundamental frequency.

Data Types: single | double

F — Frequency, Hz
scalar

Frequency, in Hz, relative to the PLL phase of the positive-sequence component of the abc
input at the fundamental frequency.

Data Types: single | double | int8 | int1l6 | int32 | uint8 | uint16 | uint32 |
Boolean | fixed point | enumerated | bus

1-534



PMU (PLL-Based, Positive-Sequence)

Parameters

Nominal frequency fn (Hz) — Frequency
60 (default) | 50

Nominal frequency, fn, in Hz, of the three-phase input.

Sampling rate Nsr (point/cycle) — Sampling rate
64 (default) | 4824

Sampling rate, Nsr, in point/cycle.

Reporting rate factor [k] — Reporting rate
1 (default)

Sampling rate of the PMU. This parameter multiplies the sample time to calculate the
reporting rate. The reporting rate factor must be equal to or greater than 1.

References

[1] IEEE Standard for Synchrophasor Measurements for Power Systems. IEEE Std
C37.118.1-2011 (Revision of IEEE Std C37.118-2005), pp. 1-61, 2011.

[2] P. Kundur, N. J. Balu, and M. G. Lauby, Power system stability and control. Vol. 7. New
York: McGraw-Hill, 1994.

Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using Simulink® Coder™.

See Also
PLL (3ph) | Positive-Sequence (PLL-Driven)
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Introduced in R2017b
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Positive-Sequence (PLL-Driven)

Compute positive-sequence component of three-phase signal at fundamental frequency

N Freq
Jut |ul P
Mabc Qul

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Positive-Sequence (PLL-Driven) block computes the positive-sequence component
(magnitude and phase) of the input 3 signal over a running window of one cycle of the
fundamental frequency given by input 1. The reference frame required for the
computation is given by the input 2. The first two inputs are normally connected to a PLL
block.

The positive-sequence component of a three-phase signal (V; or current I;) is computed as

Vi=(Va+a Vy+a V)
Va, Vi,V = three voltage phasors at the fundamental frequency
a = e21/3 = 1£120° complex operator

A Fourier analysis over a sliding window of one cycle of the fundamental frequency (input

1) is first applied to the three input signals. The block evaluates the phasor values at the
fundamental. Then the transformation is applied to obtain the positive sequence.
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As the block uses a running average window to perform the Fourier analysis, one cycle of
simulation must complete before the outputs give the correct magnitude and angle. For
example, the block response to a step change of V; is a one-cycle ramp. For the first cycle
of simulation, the output is held constant to the values specified by the initial input
parameters.

Parameters

Initial frequency (Hz)
Specify the frequency of the first cycle of simulation. Default is 60.
Minimum frequency (Hz)

The minimum frequency value determines the buffer size of the Variable Time Delay
block used inside the block to compute the phasors. Default is 45.

Initial input (positive component) [ Mag, Phase-relative-to-PLL (degrees) ]

Specify the initial positive-sequence magnitude and phase (relative to the PLL phase),
in degrees, of the input signals. Defaultis [1, 0].

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block. Default is 0.

Inputs and Outputs

Freq

Fundamental frequency (Hz) required by the computation. This input is normally
connected to the Freq output of a PLL block.

wt

Angle of the reference frame (rad/s) required for the computation. This input is
normally connected to the wt output of a PLL block.

abc

The vectorized signal of the three [a b c] sinusoidal signals. Typical input signals are

voltages or currents measured by Current Measurement or Voltage Measurement
blocks.
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|u|[Magnitude

Outputs the magnitude of the positive-sequence component in the same unit as the
input signal.

ZuPhase

Outputs the phase of the positive-sequence component, in degrees, relative to the
reference frame wt (input 2).

Characteristics

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion No

Dimensionalized No

Examples

The power PositiveSequencePLLDriven model computes the positive-sequence
component of a three-phase signal containing harmonics. It shows that the block outputs
accurate magnitude and phase even if the fundamental frequency of the input signal
varies during the simulation.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Power

Compute active and reactive powers of voltage-current pair at fundamental frequency
b 4 PP
) ap

Library

Simscape / Electrical / Specialized Power Systems / Control & Measurements /
Measurements

Simscape / Electrical / Specialized Power Systems / Fundamental Blocks / Measurements /
Additional Measurements

Description

The Power block computes the active power (P), in watts, and the reactive power (Q), in
vars, of a voltage-current pair at fundamen