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2-Position Valve Actuator

Actuator for two-position valves

Library

Valve Actuators

N
Description

The 2-Position Valve Actuator block represents an actuator that you can use with
directional valves to control their position. This actuator can drive a two-position valve.
The block is developed as a data-sheet-based model and all its parameters are generally
provided in catalogs or data sheets. The key parameters are the stroke, switch-on, and
switch-off times.

The block accepts a physical input signal and produces a physical output signal that can
be associated with a mechanical translational or rotational push-pin motion. Connect the
block output to the directional valve control port.

The actuator is represented as an ideal transducer, where output does not depend on

the load exerted on the push-pin and the push-pin motion profile remains the same
under any loading conditions. The motion profile represents a typical transition curve for
electromagnetic actuators and is shown in the following figure:



2-Position Valve Actuator

push-pin

input signal

p—

The push-pin is actuated when the input signal value crosses the threshold of 50% of the
nominal input signal, where Nominal signal value is a block parameter. The motion
is divided into three phases, equal in time: delay (t;), motion at constant acceleration
(t»), and motion at constant velocity (t3). The motion stops when the switch-on time
(ton) elapses. At this moment, the push-pin reaches the specified stroke value (Xs¢~). To
return the push-pin into initial position, the control signal must cross back through the
threshold of 50% of the nominal input signal, which causes the push-pin to retract. The
retract motion follows exactly the same profile but “stretches” over the switch-off time.
Switching-on time and Switching-off time are the block parameters.

The transition in any direction can be interrupted at any time by changing the input
signal. If motion is interrupted, the switch-on or switch-off times are proportionally
decreased depending on the instantaneous push-pin position.
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The push-pin is actuated only by positive signal, similar to the AC or DC electromagnets.
The direction of push-pin motion is controlled by the Actuator orientation parameter,
which can have one of two values: Acts in positive directionor Acts in
negative direction.

Basic Assumptions and Limitations

Push-pin loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

"4 Block Parameters: 2-Position Valve Actuator @
2-Position Valve Actuator

The block is a data sheet-based model of an actuator that drives 2-position directional discrete valves and assumes
2 positions: extended and retracted. The actuator is activated if the input signal crosses 50% of its nominal value.
The actuator can be actuated only by positive signal, similar to the case of AC or DC electromagnets. The push-pin
reaches a hard stop after "switching-on" time, and retracts in "switching-off" time after the control signal is
removed. The motion can be interrupted. The motion profile does not depend on load. The block has one physical
signal input port and one physical signal output port.

The push-pin moves in positive or negative direction, depending on the "Actuator orientation” parameter setting.

Settings

Parameters

Push-pin stroke: 0.01 m -
Switching-on time: 0.1 ] -
Switching-off time: 0.1 ] -
Nominal signal value: 24

Initial position: IRetracted ']
Actuator orientation: IActs in positive direction ']

0K H Cancel H Help I Apply

Push-pin stroke
The push-pin stroke. The default value is 0.01 m.

Switching-on time
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Time necessary to fully extend the push-pin after the control signal is applied. The
default valueis 0.1 s.

Switching-off time

Time necessary to retract push-pin from fully extended position after the input signal
is removed. The default value is 0.1 s.

Nominal signal value

Sets the value of the nominal input signal. The output motion is initiated as the
input signal crosses 50% value of the nominal signal. Other than that, the input
signal has no effect on the motion profile. This parameter is meant to reproduce the
rated voltage feature of an electromagnet. The default value is 24.

Initial position

Specifies the initial position of the push-pin. The parameter can have one of two
values: Extended or Retracted. The default value 1s Retracted.

In selecting the initial position, consider the following:

* The steady-state push-pin position always corresponds to the control signal.
In other words, zero or negative signal keeps the push-pin at Retracted, and
positive signal — at Extended.

+ At the start of simulation, if there is a discrepancy between the initial position
of the push-pin, as specified by the Initial position parameter, and the control
signal, the push-pin immediately starts moving towards the steady-state position
designated by the control signal.

Actuator orientation

Parameter controls the direction of the push-pin motion and can have one of two
values: Acts in positive directionor Acts in negative direction.

The first value causes the push-pin to move in positive direction, similarly to the
action of electromagnet A attached to a directional valve. If the parameter is set to
Acts in negative direction, the control signal causes the push-pin to move in
negative direction from the initial position. The default value is Acts in positive
direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:
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* Initial position

+ Actuator orientation

All other block parameters are available for modification.

Ports

The block has one physical signal input port, associated with the input signal, and one
physical signal output port, associated with the output signal (push-pin displacement).

Examples

In the 2-Position Valve Actuator example, the hydraulic circuit contains two actuators.
The first one is set to start from the retracted position, while the second one starts from
the extended position. Both actuators are driven with a Pulse Generator. The actuators
start extending at 1 s, but the second actuator first retracts from 0.01 m to zero, since it
was initially extended and there was no signal keeping it there.

In the Hydraulic Circuit with Single-Acting Cylinder example, the 2-Position Valve
Actuator block is used along with a 3-Way Directional Valve block to simulate an
electrically operated 3-way directional valve.

See Also
3-Position Valve Actuator | Hydraulic Double-Acting Valve Actuator | Hydraulic Single-
Acting Valve Actuator | Proportional and Servo-Valve Actuator


../examples/2-position-valve-actuator.html
../examples/hydraulic-circuit-with-single-acting-cylinder.html

2-Way Directional Valve

2-Way Directional Valve

Hydraulic continuous 2-way directional valve

Library

Directional Valves

Description

T
=]

The 2-Way Directional Valve block represents a continuous, 2-way directional valve, also
referred to as a shut-off valve. It is the device that controls the connection between two
lines. The block has two hydraulic connections, corresponding to inlet port (A) and outlet
port (B), and one physical signal port connection (S), which controls the spool position.
The block is built based on a Variable Orifice block, where the Orifice orientation
parameter is set to Opens in positive direction. This means that positive signal x
at port S opens the orifice, and its instantaneous opening h is computed as follows:

h=xy+x
where
h Orifice opening
Xo Initial opening
X Control member displacement from initial position

Because the block is based on a variable orifice, you can choose one of the following model
parameterization options:

By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

1-7
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*+ By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

* By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position

of the control member (zero displacement), and the maximum opening takes place at

the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause simulation to fail.

In the third case, when an orifice is defined by its pressure-flow characteristics, the

flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics must
be presented as the Cartesian mesh, i.e., the function values must be specified at vertices
of a rectangular array. The argument arrays (openings and pressure differentials) must
be strictly increasing. The vertices can be nonuniformly spaced. You have a choice of
three interpolation methods and two extrapolation methods.

The block positive direction is from port A to port B. This means that the flow rate
1s positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens the valve.
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Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

+ Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

"4 Block Parameters: 2-Way Directional Valve @
2-Way Directional Valve

The block simulates a 2-way directional valve as a data sheet-based model. To parameterize the block, 3 options
are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B. Positive signal at port S
opens the valve.

Settings

Parameters

Model parameterization: By maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Model parameterization
Select one of the following methods for specifying the valve:
*+ By maximum area and opening — Provide values for the maximum valve

passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at

1-9
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

1-11
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Initial opening

Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or equal to zero for zero lap configuration. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
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even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization
* Interpolation method

+  Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
S

1-13



1 Blocks — Alphabetical List

1-14

Physical signal port to control spool displacement.

Examples

In the Hydraulic Closed-Loop Circuit with 2-Way Valve example, the 2-Way Directional
Valve block is used to control the position of a double-acting cylinder. At the start of
simulation, the valve is open by 0.42 mm to make the circuit initial position as close as
possible to its neutral position.

See Also
3-Way Directional Valve | 4-Way Directional Valve


../examples/hydraulic-closed-loop-circuit-with-2-way-valve.html

3-Position Valve Actuator

3-Position Valve Actuator

Actuator for three-position valves

Library

Valve Actuators

GEANCE
[=
[

Description

The 3-Position Valve Actuator block represents an actuator that you can use with
directional valves to control their position. This actuator can drive a three-position valve.
The block is developed as a data-sheet-based model and all its parameters are generally
provided in catalogs or data sheets. The key parameters are the stroke, switch-on, and
switch-off times.

The block has two signal inputs associated with the activation signals for electromagnets
A or B. It produces a physical output signal that can be associated with a mechanical
translational or rotational push-pin motion. Connect the block output to the directional
valve control port.

The actuator is represented as an ideal transducer, where output does not depend on

the load exerted on the push-pin and the push-pin motion profile remains the same
under any loading conditions. The motion profile represents a typical transition curve for
electromagnetic actuators. The following figure shows the motion profile for a case when
the input signal is applied long enough for the push-pin to reach the end of the stroke
(Xs¢r), and then the input signal is removed, causing the push-pin to return to initial

position:

1-15
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The push-pin is actuated when the input signal value crosses the threshold of 50% of the
nominal input signal, where Nominal signal value is a block parameter. The motion is
divided into three phases, equal in time: delay (t4), motion at constant acceleration (t ),
and motion at constant velocity (t,e). The motion stops when the switch-on time (t,,)
elapses. At this moment, the push-pin reaches the specified stroke value (Xs¢-). To return
the push-pin into initial position, the control signal must be removed, which causes

the push-pin to retract. The retract motion also consists of three phases, equal in time:
delay (t,-), motion at constant acceleration (t,,), and motion at constant velocity (t,,). It
follows exactly the same profile but “stretches” over the switch-off time. Switching-on
time and Switching-off time are the block parameters.

The signal applied to port A causes the output to move in positive direction. To shift the
push-pin in negative direction, you must apply the signal to port B. Only one control
signal can be applied at a time. This means that if the actuator is being controlled

by the signal at port A, the push-pin must be allowed to return to initial position

before the control signal at port B can be processed. The transition in any direction

can be interrupted at any time by changing the input signal. If motion is interrupted,
the switch-on or switch-off times are proportionally decreased depending on the
Instantaneous push-pin position.

Only positive signals activate the actuator. In other words, negative signals at

ports A and B have no effect on the actuator, which is similar to the behavior of
electromagnetically controlled 3-position directional valves.

1-16
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Basic Assumptions and Limitations

Push-pin loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

“& Block Parameters: 3-Position Valve Actuator @
3-Position Valve Actuator

The block is a data sheet-based model of an actuator that drives 3-position directional discrete valves and assumes
3 positions: neutral, extended in positive direction, and extended in negative direction. The actuator is activated if
an input signal on either port A or port B crosses 50% of signal's nominal value. The actuator can be actuated only
by positive signal. It moves in positive direction if signal at port A is applied. Signal at port B moves the pin in
negative direction. Only one signal can be applied at a time, similar to the case of AC or DC electromagnets. The
push-pin reaches a hard stop after "switching-on" time, and retracts to neutral position in "switching-off" time after
the control signal is removed. The motion can be interrupted. The motion profile does not depend on load. The
block has two physical signal input ports and one physical signal output port.

Settings
Parameters
Push-pin stroke: 0.01 m -
Switching-on time: 0.1 ] -
Switching-off time: 0.1 ] -
Nominal signal value: 24
Initial position: Neutral v|

0K ]| Cancel || Help | Apply

Push-pin stroke
The push-pin stroke. The default value is 0.01 m.
Switching-on time

Time necessary to fully extend the push-pin after the control signal is applied. The
default valueis 0.1 s.

Switching-off time

Time necessary to retract push-pin from fully extended position after the input signal
is removed. The default value is 0.1 s.

1-17
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Nominal signal value

Sets the value of the nominal input signal. The output motion is initiated as the
input signal crosses 50% value of the nominal signal. Other than that, the input
signal has no effect on the motion profile. This parameter is meant to reproduce the
rated voltage feature of an electromagnet. The default value is 24.

Initial position

Specifies the initial position of the push-pin. The parameter can have one of three
values: Extended positive, Extended negative, or Neutral. The default value

is Neutral.
In selecting the initial position, consider the following:

* The steady-state push-pin position always corresponds to the control signal. In
other words, zero signal keeps the push-pin at Neutral, positive signal — at
Extended positive, and negative signal — at Extended negative.

+ At the start of simulation, if there is a discrepancy between the initial position
of the push-pin, as specified by the Initial position parameter, and the control
signal, the push-pin immediately starts moving towards the steady-state position
designated by the control signal.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Initial position

All other block parameters are available for modification.

Ports

The block has the following ports:

A
Physical signal input port associated with the port A input signal.

1-18
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Physical signal input port associated with the port B input signal.

The block also has one physical signal output port, which is associated with the output
signal (push-pin displacement).

Examples

In the 3-Position Valve Actuator example, all three actuators are set to different strokes,
switch-on and switch-off times, and initial positions. If the initial position is not Neutral
and the control signal at the beginning of simulation equals zero, the push-pin starts
moving towards neutral position, as the actuators A and C show in the example.

See Also

2-Position Valve Actuator | Hydraulic Double-Acting Valve Actuator | Hydraulic Single-
Acting Valve Actuator | Proportional and Servo-Valve Actuator

1-19
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3-Way Directional Valve

Hydraulic continuous 3-way directional valve

Library

Directional Valves

EM

o o [l
. . i 1=} o
Description
The 3-Way Directional Valve block represents a continuous, symmetrical, 3-way
directional valve. The fluid flow is pumped in the valve through the inlet line and is
distributed between an outside pressure line (usually connected to a single-acting
actuator) and the return line. The block has three hydraulic connections, corresponding
to inlet port (P), actuator port (A), and return port (T), and one physical signal port
connection (S), which controls the spool position. The block is built of two Variable Orifice
blocks, connected as shown in the following diagram.

“arisble Orifice P_A

it [

‘ariable Orifice AT

S
m WREg '@
@'

One Variable Orifice block, called orifice_PA, is installed in the P-A path. The second
Variable Orifice block, called orifice_AT, is installed in the A-T path. Both blocks
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are controlled by the same position signal, provided through the physical signal port S,
but the Orifice orientation parameter in the block instances is set in such a way that
positive signal at port S opens orifice_PA and closes orifice_AT. As a result, the
openings of the orifices are computed as follows:

hps = hpag +x

har =hapo—x

where

hNpa Orifice opening for the orifice_ PA block

har Orifice opening for the orifice_ AT block

Npao Initial opening for the orifice_PA block

hNato Initial opening for the orifice_AT block

X Control member displacement from initial position

The valve simulated by the 3-Way Directional Valve block is assumed to be symmetrical.
This means that both orifices are of the same shape and size and are parameterized with
the same method. You can choose one of the following block parameterization options:

+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

+ By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position
of the control member (zero displacement), and the maximum opening takes place at
the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
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number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause simulation to fail.

In the third case, when an orifice is defined by its pressure-flow characteristics, the

flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics must
be presented as the Cartesian mesh, i.e., the function values must be specified at vertices
of a rectangular array. The argument arrays (openings and pressure differentials) must
be strictly increasing. The vertices can be nonuniformly spaced. You have a choice of
three interpolation methods and two extrapolation methods.

If you need to simulate a nonsymmetrical 3-way valve (i.e., with different orifices), use
any of the variable orifice blocks from the Orifices library (such as Orifice with Variable
Area Round Holes, Orifice with Variable Area Slot, or Variable Orifice) and connect them
the same way as the Variable Orifice blocks in the schematic diagram of this 3-Way
Directional Valve block.

Positive signal at the physical signal port S opens the orifice in the P-A path and closes
the orifice in the A-T path. The directionality of nested blocks is clear from the schematic
diagram.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

*  Only symmetrical configuration of the valve is considered. In other words, both
orifices are assumed to have the same shape and size.
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Dialog Box and Parameters

"4 Block Parameters: 3-Way Directional Valve @
3-Way Directional Valve

The block simulates a 3-way directional continuous valve as a data sheet-based model. To parameterize the block,
3 options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections P, T, and A are hydraulic conserving ports associated with the valve inlet, outlet, and actuator terminal
respectively. Connection S is a physical signal port through which control signal is applied. Positive signal at port S
opens orifice P-A and closes orifice A-T.

Settings

Parameters

Model parameterization: By maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Orifice P-A initial opening: 0 m -
Orifice A-T initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Model parameterization

Select one of the following methods for specifying the valve:

* By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
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provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 l1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points—Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point—Uses the last specified output value at the appropriate end
of the range. That is, the block uses the last specified output value for all input
values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Orifice P-A initial opening
Initial opening for the orifice in the P-A path. The parameter can be positive

(underlapped orifice), negative (overlapped orifice), or equal to zero for zero lap
configuration. The default value is O.

Orifice A-T initial opening
Initial opening for the orifice in the A-T path. The parameter can be positive

(underlapped orifice), negative (overlapped orifice), or equal to zero for zero lap
configuration. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

+ Model parameterization
* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
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Examples
You can see the 3-Way Directional Valve block in the Hydraulic Circuit with 3-Way Valve

and Differential Cylinder example, where it is used to switch between a conventional and
differential connection of the cylinder.

See Also

2-Way Directional Valve | 4-Way Directional Valve
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4-Way Directional Valve

4-Way Directional Valve

Hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R v =
.&. =] =]

Description

The 4-Way Directional Valve block represents a continuous 4-way directional valve.

The fluid is pumped in the valve through the inlet line P and is distributed between two
outside hydraulic lines A and B (usually connected to a double-acting actuator) and the
return line T. The block has four hydraulic connections, corresponding to inlet port (P),
actuator ports (A and B), and return port (T), and one physical signal port connection (S),
which controls the spool position.

There are multiple configurations of 4-way directional valves, depending on the port
connections in three distinctive valve positions: leftmost, neutral, and rightmost. This
block lets you model the most popular configurations by changing the initial openings

of the orifices, as shown in . Other SimHydraulics® blocks provide more 4-way and 6-
way directional valve configurations. For more information, see “Modeling Directional
Valves”.

The 4-Way Directional Valve block is built of four Variable Orifice blocks, connected as
shown in the following diagram.
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The Variable Orifice blocks are installed as follows: orifice P-A is in the P-A path, orifice
P-B is in the P-B path, orifice A-T is in the A-T path, and orifice B-T is in the B-T path.
All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A and B-T ) and closes the orifices colored yellow (orifices P-B and A-
T). As a result, the openings of the orifices are computed as follows:

hps = hppo +x
hpp = hppy —x
hap =hapo—x
hpr = hppo +x

where

hpa Orifice opening for the Variable Orifice P-A block
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hpg Orifice opening for the Variable Orifice P-B block
Rar Orifice opening for the Variable Orifice A-T block
hsr Orifice opening for the Variable Orifice B-T block
Npao Initial opening for the Variable Orifice P-A block
hpgo Initial opening for the Variable Orifice P-B block
hNato Initial opening for the Variable Orifice A-T block
hsro Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

By default, all initial openings are set to zero. By adjusting their values, you can obtain

11 different configurations, as shown in the following table. To specify the initial

openings of the orifices, use the tab of the block dialog box.

Basic 4-Way Directional Valve Configurations

No

Configuration

Initial Openings

1

A

All four orifices are overlapped in neutral position:

A

* Orifice P-A initial opening <0
¥ Orifice P-B initial opening <0

..
T
F

HH O He

+ Orifice A-T initial opening < 0
+ Orifice B-T initial opening <0

&=

d

A

+ Orifice P-A initial opening > 0
¥ . Orifice P-B initial opening > 0

=]

* Orifice A-T initial opening > 0
+ Orifice B-T initial opening > 0

All four orifices are open (underlapped) in neutral position:

/

_are overlapped for more than valve stroke:

+ Orifice P-A initial opening <0

WH e
HH O He

+ Orifice P-B initial opening <0
* Orifice A-T initial opening <—valve stroke

Orifices P-A and P-B are overlapped. Orifices A-T and B-T
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No Configuration Initial Openings
* Orifice B-T initial opening <—valve stroke
4 A B Orifices P-A and P-B are overlapped, while orifices A-T and
\_‘ B-T are open:
>< s | T y: Orifice P-A initial opening <0
FOOT + Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening > 0
5 A B Orifices P-A and A-T are open in neutral position, while
al orifices P-B and B-T are overlapped:
T i _I >< + Orifice P-A initial opening >0
P. T + Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening <0
6 A B Orifice A-T is initially open, while all three remaining orifices
L are overlapped:
>< _x T LB Orifice P-A initial opening <0
P T * Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening <0
7 Orifice B-T is initially open, while all three remaining orifices

P
WH e

H il —

are overlapped:

+ Orifice P-A initial opening <0
* Orifice P-B initial opening <0
* Orifice A-T initial opening <0

+ Orifice B-T initial opening > 0
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No Configuration Initial Openings
8 A B Orifices P-A and P-B are open, while orifices A-T and B-T are
J overlapped:
>< . - T LR Orifice P-A initial opening > 0
F T + Orifice P-B initial opening > 0
* Orifice A-T initial opening <0
* Orifice B-T initial opening <0
9 A B Orifice P-A is initially open, while all three remaining orifices
L are overlapped:
>< T - T LR Orifice P-A initial opening > 0
F T + Orifice P-B initial opening <0
+ Orifice A-T initial opening <0
* Orifice B-T initial opening <0
10 A B Orifice P-B is initially open, while all three remaining orifices
1 are overlapped:
>< /I_ T LR Orifice P-A initial opening <0
F T * Orifice P-B initial opening >0
* Orifice A-T initial opening <0
* Orifice B-T initial opening <0
11 A B Orifices P-B and B-T are open, while orifices P-A and A-T are
1 overlapped:
T i ’_‘ >< * Orifice P-A initial opening <0
P OT * Orifice P-B initial opening >0

+ Orifice A-T initial opening < 0

+ Orifice B-T initial opening >0

All four orifices are assumed to be of the same shape and size and are parameterized
with the same method. You can choose one of the following block parameterization

options:
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+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

+ By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

* By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position

of the control member (zero displacement), and the maximum opening takes place at

the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause failure of computation.

In the third case, when an orifice is defined by its pressure-flow characteristics, the
flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics
must be presented as the Cartesian mesh, that is, the function values must be specified
at vertices of a rectangular array. The argument arrays (openings and pressure
differentials) must be strictly increasing. The vertices can be nonuniformly spaced. You
have a choice of three interpolation methods and two extrapolation methods.

If you need to simulate a nonsymmetrical 4-way valve (that is, with different orifices),
use any of the variable orifice blocks from the Orifices library (such as Orifice with
Variable Area Round Holes, Orifice with Variable Area Slot, or Variable Orifice) and
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connect them the same way as the Variable Orifice blocks in the schematic diagram of
this 4-Way Directional Valve block.

Positive signal at the physical signal port S opens the orifices in the P-A and B-T paths
and closes the orifices in the P-B and A-T paths. The directionality of nested blocks is
clear from the schematic diagram.

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

*  Only symmetrical configuration of the valve is considered. In other words, all four
orifices are assumed to have the same shape and size.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve @
4-Way Directional Valve

The block simulates the basic option of the 4-way directional continuous valve as a data-sheet-based model. To
parameterize the block, 3 options are available: (1) by maximum area and control member stroke, (2) by the table
of valve area vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table
block is used in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S opens orifices P-A and B-T and closes orifices P-B and A-T.

Settings
Model parameterization: |B',r maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -

[ 0K ]| Cancel || Help Apply

+ “Basic Parameters Tab” on page 1-36
+  “Initial Openings Tab” on page 1-39

Basic Parameters Tab

Model parameterization
Select one of the following methods for specifying the valve:

* By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
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provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 l1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-A block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice P-B initial opening
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Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization
+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.
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Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
Examples

The 4-Way Directional Valve block in the Closed-Loop Circuit with 4-Way Valve and
Custom Cylinder example is an open-center, symmetrical valve controlling a double-
acting cylinder.

See Also

2-Way Directional Valve | 3-Way Directional Valve | 4-Way Directional Valve B | 4-Way
Directional Valve G | 4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way
Directional Valve A | 4-Way Directional Valve D | 4-Way Directional Valve E | 4-Way
Directional Valve F | 4-Way Directional Valve K | 6-Way Directional Valve A
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4-Way Directional Valve A

Configuration A of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R v =
.&. =] =]

Description

The 4-Way Directional Valve A block simulates a configuration of hydraulic continuous
4-way directional valve where the valve unloads the pump in neutral position. The fluid
is pumped in the valve through the inlet line P and is distributed between two outside
hydraulic lines A and B (usually connected to a double-acting actuator) and the return
line T. The block has four hydraulic connections, corresponding to inlet port (P), actuator
ports (A and B), and return port (T), and one physical signal port connection (S), which
controls the spool position. The block is built of six Variable Orifice blocks, connected as
shown in the following diagram.
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All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A, B-T, and T1-T ) and closes the orifices colored yellow (orifices A-T,
P-B, and P-T1). As a result, the openings of the orifices are computed as follows:

hps = hppg +
hpg = hppy —x
hap =hapo—x
hpr = hpro +x
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hpr1 =hprio —x

by =hripo + %

where
Npa Orifice opening for the Variable Orifice P-A block
hpeg Orifice opening for the Variable Orifice P-B block
Nar Orifice opening for the Variable Orifice A-T block
hgr Orifice opening for the Variable Orifice B-T block
hprq Orifice opening for the Variable Orifice P-T1 block
hyqer Orifice opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
Naro Initial opening for the Variable Orifice A-T block
hsro Initial opening for the Variable Orifice B-T block
hp110 Initial opening for the Variable Orifice P-T1 block
hr110 Initial opening for the Variable Orifice T1-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve A @
4-Way Directional Valve A

The block simulates option A of the 4-way directional continuous valve as a data-sheet-based model. It is built of
six variable orifices. The valve unloads the pump in neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S opens orifices P-A, B-T, and T1-T and closes orifices A-T, P-B, and P-T1.

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-45

*  “Initial Openings Tab” on page 1-48

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.
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+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
1s determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m*2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials
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Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
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Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”"2.

Initial Openings Tab

Orifice P-A initial opening
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Initial opening for the Variable Orifice P-A block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
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B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve B | 4-Way Directional Valve C | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve B

Configuration B of hydraulic continuous 4-way directional valve

Library

Directional Valves

(]
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Description

The 4-Way Directional Valve B block simulates a configuration of hydraulic continuous
4-way directional valve where port A is permanently connected to port P, and all four
ports are interconnected in neutral position. The fluid is pumped in the valve through

the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of a Fixed Orifice block in the P-A path and four Variable Orifice blocks, connected
as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices A-T1 and P-B) and closes the orifices colored yellow (orifices T1-T
and B-T). As a result, the openings of the orifices are computed as follows:

hari =hario—x
hpp = hppy —x
hpir =hpipo +x

hgp = hgpo +x
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where

harq Orifice opening for the Variable Orifice A-T1 block
hpg Orifice opening for the Variable Orifice P-B block
hyqir Orifice opening for the Variable Orifice T1-T block
hgr Orifice opening for the Variable Orifice B-T block
Nat10 Initial opening for the Variable Orifice A-T1 block
Npgo Initial opening for the Variable Orifice P-B block
hr110 Initial opening for the Variable Orifice T1-T block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,

assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve B @
4-Way Directional Valve B

The block simulates option B of the 4-way directional continuous valve as a data-sheet-based model. Port A of the
valve is permanently connected to port B, and all four ports are interconnected in neutral position. To parameterize
the block, 3 options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-B and A-T1 and closes
orifices T1-T and B-T). Both positive and negative valve displacements disconnect port A from port T.

Settings
Model parameterization: IBy maximum area and opening -
Path P-A passage area: S5e-3 m*2 -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-54
*  “Initial Openings Tab” on page 1-58

Basic Parameters Tab

Compared to the Basic Parameters tab of the 4-Way Directional Valve block, there is one
additional parameter:
Path P-A passage area

Specify the area of the P-A passage. The parameter value must be greater than zero.
The default value is 5e-5 m*2. This parameter is used if Model parameterization
is set to By maximum area and opening.
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The rest of the parameters on this tab are identical to those of the 4-Way Directional
Valve block:

Model parameterization

Select one of the following methods for specifying the valve:

By maximum area and opening— Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m*2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
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Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, iIn m"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.
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Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area
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The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Initial Openings Tab

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A
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Hydraulic conserving port associated with the actuator connection port.

B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve C | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve C

Configuration C of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve C block simulates a configuration of hydraulic continuous 4-
way directional valve where port P is connected to port A and port B is connected to port
T in the left position; in the right position, both port A and port B are connected to P; and
all ports are interconnected in neutral position. The fluid is pumped in the valve through
the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of a Fixed Orifice block in the P-B path and four Variable Orifice blocks, connected
as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices B-T1 and A-T ) and closes the orifices colored yellow (orifices P-A
and T1-T). As a result, the openings of the orifices are computed as follows:

hpg = hppg —x
hap =hapo +x
hpr1 =hprio +x

hpip =hpipo —x
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where

hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block
hpry Orifice opening for the Variable Orifice B-T1 block
hrir Orifice opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
hsr10 Initial opening for the Variable Orifice B-T1 block
hr110 Initial opening for the Variable Orifice T1-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve C @
4-Way Directional Valve C

The block simulates option C of the 4-way directional continuous valve as a data-sheet-based model. Port P is
connected to port A and port B is connected to port T in the left position; in the right position, both port A and port
B are connected to P; and all ports are interconnected in neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices A-T and B-T1 and closes
orifices P-A and T1-T).

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Path P-B passage area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-63
*  “Initial Openings Tab” on page 1-67
Basic Parameters Tab

Compared to the Basic Parameters tab of the 4-Way Directional Valve block, there is one
additional parameter:

Path P-B passage area
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Specify the area of the P-B passage. The parameter value must be greater than zero.
The default value is 5e-5 m”2. This parameter is used if Model parameterization
1s set to By maximum area and opening.

The rest of the parameters on this tab are identical to those of the 4-Way Directional
Valve block:

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
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opening table, the Tabulated valve openings values will be used together

with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method
Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By

1-65



1 Blocks — Alphabetical List

pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice B-T1 initial opening

Initial opening for the Variable Orifice B-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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T
Hydraulic conserving port associated with the return line connection.
A
Hydraulic conserving port associated with the actuator connection port.
B
Hydraulic conserving port associated with the actuator connection port.
S
Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve D

Configuration D of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve D block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port A, while port B is connected to port T.

All connections are blocked in neutral position. The fluid is pumped in the valve through
the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of four Variable Orifice blocks, connected as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices P-A2 and P-B) and closes the orifices colored yellow (orifices P-A1l
and B-T). As a result, the openings of the orifices are computed as follows:

hpa1 =hparo—x
hpas = hpago +x
hpp = hppy +x
hpr = hpro —x
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where

Npaq Orifice opening for the Variable Orifice P-Al block
Npas Orifice opening for the Variable Orifice P-A2 block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block
Rpato Initial opening for the Variable Orifice P-Al block
Npaso Initial opening for the Variable Orifice P-A2 block
hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve D @
4-Way Directional Valve D

The block simulates option D of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port A while port B is
connected to port T. All connections are blocked in the neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices B-T and P-Al and closes
orifices P-B and P-A2).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-72

+  “Initial Openings Tab” on page 1-76

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-A1 initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
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See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve E |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A

1-77



1 Blocks — Alphabetical List

1-78

4-Way Directional Valve E

Configuration E of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
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Description

The 4-Way Directional Valve E block simulates a configuration of hydraulic continuous 4-
way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T. All
connections are blocked in neutral position. The fluid is pumped in the valve through

the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of four Variable Orifice blocks, connected as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices P-B1 and A-T' ) and closes the orifices colored yellow (orifices P-A
and P-B2). As a result, the openings of the orifices are computed as follows:

hpg = hppg —x
hpp1 =hpp1o +x
hppo = hppag —x

har =hapo +x

where

Npa Orifice opening for the Variable Orifice P-A block
hpgq Orifice opening for the Variable Orifice P-B1 block
hpgo Orifice opening for the Variable Orifice P-B2 block
har Orifice opening for the Variable Orifice A-T block
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Npao Initial opening for the Variable Orifice P-A block

hpg1o Initial opening for the Variable Orifice P-B1 block

Npgso Initial opening for the Variable Orifice P-B2 block

hNato Initial opening for the Variable Orifice A-T block

X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.

Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve E @
4-Way Directional Valve E

The block simulates option E of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. All connections are blocked in the neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-B1 and A-T and closes
orifices P-A and P-B2).

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

0K H Cancel H Help Apply
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+  “Basic Parameters Tab” on page 1-81

*  “Initial Openings Tab” on page 1-84

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
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opening table, the Tabulated valve openings values will be used together

with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
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pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.



4-Way Directional Valve E

T
Hydraulic conserving port associated with the return line connection.
A
Hydraulic conserving port associated with the actuator connection port.
B
Hydraulic conserving port associated with the actuator connection port.
S
Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve F

Configuration F of hydraulic continuous 4-way directional valve

Library

Directional Valves

I

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve F block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port A, while port B is connected to port T.

In neutral position, ports A and B are connected to port T. The fluid is pumped in the
valve through the inlet line P and is distributed between two outside hydraulic lines A
and B (usually connected to a double-acting actuator) and the return line T. The block
has four hydraulic connections, corresponding to inlet port (P), actuator ports (A and

B), and return port (T), and one physical signal port connection (S), which controls the
spool position. The block is built of six Variable Orifice blocks, connected as shown in the
following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances

is set in such a way that positive signal at port S opens the orifices colored blue in
the block diagram (orifices P-A1, A-T1, and P-B) and closes the orifices colored yellow

(orifices P-A2, B-T, and T1-T). As a result, the openings of the orifices are computed as

follows:

hpa1 =hparo +x

hpag = hpagg —x

hary =hario +x
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hpyp =hpipo —x

hpp = hppy +x

hgr = hgpo —x

where

Npay Orifice opening for the Variable Orifice P-Al block
Npas Orifice opening for the Variable Orifice P-A2 block
Naty Orifice opening for the Variable Orifice A-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block

Npato Initial opening for the Variable Orifice P-Al block

Npazo Initial opening for the Variable Orifice P-A2 block

Nar1o Initial opening for the Variable Orifice A-T1 block

hr1710 Initial opening for the Variable Orifice T1-T block

hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

“& Block Parameters: 4-Way Directional Valve F @

4-Way Directional Valve F

The block simulates option F of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port A, while port B is
connected to port T. In the neutral position, ports A and B are connected to port T. To parameterize the block, 3
options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-A1, P-B, and A-T1 and
closes orifices P-A2, B-T, and T1-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

“Basic Parameters Tab” on page 1-89

“Initial Openings Tab” on page 1-93

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-Al initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A



4-Way Directional Valve G

4-Way Directional Valve G

Configuration G of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
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Description

The 4-Way Directional Valve G block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T.

In neutral position, ports A and B are connected to port T. The fluid is pumped in the
valve through the inlet line P and is distributed between two outside hydraulic lines A
and B (usually connected to a double-acting actuator) and the return line T. The block
has four hydraulic connections, corresponding to inlet port (P), actuator ports (A and

B), and return port (T), and one physical signal port connection (S), which controls the
spool position. The block is built of six Variable Orifice blocks, connected as shown in the
following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
is set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-B1, A-T, and T1-T) and closes the orifices colored yellow

(orifices P-A, B-T1, and P-B2). As a result, the openings of the orifices are computed as
follows:

hpp1 =hppio +*
hpp = hppog — %
hpr1 =hprio—
hpir =hpiro +%
hpa = hpgo —%
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har =haro +x

where

Npgy Orifice opening for the Variable Orifice P-B1 block
Npgo Orifice opening for the Variable Orifice P-B2 block
hsry Orifice opening for the Variable Orifice B-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block
hpg10 Initial opening for the Variable Orifice P-B1 block
Npg2o Initial opening for the Variable Orifice P-B2 block
hsr10 Initial opening for the Variable Orifice B-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
hNato Initial opening for the Variable Orifice A-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve G @
4-Way Directional Valve G

The block simulates option G of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. In the neutral position, ports A and B are connected to port T. To parameterize the block, 3
options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices A-T, P-B1, and T1-T and
closes orifices P-B2, B-T1, and P-A).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

* “Basic Parameters Tab” on page 1-98

+  “Initial Openings Tab” on page 1-102

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T1 initial opening

Initial opening for the Variable Orifice B-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve H

Configuration H of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve H block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port B, while port A is connected to port T. In
neutral position, port P is connected to port T to unload the pump. The fluid is pumped
in the valve through the inlet line P and is distributed between two outside hydraulic
lines A and B (usually connected to a double-acting actuator) and the return line T. The
block has four hydraulic connections, corresponding to inlet port (P), actuator ports (A
and B), and return port (T), and one physical signal port connection (S), which controls
the spool position. The block is built of six Variable Orifice blocks, connected as shown in
the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
is set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-B2, P-A, and T1-T) and closes the orifices colored yellow
(orifices P-B1, P-T1, and A-T). As a result, the openings of the orifices are computed as
follows:

hpp1 =hpp1o—x
hppo = hppao +x

hpr1 =hprio—x
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hpyp =hpipo +x

hpg = hppg +x

hap =hppo —x

where
Npgy Orifice opening for the Variable Orifice P-B1 block
Npgo Orifice opening for the Variable Orifice P-B2 block
hpry Orifice opening for the Variable Orifice P-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block

hpg10 Initial opening for the Variable Orifice P-B1 block

Npg2o Initial opening for the Variable Orifice P-B2 block
hpr10 Initial opening for the Variable Orifice P-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
hNato Initial opening for the Variable Orifice A-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve H @
4-Way Directional Valve H

The block simulates option H of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port B, while port A is
connected to port T. In the neutral position, port P is connected to port T to unload the pump. To parameterize the
block, three options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-A, P-B2, and T1-T and
closes orifices P-B1, B-T1, and A-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-107

+  “Initial Openings Tab” on page 1-111

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

1-109



1 Blocks — Alphabetical List

1-110

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve G | 6-
Way Directional Valve A
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4-Way Directional Valve K

Configuration K of hydraulic continuous 4-way directional valve

Library

Directional Valves

i
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Description

The 4-Way Directional Valve K block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T. In
neutral position, port P is connected to port T to unload the pump. The fluid is pumped
in the valve through the inlet line P and is distributed between two outside hydraulic
lines A and B (usually connected to a double-acting actuator) and the return line T. The
block has four hydraulic connections, corresponding to inlet port (P), actuator ports (A
and B), and return port (T), and one physical signal port connection (S), which controls
the spool position. The block is built of six Variable Orifice blocks, connected as shown in
the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-A1, P-T1, and B-T) and closes the orifices colored yellow
(orifices P-A2, P-B, and T1-T). As a result, the openings of the orifices are computed as
follows:

hpa1 =hpaio+x

hpao = hpagg —x

hpr1 =hppio +x

hpip =hpipo —x
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hpp = hppy —x

hpr = hpyo +x

where

Npay Orifice opening for the Variable Orifice P-Al block
Npao Orifice opening for the Variable Orifice P-A2 block
hpry Orifice opening for the Variable Orifice P-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block
Npat0 Initial opening for the Variable Orifice P-A1l block
Npazo Initial opening for the Variable Orifice P-A2 block
hpr10 Initial opening for the Variable Orifice P-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve K @
4-Way Directional Valve K

The block simulates option K of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. In the neutral position, port P is connected to port T to unload the pump. To parameterize the
block, three options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-T1, P-A1, and B-T and
closes orifices P-B, P-A2, and T1-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ OK H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-116

+  “Initial Openings Tab” on page 1-120

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-Al initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve G | 6-
Way Directional Valve A
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4-Way Ideal Valve

Hydraulic 4-way critically-centered valve

Library

Directional Valves

Description

The 4-Way Ideal Valve block represents a 4-way critically-centered valve, where initial
openings of all four variable orifices are equal to zero. This significantly simplifies the
model of a 4-way directional valve and makes it especially suitable for real-time and HIL
(hardware-in-the-loop) simulation, where such assumption is applicable.

The flow rate is computed with the equation:

1 .
q= xCDb\/B(pS —abs(pa - pg))sign(pa - pB)

where

q Flow rate

x Valve displacement, —x,,,0c <= X <= Xpax
b Orifice width, b = A, / Xmax

Apox Maximum orifice area

Xmax Valve maximum opening

Cp Flow discharge coefficient

P Fluid density
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Ps

Pressure supply

DPaDB Pressures at the load ports A and B, respectively

Connections A and B are conserving hydraulic ports associated with the valve load ports.
Connections P and S are the physical signal input ports that provide supply pressure and
valve displacement values, respectively.

Basic Assumptions and Limitations

The valve is of a critically-centered type, that is, all initial openings are equal to zero.
The return pressure is assumed to be very low and can be treated as a zero pressure.

All the orifices are assumed to have the same shape and size, that is, the valve is
symmetrical.

Dialog Box and Parameters

!

4-Way Ideal Valve

The block is a model of a 4-way critically-centered valve. Zero initial openings of all four variable orifices produced
an opportunity to substantially simplify the model and made it suitable for HIL and RT applications in which such
assumption is applicable. Connections A and B are conserving hydraulic ports associated with the valve load ports.
Connections P and S are the physical signal ports through which supply pressure and valve displacement is
provided.

Settings

FParameters

Block Parameters: 4-Way Ideal Valve @

Valve passage maximum area: 0.5e-4 m*2 -
Valve maximum opening: Se-3 m -

Flow discharge coefficient: 0.7

0K ]| Cancel || Help Apply

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater than
zero. The default value is 5e-5 m”2.
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Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 0.005 m.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
P

Physical signal port that controls the supply pressure.
S

Physical signal port that controls spool displacement.
Examples

The Hydraulic Closed-Loop Actuator with Fixed-Step Integration example is an example
of using this valve, along with other blocks optimized for real-time and HIL simulation.


../examples/hydraulic-closed-loop-actuator-with-fixed-step-integration.html

4-Way |deal Valve

See Also
4-Way Directional Valve
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6-Way Directional Valve A

Configuration A of hydraulic continuous 6-way directional valve

Library

Directional Valves

=
ﬂnnn

Description

The 6-Way Directional Valve A block simulates a configuration of hydraulic continuous
6-way directional valve with pump port P, two return ports T and T1, and three
actuator ports A, B, and C. Use the valve for applications with two actuators, each being
controlled by a valve of this type. When both valves are in neutral position, the pump is
unloaded. If any of the valves is shifted from neutral, the diverting line is cut off and the
respective actuator is fed at fuel pump pressure. For more details, see the Front-Loader
Actuation System example, which uses a similar system of two valves.

The 6-Way Directional Valve A block has six hydraulic connections, corresponding to
the valve hydraulic ports (A, B, C, P, T, and T1), and one physical signal port connection
(S), which controls the spool position. The block is built of six Variable Orifice blocks,
connected as shown in the following diagram.


../examples/front-loader-actuation-system.html
../examples/front-loader-actuation-system.html

6-Way Directional Valve A
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All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A, B-T, and P-C2) and closes the orifices colored yellow (orifices A-T1,
P-B, and P-C1). As a result, the openings of the orifices are computed as follows:

hpp = hppo +x
hpp = hppy —x
har1 =hario —%
hpr = hgro +x
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hpc1 =hpc1o —*

hpca =hpcao + %

where
Npa Orifice opening for the Variable Orifice P-A block
hpeg Orifice opening for the Variable Orifice P-B block
Naty Orifice opening for the Variable Orifice A-T1 block
hgr Orifice opening for the Variable Orifice B-T block
hNpcq Orifice opening for the Variable Orifice P-C1 block
hNpco Orifice opening for the Variable Orifice P-C2 block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
hario Initial opening for the Variable Orifice A-T1 block
hsro Initial opening for the Variable Orifice B-T block
hpcio Initial opening for the Variable Orifice P-C1 block
Npcoo Initial opening for the Variable Orifice P-C2 block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 6-Way Directional Valve A @
6-Way Directional Valve A

The block simulates option A of the 6-way directional continuous valve as a data-sheet-based model. In the left
position, ports T1 and C are blocked. Port P is connected to A, and port B is connected to T. In the right position,
ports C and T are blocked, port A is connected to T1 and port P is connected to B. In neutral position, port P is
connected to C, while the remaining four ports are blocked. To parameterize the block, 3 options are available: (1)
by maximum area and control member stroke, (2) by the table of valve area vs. control member displacement, and
(3) by the pressure-flow rate characteristics. The lookup table block is used in the second and third cases for
interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are provided to choose
from.

Connections B, T, T1, A, B, and C are hydraulic conserving ports associated with the valve hydraulic ports.
Connection S is a physical signal port through which control signal is applied. Positive signal at port S causes the
valve to assume the position shown in the left portion of the block icon, in which connections T-A and B-T are
opened, while ports T1 and C are blocked. Positive signal opens orifices P-A, B-T, and P-C2 and closes orifices A-
T1, P-B, and P-C1.

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-129
*  “Initial Openings Tab” on page 1-133
Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve

passage area and the maximum valve opening. The passage area is linearly

dependent on the control member displacement, that is, the valve is closed at

1-129



1 Blocks — Alphabetical List

1-130

the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-C1 initial opening

Initial opening for the Variable Orifice P-C1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-C2 initial opening

Initial opening for the Variable Orifice P-C2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the first return line connection.
T1

Hydraulic conserving port associated with the second return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
C

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way Directional Valve D |
4-Way Directional Valve K | 4-Way Directional Valve | 4-Way Directional Valve A | 4-
Way Directional Valve B | 4-Way Directional Valve E | 4-Way Directional Valve F | 4-
Way Directional Valve G



Angle Sensor

Angle Sensor

Ideal angle sensor with measuring range from 0 to 360 degrees

Library

Pumps and Motors

O

Description

The Angle Sensor block represents an ideal angle sensor with measuring range from 0

to 360 degrees. To measure an angular displacement, the sensor must be connected to a
mechanical rotational port. No load is imposed on the measured object. The sensor output
is kept within the range from 0 to 2o radians (360 degrees) regardless of the number

of revolutions performed by the object and the direction of rotation. The sensor is ideal
because it does not account for inertia, friction, and so on.

The difference between the Angle Sensor block and the Ideal Rotational Motion Sensor
block, available in the Simscape™ Foundation library, is demonstrated in the following
figure.

Angle, rad

Walocity, radis
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In this example, the object is moving at 6 rad/s in the positive direction for the first

5 seconds, and then switches to the negative direction at the same speed. The Ideal
Rotational Motion Sensor block output (line 1) shows that the object turned forward by
30 rad and then turned back in the negative direction, continuing until —20 rad. The
reading of the Angle Sensor block (line 2) stays in the range from 0 to 2m rad.

Availability of the Angle Sensor block considerably simplifies development of models with

complex relationship between model parameters and rotation angle, such as pumps and
motors.

Basic Assumptions and Limitations

* The sensor is assumed to be ideal. No load is imposed on the object.

* No inertial effects are considered.

Dialog Box and Parameters

"k Block Parameters: Angle Sensor @
Angle Sensor

The block is a model of an ideal angle sensor with measuring range from zero to 360 deg. To measure an angular
displacement, the sensor must be connected to the mechanical rotational terminal. No load is imposed on a
measured object. The sensor output is kept within the 0 to 2*pi range regardless of number of revolutions
performed by the object and direction of rotation.

Connection W is the conserving mechanical rotational port associated with the probe of the sensor. Connection A
is the physical signal port block through which angular displacement of the object is output.

Settings

FParameters

Phase angle: 0 rad -

0K ]| Cancel || Help Apply

Phase angle

This parameter lets you account for angular shift between the object and the sensor
input. The default value is 0.



Angle Sensor

Ports

The block has the following ports:

W

Mechanical rotational conserving port associated with the probe of the sensor.
A

Physical signal port that outputs the angular displacement of the object.
Examples

The Hydraulic Axial-Piston Pump with Load-Sensing and Pressure-Limiting Control
example models a test rig designed to investigate interaction between an axial-piston
pump and a typical control unit, simultaneously performing the load-sensing and
pressure-limiting functions. To assure required accuracy, the model of the pump must
account for such features as interaction between pistons, swash plate, and porting plate,
which makes it necessary to build a detailed pump model.

The Angle Sensor block is used in each of the piston model subsystems (Piston_1, ...,
Piston_5), where it provides the angular position of the respective piston as input to the
Porting Plate Variable Orifice blocks.

See Also

Ideal Rotational Motion Sensor
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Annular Orifice

Hydraulic variable orifice created by circular tube and round insert

Library

Orifices

Description

The Annular Orifice block models a variable orifice created by a circular tube and a
round insert, which may be eccentrically located with respect to the tube. The radial
gap between the tube and the insert and its axial length are assumed to be essentially
smaller than the insert diameter, causing the flow regime to be laminar all the time. A
schematic representation of the annular orifice is shown in the following illustration.

The flow rate is computed using the Hagen-Poiseuille equation (see [1]):

3
q:—nR(R—r) . 1+§£2 p
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Annular Orifice

where

Flow rate

Pressure differential

Orifice radius

Insert radius

ml S| DT |

Overlap length

Eccentricity ratio

™

Eccentricity
Fluid density

Fluid kinematic viscosity

< || ®

Use this block to simulate leakage path in plungers, valves, and cylinders.

The block positive direction is from port A to port B. This means that the flow rate
1s positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S increases or decreases the

overlap, depending on the value of the parameter Orifice orientation.

Basic Assumptions and Limitations

Fluid inertia is not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Annular Orifice @
Annular Orifice

The block simulates a variable orifice created by a circular tube and a round insert. The radial gap between the
tube and the insert and its axial length are assumed to be essentially smaller than the insert diameter, causing the
flow regime to be laminar all the time. The flow rate is computed using the Hagen-Poiseuille equation.

Connections A and B are hydraulic conserving ports associated with the orifice inlet and outlet, respectively.
Connection S is a physical signal port that controls the insert displacement. The block positive direction is from port
A to port B. Positive signal at port S increases or decreases the overlap, depending on the value of the Orifice
orientation parameter.

Settings
Parameters
Orifice radius: 0.01 m -
Insert radius: 0.0098 m -
Eccentricity: 0 m -
Initial length: 0.003 m -
Orifice orientation: Positive signal increases overlap ']

0K H Cancel H Help I Apply

Orifice radius

The radius of the tube. The default value is 0.01 m.
Insert radius

The radius of the insert. The default value is 0.0098 m.
Eccentricity

The distance between the central axes of the insert and the tube. The parameter can
be a positive value, smaller than the difference between the radius of the tube and

the radius of the insert, or equal to zero for coaxial configuration. The default value is
0.

Initial length

Initial overlap between the tube and the insert. The parameter must be positive. The
value of initial length does not depend on the orifice orientation. The default value is
0.003 m.
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Orifice orientation

The parameter is introduced to specify the effect of the control signal on the orifice
overlap. The parameter can be set to one of two options: Positive signal
increases overlap or Negative signal increases overlap. The default
value is Positive signal increases overlap.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Orifice orientation

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
S

Physical signal port that controls the insert displacement.
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References

[1] Noah D. Manring, Hydraulic Control Systems, John Wiley & Sons, 2005

See Also

Constant Area Hydraulic Orifice | Fixed Orifice | Orifice with Variable Area Round
Holes | Orifice with Variable Area Slot | Variable Area Hydraulic Orifice | Variable
Orifice
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Ball Valve

Hydraulic ball valve

Library

Flow Control Valves

o0

The Ball Valve block models a variable orifice created by a spherical ball and a round
sharp-edged orifice.

Description

/)

/A
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The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

q:CD.A(h)\/g.#M
P (p2+pgr)

P=DPa—PB

p Recr'v ’
Per =9l D
D ~YH
h = xq¢ + x-or

Aleak forh <=0
A(h) = n‘ro(l—r—%j-D forO<h<hy,,
D
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2
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4A(h
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PAmax =70 - 1 -1- %—1
where
q Flow rate
p Pressure differential
DA, PB Gauge pressures at the block terminals
Ch Flow discharge coefficient
A(h) Instantaneous orifice passage area
Xo Initial opening
X Ball displacement from initial position
h Valve opening
do Orifice diameter
ro Orifice radius
dp Ball diameter
rs Ball radius
p Fluid density
v Fluid kinematic viscosity
DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number
Dy Valve instantaneous hydraulic diameter
Ajeax Closed valve leakage area
Apnax Maximum valve open area
Pax Maximum valve opening

1-145



1 Blocks — Alphabetical List

1-146

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the side surface of the frustum of the
cone located between the ball center and the orifice edge.

Dialog Box and Parameters

"4 Block Parameters: Ball Valve @
Ball valve

The block models a ball valve created by a spherical ball and a round sharp-edged orifice. The flow rate through
the valve is proportional to the orifice opening and to the pressure differential across the valve. The model
accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing its value
with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B.

Settings
Parameters
Valve ball diameter: 0.01 m -
Orifice diameter: 0.005 m -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K ]| Cancel || Help Apply

Valve ball diameter

The diameter of the valve ball. It must be greater than the orifice diameter. The
default value is 0.01 m.
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Orifice diameter
The diameter of the orifice of the valve. The default value is 0.005 m.
Initial opening

The initial opening of the valve. Its value must be nonnegative. The default value is
0.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
S

Physical signal port to control ball displacement.
See Also

Ball Valve with Conical Seat | Gate Valve | Needle Valve | Poppet Valve | Pressure-
Compensated Flow Control Valve
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Ball Valve with Conical Seat

Hydraulic ball valve with conical seat

Library

Flow Control Valves

o

Description

The Ball Valve with Conical Seat block models a valve created by a spherical ball and a

conical seat.
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The valve is characterized by the ball diameter, cone angle, and orifice diameter. The
flow rate through the valve is proportional to the ball displacement and pressure
differential. If passage area in the ball-cone contact exceeds the area of the orifice, the
latter is assumed as the valve passage area. The flow rate is determined according to the
following equations:

—C, . 2. p
q9=Cp A(h)\/;(2 2)1/4

P+ DPer

P=DPa—PB
1% Recr'v ’
Per=9lc, - D
D ~H

h = xq +x-or

Aear, for h <=0
0 . 6 . 0
A(h) = n-cosgosm §-h D+ smE-h for 0<h<hpg,
Amax +Aleak fOI' h >= hmax
Dy = 4A(h)
b
Agygy =0
max — 4
where
‘q |Flow rate
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p Pressure differential

P, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient

A(h) Instantaneous orifice passage area

X Initial opening

x Ball displacement from initial position
h Valve opening

do Orifice diameter

D Ball diameter

(8] Cone angle of the valve seat

Jel Fluid density

v Fluid kinematic viscosity

DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Valve instantaneous hydraulic diameter
Aleax Closed valve leakage area

Anax Maximum valve open area

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the side surface of the frustum of the
cone located between the ball and the conical seat.
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Dialog Box and Parameters

"4 Block Parameters: Ball Valve with Conical Seat @
Ball Valve with Conical Seat

The block models a ball valve created by a spherical ball and a conical seat. The valve is characterized by the ball
diameter, cone angle, and orifice diameter. The flow rate through the valve is proportional to the ball displacement
and pressure differential. If passage area in the ball-cone contact exceeds area of the orifice, the latter is assumed
as the valve passage area. The model accounts for the laminar and turbulent flow regimes by monitoring the
Reynolds number and comparing its value with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port through which ball displacement is imported. The block positive direction is
from port A to port B.

Settings
Parameters
Valve ball diameter: 0.01 m -
Orifice diameter: 5e-3 m -
Cone angle: 120 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Valve ball diameter

The diameter of the valve ball. It must be greater than the orifice diameter. The
default value is 0.01 m.

Orifice diameter

The diameter of the orifice of the valve. The default value is 0.005 m.
Cone angle

The cone angle of the valve seat. The default value is 120 degrees.
Initial opening

The initial opening of the valve. Its value must be nonnegative. The default value is
0.

Flow discharge coefficient
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Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.
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S
Physical signal port to control ball displacement.
See Also
Ball Valve | Gate Valve | Needle Valve | Poppet Valve | Pressure-Compensated Flow
Control Valve
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Cartridge Valve Insert

Hydraulic cartridge valve insert

Library

Directional Valves

Description

The Cartridge Valve Insert block represents an insert of a hydraulic cartridge valve
consisting of a poppet interacting with the seat. The poppet position is determined
by pressures at ports A, B, and X and force of the spring. A schematic diagram of the
cartridge valve insert is shown in the following illustration.

The Cartridge Valve Insert block is a structural model consisting of a Hydraulic
Cartridge Valve Actuator block and a Variable Orifice block, as shown in the next
illustration.
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Pressures at port A and port B tend to open the valve, while pressure at the control
port X, together with the spring, acts to close it. The model does not account for flow
rates caused by poppet displacement and any loading on the poppet, such as inertia
and friction. The valve remains closed as long as the aggregate pressure force is lower
than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke.

Hydraulic properties of the gap between the poppet and the seat are simulated with the
Variable Orifice block.

5
A

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet,
valve outlet, and valve control terminal, respectively. The block positive direction is from
port A to port B. Pressure at port X acts to close the valve, while pressures at port A and
port B act to open the orifice.

Basic Assumptions and Limitations

+ Valve opening is linearly proportional to the pressure differential.

* No loading on the poppet, such as inertia or friction, is considered.
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*  The model does not account for flow rates caused by poppet displacement.

+  For orifices specified by the passage area (the first two parameterization options), the
transition between laminar and turbulent regimes is assumed to be sharp and taking
place exactly at Re=Re,,.

+  For orifices specified by pressure-flow characteristics (the third parameterization
option), the model does not explicitly account for the flow regime or leakage flow rate
because the tabulated data is assumed to account for these characteristics.
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Dialog Box and Parameters

"k Block Parameters: Cartridge Valve Insert @
Cartridge Valve Insert

This block represents an insert of hydraulic cartridge valve arranged as a poppet interacting with the sleeve seat if the
poppet and/or the sleeve have complex geometrical form (e.g. notched, slotted, or chamfered poppet). For inserts
with plain cylindrical poppets and conical seats, the Cartridge Valve Insert with Conical Seat is recommended. The
poppet position is determined by pressures at ports A, B, and X and force of the spring. Pressures at port A and B
tend to open the valve, while pressure at control port X together with the spring act to close it. The model does not
account for flow rates caused by poppet displacement and any loading on the poppet except pressure and spring
forces. Inertial properties of the poppet are acccounted by inserting a first order lag between the steady-state and
actual poppet displacements.

The valve remains closed as long as the aggregate pressure force is lower than the spring preload force. The poppet
is forced off its seat as the preload force is reached and moves up proportionally to pressure increase until it passes
the full stroke. Hydraulic properties of the orifice between the poppet and the seat are simulated with the Variable
Orifice block.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet, valve outlet, and valve control
terminals, respectively. The block positive direction is from port A to port B. Pressure at port X acts to close the valve,
while pressures at port A and B act to open the orifice.
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Settings
Parameters
Fort A poppet area: 2e-4 m*2 -
Port A to port X area ratio: 0.66
Preload force: 26 N -
Spring rate: 1.4e+4 N/m -
Poppet stroke: 0.005 m -
Initial opening: 0 m -
Orifice specification: By maximum area and opening -
Orifice maximum area: Se-5 m*2 -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -
Time constant: 0.01 s -

OK

H Cancel H

Help

Apply

Port A poppet area
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Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Port A to port X area ratio

Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than or equal to zero.
The default value is 56-3 m. This parameter is used if Orifice specification is set
to By maximum area and opening.

Initial opening

The initial opening of the valve. Its value must be greater than or equal to zero. The
default value is O.

Orifice specification

Select one of the following methods for specifying the hydraulic properties of the gap
between the poppet and the seat:

* By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This i1s the default method.

*+ By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of orifice
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

For more information on these options, see the Variable Orifice block reference page.

Orifice maximum area
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Specify the area of a fully opened orifice. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Orifice
specification is set to By maximum area and opening.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in meters, are [-0.002 0 0.002
0.005 0.015]. If Orifice specification is set to By area vs. opening table,
the Tabulated orifice openings values will be used together with Tabulated
orifice area values for one-dimensional table lookup. If Orifice specification is set
to By pressure-flow characteristic, the Tabulated orifice openings values
will be used together with Tabulated pressure differentials and Tabulated flow
rates for two-dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”~2, are [1e-09 2.0352e-07 4.0736e-05 0.00011438
0.00034356]. This parameter is used if Orifice specification is set to By area
VS. opening table.

Tabulated pressure differentials

Specify the pressure differential vector as a one-dimensional array. The vector must
be strictly increasing. The values can be nonuniformly spaced. The minimum number
of values depends on the interpolation method: you must provide at least two values
for linear interpolation, at least three values for cubic or spline interpolation. The
default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e+06 5e+06 1le+07].

This parameter is used if Orifice specification is set to By pressure-flow
characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of orifice openings
and n is the number of pressure differentials. Each value in the matrix specifies

flow rate taking place at a specific combination of orifice opening and pressure
differential. The matrix size must match the dimensions defined by the input vectors.
The default values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
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-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Orifice specification is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
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Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Time constant

Sets the time constant of the first-order lag, which is introduced between the
required and the actual poppet positions to account for actuator dynamics. The
parameter value must be greater than zero. The default value is 0.01 s.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

+ Orifice specification

* Interpolation method

+  Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Orifice specification parameter at the
time the model entered Restricted mode.
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Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
X
Hydraulic conserving port associated with the valve control terminal.
See Also

Cartridge Valve Insert with Conical Seat | Check Valve | Hydraulic Cartridge Valve
Actuator | Pilot-Operated Check Valve
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Cariridge Valve Insert with Conical Seat

Hydraulic cartridge valve insert with conical seat

Library

Directional Valves

Description

The Cartridge Valve Insert with Conical Seat block represents an insert of a hydraulic
cartridge valve consisting of a poppet interacting with the conical seat. The poppet
position is determined by pressures at ports A, B, and X and force of the spring. A
schematic diagram of the cartridge valve insert with conical seat is shown in the
following illustration.

The Cartridge Valve Insert with Conical Seat block is a structural model consisting of a
Hydraulic Cartridge Valve Actuator block and a Poppet Valve block, as shown in the next
illustration.
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Pressures at port A and port B tend to open the valve, while pressure at the control
port X, together with the spring, acts to close it. The model does not account for flow
rates caused by poppet displacement and any loading on the poppet, such as inertia
and friction. The valve remains closed as long as the aggregate pressure force is lower
than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke.
Hydraulic properties of the gap between the poppet and the seat are simulated with the
Poppet Valve block.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet,
valve outlet, and valve control terminal, respectively. The block positive direction is from
port A to port B. Pressure at port X acts to close the valve, while pressures at port A and
port B act to open the orifice.

Basic Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.
* No loading on the poppet, such as inertia or friction, is considered.

*  The model does not account for flow consumption caused by poppet displacement.
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Dialog Box and Parameters

"4 Block Parameters: Cartridge Valve Insert with Conical Seat @
Cartridge Valve Insert with Conical Seat

This block represents an insert of hydraulic cartridge valve arranged as a cylindrical poppet interacting with the
conical seat. The poppet position is determined by pressures at ports A, B, and X and force of the spring.
Pressures at port A and B tend to open the valve, while pressure at control port X together with the spring act to
close it. The model does not account for flow rates caused by poppet displacement and any loading on the poppet
except pressure and spring forces. Inertial properties of the poppet are accounted by inserting a first order lag
between the steady-state and actual poppet displacements. The valve remains closed as long as the aggregate
pressure force is lower than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke. Hydraulic properties of the
orifice between the poppet and the seat are simulated with the Poppet Valve block. Connections A, B, and X are
hydraulic conserving ports associated with the valve inlet, valve outlet, and valve control terminals, respectively.
The block positive direction is from port A to port B. Pressure at port X acts to close the valve, while pressures at
port A and B act to open the orifice.

Settings
Parameters
Fort A poppet area: 2e-4 m*2 -
Port A to port X area ratio: 0.66
Preload force: 26 N -
Spring rate: 1.4e+4 N/m -
Poppet stroke: 0.005 m -
Poppet diameter: 0.01 m -
Seat cone angle: 120 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -
Time constant: 0.01 s -

0K H Cancel H Help Apply

Port A poppet area

Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Port A to port X area ratio

1-166



Cartridge Valve Insert with Conical Seat

Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than zero. The
default value is 0.005 m.

Poppet diameter

Maximum poppet diameter. The parameter value must be greater than or equal to
zero. The default value is 0.01 m.

Seat cone angle
The cone angle of the valve seat. The default value is 120 degrees.

Initial opening
The initial opening of the valve. Its value must be greater than or equal to zero. The
default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Time constant

Sets the time constant of the first-order lag, which is introduced between the
required and the actual poppet positions to account for actuator dynamics. The
parameter value must be greater than zero. The default value is 0.01 s.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
X
Hydraulic conserving port associated with the valve control terminal.
Examples

For an example of using this block, see the Hydraulic Actuation System with Cartridge
Valves example.

See Also
Cartridge Valve Insert | Hydraulic Cartridge Valve Actuator | Poppet Valve


../examples/hydraulic-actuation-system-with-cartridge-valves.html
../examples/hydraulic-actuation-system-with-cartridge-valves.html

Centrifugal Force in Rotating Cylinder

Centrifugal Force in Rotating Cylinder

Centrifugal force in rotating hydraulic cylinders

Library

Hydraulic Cylinders

Dﬁ}u

Description

The Centrifugal Force in Rotating Cylinder block is a building block to be used in
hydraulic cylinder models, to account for centrifugal forces exerted by fluid on a piston,
if the cylinder rotates about its symmetry axis. Such cylinders are used in control
mechanisms of various friction clutches, brakes, square-jaw positive clutches, dog
clutches, and so on. No inertial effects are considered in the model. In other words, the
angular velocity is assumed to be constant or changing at very low speed.

The centrifugal force is computed with the following equation:

2
F =m(rf—rz4 —2r5(r02 —riz))

4
where
F Centrifugal force
T Piston outer radius
r; Piston inner radius
Tp . o . 2 2
Fluid entry radius. For design purposes, r, < (ro +r; ) 2
o Fluid density
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‘m |Shaft angular velocity

Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and case, respectively. Connection W is a physical signal port through
which shaft angular velocity is imported. The block directionality is adjustable and can
be controlled with the Cylinder orientation parameter.

Basic Assumptions and Limitations

+ No inertial effects are considered in the model; that is, the angular velocity of the
cylinder is assumed to be constant or changing at very low speed.

»  Fluid inertia is not taken into account.

*  Fluid compressibility is not taken into account.

Dialog Box and Parameters

"4 Block Parameters: Centrifugal Force in Rotating Cylinder @
Centrifugal Force in Rotating Cylinder

This is a building block to be used in hydraulic cylinder models to account for centrifugal forces exerted by fluid on
a piston if the cylinder rotates about its symmetry axis. Such cylinders are used in control mechanisms of various
friction clutches, brakes, square-jaw positive clutches, dog clutches, etc. No inertial effects are considered in the
madel. In other words, the angular velocity is assumed to be constant or changing at very low rate.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connection W is a physical signal port through which shaft angular velocity is
imported. The block directionality is adjustable and can be controlled with the Cylinder Orientation parameter.

Settings
FParameters
Piston outer radius: 0.1 m -
Piston inner radius: 0.05 m -
Fluid entry radius: 0.06 m -
Fluid density: 880 kg/m~3 -
Cylinder orientation: Acts in positive direction ']

0K H Cancel H Help I Apply
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Piston outer radius

The default value is 0.1 m.
Piston inner radius

The default value is 0.05 m.
Fluid entry radius

The default value is 0.06 m.
Fluid density

The default value is 880 kg/m~" 3.
Cylinder orientation

Specifies block orientation with respect to the globally assigned positive direction.
The block can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction. If positive velocity applied at port
W exerts force in negative direction, set the parameter to ACts in negative
direction. The default value is Acts in positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Cylinder orientation

All other block parameters are available for modification.

Examples

The following schematic diagram shows a model of a custom single-acting hydraulic
cylinder built of the Single-Acting Hydraulic Cylinder, Rotating Pipe, and Centrifugal
Force in Rotating Cylinder blocks.
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The centrifugal force generated by the Centrifugal Force in Rotating Cylinder block sums
up with that of the cylinder at node A. The Rotating Pipe block simulates the pipeline
between the cylinder chamber and the channel in the center of a rotating shaft where the
cylinder is installed.

Ports

The block has the following ports:

R
Mechanical translational conserving port associated with the cylinder rod.
C
Mechanical translational conserving port associated with the cylinder clamping
structure.
W
Physical signal port providing the angular velocity value.
See Also
Rotating Pipe
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Centrifugal Pump

Centrifugal pump with choice of parameterization options

Library

Pumps and Motors

~al.

Description

The Centrifugal Pump block represents a centrifugal pump of any type as a data-sheet-
based model. Depending on data listed in the manufacturer's catalog or data sheet

for your particular pump, you can choose one of the following model parameterization
options:

By approximating polynomial — Provide values for the polynomial coefficients.
These values can be determined analytically or experimentally, depending on the data
available. This is the default method.

By two 1D characteristics: P-Q and N-Q — Provide tabulated data of
pressure differential P and brake power N versus pump delivery Q characteristics.
The pressure differential and brake power are determined by one-dimensional table
lookup. You have a choice of three interpolation methods and two extrapolation
methods.

By two 2D characteristics: P-Q-W and N-Q-W — Provide tabulated data of
pressure differential P and brake power N versus pump delivery Q characteristics

at different angular velocities W. The pressure differential and brake power are
determined by two-dimensional table lookup. You have a choice of three interpolation
methods and two extrapolation methods.

These parameterization options are further described in greater detail:

“Parameterizing the Pump by Approximating Polynomial” on page 1-174
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*  “Parameterizing the Pump by Pressure Differential and Brake Power Versus Pump
Delivery” on page 1-179

+  “Parameterizing the Pump by Pressure Differential and Brake Power Versus Pump
Delivery at Different Angular Velocities ” on page 1-180

Connections P and T are hydraulic conserving ports associated with the pump outlet and
inlet, respectively. Connection S is a mechanical rotational conserving port associated
with the pump driving shaft. The block positive direction is from port T to port P. This
means that the pump transfers fluid from T to P as its driving shaft S rotates in the
globally assigned positive direction.

Parameterizing the Pump by Approximating Polynomial

If you set the Model parameterization parameter to By approximating
polynomial, the pump is parameterized with the polynomial whose coefficients are
determined, analytically or experimentally, for a specific angular velocity depending on
the data available. The pump characteristics at other angular velocities are determined
using the affinity laws.

The approximating polynomial is derived from the Euler pulse moment equation [1, 2],
which for a given pump, angular velocity, and fluid can be represented as the following:

Pref =k PE —PHL — PD

where

Dref Pressure differential across the pump for the reference regime, characterized
by the reference angular velocity and density

k Correction factor. The factor is introduced to account for dimensional
fluctuations, blade incongruity, blade volumes, fluid internal friction, and
so on. The factor should be set to 1 if the approximating coefficients are
determined experimentally.

PE Euler pressure

DPHL Pressure loss due to hydraulic losses in the pump passages

PD Pressure loss caused by deviations of the pump delivery from its nominal
(rated) value
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The Euler pressure, pg, is determined with the Euler equation for centrifugal machines
[1, 2] based on known pump dimensions. For an existing pump, operating at constant
angular velocity and specific fluid, the Euler pressure can be approximated with the
equation

PE = Pref (Co —Cr- qref)

where

Dref Fluid density

Co, C1 Approximating coefficients. They can be determined either analytically from
the Euler equation [1, 2] or experimentally.

Qref Pump volumetric delivery at reference regime

The pressure loss due to hydraulic losses in the pump passages, pur, 1s approximated
with the equation

2
PHL = Pref "C2 - Qref

where

Dref Fluid density

Co Approximating coefficient

Qrof Pump volumetric delivery at reference regime

The blade profile is determined for a specific fluid velocity, and deviation from this
velocity results in pressure loss due to inconsistency between the fluid velocity and blade
profile velocity. This pressure loss, pp, is estimated with the equation

2
Pp =Pref - C3 (CID _qref)

where

Pref Fluid density
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C3 Approximating coefficient
Qref Pump volumetric delivery at reference regime
gp Pump design delivery (nominal delivery)

The resulting approximating polynomial takes the form:

2
pref = pref (k(CO - clq’?f)_CZQref2 _03 (qD _qref) j

The pump characteristics, approximated with four coefficients ¢, ¢1, ¢s, and cs, are
determined for a specific fluid and a specific angular velocity of the pump's driving
shaft. These two parameters correspond, respectively, to the Reference density

and Reference angular velocity parameters in the block dialog box. To apply the
characteristics for another velocity  or density p, the affinity laws are used. With these
laws, the delivery at reference regime, which corresponds to given pump delivery and
angular velocity, is computed with the expression

ref o

where g and ® are the instantaneous values of the pump delivery and angular velocity.
Then the pressure differential p..r at reference regime computed with Equation 1-2 and
converted into pressure differential p at current angular velocity and density

2
w Y
! [wrefj pref

Equation 1-2 describes pump characteristic for @ > 0 and ¢ >= 0. Outside this range, the
characteristic is approximated with the following relationships:

—Rjoak - 4 for <=0
D =1 Pmax —Fleak 9 for ®>0,g <0
~Riear '(q _qmax) for ®>0,q9 > Gmax
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_ —b+Vb? +4ac

max — 2
a=(cy+cg)- o
b=(k-c;—2c5-qp)- -

2
c=k-co—c3-qp

9max =P§(k'co—c3 q%)

where

Rleak Leakage resistance coefficient

Gmax Maximum pump delivery at given angular velocity. The delivery is determined
from Equation 1-2 at p = 0.

Pmax Maximum pump pressure at given angular velocity. The pressure is
determined from Equation 1-2 at ¢ = 0.

k Correction factor, as described in Equation 1-1.

The hydraulic power at the pump outlet at reference conditions is

Nhyd = Pref *Qref

The output hydraulic power at arbitrary angular velocity and density is determined with
the affinity laws
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® p
N=N ——
mf[mref ] Pref

The power at the pump driving shaft consists of the theoretical hydraulic power (power
before losses associated with hydraulic loss and deviation from the design delivery) and
friction loss at the driving shaft. The theoretical hydraulic power is approximated using
the Euler pressure

3
(O]
Npydo = PEref * Qref ( ]

Cl)ref
where
Nhydo Pump theoretical hydraulic power
DEref Euler pressure. The theoretical pressure developed by the pump before losses
associated with hydraulic loss and deviation from the design delivery.

The friction losses are approximated with the relationship:

Ng. =(T0+kp-p)-w

where

Ny, Friction loss power

Ty Constant torque at driving shaft associated with shaft bearings, seal friction,
and so on

kp Torque-pressure relationship, which characterizes the influence of pressure on
the driving shaft torque

The power and torque at the pump driving shaft (brake power N, and brake torque 7)
are

N nech :NhydO +Nfr
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T:Nmech

(O}

The pump total efficiency 7 is computed as

_ Npya
N

mech

Parameterizing the Pump by Pressure Differential and Brake Power
Versus Pump Delivery

If you set the Model parameterization parameter to By two 1D characteristics:
P-Q and N-Q, the pump characteristics are computed by using two one-dimensional
table lookups: for the pressure differential based on the pump delivery and for the pump
brake power based on the pump delivery. Both characteristics are specified at the same
angular velocity o, (Reference angular velocity) and the same fluid density p,.s
(Reference density).

To compute pressure differential at another angular velocity, affinity laws are used,
similar to the first parameterization option. First, the new reference delivery g, is
computed with the expression

Gy = g
ref o

where ¢ 1s the current pump delivery. Then the pressure differential across the pump at
current angular velocity o and density p is computed as

2
w Y
& [(’)ref] pnef

where p,.is the pressure differential determined from the P-Q characteristic at pump
delivery g,

Brake power is determined with the equation
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3
@ Y
N=Nr€f'[m j P
ref pnef

where NN, is the reference brake power obtained from the N-Q characteristic at pump
delivery q,.

The torque at the pump driving shaft is computed with the equation T=N/w .

Parameterizing the Pump by Pressure Differential and Brake Power
Versus Pump Delivery at Different Angular Velocities

If you set the Model parameterization parameter to By two 2D characteristics:
P-Q-W and N-Q-W, the pump characteristics are read out from two two-dimensional
table lookups: for the pressure differential based on the pump delivery and angular
velocity and for the pump brake power based on the pump delivery and angular velocity.

Both the pressure differential and brake power are scaled if fluid density p is different
from the reference density p..r, at which characteristics have been obtained

p
P = DPref -
ref Pref
N=N, P
Pref

where p,; and N, are the pressure differential and brake power obtained from the plots.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
*  The pump rotates in positive direction, with speed that is greater or equal to zero.

* The reverse flow through the pump is allowed only at still shaft.
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Dialog Box and Parameters

"k Block Parameters: Centrifugal Pump @
Centrifugal Pump

This block represents a centrifugal pump of any type as a data sheet-based model. The pump is parameterized with
experimental data and three options for pump characterization are available: (1) by an approximating polynomial, (2) by
pressure differential and brake power vs. pump delivery characteristics, (3) by pressure differential and brake power
characteristics at different angular velocities vs. pump delivery characteristics. The relationship between pump
characteristics and angular velocity in the first two cases is determined from the affinity laws.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively. Connection S
is @ mechanical rotational conserving port associated with the pump driving shaft. The block positive direction is from
port T to port . This means that the pump transfers fluid from T to P if shaft S rotates in positive direction.

Settings

Parameters

Model parameterization: By approximating polynomial -
First approximating coefficient: 326.8 Pa/(kg/m~3) -
Eoe:;ﬁ”c?ezipm’“matmg 3.104e+4 Pa*s/kg -
Third approximating coefficient:  1.097e+7 Pa*s”2/(kg*m~"3) -
Fourth approximating coefficient:  2.136e+5 Pa*s”2/(kg*m~"3) -
Correction factor: 0.8

Pump design delivery: 130 Ipm -
Reference angular velocity: 1.77e+3 rpm -
Reference density: 920 kg/m~3 -
Leak resistance: le+8 Pa/(m~3/s) -
Drive shaft torque: 0.1 N*m -
Torque-pressure coefficient: le-6 N*m/Pa -

0K ] [ Cancel ] [ Help Apply

Model parameterization

Select one of the following methods for specifying the pump parameters:

* By approximating polynomial — Provide values for the polynomial
coefficients. These values can be determined analytically or experimentally,
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depending on the data available. The relationship between pump characteristics
and angular velocity is determined from the affinity laws. This is the default
method.

* By two 1D characteristics: P-Q and N-Q — Provide tabulated data of
pressure differential and brake power versus pump delivery characteristics. The
pressure differential and brake power are determined by one-dimensional table
lookup. You have a choice of three interpolation methods and two extrapolation
methods. The relationship between pump characteristics and angular velocity is
determined from the affinity laws.

* By two 2D characteristics: P-Q-W and N-Q-W— Provide tabulated data
of pressure differential and brake power versus pump delivery characteristics
at different angular velocities. The pressure differential and brake power
are determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

First approximating coefficient

Approximating coefficient ¢, in the block description preceding. The default value is
326.8 Pa/(kg/m~3). This parameter is used if Model parameterization is set to By
approximating polynomial.

Second approximating coefficient

Approximating coefficient c; in the block description preceding. The default value is
3.104e4 Pa*s/kg. This parameter is used if Model parameterization is set to By
approximating polynomial.

Third approximating coefficient

Approximating coefficient ¢y in the block description preceding. This coefficient
accounts for hydraulic losses in the pump. The default value is 1.097e7 Pa*s”2/
(kg*¥m~3). This parameter is used if Model parameterization is set to By
approximating polynomial.

Fourth approximating coefficient

Approximating coefficient ¢z in the block description preceding. This coefficient
accounts for additional hydraulic losses caused by deviation from the nominal
delivery. The default value is 2.136e5 Pa*s”2/(kg*m”3). This parameter is used if
Model parameterization is set to By approximating polynomial.

Correction factor

The factor, denoted as k in the block description preceding, accounts for dimensional
fluctuations, blade incongruity, blade volumes, fluid internal friction, and other
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factors that decrease Euler theoretical pressure. The default value is 0.8. This
parameter is used if Model parameterization is set to By approximating
polynomial.

Pump design delivery

The pump nominal delivery. The blades profile, pump inlet, and pump outlet are
shaped for this particular delivery. Deviation from this delivery causes an increase
in hydraulic losses. The default value is 130 lpm. This parameter is used if Model
parameterization is set to By approximating polynomial.

Reference angular velocity

Angular velocity of the driving shaft, at which the pump characteristics are
determined. The default value is 1.77e3 rpm. This parameter is used if Model
parameterization is set to By approximating polynomial or By two 1D
characteristics: P-Q and N-Q.

Reference density

Fluid density at which the pump characteristics are determined. The default value is
920 kg/m"3.

Leak resistance

Leakage resistance coefficient (see Equation 1-4). The default value is 1e+8 Pa/(m”3/
s). This parameter is used if Model parameterization is set to By approximating
polynomial.

Drive shaft torque

The friction torque on the shaft at zero velocity. The default value is 0.1 N*m.
This parameter is used if Model parameterization is set to By approximating
polynomial.

Torque-pressure coefficient

The coefficient that provides relationship between torque and pump pressure. The
default value is 1e-6 N*m/Pa. This parameter is used if Model parameterization
is set to By approximating polynomial.

Pump delivery vector for P-Q table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of pressure differentials to specify the P-Q pump characteristic.

The vector values must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in Ipm, are [0 28 90 130 154
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182]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pressure differential across pump vector

Specify the vector of pressure differentials across the pump as a one-dimensional
array. The vector will be used together with the pump delivery vector to specify the
P-Q pump characteristic. The vector must be of the same size as the pump delivery
vector for the P-Q table. The default values, in bar, are [2.6 2.4 2 1.6 1.2
0.8]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pump delivery vector for N-Q table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of the pump brake power to specify the N-Q pump characteristic. The
vector values must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic

or spline interpolation. The default values, in lpm, are [0 20 40 60 80 100 120
140 160]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Brake power vector for N-Q table

Specify the vector of pump brake power as a one-dimensional array. The vector

will be used together with the pump delivery vector to specify the N-Q pump
characteristic. The vector must be of the same size as the pump delivery vector for
the N-Q table. The default values, in W, are [220 280 310 360 390 420 480
500 550]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pump delivery vector for P-Q and W table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of angular velocities and the pressure differential matrix to specify
the pump P-Q-W characteristic. The vector values must be strictly increasing. The
values can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in lpm,

are [0 50 100 150 200 250 300 350]. This parameter is used if Model
parameterization is set to By two 2D characteristics: P-Q-W and N-Q-W.

Angular velocity vector for P-Q and W table

Specify the vector of angular velocities, as a one-dimensional array, to be used for
calculating both the pump P-Q-W and N-Q-W characteristics. The vector values
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must be strictly increasing. The values can be nonuniformly spaced. The minimum
number of values depends on the interpolation method: you must provide at

least two values for linear interpolation, at least three values for cubic or spline
interpolation. The default values, in rpm, are [3.2e+03 3.3e+03 3.4e+03 3.5e
+03]. This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Pressure differential matrix for P-Q and W table

Specify the pressure differentials across pump as an m-by-n matrix, where m is the
number of the P-Q-W pump delivery values and n is the number of angular velocities.
This matrix will define the pump P-Q-W characteristic together with the pump
delivery and angular velocity vectors. Each value in the matrix specifies pressure
differential for a specific combination of pump delivery and angular velocity. The
matrix size must match the dimensions defined by the pump delivery and angular
velocity vectors. The default values, in bar, are:

L
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This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Pump delivery vector for N-Q and W table

NWA OO~ ©
WANOUON O W
N OO~ ~ 0
UANRNO W ®
W OUIO U 00 ©
rrNO N OW
W©o o~

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of angular velocities and the brake power matrix to specify the

pump N-Q-W characteristic. The vector values must be strictly increasing. The
values can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in lpm,

are [0 50 100 150 200 250 300 350]. This parameter is used if Model
parameterization is set to By two 2D characteristics: P-Q-W and N-Q-W.

Brake power matrix for N-Q and W table

Specify the pump brake power as an m-by-n matrix, where m is the number of the N-
Q-W pump delivery values and n is the number of angular velocities. This matrix
will define the pump N-Q-W characteristic together with the pump delivery and
angular velocity vectors. Each value in the matrix specifies brake power for a specific

1-185



1

Blocks — Alphabetical List

1-186

combination of pump delivery and angular velocity. The matrix size must match the
dimensions defined by the pump delivery and angular velocity vectors. The default
values, in W, are:

[ 1.223e+03 1.341e+03 1.467e+03 1.6e+03 ;
1.414e+03 1.551e+03 1.696e+03 1.85e+03 ;
1.636e+03 1.794e+03 1.962e+03 2.14e+03 ;
1.941e+03 2.129e+03 2.326e+03 2.54e+03 ;
2.224e+03 2.439e+03 2.66e+03 2.91e+03 ;
2.453e+03 2.691e+03 2.947e+03 3.21e+03 ;
2.757e+03 3.024e+03 3.307e+03 3.608e+03 ;
2.945e+03 3.23e+03 3.533e+03 3.854e+03 ; ]

This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By two 1D characteristics:
P-Q and N-Q), uses a linear interpolation function. For two-dimensional table
lookup (By two 2D characteristics: P-Q-W and N-Q-W), uses a bilinear
interpolation algorithm, which is an extension of linear interpolation for functions
in two variables.

* Cubic — For one-dimensional table lookup (By two 1D characteristics: P-
Q and N-Q), uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP).
For two-dimensional table lookup (By two 2D characteristics: P-Q-W and
N-Q-W), uses the bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By two 1D characteristics:
P-Q and N-Q), uses the cubic spline interpolation algorithm. For two-
dimensional table lookup (By two 2D characteristics: P-Q-W and N-Q-
W), uses the bicubic spline interpolation algorithm.

This parameter is used if Model parameterization is set to By By two 1D
characteristics: P-Q and N-Qor By two By two 2D characteristics:
P-Q-W and N-Q-W. For more information on interpolation algorithms, see the PS
Lookup Table (1D) and PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

This parameter is used if Model parameterization is set to By By two 1D
characteristics: P-Q and N-Qor By two By two 2D characteristics:
P-Q-W and N-Q-W. For more information on extrapolation algorithms, see the PS
Lookup Table (1D) and PS Lookup Table (2D) block reference pages.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization

+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameter determined by the type of working fluid:

*  Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid

properties.
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Ports

The block has the following ports:

T
Hydraulic conserving port associated with the pump suction, or inlet.
P
Hydraulic conserving port associated with the pump outlet.
S
Mechanical rotational conserving port associated with the pump driving shaft.
References

[1] T.G. Hicks, T.W. Edwards, Pump Application Engineering, McGraw-Hill, NY, 1971

[2] I.J. Karassic, J.P. Messina, P. Cooper, C.C. Heald, Pump Handbook, Third edition,
McGraw-Hill, NY, 2001

See Also

Fixed-Displacement Pump | Variable-Displacement Pressure-Compensated Pump |
Variable-Displacement Pump
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Check Valve

Hydraulic valve that allows flow in one direction only

Library

Directional Valves

Description

The Check Valve block represents a hydraulic check valve as a data-sheet-based model.
The purpose of the check valve is to permit flow in one direction and block it in the
opposite direction. The following figure shows the typical dependency between the valve

passage area A and the pressure differential across the valve p=p4 — pg.

A

i

lF‘\]'IIEIK

A]cak

The valve remains closed while pressure differential across the valve is lower than the
valve cracking pressure. When cracking pressure is reached, the value control member
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(spool, ball, poppet, etc.) is forced off its seat, thus creating a passage between the inlet
and outlet. If the flow rate is high enough and pressure continues to rise, the area is
further increased until the control member reaches its maximum. At this moment,

the valve passage area is at its maximum. The valve maximum area and the cracking
and maximum pressures are generally provided in the catalogs and are the three key
parameters of the block.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it is not recommended.

The flow rate is determined according to the following equations:

2
q=Cp ~A(p)\/: #1/4
P (p2 +pgr)

Aleak for P <= Derack
A(p) = Aleak +k°(p - pcrack) for Perack <P < Pmax
Amax for p>= Pmax

k= Amax - Aleak

Pmax ~ Pcrack

P=DPa —PB



Check Valve

[4A
Dy = n(p)

where

q Flow rate

p Pressure differential

Pa, PB Gauge pressures at the block terminals
Cp Flow discharge coefficient

Alp) Instantaneous orifice passage area
Anax Fully open valve passage area

Ajeak Closed valve leakage area

Derack Valve cracking pressure

Pmax Pressure needed to fully open the valve
Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter
p Fluid density

v Fluid kinematic viscosity

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPa—PB-

Basic Assumptions and Limitations

+ Valve opening is linearly proportional to the pressure differential.

* No loading on the valve, such as inertia, friction, spring, and so on, is considered.

1-191



1 Blocks — Alphabetical List

1-192

Dialog Box and Parameters

"4 Block Parameters: Check Valve
Check Valve

maximurm.

Settings

FParameters

==l

This block represents a hydraulic check valve as a data sheet-based model. The purpose of a check valve is to
permit flow in one direction and block it in the opposite direction. The valve remains closed while pressure
differential across the valve is lower than the valve cracking pressure. When cracking pressure is reached, the
value control member is forced off its seat, thus creating a passage between the inlet and outlet. If the flow rate is
high enough and pressure continues to rise, the area is further increased until the control member reaches its

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet, respectively. The
block positive direction is from port A to port B.

Maximum passage area: le-4 m*2 -

Cracking pressure: 0.3e5 Fa -

Maximum opening pressure: 1.2e5 Fa -

Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-12 m"2 -
0K ] | Cancel | | Help Apply

Maximum passage area

Valve passage maximum cross-sectional area. The default value is 1e-4 m~"2.
Cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is

3e4 Pa.

Maximum opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must

be higher than the cracking pressure. The default value is 1.2e5 Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or

manufacturer data sheets. The default valuei1s 0.7.

Critical Reynolds number




Check Valve

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Global Parameters

Parameters determined by the type of working fluid:
*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

Examples

The Graetz Flow Control Circuit example illustrates the use of check valves to build a
rectifier that keeps the flow passing through a flow control valve always in the same
direction, and to select an appropriate orifice depending on the flow direction.
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See Also
Pilot-Operated Check Valve
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Constant Head Tank

Hydraulic reservoir where pressurization and fluid level remain constant regardless of
volume change

Library

Low-Pressure Blocks

P
Description

The Constant Head Tank block represents a pressurized hydraulic reservoir, in which
fluid is stored under a specified pressure. The size of the tank is assumed to be large
enough to neglect the pressurization and fluid level change due to fluid volume. The
block accounts for the fluid level elevation with respect to the tank bottom, as well as
for pressure loss in the connecting pipe that can be caused by a filter, fittings, or some
other local resistance. The loss is specified with the pressure loss coefficient. The block
computes the volume of fluid in the tank and exports it outside through the physical
signal port V.

The fluid volume value does not affect the results of simulation. It is introduced merely
for information purposes. It is possible for the fluid volume to become negative during
simulation, which signals that the fluid volume is not enough for the proper operation of
the system. By viewing the results of the simulation, you can determine the extent of the
fluid shortage.

For reasons of computational robustness, the pressure loss in the connecting pipe is
computed with the equations similar to that used in the Fixed Orifice block:

e

ploss + pcr

2
Re.,.-v
Per = g{%]
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The Critical Reynolds number is set to 15.

The pressure at the tank inlet is computed with the following equations:

D = DPelev — Ploss + Ppr

Pejey =P*8-H
2

A, = “’j
where
p Pressure at the tank inlet
DPelev Pressure due to fluid level
DPloss Pressure loss in the connecting pipe
Ppr Pressurization
) Fluid density
g Acceleration of gravity
H Fluid level with respect to the bottom of the tank
K Pressure loss coefficient
Ap Connecting pipe area
d Connecting pipe diameter
q Flow rate
Der Minimum pressure for turbulent flow

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V
is a physical signal port. The flow rate is considered positive if it flows out of the tank.
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Dialog Box and Parameters

"4 Block Parameters: Constant Head Tank @
Constant Head Tank

This block represents a pressurized tank in which fluid is stored under a specified pressure. The size of the tank is
assumed to be large enough to neglect the pressurization and fluid level change due to fluid volume. The block
accounts for the fluid level elevation with respect to the tank bottom and pressure loss in the connecting pipe that
can be caused by a filter, fittings, or some other local resistance. The loss is specified with the pressure loss
coefficient. The block computes volume of fluid in a tank and exports it outside through the physical signal port \.

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V is a physical signal port.
The flow rate is considered positive if it flows from the tank.

Settings
FParameters
Pressurization: 0 Fa -
Fluid level: 1 m -
Initial fluid volume: 0.2 m~3 -
Inlet pipeline diameter: 0.02 m -
Pipeline pressure loss coefficient: 1.2

0K ]| Cancel || Help Apply

Pressurization

Gage pressure acting on the surface of the fluid in the tank. It can be created by a gas
cushion, membrane, bladder, or piston, as in bootstrap reservoirs. This parameter
must be greater than or equal to zero. The default value is 0, which corresponds to a
tank connected to atmosphere.

Fluid level

The fluid level with respect to the tank bottom. This parameter must be greater than
zero. The default value is 1 m.

Initial fluid volume

The initial volume of fluid in the tank. This parameter must be greater than zero.
The default value is 0.2 m”3.

Inlet pipeline diameter

The diameter of the connecting pipe. This parameter must be greater than zero. The
default value is 0.02 m.

1-197



1 Blocks — Alphabetical List

Pipeline pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe. This parameter must be greater than zero. The default value is 1.2.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the tank inlet.
\%
Physical signal port that outputs the volume of fluid in the tank.
See Also

Reservoir | Variable Head Tank
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Counterbalance Valve

Hydraulic counterbalance valve

Library

Flow Control Valves

-

Description

Counterbalance valves are used in hydraulic systems working with overriding (running-
away) or suspended load. They are designed to create backpressure at the return line of
the actuator to prevent losing control over the load. The following illustration shows a

counterbalance valve schematic.
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L
i

N\

If a directional valve (not shown in the picture) is shifted into position that lowers the
load, then the fluid from the rod chamber of the cylinder can exit only if pressure at port
P (pilot pressure) and port L (load pressure) create enough force to overcome the spring
force and open the valve. In statics, the valve is described with the equation
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Fy+c-x= Ppilot 'Apilot + Pload * Aload — Pback * Aback

where

F Spring setting

c Spring rate

X Valve opening

Ppilot Pilot pressure (pressure at port P)

Pload Load pressure (pressure at port L)

DPhack Backpressure (pressure at return port B)
Apilot Valve effective area at pilot port P

Aload Valve effective area at load port L

Apack Valve effective area at return port B

Counterbalance valve, classified by type, is an internally-externally piloted valve
because both the pilot pressure and the load pressure tend to open the valve. After minor
rearrangements, takes the form

Dset +Cp *X= Ppilot 'kpilot + Pload — Pback “Rback

Pset = Fo/Apad

¢p =¢/Aload

kpitot = Apitot | Aload
Rvack = Avack/ Atoad

where

Dset Valve pressure setting

Cp Spring pressure stiffness (Pa/m)
x Valve opening
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kpilot

Pilot ratio

kback

Backpressure ratio

The valve displacement is determined from

= (pset - (ppilot ’ kpilot * Poad ~ Poack kback ))/Cp

where x,.x 18 the maximum valve displacement.

The Counterbalance Valve block can be represented as the following structural model.

F‘S Saturation

Slmulln( Ps Fs SUWE‘I PS Gsin PS IntEgrsml [
Converter g .< )

Variable Crifice L

[+ =)
[

Presswe
sensor
pL

O

Check Vale

The pressure sensors measure pressure at respective ports and convey their values

to the Fen block, which, together with the PS Saturation block, performs calculations
in accordance with . The valve displacement is passed through the first order lag

block, built of the PS Subtract, PS Gain, and PS Integrator blocks, to account for valve
dynamics. The gain of the PS Gain block is set to 1/T, where T is the time constant. The
Variable Orifice and Check Valve blocks simulate the counterbalance valve orifice and
check valve. In the actual Counterbalance Valve block model, the operations performed
by the sensors and the Fcn block are executed in the block equation section.

1-202




Counterbalance Valve

The Counterbalance Valve block is essentially a data-sheet-based model. Depending on
data listed in the manufacturer's catalogs or data sheets for your particular valve, you
can choose one of the following model parameterization options:

* By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement.

In the latter case, the PS Saturation block in the structural model is replaced with
the PS Lookup Table (1D) block, and you can choose from three interpolation and two
extrapolation methods.

Connections L and B are hydraulic conserving ports associated with the load and
backpressure ports of the valve. The hydraulic conserving port P is associated with the
pilot port. The block positive direction is from port L to port B. Positive pressure at port P
opens the valve.

Assumptions and Limitations

* Valve dynamics are approximated by introducing the first order lag between the
pressure sensors and the variable orifice control member displacement.

+ Inertia, friction, or hydraulic forces acting on the valve control member are not taken
into account.
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Dialog Box and Parameters

"4 Block Parameters: Counterbalance Valve @
Counterbalance Valve

The block is a model of the counterbalance valve. These valves are developed to control overriding (running-away)
load by creating additional pressure in the discharge line of a hydraulic actuator. By type, the simulated
counterbalance valve is an internally-externally piloted valve. The block is essentially a data sheet-based model
which is assumed to be characterized by data normally provided in the catalog or data sheet. The block is arranged
as a structural model built of the Variable Orifice, Check Valve, and physical signal blocks. The variable orifice
parameterization is available in two options: (1) by maximum area and control member stroke, (2) by lookup table
of orifice area vs. control member displacement. Three methods of interpolation and two methods of extrapolation
are provided to choose from. The valve dynamics is approximated by introducing the first order lag between the
pressure sensors and the variable orifice control member displacement. Connections L and B are conserving
hydraulic ports associated with the load and backpressure ports of the valve. The conserving hydraulic connection P
is associated with the pilot port. The block positive direction is from port L to port B. Positive pressure at port P
opens the orifice.

Settings

Basic parameters | Variable orifice | Check valve

Valve pressure setting: Se+b Fa -
Valve spring stiffness: le+8 Pa/m -
Pilot ratio: 3

Backpressure ratio: 4

Time constant: 0.06 s -
Leakage area: le-9 m"2 -

[ 0K ] I Cancel I I Help Apply

+ “Basic Parameters Tab” on page 1-204
+  “Variable Orifice Tab” on page 1-205
* “Check Valve Tab” on page 1-207

Basic Parameters Tab

Valve pressure setting

The parameter specifies the pressure at port L necessary to start opening the valve.
The setting is controlled with the valve spring. The default value is 50e5 Pa.

Valve spring stiffness
The valve spring pressure stiffness c,. The default value is 1e8 Pa/m.
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Pilot ratio

The ratio between the effective areas of the control member face in the pilot chamber
and in the load chamber. This is one of the fundamental valve characteristics in a
catalog or data sheet. The default value is 3.

Backpressure ratio

The ratio between the effective area of the control member, onto which the
backpressure acts, and the load chamber valve area. There is a wide variety of
counterbalance valves with compensated or partially-compensated backpressure. The
parameter can take zero value if the valve is completely compensated. The default
value is 4.

Time constant

The valve dynamics are approximated with the first order lag. This parameter is the
time constant of the lag. The default value is 0.06 s.

Leakage area

The total area of possible leaks in the completely closed orifice and check valve. The
main purpose of the parameter is to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the orifice or check
valve is completely closed. An isolated or “hanging” part of the system could affect
computational efficiency and even cause failure of computation. Extreme caution
should be exercised if the parameter is set to 0. The default value is 1€-9 m"2.

Variable Orifice Tab

Variable orifice parameterization

Select one of the following methods for specifying the orifice:

+ By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

Orifice maximum area
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Specify the area of a fully opened orifice. The parameter value must be greater than
zero. The default value is 8e-5 m”2. This parameter is used if Variable orifice
parameterization is set to By maximum area and opening.

Orifice maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-4 m. This parameter is used if
Variable orifice parameterization is set to By maximum area and opening.

Orifice flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Orifice critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional

array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least

three values for cubic or spline interpolation. The default values, in meters,

are [-2e-3,0,5e-3,15e-3]. This parameter is used if Variable orifice
parameterization is set to By area vs. opening table. Tabulated orifice
openings values will be used together with Tabulated orifice area values for one-
dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”2, are [1e-12,4e-12,1.e-5,1.02e-5]. This parameter

is used if Variable orifice parameterization is set to By area vs. opening
table.

Interpolation method

This parameter is used if Variable orifice parameterization is set to By area
vs. opening table. Select one of the following interpolation methods for



Counterbalance Valve

approximating the output value when the input value is between two consecutive
grid points:

+ Linear — Uses a linear interpolation function.

* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page.

Extrapolation method

This parameter is used if Variable orifice parameterization is set to By area
vs. opening table. Select one of the following extrapolation methods for
determining the output value when the input value is outside the range specified in
the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page.

Check Valve Tab

Check valve maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.
Check valve cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
3e4 Pa.

Check valve maximum opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.2e5 Pa.
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Check valve flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Check valve critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Variable orifice parameterization
+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Variable orifice parameterization
parameter at the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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P
Hydraulic conserving port associated with the valve pilot port.
L
Hydraulic conserving port associated with the valve load port.
B
Hydraulic conserving port associated with the valve backpressure port.
Examples

The Hydraulic System with Counterbalance Valve example illustrates the use of
counterbalance valve to balance the load of a double-acting cylinder controlled by an
open-center 4-way directional valve.

See Also
Check Valve | Variable Orifice
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Cylinder Cushion

Cushion in hydraulic cylinders

Library

Hydraulic Cylinders

T

Description

The Cylinder Cushion block models a hydraulic cylinder cushion, the device that
decelerates the cylinder rod near the end of the stroke by restricting the flow rate leaving
the cylinder chamber. The figure shows a typical design of a cylinder cushion [1].
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Check valve Bleed screw Tube seal Piston

Fluid port
\-_

Cushioning valve  Cushioning bush  Guide ring  Piston seal

As the piston moves toward the cap (to the left in the figure), the cushioning bush enters
the chamber in the cap and creates an additional resistance to the fluid leaving the
chamber. The bush profile determines the desired deceleration. Near the end of the
stroke, the fluid flows through the gap between the bush and the cap and through the
cushioning valve with constant cross-sectional area. The check valve located between the
chambers allows free flow to the piston chamber to ease the piston breakaway from the
end position.

The block is implemented as a structural model that replicates a cushioning device, as
shown in this diagram.
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The Variable Orifice block represents a variable gap between the bush and the cavity
machined in the end cap. The lookup table of the Variable Orifice block implements

the relationship between the orifice area and the piston displacement. The Fixed
Orifice and the Check Valve blocks simulate the cushioning valve and the check valve
installed between chambers. The Translational Hydro-Mechanical Converter represents
a plunger created by the bush and the cavity. The Ideal Translational Motion Sensor
block monitors the piston displacement and conveys it (with the initial piston position
accounted) to the Variable Orifice block. The names assigned to the nested blocks in the
model are shown in parentheses.

The block develops a cushioning effect for the flow rate from port B to port A. The check
valve in the block is oriented from port A to port B.

You can use this block with any of the cylinder blocks in the library to model a single-
acting or double-acting cylinder with cushion. The following diagram shows the model
of a double-sided hydraulic cylinder with cushion built from a Double-Acting Hydraulic
Cylinder block and two Cylinder Cushion blocks.
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You can adjust the cushioning effect by changing the area of the fixed orifice and

the profile of the cushioning bush (variable orifice). Specify the profile using the one-
dimensional lookup table of the orifice area versus piston displacement. The next
figure shows a typical configuration of a double-acting cylinder with the double-sided
cushioning, similar to the model shown in the block diagram above.
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To ensure cushioning on both sides of the stroke, set the variable orifice area of the
left cushion (A;) and the right cushion (Ag) similar to the profile shown in the figure.
The origin of the plot is located at the position where the piston touches the cap. If the
cylinder acts in the negative direction, the piston displacements are negative, and you
must make the profile specification in the fourth quadrant.

The following figure shows a typical motion diagram of a cylinder with the double-sided
cushioning.
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The cushions are set to provide deceleration at ~10 mm before the end of the stroke. The
stroke of the cylinder is 10 cm, and the initial position of the piston is 0.04 m. The plot
shows the velocity (yellow line) and motion (magenta line) profiles.

Connections A and B are hydraulic conserving ports associated with the device hydraulic
inlet and outlet. Connection R is a mechanical translational conserving port that
connects to the cylinder rod. Connection C is a mechanical translational conserving port
that connects to the cylinder clamping structure.
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Dialog Box and Parameters

“& Block Parameters: Cylinder Cushion @
Cylinder Cushion

This block models a hydraulic cylinder cushion - the device that decelerates the cylinder rod as it approaches the
end of stroke by restricting flow rate leaving the cylinder chamber. The block is essentially a building block intended
to be used while developing models of double-sided or a single-sided cylinders with cushioning. The model can be
used with all cylinder blocks. The block is arranged as a structural model and replicates a typical cushioning device
consisted of the variable orifice, fixed orifice, check valve, and piston. The variable orifice represents a variable gap
between the rod on the piston and the cavity machined in the end cap. The relationship between the orifice area
and the piston displacement is characterized with the lookup table option of the Variable Orifice block. The fixed
orifice is installed between chambers. The check valve allows free flow to the piston chamber to ease the piston
break-away from the end position. The piston represents the face area of the cushioning rod. Connections A and B
are the hydraulic conserving ports associated with the chamber inlet and outlet. Connection R is the mechanical
translational conserving port which is to be connected with the cylinder rod. Connection C is the mechanical
translational conserving port which corresponds to the cylinder clamping structure. The block develops cushioning
effect for the flow rate from port B to port A. The check valve in the block is oriented from port A to port B.

Settings
Cushion piston Fixed orifice | Wariable orifice Check valve
Cushion piston area: le-4 m*2 -
Piston initial displacement: 0 m -
Fiston orientation: Acts in positive direction w7
[ 0K ] [ Cancel ] [ Help Apply

*  “Cushion Piston Tab” on page 1-216
*  “Fixed Orifice Tab” on page 1-217
+ “Variable Orifice Tab” on page 1-217
* “Check Valve Tab” on page 1-219

Cushion Piston Tab

Cushion piston area
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Addition of the cushion to a cylinder converts the respective cylinder into two
cylinders, rigidly connected and acting in parallel, with the total effective area equal
to the piston area before addition. This parameter sets the area of the cushion piston,
which is the face area of the cushion bush. The default value is 1e-4 m*2.

Piston initial displacement

The distance between the cylinder piston and cap A at the start of simulation. The
default value i1s O, which corresponds to the fully retracted position of the piston.

Piston orientation

Piston orientation with respect to the globally assigned positive direction. Since the
cushion piston is part of the cylinder piston, its orientation must be the same as the
orientation of the cylinder piston at the side the cushion is attached to. Similar to a
cylinder model, if pressure applied at port A exerts force in the negative direction, set
the parameter to Acts in negative direction. The default value is Acts in
positive direction.

Fixed Orifice Tab

Fixed orifice area

The area of the fixed orifice installed between cushion chambers. The default value is
le-6 m"2.

Fixed orifice flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
fixed orifice. The default value is 0.7.

Fixed orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the fixed orifice. The
transition from laminar to turbulent regime is supposed to take place when the
Reynolds number reaches this value. The value of the parameter depends on the
orifice geometrical profile. You can find the recommendations on the parameter value
in hydraulic textbooks. The default value is 10.

Variable Orifice Tab

Tabulated piston displacements

Vector of input values for piston displacements, specified as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
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spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The Tabulated piston displacements values are
used together with Tabulated orifice area values for one-dimensional table lookup.
Due to the nature of the cylinder hard stops, the piston can move below zero and
above the stroke value. It is good practice to account for piston deformation and
provide piston displacements beyond the ideal stroke range to avoid extrapolation.
The default values, in mm, are [-2, 10, 11, 89, 90, 102].

Tabulated orifice area

Vector of orifice areas, specified as a one-dimensional array. The vector must be the
same size as the piston displacements vector. All the values must be positive. The
default values, in cm”2, are [0.004, 0.006, 9, 9, 9, 9].

Variable orifice interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Variable orifice extrapolation method
Select one of the following extrapolation methods for determining the output value

when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
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output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Variable orifice flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
variable orifice. The default value is 0.7.

Variable orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice. The
transition from laminar to turbulent regime is assumed to take place when the
Reynolds number reaches this value. The value of the parameter depends on the
orifice geometrical profile. You can find recommendations on the parameter value in
hydraulics textbooks. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in the completely closed orifice. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Check Valve Tab

Check valve maximum area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.
Check valve cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
0.5e5 Pa.

Check valve full opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.5e5 Pa.
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Check valve flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
check valve. The default valuei1s 0.7.

Check valve critical Reynolds number

The maximum Reynolds number for laminar flow through the check valve. The
transition from laminar to turbulent regime is assumed to take place when the
Reynolds number reaches this value. The default value is 10.

Check valve leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Piston orientation
* Variable orifice interpolation method

* Variable orifice extrapolation method

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.



Cylinder Cushion

Ports

The block has the following ports:

A
Hydraulic conserving port connected to the cylinder inlet.
B
Hydraulic conserving port connected to the cylinder outlet.
R
Mechanical translational conserving port connected to the cylinder rod.
C
Mechanical translational conserving port connected to the cylinder clamping
structure.
References

[1] Rohner, P. Industrial Hydraulic Control. Fourth edition. Brisbane : John Wiley &
Sons, 1995.

See Also
Check Valve | Fixed Orifice | Variable Orifice
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Cylinder Friction

Friction in hydraulic cylinders

Library

Hydraulic Cylinders

T

The Cylinder Friction block simulates friction in the contact between moving bodies

in hydraulic cylinders and is intended to be used primarily as a building block in
combination with both the double- and single-acting cylinders to develop a cylinder
model with friction. The friction force is simulated as a function of relative velocity and
pressure, and is assumed to be the sum of Stribeck, Coulomb, and viscous components.
The Coulomb friction force consists of the preload force, caused by the seal squeeze
during assembly, and the force proportional to pressure. The sum of the Coulomb and
Stribeck friction forces at zero velocity is often referred to as the breakaway friction force.
For more information, see the Translational Friction block reference page.

Description

The friction force is approximated with the following equations:

F= FC-(l +(Kprp —1)exp(—c, | v |))sign(v)+ fofr+v

Fe =Fpr+fcﬁ(pA+pB)

where

F Friction force

Feo Coulomb friction

1 Preload force

fefr Coulomb friction coefficient




Cylinder Friction

DADB Pressures in cylinder chambers

Ky, Breakaway friction force increase coefficient
Cy Transition coefficient

v Relative velocity in the contact

Tt Viscous friction coefficient

To avoid discontinuity at v = 0, a small region |v| < vy is introduced around zero
velocity, where friction force is assumed to be linearly proportional to velocity:

F=Kew

Fo (14 (Kppp —1)vexp(—coom ) + fop Vs

Uth
where
K Proportionality coefficient
U, Velocity threshold

Connections R and C are mechanical translational conserving ports associated with the
rod and case, respectively. Connections A and B are hydraulic conserving ports to be
connected to ports A and B of the cylinder model, as shown in the following illustration.
The force generated by the block always opposes relative motion between the rod and the

case.

MTRA — 1 — R

Double-Acting
Hydraulic Cylinder

e T <2

=

Cylinder Friction
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Dialog Box and Parameters

"4 Block Parameters: Cylinder Friction @
Cylinder Friction

The block simulates friction in the contact between moving bodies in hydraulic cylinders and is intended to be used
primarily as a building block in combination with both the double- and single-acting cylinders to develop a cylinder
model with friction. The friction force is simulated as a function of relative velocity and pressure, and is assumed to
be the sum of Stribeck, Coulomb, and viscous components. The Coulomb friction force consists of the preload
force, caused by the seal squeeze during assembly, and force proportional to pressure. The sum of the Coulomb
and Stribeck friction forces at zero velocity is often referred to as the breakaway friction force.

Connections R and C are mechanical translational conserving ports associated with the rod and case, respectively.
Connections A and B are hydraulic conserving ports to be connected to ports A and B of the cylinder model. The
force generated by the block always opposes relative motion between the rod and the case.

Settings
Parameters | Variables
Preload force: 10 N -
Coulomb friction force
coefficient: 1e-6 N/Pa M
Breakaway friction increase
) 1
coefficient:
Viscous friction coefficient: 100 N/(m/s) -
Transition approximation
coefficient: 10 s/m
Linear region velocity threshold:  1e-4 m/s -
[ 0K ] I Cancel I I Help I Apply

+ “Parameters Tab” on page 1-224
+ “Variables Tab” on page 1-225

Parameters Tab

Preload force

The preload force, caused by the seal squeeze during assembly. The default value is
10 N.

Coulomb friction force coefficient

Coulomb friction coefficient, which defines the proportionality between the Coulomb
friction force and the pressure in cylinder chambers. The default value is 1e-6 N/Pa.

Breakaway friction increase coefficient



Cylinder Friction

The friction force increase over the Coulomb friction. The Coulomb friction force,
multiplied by this coefficient, is referred to as breakaway friction force. The default
value is 1.

Viscous friction coefficient

Proportionality coefficient between the viscous friction force and the relative velocity.
The parameter value must be greater than or equal to zero. The default value is 100
N/(m/s).

Transition approximation coefficient

The parameter sets the value of coefficient ¢,, which is used for the approximation

of the transition between the breakaway and the Coulomb frictions. Its value is
assigned based on the following considerations: the Stribeck friction component
reaches approximately 5% of its steady-state value at velocity 3/c,, and 2% at velocity
4/c,, which makes it possible to develop an approximate relationship ¢, ~= 4/v
where v,,;, 1s the relative velocity at which friction force has its minimum value. By
default, ¢, is set to 10 s/m, which corresponds to a minimum friction at velocity of
about 0.4 m/s.

Linear region velocity threshold

The parameter sets the small vicinity near zero velocity, within which friction
force is considered to be linearly proportional to the relative velocity. MathWorks
recommends that you use values in the range between 1e-6 and 1e-4 m/s. The
default value is 1e-4 m/s.

Variables Tab

Use the Variables tab to set the priority and initial target values for the block variables
prior to simulation. For more information, see “Set Priority and Initial Target for Block
Variables”.

Ports

The block has the following ports:

A

Hydraulic conserving port connected to the cylinder inlet.

1-225



1 Blocks — Alphabetical List

Hydraulic conserving port connected to the cylinder outlet.

R
Mechanical translational conserving port associated with the cylinder rod.

C
Mechanical translational conserving port associated with the cylinder clamping
structure.

See Also

Double-Acting Hydraulic Cylinder | Single-Acting Hydraulic Cylinder
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Double-Acting Hydraulic Cylinder

Hydraulic actuator exerting force in both directions

Library

Hydraulic Cylinders

sl

The Double-Acting Hydraulic Cylinder block models a device that converts hydraulic
energy into mechanical energy in the form of translational motion. Hydraulic fluid
pumped under pressure into one of the two cylinder chambers forces the piston to move
and exert force on the cylinder rod. Double-acting cylinders transfer force and motion in
both directions.

Description

The model of the cylinder is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.

Translational Hard
Stop

afp o o

Y i 4 LTIV o

Trans lational Trans laticnal
Hydro-Mechanical Hydro- Mechanical
Converter A Converter B
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Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and cylinder clamping structure, respectively. Connections A and B are
hydraulic conserving ports. Port A is connected to converter A and port B is connected to
converter B.

The energy through hydraulic port A or B is directed to the appropriate Translational
Hydro-Mechanical Converter block. The converter transforms hydraulic energy into
mechanical energy and accounts for the fluid compressibility in the cylinder chamber.
The rod motion is limited with the mechanical Translational Hard Stop block in such a
way that the rod can travel only between cylinder caps.

The block directionality is adjustable and can be controlled with the Cylinder
orientation parameter.

Basic Assumptions and Limitations

* No leakage, internal or external, is taken into account.

* No loading on piston rod, such as inertia, friction, spring, and so on, is taken into
account. If necessary, you can easily add them by connecting an appropriate building
block to cylinder port R.



Double-Acting Hydraulic Cylinder

Dialog Box and Parameters

"k Block Parameters: Double-Acting Hydraulic Cylinder @
Double-Acting Hydraulic Cylinder

This block represents a double-acting hydraulic cylinder. The model of the cylinder is constructed from the
Translational Hydro-Mechanical Converter, and Translational Hard Stop blocks. The rod motion is limited with the
mechanical Translational Hard Stop block.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connections A and B are hydraulic conserving ports. Port A is connected to
converter A and port B is connected to converter B. The block directionality is adjustable and can be controlled with
the Cylinder Orientation parameter.

Settings

Basic parameters | Hard stop properties | Initial conditions |

Piston area A: le-3 m*2 -

Piston area B: 0.5e-3 m*2 -

Piston stroke: 0.1 m -

Dead volume A: le-4 m~3 -

Dead volume B: le-4 m~3 -

Specific heat ratio: 1.4

Cylinder orientation: Acts in positive direction ']
[ 0K ] I Cancel I I Help I Apply

+  “Basic Parameters Tab” on page 1-229
+ “Hard Stop Properties Tab” on page 1-230
+  “Initial Conditions Tab” on page 1-230

Basic Parameters Tab

Piston area A
Chamber A effective piston area. The default value 1s 0.001 m"2.

Piston area B
Chamber B effective piston area. The default value is 5e-5 m”"2.

Piston stroke
Piston maximum travel between caps. The default value is 0.1 m.
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Dead volume A

Fluid volume in chamber A that remains in the chamber after the rod is fully
retracted. The default value is 1e-4 m”3.

Dead volume B

Fluid volume in chamber B that remains in the chamber after the rod is fully
extended. The default value is 1e-4 m”3.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber blocks. The default value is
1.4.

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts in positive
direction.

Hard Stop Properties Tab

Contact stiffness

Specifies the elastic property of colliding bodies for the Translational Hard Stop
block. The greater the value of the parameter, the less the bodies penetrate into
each other, the more rigid the impact becomes. Lesser value of the parameter makes
contact softer, but generally improves convergence and computational efficiency. The
default value is 1€6 N/m.

Contact damping

Specifies dissipating property of colliding bodies for the Translational Hard Stop
block. At zero damping, the impact is close to an absolutely elastic one. The greater
the value of the parameter, the more energy dissipates during an interaction. Keep
in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*s/m.

Initial Conditions Tab

Piston initial distance from cap A
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The distance that the piston is extended at the beginning of simulation. You can
set the piston position to any point within its stroke. The default value is O, which
corresponds to the fully retracted position.

Chamber A initial pressure

Pressure in the cylinder chamber A at the beginning of simulation. The default value
is O.

Chamber B initial pressure

Pressure in the cylinder chamber B at the beginning of simulation. The default value
is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Cylinder orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the cylinder chamber A.
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Hydraulic conserving port associated with the cylinder chamber B.

R
Mechanical translational conserving port associated with the cylinder rod.

C
Mechanical translational conserving port associated with the cylinder clamping
structure.

Examples

The Double-Acting Hydraulic Cylinder with Flexible Clamping example illustrates
simulation of a cylinder whose clamping is too flexible to be neglected. The structure
compliance is represented with a spring and a damper, installed between the cylinder
case and reference point. The cylinder performs forward and return strokes, and is
loaded with inertia, viscous friction, and constant opposing load of 400 N.

The Closed-Loop Circuit with 4-Way Valve and Custom Cylinder example demonstrates
the use of a 4-way valve in combination with a double-acting cylinder in a simple closed-
loop actuator. The example shows how to connect the blocks and set the initial orifice
openings for the 4-way valve to model the forward and return strokes of the cylinder
under load.

See Also

Ideal Translational Motion Sensor | Single-Acting Hydraulic Cylinder | Translational
Hard Stop | Translational Hydro-Mechanical Converter


../examples/double-acting-hydraulic-cylinder-with-flexible-clamping.html
../examples/closed-loop-circuit-with-4-way-valve-and-custom-cylinder.html

Double-Acting Hydraulic Cylinder (Simple)

Double-Acting Hydraulic Cylinder (Simple)

Basic functionality of double-acting hydraulic cylinder

Library

Hydraulic Cylinders

e

Description

The Double-Acting Hydraulic Cylinder (Simple) block represents a simplified version of a
double-acting hydraulic cylinder, developed for applications where only the basic cylinder
functionality must be reproduced, in exchange for better numerical efficiency. For these
reasons, such factors as fluid compressibility, friction, and leakages are assumed to be
negligible. The hard stops are assumed to be fully inelastic, to eliminate any possible
oscillations at the end of the stroke. The model is especially suitable for real-time and
HIL (hardware-in-the-loop) simulation, if such simplifications are acceptable.

The model is described with the following equations:

F=Aj py-Ap-pgp-F,

ga=Ay-v
gg =Ap-v
dx _

dt
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vV =Vg —Uo
(x—xg) K, v ifx>x5,0>0
F,= (x—xR)-Kp~v ifx <xp,v<0
0 otherwise

xp =S -x,
XR = %o

where

F Force developed by the cylinder

v Cylinder rod velocity

UR,UC Absolute velocities of cylinder rod and cylinder case, respectively

Ay Piston area at port A side

Ap Piston area at port B side

Pa Pressure at the cylinder port A

PB Pressure at the cylinder port B

ga Flow rate through port A into the cylinder

gB Flow rate through port B from the cylinder

x Piston position

X9 Initial distance between piston and cap A

F, Hard stop force

XE Distance the piston can travel to fully extend from initial position

XR Distance the piston can travel to fully retract from initial position

K, Penetration coefficient

S Piston stroke




Double-Acting Hydraulic Cylinder (Simple)

The main difference between this block and the Double-Acting Hydraulic Cylinder block
is the representation of the hard stop:

The Double-Acting Hydraulic Cylinder block utilizes the elastic model of the stop,
which is essentially a combination of a spring and a damper, connected in parallel.
The stiffness of the spring, which represents contact stiffness of colliding bodies, is
very high, resulting in high-frequency, low-magnitude oscillations at the moment
the bodies collide. These oscillations can hardly be noticed experimentally, but they
are difficult to process by a numerical simulation and generally decrease numerical
efficiency.

The hard stop in the Double-Acting Hydraulic Cylinder (Simple) block is represented
with the inelastic model, which is essentially a viscous damper with the penetration-
dependent damping coefficient. This coefficient is referred to as the penetration
coefficient. With inelastic model, no oscillation is generated during an impact,
resulting in improved numerical robustness and efficiency. But inelastic stop model
has a feature that you must consider while selecting the model: colliding bodies
continue slowly moving into each other as long as the contact is loaded with the
compressing force. In real life, this phenomenon is similar to collision of two bodies
separated by a sizable layer of viscous liquid. It takes some time to squeeze the liquid
before bodies themselves come into contact.

Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and cylinder clamping structure, respectively. Connections A and B are
hydraulic conserving ports. Port A is connected to chamber A and port B is connected to
chamber B.

You can adjust the block directionality with the Cylinder orientation parameter.

Basic Assumptions and Limitations

Friction between moving parts is not taken into account.
Inertia effects are not taken into account.

Fluid compressibility is not taken into account.

Leakage flows are assumed to be negligible.

The hard stops are assumed to be fully inelastic, as explained above.
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Dialog Box and Parameters

“& Block Parameters: Double-Acting Hydraulic Cylinder (Simple) @
Double-Acting Hydraulic Cylinder (Simple)

The block is a model of a double-acting hydraulic cylinder developed for applications in which only the basic
cylinder functionality must be reproduced in exchange for better numerical efficiency. For these reasons, factors
such as fluid compressibility, friction, and leakages are assumed to be negligible. The hard stops are assumed to
be fully inelastic to eliminate any possible oscillations at the end of the stroke. The model is suitable for real time
or HIL simulation if such simplifications are acceptable.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connections A and B are hydraulic conserving ports. Port A is connected to
chamber A and port B is connected to chamber B. The block directionality is adjustable with the Cylinder
Orientation parameter.

Settings

FParameters

Fiston area A: le-3 m*2 -
Fiston area B: 0.5e-3 m*2 -
Piston stroke: 0.1 m -
Piston initial distance from cap A: 0 m -
Penetration coefficient: lel2 s*N/m~2 -
Cylinder orientation: Acts in positive direction ']

0K H Cancel H Help I Apply

Piston area A

Chamber A effective piston area. The default value is 0.001 m”2.
Piston area B

Chamber B effective piston area. The default value is 5e-4 m”2.
Piston stroke

Piston maximum travel between caps. The default value is 0.1 m.
Piston initial distance from cap A

The distance between the piston and cap A at the beginning of simulation. This value
cannot exceed the piston stroke. The default value is O.

Penetration coefficient
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Specifies the penetration property of colliding bodies. The higher the value of the
coefficient, the less the bodies penetrate into each other, but the sharper the increase
of the impact force. To find out the value of the coefficient for a particular application,
it is recommended to run the same model with different hard stop models (or with
different cylinder models) until they show close results. The default value of the
coefficient is 112 N/m/(m/s).

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts iIn positive
direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

Cylinder orientation

All other block parameters are available for modification.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the cylinder chamber A.

Hydraulic conserving port associated with the cylinder chamber B.

Mechanical translational conserving port associated with the cylinder rod.

Mechanical translational conserving port associated with the cylinder clamping
structure.
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Examples

The Hydraulic Closed-Loop Actuator with Fixed-Step Integration example shows how to
use this cylinder along with other blocks optimized for real-time and HIL simulation.

See Also

Double-Acting Hydraulic Cylinder | Single-Acting Hydraulic Cylinder | Single-
Acting Hydraulic Cylinder (Simple) | Translational Hard Stop | Translational Hydro-
Mechanical Converter
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Double-Acting Rotary Actuator

Double-Acting Rotary Actuator

Double-acting hydraulic rotary actuator

Library

Hydraulic Cylinders

et

The Double-Acting Rotary Actuator block models a double-acting hydraulic rotary
actuator, which directly converts hydraulic energy into mechanical rotational energy
without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. Hydraulic fluid pumped under pressure into one of the two actuator
chambers forces the shaft to rotate and generate torque. Double-acting actuators
generate torque and motion in both directions.

Description

The model of the actuator is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.

1-239



1 Blocks — Alphabetical List

| = - P .@
Rotational Hard Stop 5
Mechanical
Raotaticnal
Reference
A Rotaticnal Rotaticnal B
Hydro- Mechanical Hydro- Mechanical
Converter A Converter B
|
L]
Linear Hydraulic
Resistance
The blocks in the diagram perform the following functions:
Rotational Hydro-Mechanical Converts hydraulics energy into mechanical rotational

energy when fluid is pumped into actuator chamber A,

Converter A
while accounting for fluid compressibility.

Rotational Hydro-Mechanical Converts hydraulics energy into mechanical rotational
Converter B energy when fluid is pumped into actuator chamber B,
while accounting for fluid compressibility.

Rotational Hard Stop Imposes limits on shaft rotation.

Linear Hydraulic Resistance Accounts for leakages.

Connections A and B are hydraulic conserving ports. Port A is connected to chamber A
and port B is connected to chamber B. Connection S is a mechanical rotational conserving

port associated with the actuator shaft.
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The block directionality is adjustable and can be controlled with the Actuator
orientation parameter.

Basic Assumptions and Limitations

No loading, such as inertia, friction, spring, and so on, is taken into account. If necessary,
you can easily add them by connecting an appropriate building block to port S.

Dialog Box and Parameters

"k Block Parameters: Double-Acting Rotary Actuator @
Double-Acting Rotary Actuator

This block represents a double-acting hydraulic rotary actuator, which directly converts hydraulic energy into
mechanical rotational energy without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. The model of the actuator is constructed from the Rotational Hydro-Mechanical Converter,
Rotational Hard Stop and Linear Hydraulic Resistance blocks. The shaft rotation is limited with the mechanical
Rotational Hard Stop block.

Connections A and B are hydraulic conserving ports corresponding to the actuator converters A and B respectively,
port S is @ mechanical rotational conserving port associated with the actuator shaft. The block directionality is
adjustable and can be controlled with the Actuator orientation parameter.

Settings

FParameters

Actuator displacement: 4.5e-5 m~3/rad -
Shaft stroke: 5.1 rad -
Shaft initial angle: 0 rad -
Dead volume A: le-4 m~3 -
Dead volume B: le-4 m~3 -
Leak coefficient: le-14 m~3/s/Pa -
Specific heat ratio: 1.4

Contact stiffness: le6 N*m/rad -
Contact damping: 150 N*m/(rad/s) -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help I Apply
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Actuator displacement

Effective displacement of the actuator. The default value is 4.5e-5 m”3/rad.
Shaft stroke

Shaft maximum travel between stops. The default value is 5.1 rad.
Shaft initial angle

The position of the shaft at the beginning of simulation. You can set the shaft
position to any angle within its stroke. The default value is O, which corresponds to
the shaft position at the very beginning of the stroke.

Dead volume A

Fluid volume in chamber A that remains in the chamber when the shaft is positioned
at the very beginning of the stroke. The default value is 1e-4 m”*3.

Dead volume B

Fluid volume in chamber B that remains in the chamber when the shaft is positioned
at the end of the stroke. The default value is 1e-4 m”3.

Leak coefficient

Leak coefficient for the Linear Hydraulic Resistance block. The default value is
le-14 (m”3/s)/Pa.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber block. The default value is
1.4.

Contact stiffness

Specifies the elastic property of colliding bodies for the Rotational Hard Stop block.
The greater the value of the parameter, the less the bodies penetrate into each other,
the more rigid the impact becomes. Lesser value of the parameter makes contact
softer, but generally improves convergence and computational efficiency. The default
value is 16 N*m/rad.

Contact damping

Specifies dissipating property of colliding bodies for the Rotational Hard Stop block.
At zero damping, the impact is close to an absolutely elastic one. The greater the
value of the parameter, the more energy dissipates during an interaction. Keep

in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*m/(rad/s).
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Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
generates torque in the positive or in the negative direction when pressure is applied
at its inlet. If pressure applied at port A generates torque in the negative direction,
set the parameter to Acts in negative direction. The default value is Acts in
positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the actuator chamber A.
B

Hydraulic conserving port associated with the actuator chamber B.
S
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Mechanical rotational conserving port associated with the actuator shaft.

See Also

Linear Hydraulic Resistance | Rotational Hard Stop | Rotational Hydro-Mechanical
Converter
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Double-Acting Servo Cylinder

Hydraulic double-acting servo cylinder with spring-centered plunger

Library

Valve Actuators

-

Description
The Double-Acting Servo Cylinder block models a hydraulic double-acting servo cylinder
implemented as a spring-centered plunger.

A
===\

Changing pressure at ports A and B shifts the spool from the neutral position in
proportion to the pressure differential. Use the servo cylinder for control purposes.

The model of the cylinder uses the Double-Acting Hydraulic Cylinder (Simple),
Translational Spring, Translational Damper, and Ideal Translational Motion Sensor
blocks. The following figure shows the schematic diagram of the model.
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. Eo Translational Spring

Double-Acting
Hydraulic Cylinder
{Simple) t+————aFq=

Trans lational Damper

o R

Ideal Trans lational
Maotion Sensor

The plunger is located initially in the middle of the stroke. The plunger displacement is
computed with the following equations:

A(pp-pp)=k-x+B-v+ Fyg

(x=5/2)-K, v ifx>S/2,v>0
Fyg =1(x+5/2)- K, -abs(v) ifx<-S/2,0<0
0 otherwise
where
DPaPB Pressures at port A and B, respectively
A Spool face area
k Spring rate
B Damping coefficient
Fys Hard stop force
K, Stop penetration coefficient
S Piston stroke
v Piston velocity
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uble-Acting Servo Cylinder

‘x |Piston displacement

Connection P is a physical signal output port that outputs the plunger displacement from
the central position. Connections A and B are hydraulic conserving ports. Pressure at
port A moves the plunger in the positive direction.

Basic Assumptions and Limitations

*  Friction between moving parts is not taken into account.

+ Inertia effects are not taken into account.

*  Fluid compressibility is not taken into account.

+ Leakage flows are assumed to be negligible.

* The hard stops are assumed to be fully inelastic. For details, see the Double-Acting
Hydraulic Cylinder (Simple) block reference page.

Dialog Box and Parameters

"4 Block Parameters: Double-Acting Servo Cylinder

Double-Acting Servo Cylinder

This block models a hydraulic double-acting servo cylinder arranged as a spring-centered plunger. The cylinder is

intended to be used for control purposes. The model is built of the Double-Acting Hydraulic Cylinder (Simple),

Translational Spring, and Damper. The plunger is initially located in the middle of the stroke. Connection P is the
physical signal output port through which the plunger displacement from the middle position is exported.
Connections A and B are the hydraulic conserving ports. Pressure at port A moves the plunger in positive

==l

direction.

Settings
Parameters
Piston area: le-4 m*2 -
Piston stroke: 0.005 m -
Spring rate: le3 N/m -
Damping coefficient: 150 N/(m/s) -
Stop penetration coefficient: lel2 s*N/m~2 -

0K ] I Cancel I I Help I Apply
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Piston area
The face area of the piston. The default value is 1e-4 m"2.
Piston stroke

The full piston stroke, from one hard stop to another. The piston is located initially
in the middle of the stroke and can travel half a stroke in the positive and negative
direction. The default value is 0.005 m.

Spring rate
The spring rate of the centering springs. The default value is 1000 N/m.
Damping coefficient

The damping coefficient in the contact between the piston and the case. The default
value is 150 N/(m/s).

Stop penetration coefficient

The penetration property of the piston hard stop. The hard stop is represented as
absolutely inelastic, and the property is characterized by the penetration coefficient.
The default value of the coefficient is 112 N/m/(m/s).

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the cylinder chamber A.
B

Hydraulic conserving port associated with the cylinder chamber B.
P

Physical signal output port that outputs the piston displacement.
See Also

Double-Acting Hydraulic Cylinder (Simple) | Ideal Translational Motion Sensor
Translational Damper | Translational Spring
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Elbow

Hydraulic resistance in elbow

Library

Local Hydraulic Resistances

n-p‘l‘q-‘/:‘-]]-El-n

Description

The Elbow block represents an elbow as a local hydraulic resistance. The pressure loss
1s computed with the semi-empirical formula based on pressure loss coefficient, which
1s determined in accordance with the Crane Co. recommendations (see [1], p. A-29). Two
types of elbow are considered: smoothly curved (standard) and sharp-edged (miter). The
block covers elbows in the 5~100 mm and 0-90 degrees range.

The block is based on the Local Resistance block. It computes the pressure loss coefficient
and passes its value, as well as the critical Reynolds number value, to the Local
Resistance block, which computes the pressure loss according to the formulas explained
in the reference documentation for that block.

The pressure loss for turbulent flow regime is determined according to the following
formula:

p=K-L-q|q|
2A
where
q Flow rate
p Pressure loss
K Pressure loss coefficient
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A Elbow cross-sectional area

Fluid density

The flow regime is checked in the underlying Local Resistance block by comparing

the Reynolds number to the specified critical Reynolds number value. For laminar
flow regime, the formula for pressure loss computation is modified, as described in the
reference documentation for the Local Resistance block.

The core data for the pressure loss coefficient computation is the table-specified
relationship between the friction factor 7 and the internal diameter for clean commercial
steel pipes, with flow in the zone of complete turbulence (see [1], p. A-26). For smoothly
curved, standard 90° elbows, the pressure loss coefficient is determined with the formula

K =30fp

For elbows with different angles, the coefficient is corrected with the relationship
presented in [2], Fig.4.6:

K. . =0(0.0142-3.703.107° o)

corr

where a is the elbow angle in degrees (0 < a < 90).

Stmoaothly curved elbow Miter elbow

Therefore, the pressure loss coefficient for smoothly curved, standard elbows is
determined with the formula
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Kgop = 30fp+0(0.0142-3.703:10 2 )

For sharp-edged, miter bends the pressure loss coefficient is determined according to the
table provided in [1], p. A-29, as a function of the elbow diameter and angle

Kyg = f(d,o)

where 5 <d <100 mm and 0 < a < 90 degrees.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate
is positive if fluid flows from A to B, and the pressure differential is determined as

P=pPp—DPB-

Warning The formulas used in the Elbow block are very approximate, especially in the

laminar and transient flow regions. For more accurate results, use the Local Resistance
block with a table-specified K= (Re) relationship.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

* The elbow is assumed to be made of a clean commercial steel pipe.
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Dialog Box and Parameters

"4 Block Parameters: Elbow @
Elbow

The block represents an elbow as a local hydraulic resistance. The pressure loss in the elbow is characterized by
the table-specified pressure loss coefficient provided in the Crane Technical Paper. Two types of elbows are
considered: smoothly curved standard elbows and sharp-edged, miter elbows. The block covers elbows in the
5-100 mm and 0-90 deg range.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Elbow internal diameter: 0.01 m -
Elbow angle: a0 deg -
Elbow type: Smoothly curved elbow -
Critical Reynolds number: 80

0K H Cancel H Help Apply

Elbow internal diameter

The internal diameter of the pipe. The value must be in the range between 5 and 100
mm. The default value is 0.01 m.

Elbow angle

The angle of the bend. The value must be in the range between 0 and 90 degrees. The
default value is 90 deg.

Elbow type

The parameter can have one of two values: Smoothly curved elbow or Miter
bend. The default value is Smoothly curved elbow.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can

find recommendations on the parameter value in hydraulics textbooks. The default
value is 80.



Elbow

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

Elbow type

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the elbow inlet.
B

Hydraulic conserving port associated with the elbow outlet.
References

[1] Flow of Fluids Through Valves, Fittings, and Pipe, Crane Valves North America,
Technical Paper No. 410M

[2] George R. Keller, Hydraulic System Analysis, Published by the Editors of Hydraulics
& Pneumatics Magazine, 1970
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See Also
Gradual Area Change | Local Resistance | Pipe Bend | Sudden Area Change | T-
junction
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Fixed Orifice

Fixed Orifice

Hydraulic orifice with constant cross-sectional area

Library

Orifices

Description

The Fixed Orifice block models a sharp-edged constant-area orifice, flow rate through
which is proportional to the pressure differential across the orifice. The flow rate is

determined according to the following equations:

—Cn A 2. P
7=Cp A\/; ( 5 2)1/4

b~ + Der
P=DPA~PB
2
Do = Y Recr'v
“ 2|Cp- Dy
b, - 4
T

where
q Flow rate
p Pressure differential

DA, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient
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A Orifice passage area

Dy Orifice hydraulic diameter

el Fluid density

v Fluid kinematic viscosity

DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

P=pPp—DPB-

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

Dialog Box and Parameters

"4 Block Parameters: Fixed Orifice @
Fixed Orifice

The block models a square-edged constant-area orifice with flow rate proportional to the pressure differential
across the orifice. The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds
number and comparing its value with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet, respectively. The
block positive direction is from port A to port B. This means that the flow rate is positive if fluid flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Orifice area: le-4 m~2 -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12

[ 0K H Cancel H Help Apply

+ “Parameters Tab” on page 1-257
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* “Variables Tab” on page 1-257

Parameters Tab

Orifice area
Orifice passage area. The default value is 1e-4 m"2.
Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12, which corresponds to a round orifice in thin material with sharp edges.

Variables Tab

Use the Variables tab to set the priority and initial target values for the block variables
prior to simulation. For more information, see “Set Priority and Initial Target for Block
Variables”.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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Hydraulic conserving port associated with the orifice inlet.

Hydraulic conserving port associated with the orifice outlet.

See Also

Annular Orifice | Constant Area Hydraulic Orifice | Fixed Orifice with Fluid Inertia |
Fixed Orifice Empirical | Orifice with Variable Area Round Holes | Orifice with Variable
Area Slot | Variable Area Hydraulic Orifice | Variable Orifice



Fixed Orifice Empirical

Fixed Orifice Empirical

Fixed hydraulic orifice based on empirical data

Library

Orifices

P | SR
—

Description

The Fixed Orifice Empirical block models a fixed orifice in hydraulic systems with data
obtained from experimental testing. The data required for characterization is the set of
pressure differentials across the orifice, together with associated flow rates determined
for a particular fluid and temperature.

The flow rate through the orifice is determined with the table lookup block from the set of
experimental measurements

q="Tf(P)

where

q Volumetric flow rate
p Pressure differential

You can select from three interpolation and two extrapolation methods.

Note Extrapolation could result in large errors if the operating point deviates
significantly from the area of experiments.

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPp—PB-
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Dialog Box and Parameters

"k Block Parameters: Fixed Orifice Empirical @
Fixed Orifice Empirical

The block models a fixed orifice specified with a set of empirical data. The empirical version of the fixed orifice
model relies entirely on the set of experimental data on flow rate vs. pressure differential for a specific fluid at
specified temperature. The peculiarities of working fluid and orifice configuration can be accounted in the lookup
table data set. Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet,
respectively. The block positive direction is from port A to port B. This means that the flow rate is positive if fluid
flows from A to B, and the pressure differential is determined as p = p_A - p_B.

Settings
FParameters
Tabulated pressure differentials: 46 -1e+6 -58+5 0 5e+5 le+6 2e+6 3e+6 4e+6 ] Pa -
Tabulated flow rates: 4 0.0012068 0.0017067 0.0020902 0.0024136 ] m~3/s -
Interpolation method: |Linear v|
Extrapolation method: |Fr0m last 2 points - |

[ 0K ]| Cancel || Help | Apply

Tabulated pressure differentials

Specify the pressure differential vector as a one-dimensional array. The

vector contains values of pressure differentials obtained during experimental
characterization of the orifice. The vector must be strictly increasing. The values
can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in Pa, are
[ -4e+6 -3e+6 -2e+6 -le+6 -5e+5 0 5e+5 le+6 2e+6 3e+6 4e+6 ].

Tabulated flow rates

Specify the vector of flow rates through the orifice, corresponding to these pressure
differentials, as a one-dimensional array. The vector must be of the same size

as the Tabulated pressure differentials vector. The default values, in m”3/s,
are [ -0.0024436 -0.0021248 -0.0016852 -0.0012248 -8.4476e-4 0O
8.5333e-4 0.0012068 0.0017067 0.0020902 0.0024136 ].

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:
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+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP).

+ Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page.

Extrapolation method
Use extrapolation with extreme caution, because moving beyond the measurement
limits could result in large errors. Select one of the following extrapolation methods
for determining the output value when the input value is outside the range specified
in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
See Also

Fixed Orifice | Fixed Orifice with Fluid Inertia
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Fixed Orifice with Fluid Inertia

Fixed hydraulic orifice accounting for flow inertia

Library

Orifices

Description

The Fixed Orifice with Fluid Inertia block models a hydraulic fixed orifice and accounts
for the fluid inertia, in addition to the static pressure loss.

Fluid inertia plays a noticeable role in orifices with a large ratio of orifice length to the
orifice hydraulic diameter (L / Dy) and in sharp-edged short orifices when the rate of
change of flow rate (fluid acceleration) is relatively large.

The orifice is based on the following equations:

—C, A2 P
q9=Cp A\fp ( ) r2 )1/4

Dbr + Per

D= P, + D,
_Ldq
Pin =P 4 s



Fixed Orifice with Fluid Inertia

Re—lqlDH
Av
b, - [
T
where

q Volumetric flow rate

p Total pressure differential

Pin Inertial pressure drop

Dr Resistive pressure drop

Der Minimum pressure for turbulent flow
Cp Flow discharge coefficient

A Orifice passage area

L Orifice length

Dy Orifice hydraulic diameter

P Fluid density

v Fluid kinematic viscosity

Re Instantaneous Reynolds number
Re,, Critical Reynolds number

Connections A and B are conserving hydraulic ports associated with the orifice inlet and
outlet, respectively. The block positive direction is from port A to port B. This means that
the flow rate is positive if it flows from A to B, and the pressure differential is determined

as p=pA—pB.
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Dialog Box and Parameters

"4 Block Parameters: Fixed Orifice with Fluid Inertia @
Fixed Orifice with Fluid Inertia

The block models a hydraulic fixed orifice and accounts for the fluid inertia in addition to the static pressure loss.
The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing
its value with the critical Reynolds Number. Connections A and B are conserving hydraulic ports associated with the
orifice inlet and outlet, respectively. The block positive direction is from port A to port B. This means that the flow
rate is positive if fluid flows from A to B, and the pressure differential is determined asp = p_A - p_B.

Settings
FParameters
Orifice area: le-4 m"2 -
Orifice length: 0.01 m -
Flow discharge coefficient: 0.6
Critical Reynolds number: 10
Initial flow rate: 0 m~3/s -

0K ]| Cancel || Help | Apply

Orifice area
Cross-sectional area of the orifice. The default value is 1e-4 m”2.
Orifice length

Total length of the orifice. Generally, increase the geometrical length of the orifice
up to 2 - 0.8 - Dy (where Dy is the orifice hydraulic diameter) to take into account the
added volumes of fluid on both sides of the orifice. The default value is 0.01 m.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. The coefficient affects
the resistive pressure drop in the orifice. The default value is 0.6.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The default value is 10.

Initial flow rate

Flow rate through the orifice at the start of simulation. This parameter specifies
the initial condition for use in computing the block's state at the beginning of a



Fixed Orifice with Fluid Inertia

simulation run. For more information, see “Initial Conditions Computation”. The
default value is O.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
See Also

Fixed Orifice | Fixed Orifice Empirical
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Fixed-Displacement Motor (External Efficiencies)

Fixed-displacement hydraulic motor with externally specified mechanical and volumetric
efficiencies

Library

Pumps and Motors

B

O=p

m 1= mm

Description

The Fixed-Displacement Motor (External Efficiencies) block represents a fixed-
displacement hydraulic motor with both mechanical and volumetric efficiencies provided
through the external physical signal ports. Hydraulic losses are implemented as a
leakage between hydraulic ports, while mechanical losses are introduced through the
friction imposed on the driving shaft. Both the leakage and the friction are determined by
the efficiency values. The ideal hydraulic motor is described with the following equations:

Gqg =D-0©
Tiy=D-p
where
qid Ideal volumetric flow rate
p Pressure differential across the motor
D Displacement
® Angular velocity
T Ideal torque

When accounting for mechanical and hydraulic losses, the flow rate through the motor is
increased by the leakage value




Fixed-Displacement Motor (External Efficiencies)

Qear, =D-0-(1-7y)

and output torque becomes lower due to mechanical losses simulated with the friction
torque

Tpp =Ty (1-npy)

where

Qleak Leakage flow through the motor
nv Volumetric efficiency

Trr Friction torque

nm Mechanical efficiency

For numerical stability purposes, the friction torque is implemented as

27

where @y, is the threshold angular velocity, a parameter that specifies how steeply the
tanh function changes in the vicinity of zero velocity.

Connections A and B are hydraulic conserving ports associated with the motor inlet

and outlet, respectively. Connection S is a mechanical rotational conserving port
associated with the motor shaft. Physical signal ports EV and EM import volumetric and
mechanical efficiencies, respectively. Use a separate block to compute these efficiencies.
The block positive direction is from port A to port B. This means that the flow rate
flowing through the motor from A to B rotates the shaft in positive direction, and positive

pressure differential p = p4 — pg creates positive torque at the motor shaft.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
*  Hydraulic loss is simulated as leakage through the motor.

*  Mechanical loss is represented with the friction torque applied to the motor shaft.
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Dialog Box and Parameters

“& Block Parameters: Fixed-Displacement Motor (External Efficiencies) @
Fixed-Displacement Motor (External Efficiencies)

The block models a fixed-displacement hydraulic motor with both mechanical and volumetric efficiencies provided
through the external physical signal ports. Hydraulic losses are implemented as a leakage between hydraulic ports
while mechanical losses are introduced through the friction imposed on the driving shaft. Both the leakage and the
friction are determined by the efficiency values. Connections A and B are hydraulic conserving ports associated
with the motor inlet and outlet, respectively. Connection S is a mechanical rotational conserving port associated
with the motor shaft. Physical signal ports EV and EM are introduced to import respectively volumetric and
mechanical efficiency. The block positive direction is from port A to port B. This means that the flow rate flowing
through the motor from A to B rotates the shaft in positive direction, and positive pressure differential p = p_A -
p_B creates positive torque at the motor shaft.

Settings
FParameters
Displacement: Se-6 m~3/rad -
Threshold velocity: le-3 rad/s -
0K H Cancel H Help I Apply
Displacement

Motor displacement. The default value is 5e-6 m”3/rad.
Threshold velocity

This parameter specifies how steeply the tanh function changes in the vicinity of
zero velocity. It is introduced to avoid sharp change in the friction torque. The default
value is 0.001 rad/s.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the motor inlet.
B

Hydraulic conserving port associated with the motor outlet.
S
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Mechanical rotational conserving port associated with the motor shaft.
EV

Physical signal port that imports the motor volumetric efficiency.
EM

Physical signal port that imports the motor mechanical efficiency.

See Also
Hydraulic Motor | Variable-Displacement Motor
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Fixed-Displacement Pump

Fixed-displacement hydraulic pump

Library

Pumps and Motors

=Q..

The Fixed-Displacement Pump block represents a positive, fixed-displacement pump of
any type as a data-sheet-based model. The key parameters required for this block are
pump displacement, volumetric and total efficiencies, nominal pressure, and angular
velocity. All these parameters are generally provided in the data sheets or catalogs. The
fixed-displacement pump is represented with the following equations:

Description

q=D -0k - p

T=D p/Myee
k
Riear, = -
vep
k _ D .wnl?m(l_nV)'Vnom “Prom
HP —
pnom
P =pp—DPr
where



Fixed-Displacement Pump

q Pump delivery

p Pressure differential across the pump
Pp,PT Gauge pressures at the block terminals
T Torque at the pump driving shaft

D Pump displacement

® Pump angular velocity

Kieak Leakage coefficient

Kup Hagen-Poiseuille coefficient

nv Pump volumetric efficiency

Nmech Pump mechanical efficiency

v Fluid kinematic viscosity

) Fluid density

Prom Nominal fluid density

Pnom Pump nominal pressure

®nom Pump nominal angular velocity

Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the pump and can be computed by using the Hagen-
Poiseuille formula

B 128w M
p= T['d4 Qleak = kHP Qleak

where

Q1eak Leakage flow

d, 1 Geometric parameters of the leakage path

n Fluid dynamic viscosity, p = vp

The leakage flow at p = ppop and v = v, can be determined from the catalog data
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leak = D(Dnom (1 _nV)
which provides the formula to determine the Hagen-Poiseuille coefficient

D "0y om (1 _nV) “Viom Prom

pnom

kap

The pump mechanical efficiency is not usually available in data sheets, therefore it is
determined from the total and volumetric efficiencies by assuming that the hydraulic
efficiency is negligibly small

Mmech = Niwotal / Ty

The block positive direction is from port T to port P. This means that the pump transfers
fluid from T to P provided that the shaft S rotates in the positive direction. The pressure

differential across the pump is determined as p= pp — pr .

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

+  No loading on the pump shaft, such as inertia, friction, spring, and so on, is
considered.

* Leakage inside the pump is assumed to be linearly proportional to its pressure
differential.



Fixed-Displacement Pump

Dialog Box and Parameters

Fixed-Displacement Pump

viscosity, and angular velocity.

direction.

Settings

FParameters

"k Block Parameters: Fixed-Displacement Pump

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively.
Connection S is a mechanical rotational conserving port associated with the pump driving shaft. The block positive
direction is from port T to port B This means that the pump transfers fluid from T to P if shaft S rotates in positive

==l

This block represents a fixed-displacement pump of any type as a data sheet-based model. The key parameters
required to parameterize the block are the pump displacement, volumetric and total efficiencies, nominal pressure,

Pump displacement: 5e-6 m~3/rad -
Volumetric efficiency: 0.92

Total efficiency: 0.8

Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 900 kg/m~3 -

0K ] I Cancel I I Help Apply

Pump displacement

Pump displacement. The default value is 5e-6 m”3/rad.

Volumetric efficiency

Pump volumetric efficiency specified at nominal pressure, angular velocity, and fluid

viscosity. The default value is 0.92.

Total efficiency

Pump total efficiency, which is determined as a ratio between the hydraulic power
at the pump outlet and mechanical power at the driving shaft at nominal pressure,

angular velocity, and fluid viscosity. The default value is 0.8.

Nominal pressure

Pressure differential across the pump, at which both the volumetric and total

efficiencies are specified. The default value is 1e7 Pa.
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Nominal angular velocity

Angular velocity of the driving shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity

Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m" 3.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the pump suction, or inlet.
P
Hydraulic conserving port associated with the pump outlet.
S
Mechanical rotational conserving port associated with the pump driving shaft.
Examples

The Power Unit with Fixed-Displacement Pump example contains a fixed-displacement
pump, which is driven by a motor through a compliant transmission, a pressure-relief
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Fixed-Displacement Pump

valve, and a variable orifice, which simulates system fluid consumption. The motor model
is represented as an Ideal Angular Velocity Source block, which rotates the shaft at 188
rad/s at zero torque. The load on the shaft decreases the velocity with a slip coefficient

of 1.2 (rad/s)/Nm. The load on the driving shaft is measured with the torque sensor. The
shaft between the motor and the pump is assumed to be compliant and simulated with
rotational spring and damper.

The simulation starts with the variable orifice open, which results in a low system
pressure and the maximum flow rate going to the system. The orifice starts closing at
0.5 s, and is closed completely at 3 s. The output pressure builds up until it reaches the
pressure setting of the relief valve (75e5 Pa), and is maintained at this level by the valve.
At 3 s, the variable orifice starts opening, thus returning the system to its initial state.

See Also

Centrifugal Pump | Variable-Displacement Pressure-Compensated Pump | Variable-
Displacement Pump
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Flow Divider

Hydraulic two-path flow divider

Library

Flow Control Valves

o
— a
=1
[
— a

The Flow Divider block simulates a hydraulic two-path flow divider, which consists of a
spring-centered spool installed in a case, as shown in the figure.

Description

Variable onifices

A /\ B
DS
NNVNVY] BV V)
A N
NN SANRNN

Fixed orifices

777

xa

A
L
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The flow from the source enters the valve through port P and is split into two parts
flowing through the P—-A and P-B paths. Each path contains a fixed orifice and a variable
orifice. The fixed orifices must be precisely matched to divide flow in equal parts, or
arranged in a certain proportion if unequal division is required.

The purpose of variable orifices is to maintain a constant pressure drop across the fixed
orifices, regardless of pressure fluctuations at valve outlets. The load increase on any
outlet causes the pressure drop across the spool (and across fixed orifices) to change, and
thus shift the spool. As a result, the passage areas of variable orifices change until the
pressure drop values across the fixed orifices even out.

The model of the flow divider uses the Double-Acting Servo Cylinder, Fixed Orifice, and
Orifice with Variable Area Round Holes blocks. The following figure shows the schematic
diagram of the model. The Double-Acting Servo Cylinder detects the pressure drop and
shifts the variable orifice control member accordingly.

el

Fioed Crifice A Crifice with
ariable Area Round
Haoles A

Double-Acting Servo

Cylinder
—=
— E
Fied Crifice B Crrifice with
ariable Area Round
Holes B

Note: You cannot use this block as a flow combiner. Use the Flow Divider-Combiner
block instead.
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Assumptions and Limitations

* Friction between moving parts is not taken into account.

+ Inertia effects are not taken into account.

*  Fluid compressibility is not taken into account.

+ Leakage flows are assumed to be negligible.

* The hard stops in the Double-Acting Servo Cylinder are assumed to be fully inelastic.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

Dialog Box and Parameters

"4 Block Parameters: Flow Divider @
Flow Divider

This block models a hydraulic flow divider, the device that splits the incoming flow between two outputs in specified
proportion. The model is built of the Fixed Orifice, Orifice with Variable Area Round Holes, and the Double-Acting
Servo Cylinder. The ratio between output flow rates is set by selecting the fixed area orifices. The pressure drops
across these orifices are maintained practically equal by the divider design. The model is essentially static. No
inertia or fluid compressibility is accounted for. The model can not be used as a flow combiner. Connections B, A,
and B are the hydraulic conserving ports associated with the divider inlet and outlets respectively.

Settings

Fixed orifices | Variable orifices | Servo cylinder

Fixed orifice A area: le-4 m"2 -
Fixed orifice B area: le-4 m"2 -
Fixed orifice A flow discharge
) 0.7
coefficient:
Fixed orifice B flow discharge
) 0.7
coefficient:
Fixed orifice A critical Reynolds 10
number:
Fixed orifice B critical Reynolds 10

number:

[ 0K H Cancel H Help Apply

*  “Fixed Orifices Tab” on page 1-279
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+ “Variable Orifices Tab” on page 1-279
+ “Servo Cylinder Tab” on page 1-280

Fixed Orifices Tab

Fixed orifice A area

The cross-sectional passage area of the fixed orifice in the P-A path. The default
value is 1le-4 m"2.

Fixed orifice B area

The cross-sectional passage area of the fixed orifice in the P-B path. The default
value is 1e-4 m"2.

Fixed orifice A flow discharge coefficient

Semi-empirical parameter defining the capacity of the fixed orifice in the P-A
path. The value depends on the geometrical properties of the orifice, and usually is
provided in textbooks or manufacturer data sheets. The default value is 0.7.

Fixed orifice B flow discharge coefficient

Semi-empirical parameter defining the capacity of the fixed orifice in the P-B
path. The value depends on the geometrical properties of the orifice, and usually is
provided in textbooks or manufacturer data sheets. The default valueis 0.7.

Fixed orifice A critical Reynolds number

The maximum Reynolds number for laminar flow for the fixed orifice in the P-A
path. The transition from laminar to turbulent regime is assumed to take place when
the Reynolds number reaches this value. The default value is 10.

Fixed orifice B critical Reynolds number

The maximum Reynolds number for laminar flow for the fixed orifice in the P-B
path. The transition from laminar to turbulent regime is assumed to take place when
the Reynolds number reaches this value. The default value is 10.

Variable Orifices Tab

Diameter of round holes

Diameter of the round holes in the two identical Variable Orifice with Round Holes
blocks. The default value is 0.005 m.

Number of round holes
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Number of holes in each of the Variable Orifice with Round Holes blocks. The default
value 1is 4.

Variable orifices flow discharge coefficient

Semi-empirical parameter defining the orifice capacity of the Variable Orifice with
Round Holes blocks. The value depends on the geometrical properties of the orifice,
and usually is provided in textbooks or manufacturer data sheets. The default value
is 0.65.

Variable orifice A initial opening

Initial opening of the variable orifice in the P—A path. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or O for zero-lap configuration.
The value of initial opening does not depend on the orifice orientation. The default
value is 0.0025 m.

Variable orifice B initial opening

Initial opening of the variable orifice in the P-B path. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or O for zero-lap configuration.
The value of initial opening does not depend on the orifice orientation. The default
value is 0.0025 m.

Variable orifice A critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P—A path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice B critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P-B path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in each variable orifice when it is completely

closed. The main purpose of the parameter is to maintain numerical integrity of

the circuit by preventing a portion of the system from becoming isolated after the
orifice is completely closed. An isolated or “hanging” part of the system could affect
computational efficiency and even cause simulation to fail. Therefore, MathWorks
recommends that you do not set this parameter to 0. The default value is 1€-9 m”2.

Servo Cylinder Tab

Servo cylinder piston area



Flow Divider

The face area of the piston in the servo cylinder. The default value is 1.6e-4 m"2.
Servo cylinder piston stroke

The full piston stroke in the servo cylinder, from one hard stop to another. The piston
is located initially in the middle of the stroke and can travel half a stroke in the
positive and negative direction. The default value is 0.005 m.

Servo cylinder spring rate

The spring rate of the centering springs in the servo cylinder. The default value is
1000 N/m.

Servo cylinder damping coefficient

The damping coefficient in the contact between the piston and the case of the servo
cylinder. The default value is 150 N/(m/s).

Servo cylinder stop penetration coefficient

The penetration property of the piston hard stop in the servo cylinder. The hard
stop is represented as absolutely inelastic, and its property is characterized by the
penetration coefficient. The default value of the coefficient is 1€12 N/m/(m/s).

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
P

Hydraulic conserving port associated with the inlet port P.

Hydraulic conserving port associated with the outlet port A.
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Hydraulic conserving port associated with the outlet port B.

Examples

The Hydraulic System with Flow Divider example shows the use of a Flow Divider block
to split the flow equally between two consumers represented by Orifice with Variable
Area Slot blocks.

See Also

Double-Acting Servo Cylinder | Fixed Orifice | Flow Divider-Combiner | Orifice with
Variable Area Round Holes
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Flow Divider-Combiner

Flow Divider-Combiner

Hydraulic two-path flow divider-combiner

Library

Flow Control Valves

o

Description ~

The Flow Divider-Combiner block models a hydraulic valve that divides incoming

flow through port P (direct flow) between two outlets, and also maintains a specified
proportion between return flows through ports A and B in the total flow rate through
port P. In other words, the valve works in two distinctive modes: flow divider for direct
flow and flow combiner for reverse flow.

The figure shows a schematic for the flow divider-combiner valve: a) in the divider mode,
and b) in the combiner mode.
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The valve works as a flow divider when fluid is pumped through port P to ports A and B
(schematic figure a). In this mode, fluid passes through fixed orifices in pistons 2 and 5
and through variable orifices formed by round holes in the pistons and case. The pressure
differential across pistons moves them apart from each other proportionally to the piston
areas and the spring 1 and 6 forces. The spring-suspended pistons and the respective
variable orifices work as pressure reducing valves maintaining constant pressure drop
across fixed orifices and thus keeping flow rates through them practically constant. The
flow divider-combiner valve is essentially a combination of two pressure-compensated
flow control valves working in parallel.

For reverse flows (schematic figure b), the pressure differential across pistons forces
them against each other until the gap in the hard stop is cleared. The pistons settle at a
position where pressure drops across fixed orifices are equal, thus maintaining equal flow
rates through branches.



Flow Divider-Combiner

The model of the flow divider-combiner uses the Fixed Orifice, Orifice with Variable
Area Round Holes, Double-Acting Hydraulic Cylinder (Simple), Translational Hard Stop,
Translational Spring, and Translational Damper blocks, as shown in the block diagram.

Orifice with
Variable Area Round
E Heoles B
Iy Y
‘ Jabe AP
F F
Ideal Trans laticnal Ideal Trans laticnal
Maoticn Sensor B Maotion Sensor A
Damper B Damper A-B Damper A
Py =] Py =] Py =]
= = =
Smring B Spring A-B Spring A
AANS AANS AANS
WYY WYY WYY
4 P R A_ & R P IN
A B ke
o Hard Stop A-B
Piston B PionA
Fieed Orifice B Ficed Orifice A
P S s ]z
| T

5

The table explains the purpose of each model component.

Orifice with

Variable Area Round
9 Holes A
£

Name in the block diagram

Purpose (numbers refer to the
valve schematic)

Name in the actual component
file

Fixed Orifice A Fixed orifice in piston 5 fixed_orifice A
Fixed Orifice B Fixed orifice in piston 2 fixed_orifice_B
Piston A Piston 5 piston_A
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Name in the block diagram

Purpose (numbers refer to the
valve schematic)

Name in the actual component
file

Piston B

Piston 2

piston_B

Hard Stop A-B

Hard stop between pistons 2
and 5

hard_stop_A_B

Spring A Spring 6 spring_A

Spring A-B Spring 4 spring_A_B
Spring B Spring 1 spring_B

Damper A Spring 6 damping damper_A
Damper A-B Spring 4 damping damper_A_B
Damper B Spring 1 damping damper_B

Orifice with Variable Area |Variable orifice created by |variable_orifice_A
Round Holes A round holes in piston 5 and

the case

Orifice with Variable Area
Round Holes B

Variable orifice created by
round holes in piston 2 and
the case

variable_orifice. B

Ideal Translational Motion |Measures piston 5 sensor_A
Sensor A displacement and exports

the measurement to the

Orifice with Variable Area

Round Holes A
Ideal Translational Motion |Measures piston 2 sensor_ B

Sensor B

displacement and exports
the measurement to the
Orifice with Variable Area
Round Holes B

The block orientations in the model are explained by the structure section of the
underlying component file, reproduced below:

connections

connect(P, Fixed_orifice A_A, fixed_orifice B.A, piston_A.B, piston_B.B);
connect(fixed_orifice_A_B, piston_A_A, variable orifice_A.A);
connect(fixed_orifice_B.B, piston_B.A, variable orifice_B.A);
connect(B, variable_orifice B.B);




Flow Divider-Combiner

connect(A, variable_orifice A_.B);

connect(reference.V, piston_A.C, spring_A.C, damper_A.C, sensor_A_C,
piston_B.C, spring_B.C, damper_B.C, sensor_B.C);

connect(piston_A_R, spring_A.R, hard_stop A B.C, spring_A B.C,
damper_A_R, damper_A B.R, sensor_A.R);

connect(piston_B.R, spring_B.R, hard_stop_A B.R, spring_A B.R,
damper_B_.R, damper_A B.C, sensor_B.R);

connect(sensor_A_P, variable_orifice A.S);

connect(sensor_B.P, variable_orifice B.S);

end

Assumptions and Limitations

The block does not account for inertia, friction, and hydraulic forces. For additional
assumptions and limitations, see the reference pages of the underlying member blocks.
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Dialog Box and Parameters

"4 Block Parameters: Flow Divider-Combiner @
Flow Divider-Combiner

This block models a hydraulic flow divider-combiner valve, which works in two distinct modes: flow divider and
flow combiner.

The valve works as a flow divider when fluid is pumped through port P to ports A and B. In this mode, the valve
splits the flow rate in specified proportion between two outlets.

The flow combiner mode takes place when fluid flows in the opposite direction: from ports A and B to port P The
valve maintains specified proportion between incoming flow rates in the total flow rate through port P,

In the flow divider mode, the valve works as two pressure-compensated flow controls, while in the combiner mode
the valve tends to maintain pressure drops on fixed orifices to be equal.

The block is arranged as a structural model built of the Fixed Orifice, Orifice with Variable Area Round Holes,
Double-Acting Hydraulic Cylinder (Simple), Translational Hard Stop, and Translations Spring blocks.

Connections P, A, and B are the hydraulic conserving ports associated with the valve inlet and outlets respectively.

Settings

Fixed orifices | Pistons | Springs/Dampers | Variable orifices | Hard stop between pistons

Fixed orifice A area: 1.5e-5 m"2 -
Fixed orifice B area: 1.5e-5 m"2 -
Fixed orifice flow discharge

) 0.7
coefficient:
Fixed orifice critical Reynolds 10

number:

[ OK H Cancel H Help Apply

+  “Fixed Orifices Tab” on page 1-289

+ “Pistons Tab” on page 1-289

+ “Springs/Dampers Tab” on page 1-290
+  “Variable Orifices Tab” on page 1-291




Flow Divider-Combiner

* “Hard Stop Between Pistons Tab” on page 1-292

Fixed Orifices Tab

Fixed orifice A area

The cross-sectional passage area of the fixed orifice in piston 5 (the P-A path). The
default value is 1.5e-5 m"2.

Fixed orifice B area

The cross-sectional passage area of the fixed orifice in piston 2 (the P-B path). The
default value is 1.5e-5 m”"2.

Fixed orifice flow discharge coefficient

Semi-empirical coefficient for fixed orifice capacity characterization. The value
depends on the orifice geometrical properties, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Fixed orifice critical Reynolds number

The maximum Reynolds number for laminar flow in the fixed orifices. The transition
from laminar to turbulent regime is assumed to take place when the Reynolds
number reaches this value. The default value is 10.

Pistons Tab

Piston A area

The face area of Piston A (piston 5). The default value is 2e-4 m”"2.
Piston A stroke

The full stroke of Piston A. The default value is 5 mm.
Piston A initial extension

The initial extension of Piston A. The default value is O m.
Piston B area

The face area of Piston B (piston 2). The default value is 2e-4 m"2.
Piston B stroke

The full stroke of Piston B. The default value is 5 mm.
Piston B initial extension

The initial extension of Piston B. The default value is O m.
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Piston stop penetration coefficient

The penetration property of colliding bodies in the underlying cylinder blocks, which
1s assumed to be absolutely plastic. The default value is 1€12 s*N/m"2.

Springs/Dampers Tab

Spring A rate
Spring rate of Spring A (spring 6). The default value is 13 N/m.
Spring A preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring A block. For more information, see “Variable
Priority for Model Initialization”. The default value is 0.1 m.

Damping coefficient A
Damping coefficient of Damper A (spring 6 damping). The default value is 150 N/(m/
s).

Spring B rate
Spring rate of Spring B (spring 1). The default value is 1€3 N/m.

Spring B preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring B block. For more information, see “Variable
Priority for Model Initialization”. The default value is -0.1 m.

Damping coefficient B
Damping coefficient of Damper B (spring 1 damping). The default value is 150 N/(m/
s).

Spring A-B rate
Spring rate of Spring A-B (spring 4). The default value is 1€3 N/m.

Spring A-B preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring A-B block. For more information, see “Variable
Priority for Model Initialization”. The default value is 0.1 m.

Damping coefficient A_B

Damping coefficient of Damper A-B (spring 4 damping). The default value is 150 N/
(m/s).



Flow Divider-Combiner

Variable Orifices Tab

Variable orifice A hole diameter

Diameter of the holes in the underlying Orifice with Variable Area Round Holes A
block. The default value is 0.0025 m.

Variable orifice B hole diameter

Diameter of the holes in the underlying Orifice with Variable Area Round Holes B
block. The default value is 0.0025 m.

Number of hole pairs in the variable orifice

Number of holes in each of the Orifice with Variable Area Round Holes blocks. The
default value 1s 4.

Variable orifice flow discharge coefficient

Semi-empirical parameter defining the orifice capacity of the Orifice with Variable
Area Round Holes blocks. The value depends on the geometrical properties of the
orifice, and usually is provided in textbooks or manufacturer data sheets. The default
valueis 0.7.

Variable orifice A initial center distance

Initial opening in the underlying Orifice with Variable Area Round Holes A block.
The parameter value can be positive (underlapped orifice), negative (overlapped
orifice), or equal to zero for zero lap configuration. The default value is 0.0025 m,
which corresponds to the position of piston 5 in the valve schematic drawing.

Variable orifice B initial center distance

Initial opening in the underlying Orifice with Variable Area Round Holes B block.
The parameter value can be positive (underlapped orifice), negative (overlapped
orifice), or equal to zero for zero lap configuration. The default value is -0.0025 m,
which corresponds to the position of piston 2 in the valve schematic drawing.

Variable orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P—A path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in each variable orifice when it is completely
closed. The main purpose of the parameter is to maintain numerical integrity of
the circuit by preventing a portion of the system from becoming isolated after the
orifice is completely closed. An isolated or “hanging” part of the system could affect
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computational efficiency and even cause simulation to fail. Therefore, MathWorks
recommends that you do not set this parameter to 0. The default value is 1e-9 m”2.

Hard Stop Between Pistons Tab

Hard stop upper bound

Gap between the slider and the upper bound in the underlying Hard Stop block. The
default value is 5.1 mm.

Hard stop lower bound

Gap between the slider and the lower bound in the underlying Hard Stop block. The
default value is 1 mm.

Hard stop stiffness

The elastic property of colliding bodies in the hard stop. The default value is 1€8 N/
m.

Hard stop damping coefficient

The dissipating property of colliding bodies in the hard stop. The default value is 150
N/(m/s).

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the inlet port P.



Flow Divider-Combiner

Hydraulic conserving port associated with the outlet port A.

Hydraulic conserving port associated with the outlet port B.

See Also

Double-Acting Hydraulic Cylinder (Simple) | Fixed Orifice | Flow Divider | Orifice
with Variable Area Round Holes | Translational Damper | Translational Hard Stop |
Translational Spring
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Gas-Charged Accumulator

Hydraulic accumulator with gas as compressible medium

Library

Accumulators

Description

This block models a gas-charged accumulator. The accumulator consists of a precharged
gas chamber and a fluid chamber connected to a hydraulic system. The chambers are
separated by a bladder, piston, or another kind of elastic diaphragm.

If the fluid pressure at the accumulator inlet becomes higher than the preload pressure,
fluid enters the accumulator chamber and compresses the gas, thus storing hydraulic
energy. A decrease in the fluid pressure at the inlet forces the stored fluid back into the
system.

Normally, pressure in the gas chamber is equal to that of the fluid chamber. But if
pressure at the accumulator inlet (p) drops below the accumulator's preload pressure
(Dpr), the gas chamber gets isolated from the system with the inlet valve. In this case,
pressure in the gas chamber remains constant and equal to the preload value, while
pressure at the inlet depends on pressure in the system to which the accumulator is
connected. If pressure at the inlet builds up to the preload value or higher, the chambers
start interacting again.



Gas-Charged Accumulator

- <

/S S

The fluid compressibility, inlet hydraulic resistance, and diaphragm mechanical
properties, such as inertia and damping, are not accounted for in the model. The
calculation diagram of the model, shown in the preceding figure, contains two rigidly
connected chambers with equal effective area pistons. The left chamber represents the
fluid chamber, while the chamber on the right side corresponds to the gaseous chamber.
The pistons represent the separator between chambers, such as a bladder, diaphragm,

or a piston. The piston motion is restricted by the hard stops, which limit the bladder
expansion and contraction. The bladder expansion is limited when the fluid chamber gets
emptied. The contraction limitation takes effect when the chamber is completely full. The
distance from the left stop in terms of fluid volume equals to Vf, and the distance to the
right stop is V) — Vg, where Vj is the accumulator capacity and Vr is the volume of fluid
in the accumulator. The hard stops are considered absolutely plastic.

The accumulator is described with the following equations:

_ 4V
=g

k
/AT
PG :(pinit'i'pA)[MJ -Pa
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Pr =Pg T PHS

(VF = Vo = Viead )arKns for Vi >V, qp >0

pHS =1-VFrerKpus for Vg <0,qr <0

where

0 otherwise

Flow rate at the accumulator inlet

qr

Vi Volume of fluid in the accumulator

Vo Accumulator capacity

Vinit Initial fluid volume

Viead Accumulator gaseous dead volume, a small portion of the gaseous chamber
that remains filled with gas even if fluid volume is close to capacity

DF Pressure at the accumulator inlet (gauge)

Ppr Preload pressure (gauge)

Dinit Initial pressure (gauge), that is, pressure in the accumulator after the initial
volume is added to the preloaded accumulator

Pa Atmospheric pressure

Pa Pressure in the gaseous chamber (gauge)

DbuHS Pressure developed by hard stop in the bladder-hard stop interaction

Kys Proportionality coefficient in the absolutely plastic hard stop characterization.
With this model, the bladder can penetrate into the stop and the fluid volume
can theoretically exceed the capacity at the top and become negative at the
bottom.

k Specific heat ratio

Time

The block calculates the initial conditions based on the value you assign to the Initial
volume parameter (Vin;):

VF =

V.

init




Gas-Charged Accumulator

k
Pinit =(Ppr+Pa) Y|y,
ini pr
Vo = Vinie

The Gas-Charged Accumulator block represents the accumulator as a data-sheet-based

model and uses parameters that are generally available in the catalogs or manufacturer
data sheets. If a model with a higher degree of idealization is desirable, you can build it

as a subsystem or a composite component, similar to the following block diagram:

iy
Translational Hard P”EUCT;:EUCbPIStDn
Stop am er'

E I P
G l Constant Area
4 > Pneumatic Orifice
Single-Acting Translational Damper
Hydraulic Cylinder Pneumatic

{Simple) i Perfect Insulator T Atmospheric
Reference

Mechanical
A Translational

= Reference
o >v <>

PS5 Gain ¥

The block positive direction is from the inlet into the accumulator. This means that the
flow rate is positive if fluid flows into the accumulator.

Basic Assumptions and Limitations

* The process in the gaseous chamber is represented with the ideal gas model.
* The process is assumed to be polytropic.
* No loading on the separator, such as inertia, friction, and so on, is considered.

*  Fluid compressibility is not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Gas-Charged Accumulator @
Gas-Charged Accumulator

This block represents a gas-charged accumulator as a data sheet-based model. The accumulator consists of a
precharged gas chamber and a fluid chamber. The fluid chamber is connected to a hydraulic system. The
chambers are separated by a bladder, piston, or any kind of elastic diaphragm.

As pressure at the accumulator inlet becomes higher than the precharge pressure, fluid enters the accumulator
and compresses the gas, thus storing hydraulic energy. A decrease in the fluid pressure causes the gas to
decompress and discharge stored fluid into the system.

The fluid compressibility, inlet hydraulic resistance, and the diaphragm properties such as inertia and damping are
not accounted for in the model. The process in gaseous chamber is assumed to be polytropic.

The block has one hydraulic conserving port. The block positive direction is from its port into the accumulator. This
means that the flow rate is positive if fluid flows into the accumulator.

Settings

FParameters

Capacity: 8e-3 m*3 -

Gas minimum volume: 4e-5 m*3 -

Preload pressure (gauge): 10e5 Pa -

Specific heat ratio: 1.4

Initial volume: 0 m~3 -

Penetration coefficient: 1els s*Pa/m~6 -

0K ] | Cancel | | Help | Apply

Capacity

Accumulator capacity. The default value is 8e-3 m”3.
Gas minimum volume

Accumulator gaseous dead volume, that is, a small portion of the gaseous chamber
that remains filled with gas even if fluid volume is close to capacity. The purpose
of this parameter is to prevent computational failure if for some reasons the fluid
volume becomes greater than the accumulator capacity. The default value is 4e-5
m”3.

Preload pressure (gauge)

Preload gauge pressure. The default value is 10e5 Pa.
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Specific heat ratio

Specific heat ratio (adiabatic index). No units. The default value is 1.4. To account
for heat exchange, you can set it to a value between 1 and 2, depending on the
properties of the gas being used in the accumulator. For example, for dry air at 20
degrees C, this value will be within a range between 1 (isothermal process) and 1.4
(adiabatic process).

Initial volume

Initial volume of fluid in the accumulator. This parameter specifies the initial
condition for use in computing the block's initial state at the beginning of a
simulation run, according to the equations listed in the block description. The default
value is O.

Penetration coefficient

Proportionality coefficient in the absolutely plastic hard stop characterization. The
default value is 1e15 Pa*s/m”6.

Global Parameters

Atmospheric pressure

Absolute pressure of the environment. The default value is 101325 Pa.

Ports

The block has one hydraulic conserving port associated with the accumulator inlet.

The flow rate is positive if fluid flows into the accumulator.

See Also

Spring-Loaded Accumulator
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Gate Valve

Hydraulic gate valve

Library

Flow Control Valves

DHF'*‘

Description

The Gate Valve block models a valve consisting of a round orifice in the valve housing
and a flat gate, which moves perpendicular to the orifice axis. The orifice in the gate has
the same diameter as the orifice in the housing. As the gate moves, it opens or closes the
valve passage (shown as a shaded area in the following illustration).
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D : Gate
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Valve orifice /!

The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

2
q:CD.A(h)\P.#M
P (p2+pgr)

P=pPp—DPB
2
p Recr'v
Per = | 7
2\ Cp-Dy
h=xy+x
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Aok for h<=0orh >2D

. __—}oc=acos1—%‘ forO<h<=2D

where
q Flow rate
p Pressure differential

Pa, PB Gauge pressures at the block terminals

Ch Flow discharge coefficient

A(h) Instantaneous orifice passage area

X Initial opening

X Gate displacement from initial position
h Valve opening

D Orifice diameter

o) Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Valve instantaneous hydraulic diameter
Aleax Closed valve leakage area

Connections A and B are hydraulic conserving ports. Connection S is a physical signal
port that controls the gate displacement. The block positive direction is from port A to
port B. This means that the flow rate is positive if it flows from A to B, and the pressure

differential is determined as p = p4 — pg . Positive signal at the physical signal port S

opens the valve.



Gate Valve

Basic Assumptions and Limitations

* No inertial effects are taken into account.

Dialog Box and Parameters

"4 Block Parameters: Gate Valve @
Gate Valve

The block models a gate valve created by a thin flat plate with an orifice and a round sharp-edged orifice in the
housing. Both orifices have the same radius. The valve passage area is controlled with the plate displacement. At
initial position, the valve is fully closed. The flow rate through the valve is proportional to the passage area and to
the pressure differential across the valve. The model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number and comparing its value with the critical Reynolds number. Connections A and B
are conserving hydraulic ports associated with the valve inlet and outlet, respectively. Connection S is a physical
signal port associated with the motion of the valve control member. Positive signal at port S opens the valve. The
block positive direction is from port A to port B.

Settings
Parameters
Valve orifice diameter: 0.01 m -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K ]| Cancel || Help Apply

Valve orifice diameter

The diameter of the valve orifice. The orifices in the valve housing and in the gate
have the same diameter. The default value is 0.01 m.

Initial opening

The initial opening of the valve. The parameter can take both positive and negative
values. The default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0. 65.
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Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

Physical signal port that controls the gate displacement. The signal applied to this
port is treated as translational motion, in meters.



Gate Valve

See Also
Ball Valve | Ball Valve with Conical Seat | Needle Valve | Poppet Valve | Pressure-
Compensated Flow Control Valve
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Gradual Area Change

Gradual enlargement or contraction

Library

Local Hydraulic Resistances

n-,&-l:d__:]-E-n
Description

The Gradual Area Change block represents a local hydraulic resistance, such as a
gradual cross-sectional area change. The resistance represents a gradual enlargement
(diffuser) if fluid flows from inlet to outlet, or a gradual contraction if fluid flows from
outlet to inlet. The block is based on the Local Resistance block. It determines the
pressure loss coefficient and passes its value to the underlying Local Resistance block.
The block offers two methods of parameterization: by applying semi-empirical formulas
(with a constant value of the pressure loss coefficient) or by table lookup for the pressure
loss coefficient based on the Reynolds number.

If you choose to apply the semi-empirical formulas, you provide geometric parameters
of the resistance, and the pressure loss coefficient is determined according to the A.H.
Gibson equations (see [1] and [2]):

2
K, [1—ﬁ] 26sine for 0 < o <= 45°
A 2
L

Kgg =

A2
K., [1——SJ for 45° < o < 180°
Ar



Gradual Area Change

A 0.75 o
K., 05 1-——= «1.6sin— for0 < o <= 45°
AL 2

K = A 075 =
K05 1-—+ «fsin=  for 45° < a < 180°
Ap 2
where
Kge Pressure loss coefficient for the gradual enlargement, which takes place if
fluid flows from inlet to outlet
Kge Pressure loss coefficient for the gradual contraction, which takes place if fluid
flows from outlet to inlet
Keor Correction factor
As Small area
A Large area
a Enclosed angle

E _____

If you choose to specify the pressure loss coefficient by a table, you have to provide a
tabulated relationship between the loss coefficient and the Reynolds number. In this
case, the loss coefficient is determined by one-dimensional table lookup. You have a
choice of three interpolation methods and two extrapolation methods.
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The pressure loss coefficient, determined by either of the two methods, is then passed

to the underlying Local Resistance block, which computes the pressure loss according

to the formulas explained in the reference documentation for that block. The flow

regime is checked in the underlying Local Resistance block by comparing the Reynolds
number to the specified critical Reynolds number value, and depending on the result, the
appropriate formula for pressure loss computation is used.

The Gradual Area Change block is bidirectional and computes pressure loss for both

the direct flow (gradual enlargement) and return flow (gradual contraction). If the loss
coefficient is specified by a table, the table must cover both the positive and the negative
flow regions.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate is
positive if fluid flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

+ If you select parameterization by semi-empirical formulas, the transition between
laminar and turbulent regimes is assumed to be sharp and taking place exactly at
Re=Re,,.

+ If you select parameterization by the table-specified relationship K=f(Re), the flow is
assumed to be turbulent.



Gradual Area Change

Dialog Box and Parameters

"k Block Parameters: Gradual Area Change @
Gradual Area Change

The block represents a local hydraulic resistance, such as a gradual cross-sectional area change. The resistance is
characterized as a diffuser if fluid flows from inlet to outlet, or as a gradual contraction if fluid flows from outlet to
inlet. The block offers two methods of the loss coefficient specification: by applying semi-empirical formulas or by
table-lookup for the pressure loss coefficient based on the Reynolds number. The block is bidirectional and
computes pressure loss for both the direct flow (gradual enlargement) and return flow (gradual contraction). If the
second parameterization option is selected (By loss coefficient vs. Re table), the table must cover both the positive
and the negative regions.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Small diameter: 0.01 m -
Large diameter: 0.02 m -
Cone angle: 30 deg -
Model parameterization: By semi-empirical formulas -
Correction coefficient: 1
Critical Reynolds number: 350

0K ]| Cancel || Help Apply

Small diameter
Resistance small diameter. The default value is 0.01 m.
Large diameter

Resistance large diameter. The default value is 0.02 m. This parameter is used if
Model parameterization is set to By semi-empirical formulas.

Cone angle

The enclosed angle. The default value is 30 deg. This parameter is used if Model
parameterization is set to By semi-empirical formulas.

Model parameterization
Select one of the following methods for block parameterization:

+ By semi-empirical formulas — Provide geometrical parameters of the
resistance. This is the default method.
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*+ By loss coefficient vs. Re table — Provide tabulated relationship
between the loss coefficient and the Reynolds number. The loss coefficient
is determined by one-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods. The table must cover both
the positive and the negative flow regions.

Correction coefficient

Correction factor used in the formula for computation of the loss coefficient. The
default value is 1. This parameter is used if Model parameterization is set to By
semi-empirical formulas.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the geometrical profile. You can find
recommendations on the parameter value in hydraulics textbooks. The default value
is 350. This parameter is used if Model parameterization is set to By semi-
empirical formulas.

Reynolds number vector

Specify the vector of input values for Reynolds numbers as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values are [-4000, -3000, -2000,
-1000, -500, -200, -100, -50, -40, -30, -20, -15, -10, 10, 20,
30, 40, 50, 100, 200, 500, 1000, 2000, 4000, 5000, 10000]. This
parameter is used if Model parameterization is set to By loss coefficient
vs. Re table.

Loss coefficient vector

Specify the vector of the loss coefficient values as a one-dimensional array. The
loss coefficient vector must be of the same size as the Reynolds numbers vector.
The default values are [0.25, 0.3, 0.65, 0.9, 0.65, 0.75, 0.90, 1.15,
1.35, 1.65, 2.3, 2.8, 3.10, 5, 2.7, 1.8, 1.46, 1.3, 0.9, 0.65,
0.42, 0.3, 0.20, 0.40, 0.42, 0.25]. This parameter is used if Model
parameterization is set to By loss coefficient vs. Re table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:



Gradual Area Change

* Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polinomial (PCHIP).

* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization

* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.
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Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the resistance inlet.
B

Hydraulic conserving port associated with the resistance outlet.
References

[1] Flow of Fluids Through Valves, Fittings, and Pipe, Crane Valves North America,
Technical Paper No. 410M

[2] Idelchik, I.E., Handbook of Hydraulic Resistance, CRC Begell House, 1994

See Also

Elbow | Local Resistance | Pipe Bend | Sudden Area Change | T-junction



Hydraulic 4-Port Cartridge Valve Actuator

Hydraulic 4-Port Cartridge Valve Actuator

Double-acting hydraulic valve actuator driven by four pressures

Library

Valve Actuators

Description

The Hydraulic 4-Port Cartridge Valve Actuator block represents a double-acting
hydraulic valve actuator driven by four pressures. Use it as a pilot actuator for cartridge
valves, pilot-operated pressure and control valves, and similar devices. A schematic
diagram of the 4-port cartridge valve actuator is shown in the following illustration.

Ty

A

The actuator drives a valve (spool, poppet, and so on) whose position depends on
pressures at ports A, B, X, and Y and the spring force. Pressures at ports A and B tend
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to open the valve, while pressures at control ports X and Y, together with the spring
force, act to close it. The model does not account for flow consumption and loading forces,
except spring and pressure forces.

Inertial properties of the actuator are accounted for by adding a first order lag between
the steady-state and actual valve displacements. The lag is simulated with the
combination of the PS Gain and PS Integrator blocks, enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring
preload force. The poppet is forced off its seat as the preload force is reached and moves

up proportionally to pressure increase until it passes the full stroke.

The force acting on the poppet and the poppet displacement are computed with the
following equations:

Fp=py-Ap+pp-Ap—px -Ax — Dy Ay

0 fOI'FP <=FPR
Xs = (FP_FPR)/kspr for Fpg < Fp <FPR+kspr'xmax

*max for FP >= FPR + kspr * Xmax
1
= xS _—
Ts+1
where
Fp Pressure force acting on the poppet

pa P, |Pressures at ports A, B, X, and Y, respectively
DPx, Py

Ay Ap, |Areas at ports A, B, X, and Y, respectively. Areas at ports A and Y are block
Ay, Ay |parameters. Area at port X is specified by its ratio to that at port A, A4/ Ax.
Area at port B is determined as Ag = Ax— Ay4.

x Actual poppet displacement

Xs Steady-state poppet displacement
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Full stroke

Xmax
Fpp Spring preload force
Rspr Spring rate

Connections A, B, X, and Y are hydraulic conserving ports associated with the actuator
ports. Connection P is a physical signal port whose output corresponds to poppet
displacement. Pressures applied at ports A and B move the poppet in the positive or
negative direction, depending on the value of the Actuator orientation parameter.
Pressures at ports X and Y act in the opposite direction to pressures at ports A and B.

Basic Assumptions and Limitations

+  The flow consumption associated with the valve motion is assumed to be negligible.

+ The inertia, friction, and hydraulic axial forces are assumed to be small and are not
taken into account.
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Dialog Box and Parameters

"k Block Parameters: Hydraulic 4-Port Cartridge Valve Actuator @
Hydraulic 4-Port Cartridge Valve Actuator

This block represents a double-acting hydraulic valve actuator driven by four pressures. Such devices are used as a
pilot actuator for cartridge valves, pilot-operated pressure and flow control valves, etc. The actuator can be used to
drive a valve (spool, poppet, etc.) whose position depends on pressures at ports A, B, X, Y and spring force.
Pressures at ports A and B tend to open the valve, while pressure at control ports X and Y together with the spring
force act to close it. The model does not account for flow consumption and loading forces except those of spring
and pressure forces. Inertial properties of the actuator are accounted for by adding a first order lag between the
steady-state and actual valve displacements. The lag is simulated with the combination of the PS Gain and PS
Integrator blocks enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring preload force. The
poppet is forced off its seat as the preload force is reached and moves up proportionally to pressure increase until
it passes the full stroke.

Connections A, B, X, and Y are hydraulic conserving ports associated with the actuator ports. Connection Pisa
physical signal port whose output corresponds to piston displacement. Pressures applied at ports A and B tend to
maove the valve in positive or negative direction depending on the value of the Actuator Orientation parameter.
Pressures at port X and Y act always opposite to pressures at port A and B.
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Settings

Parameters

Fort A poppet area: 3.3e-4 m*2 -

Port A to port X area ratio: 0.66

Port ¥ piston area: 1.65e-4 m*2 -

Preload force: 26 N -

Spring rate: 1.4e+4 N/m -

Poppet stroke: 0.005 m -

Poppet-seat initial gap: 0 m -

Time constant: 0.01 s -

Actuator orientation: Acts in positive direction ']
0K ] I Cancel I I Help I Apply

Port A poppet area

Effective poppet area at port A. The parameter value must be greater than zero. The

default value is 3.3e-4 m"2.




Hydraulic 4-Port Cartridge Valve Actuator

Port A to port X area ratio

Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Port Y piston area

Effective piston area at port Y. The parameter value must be greater than zero. The
default value is 1.65e-4 m"2.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than zero. The
default value is 5e-3 m.

Poppet-seat initial gap

Initial gap between the poppet and the seat. The parameter value must be greater
than or equal to zero. The default value is O.

Time constant
Time constant of the first-order lag. The default value is 0.01 s.
Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
moves the poppet in the positive or in the negative direction when pressure is applied
at its inlet. If pressures applied at ports A and B move the poppet in the negative
direction, set the parameter to ACts in negative direction. The default value
is Acts in positive