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Blocks — By Category

Note SimHydraulics uses the Physical Networks library as its main library.
To open the Physical Networks library, use the Simulink Library Browser or
type pn_lib in the MATLAB Command Window.

Foundation (p. 1-2) Basic hydraulic, mechanical, and
physical signal blocks

SimHydraulics (p. 1-8) Advanced hydraulic diagram blocks,
such as valves, cylinders, pipelines,
pumps, and accumulators

Utilities (p. 1-12) Essential environment blocks for
creating Physical Networks models



1 Blocks — By Category

Foundation

Hydraulic (p. 1-2)
Mechanical (p. 1-4)

Physical Signals (p. 1-6)

Hydraulic

Hydraulic Elements (p. 1-2)

Hydraulic Sensors and Sources
(p. 1-3)

Hydraulic Utilities (p. 1-4)

Hydraulic Elements

Annular Orifice

Constant Volume Chamber
Fixed Orifice

Fluid Inertia

Basic hydraulic diagram blocks, such
as orifices, chambers, sensors and
sources, and utilities

Mechanical elements for rotational
and translational motion, as well as
mechanical sensors and sources

Blocks for transmitting physical
control signals

Hydraulic building blocks,
such as orifices, chambers, and
hydro-mechanical converters

Hydraulic sensors and sources

Basic hydraulic environment blocks,
such as custom hydraulic fluid

Simulate hydraulic variable orifice
created by circular tube and round
insert

Simulate hydraulic capacity of
constant volume

Simulate hydraulic orifice with
constant cross-sectional area

Simulate pressure differential across
tube or channel due to change in
fluid velocity



Foundation

Hydraulic Reference
Linear Hydraulic Resistance

Orifice with Variable Area Round
Holes

Orifice with Variable Area Slot
Pressure Compensator
Resistive Tube

Translational Hydro-Mechanical
Converter

Variable Orifice

Variable Volume Chamber

Hydraulic Sensors and Sources

Ideal Hydraulic Flow Rate Sensor
Ideal Hydraulic Flow Rate Source

Ideal Hydraulic Pressure Sensor

Ideal Hydraulic Pressure Source

Simulate connection to atmospheric
pressure

Simulate hydraulic pipeline with
linear resistance losses

Simulate hydraulic variable orifice
shaped as set of round holes drilled
in sleeve

Simulate hydraulic variable orifice
shaped as rectangular slot

Simulate hydraulic pressure
compensating valve

Simulate hydraulic pipeline which
accounts for friction losses only

Simulate single chamber of hydraulic
cylinder as building block for various
cylinder models

Simulate generic hydraulic variable
orifice

Simulate hydraulic capacity of
variable volume with compressible
fluid

Simulate ideal flow meter

Simulate ideal source of hydraulic
energy, characterized by flow rate

Simulate ideal pressure sensing
device

Simulate ideal source of hydraulic
energy, characterized by pressure
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Hydraulic Utilities

Custom Hydraulic Fluid Set working fluid properties by
specifying parameter values

Mechanical
Mechanical Sensors and Sources Mechanical sensors and sources
(p. 1-4)
Mechanisms (p. 1-5) Various simple mechanisms
Rotational Elements (p. 1-5) Mechanical elements for rotational
motion
Translational Elements (p. 1-6) Mechanical elements for

translational motion

Mechanical Sensors and Sources

Ideal Angular Velocity Source Simulate ideal angular velocity
source in mechanical rotational
systems

Ideal Force Sensor Simulate force sensor in mechanical

translational systems

Ideal Force Source Simulate ideal source of mechanical
energy that generates force
proportional to the input signal

Ideal Rotational Motion Sensor Simulate motion sensor in
mechanical rotational systems

Ideal Torque Sensor Simulate torque sensor in
mechanical rotational systems

Ideal Torque Source Simulate ideal source of mechanical
energy that generates torque
proportional to the input signal



Foundation

Ideal Translational Motion Sensor

Ideal Translational Velocity Source

Mechanisms

Gear Box

Lever

Wheel and Axle

Rotational Elements

Inertia

Mechanical Rotational Reference

Rotational Damper

Rotational Friction

Rotational Hard Stop

Rotational Spring

Simulate motion sensor in
mechanical translational systems

Simulate ideal velocity source in
mechanical translational systems

Simulate gear boxes in mechanical
systems

Simulate lever in mechanical
systems

Simulate wheel and axle mechanism
in mechanical systems

Simulate inertia in mechanical
rotational systems

Simulate reference for mechanical
rotational ports

Simulate viscous damper in
mechanical rotational systems

Simulate friction in contact between
rotating bodies

Simulate double-sided rotational
hard stop

Simulate ideal spring in mechanical
rotational systems
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Translational Elements

Mass

Mechanical Translational Reference
Translational Damper
Translational Friction
Translational Hard Stop

Translational Spring

Physical Signals

Functions (p. 1-6)
Linear Operators (p. 1-7)

Lookup Tables (p. 1-7)

Nonlinear Operators (p. 1-7)

Functions

PS Add
PS Divide

Simulate mass in mechanical
translational systems

Simulate reference for mechanical
translational ports

Simulate viscous damper in
mechanical translational systems

Simulate friction in contact between
moving bodies

Simulate double-sided translational
hard stop

Simulate ideal spring in mechanical
translational systems

Perform math operations on physical
signals

Simulate continuous-time functions
for physical signals

Perform one- and two-dimensional
table lookup to generate physical
signals

Simulate discontinuities, such as
saturation or dead zone, for physical
signals

Add two physical signal inputs

Compute simple division of two
input physical signals



Foundation

PS Gain

PS Product
PS Subtract

Linear Operators

PS Integrator

Lookup Tables

PS Lookup Table (1D)

PS Lookup Table (2D)

Nonlinear Operators

PS Dead Zone

PS Saturation

Multiply input physical signal by
constant

Multiply two physical signal inputs

Compute simple subtraction of two
input physical signals

Integrate physical signal

Approximate one-dimensional
function using specified lookup
method

Approximate two-dimensional
function using specified lookup
method

Provide region of zero output for
physical signals

Limit range of physical signal
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SimHydraulics

Accumulators (p. 1-8)
Hydraulic Cylinders (p. 1-8)
Hydraulic Utilities (p. 1-9)

Local Hydraulic Resistances (p. 1-9)
Pipelines (p. 1-9)

Pumps and Motors (p. 1-10)

Valves (p. 1-10)

Accumulators

Gas-Charged Accumulator

Spring-Loaded Accumulator

Hydraulic Cylinders

Cylinder Friction
Double-Acting Hydraulic Cylinder

Single-Acting Hydraulic Cylinder

1-8

Hydraulic accumulators
Hydraulic cylinders

Environment blocks, such as
hydraulic fluid

Various local hydraulic resistances
Hydraulic pipelines
Hydraulic pumps and motors

Hydraulic valves

Simulate hydraulic accumulator
with gas as compressible medium

Simulate hydraulic accumulator
with spring used for energy storage

Simulate friction in hydraulic
cylinders

Simulate hydraulic actuator exerting
force in both directions

Simulate hydraulic actuator exerting
force in one direction
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Hydraulic Utilities

Hydraulic Fluid Set working fluid properties by
selecting from list of predefined
fluids

Reservoir Simulate pressurized hydraulic
reservoir

Local Hydraulic Resistances

Elbow Simulate hydraulic resistance in
elbow

Gradual Area Change Simulate gradual enlargement or
contraction

Local Resistance Simulate all kinds of hydraulic
resistances specified by loss
coefficient

Pipe Bend Simulate hydraulic resistance in
pipe bend

Sudden Area Change Simulate sudden enlargement or
contraction

T-junction Simulate hydraulic resistance of

T-junction in pipe

Pipelines
Hydraulic Pipeline Simulate hydraulic pipeline with
resistive and fluid compressibility
properties
Segmented Pipeline Simulate hydraulic pipeline with

resistive, fluid inertia, and fluid
compressibility properties
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Pumps and Motors

Fixed-Displacement Pump Simulate fixed-displacement
hydraulic pump

Hydraulic Motor Simulate fixed-displacement
hydraulic motor

Variable-Displacement Motor Simulate variable-displacement
reversible hydraulic motor

Variable-Displacement Simulate hydraulic pump

Pressure-Compensated Pump maintaining preset pressure at

outlet by regulating its flow delivery

Variable-Displacement Pump Simulate variable-displacement
reversible hydraulic pump

Valves
Directional Valves (p. 1-10) Hydraulic directional valves
Flow Control Valves (p. 1-11) Hydraulic flow control valves
Pressure Control Valves (p. 1-11) Hydraulic pressure control valves
Valve Actuators (p. 1-11) Actuators for driving directional

valves

Directional Valves

2-Way Directional Valve Simulate hydraulic continuous

2-way directional valve

3-Way Directional Valve Simulate hydraulic continuous
3-way directional valve

4-Way Directional Valve Simulate hydraulic continuous
4-way directional valve

Check Valve Simulate hydraulic valve that allows
flow in one direction only
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Pilot-Operated Check Valve Simulate hydraulic check valve that
allows flow in one direction, but can
be disabled by pilot pressure

Shuttle Valve Simulate hydraulic valve that allows
flow in one direction only

Flow Control Valves

Ball Valve Simulate hydraulic ball valve
Needle Valve Simulate hydraulic needle valve
Poppet Valve Simulate hydraulic poppet valve

Pressure-Compensated Flow Control Simulate hydraulic pressure
Valve compensating valve

Pressure Control Valves

Pressure Reducing Valve Simulate pressure control valve
maintaining reduced pressure in
portion of system

Pressure Relief Valve Simulate pressure control valve
maintaining preset pressure in
system

Valve Actuators

2-Position Valve Actuator Simulate actuator for two-position
valves

3-Position Valve Actuator Simulate actuator for three-position
valves

Proportional and Servo-Valve Simulate continuous valve driver

Actuator with output proportional to input
signal

1-11
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Utilities
Connection Port Create Physical Modeling connector

port for subsystem

PS-Simulink Converter Convert physical signal into
Simulink output signal

Simulink-PS Converter Convert Simulink input signal into
physical signal

Solver Configuration Represent Physical Networks
environment and solver
configuration

1-12
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2-Position Valve Actuator

Purpose
Library

Description

oS

Simulate actuator for two-position valves
Valve Actuators

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 (t,). The motion stops when the switch-on
time (t,,) elapses. At this moment, the push-pin reaches the specified
stroke value (x,,). To return the push-pin into initial position, the
control signal must be removed, which causes the push-pin to retract.
The retract motion follows exactly the same profile but “stretches” over



2-Position Valve Actuator

Basic
Assumptions
and
Limitations

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.

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 direction or Acts in negative direction.

The model is based on the following assumption:

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



2-Position Valve Actuator

Dlalog m Block Parameters: Z2-Position ¥alve Actuator ﬂ

Box and
Parameters

— 2-Fozition Yalve Actuatar

The block iz a data sheet-bazed model of an actuator that drives 2-pozition
directional dizcrete valves and assumes 2 positions: estended and refracted. The
actuator iz achivated if the input signal crozses B0% of itz nominal walue. The actuator
can be actuated only by positive zignal, similar to the case of AC or DC
electromagnetz. The puzh-pin reaches a hard gtop after "switching-on'' time, and
refracts in switching-off' time after the contral gsignal iz removed. The motion can be
interrupted. The mation profile does not depend on load. The block haz one phyzical
zignal input port and one physical signal output port,

The push-pin moves in pozsitive ar negative direction, depending an the “Actuator
arentation' parameter setting.

—Parameters

Push-pin stroke: Iu_m I m ;I
Switching-on time: ID_-l I 3 LI
Switching-off tine: Im I 3 LI
MHaominal zignal walue: |24

Initial position: I Fretracted LI
Actuatar orientatior: I Acts in positive direction |

0K Cancel |{ Help |  “peb

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.
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Ports

Examples

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 is Retracted.

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

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).

In the 2-Position Valve Actuator demo

(sh_2 pos_valve_actuator), 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.
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See Also

In the Hydraulic Circuit with Single-Acting Cylinder demo
(sh_circuit_sa_cylinder), 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.

3-Position Valve Actuator

Proportional and Servo-Valve Actuator



2-Way Directional Valve

Purpose
Library

Description

9 .

Simulate hydraulic continuous 2-way directional valve
Directional Valves

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 (P) and outlet port
(A), 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
X, 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.

® 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).
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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, i.e., the function values must

be specified at vertices of a rectangular array. The argument arrays
(openings and pressure differentials) must be strictly monotonically
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 is positive if it flows from A to B and the pressure differential



2-Way Directional Valve

is determined as p = p4 — pg . Positive signal at the physical signal
port S opens the valve.

Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid inertia is not taken into account.

Limitations ® Spool loading, such as inertia, spring, hydraulic forces, and so on,

is not taken into account.

.
Dla Iog E! Block Parameters: 2-Way Directional ¥alve x|

Box a nd — 24/ ayp Directional Walve

Parameters The block simulates a 2-wap directional valve as a data sheet-based model. Ta
parameterize the block, 3 options are available: [1] by maximum area and contral
member ztroke, [2] by the table of valve area ve. control member dizplacement. and
[3] b the pressure-flow rate charactenztics. The lookup table block, is uzed in the
zecohd and third cazes for interpolation and extrapaolation. 3 methods of interpalation
and 2 methods of extrapolation are provided to choose fram.

Connections & and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. Connection S iz a physical zignal port. The block. positive
direction is from port & to port B. Positive signal at port 5 opens the valve.

—Parameters
todel parameterization: I By maximum area and opening j
Walve pazsage maximLm -
. |5e-05 jm2 =]
Walve maximum opening: ID oo I m j

Flow discharge coefficient: ID 7

|nitial opening: ID I m j
Critical Feynolds number: |1 2

Leakage area: |1 12

ak. I Cahicel
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E Block Parameters: 2-Way Directional ¥alye

—2-wfap Directional W akve

The block. zimulates a 2-way directional valve as a data sheet-based model Ta
parameterize the block, 3 options are available: [1] by maxiniun area and caontrol
member strake, [2] by the table of valve area vz control member displacerment, and
[3] by the pressure-flow rate charactenstics. The lookup table block iz uzed in the
zecond and third cazes for interpolation and extrapaolation. 3 methods of interpalation
and 2 methods of extrapolation are provided to choose fram.

Connections & and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. Connection S iz a physical zignal port. The block. positive
direction iz from port & to port B. Positive signal at port 5 opens the valve.

—Parameters
todel parameterization: I By area vs. opening table j
Tabulated valve openings: I[ 0,002 00,005 0.015 ] I m ﬂ
Tabulated valve passage 11715 4612 1605 1.02e 05| [m2 =]
area:
Interpolation method: I Lirvesar j
Estrapolation method: I From last 2 points ;I

Flovs discharge coefficient; ID'?

Initial opening: ID I " LI
Critical Beynolds number: I-I 2

Leakage area: |-| &12 | m2 x|

Apply
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2-Way Directional Valve

E! Block Parameters: 2-Way Directional ¥alve x|

— 24 ay Directional W alve

The block simulatez a 2-wap directional valve az a data sheet-bazed model. To
parameterize the block, 3 options are available: [1] by maximum area and contral
member ztroke, [2] by the table of valve area ve. control member dizplacement. and
[3] by the pressure-flow rate charactenstics, The lookup table block iz uzed in the
gecond and third cazes for interpolation and extrapolation. 3 methods of interpolation
and 2 methods of extrapolation are provided to chooze from,

Connectionz & and B are hpdraulic conserving portz azzociated with the walve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B, Positive zsignal at port 5 openg the valve,

—Parameters
Muadel parameterization: I By pressure-flow characteristic |
Tabulated valve openings: I[ -0.002 00,005 0,075 ] I " LI
e [[ -52+06 -22+05 2+ B2+05 ] [Pa =]
Tabulated How rates: [.00258 -0.0m03z 000108 0.00247 ;] [ 345 ¥
Interpolation method: I Lirear LI
Estrapolation method: I From last 2 points |
Initial opening: ID I M :I

ak. I Cancel

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

2-12
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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 5¢-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
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly
spaced. You must provide at least three values. The default
values, in meters, are [-2e-3,0,5e-3,15e-3]. 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 tabulated 1-by-m array. The valve passage area vector
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2-14

must be the same size as the valve 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 Model
parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a
tabulated 1-by-n array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly spaced.
You must provide at least three values. The default values, in
Pa, are [ -5€6, -2e6,2e6,5e6]. This parameter is used if Model
parameterization is set to By pressure-flow characteristic.

Tabulated flow rates

Specify the output values for flow rates as a tabulated m-by-n
matrix, defining the function values at the input grid vertices.
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-12, -0.6e-13, 0.6e13, 0.1e12;
-0.8e-7, -0.4e-7, 0.4e7, 0.8e7;
-2.5e-3, -1.03e-3, 1.e-3, 2.4e-3;
-2.58e-3,-1.032e-3, 1.06e-3, 2.47e-3]

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,
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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.
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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 0.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is

1e-12 m"2.
Global Fluid density
Parameters The parameter is determined by the type of working fluid selected

for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.



2-Way Directional Valve
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Examples

See Also

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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

Physical signal port to control spool displacement.

In the Hydraulic Closed-Loop Circuit with 2-Way Valve demo
(sh_closed loop_circuit_2 way valve), 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.

3-Way Directional Valve
4-Way Directional Valve

2-17
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Simulate actuator for three-position valves
Valve Actuators

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 (x,,,), and then the input signal is removed, causing the
push-pin to return to initial position:
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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 (t, ), motion at constant acceleration (t,,), and
motion at constant velocity (t ,). The motion stops when the switch-on
time (t_,) elapses. At this moment, the push-pin reaches the specified
stroke value (x,,). 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
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and
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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.

The model is based on the following assumption:

¢ Push-pin loading, such as inertia, spring, hydraulic forces, and so on,
is not taken into account.
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[=1Block Parameters: 3-Position Yalve Actuator x|

—3-Position Yalve Actuatar

The block iz a data sheet-based model of an actuatar that drives 3-poszition
directional discrete valves and aszumes 3 pozitions: neutral, extended in pozitive
direction, and extended in negative direction. The actuator iz activated if an input
zighal an either port & ar part B croszes 50% of signal's nominal value. The actuator
zah be actuated only by positive signal. [t moves in positive direction if signal at port
& iz applied. Signal at port B moves the pin in negative direction. Only one zignal can
be applied at a time, similar ta the caze of AC ar DC electromagnets. The puzh-pin
reaches a hard ztop after “switching-on'' time, and refracts o neutral pozition in
"switching-off*" time after the contral signal iz removed. The motion can be
interrupted. The motion profile does not depend on load. The block hag bwo phyzical
zighal input partz and one phozsical zignal output part.

—Parameters
Puzh-pin stroke: In_m I m ;I
Switching-on time: ID_1 I 3 ;I
Switching-off tire: ID_1 I 2 ;I
MHarinal zignal waluie: |24
[ritial position: I Meutral ;I

0k, Cancel

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.
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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.

The block has the following ports:

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

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).

In the 3-Position Valve Actuator demo

(sh_8 pos_valve_ actuator), 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 demo.

2-Position Valve Actuator

Proportional and Servo-Valve Actuator
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Simulate hydraulic continuous 3-way directional valve
Directional Valves

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.

D

5
= "D
Elo
(2 m o
A
P “ariable Orifice P_A

Goe o

T

Wariable Orifice A_T

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 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.Asa
result, the openings of the orifices are computed as follows:
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hpa =hpao +x

har =haro —%

where
ho, Orifice opening for the orifice_PA block
h; Orifice opening for the orifice AT block
Pono Initial opening for the orifice_PA block
Paro 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
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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, i.e., the function values must

be specified at vertices of a rectangular array. The argument arrays
(openings and pressure differentials) must be strictly monotonically
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
Building Blocks 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.
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The model is based on the following assumptions:

e 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.

[Z1Block Parameters: 3-Way Directional ¥alve x|

— 3w ay Directional W alve

The block simulatez a 3-wap directional continuous valve ag a data sheet-bazed
model. Ta 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
dizplacement, and [3] by the pressure-flow rate charactenistics. The lookup table
block iz used in the second and third cagzes for interpolation and estrapolation, 3
methods of interpolation and 2 methods of extrapolation are provided to choogze from,

Connections P, T, and & are hydraulic conserving ports associated with the valve
inlet, outlet, and actuator terminal respectively. Connection 5 iz a physical signal port
through which control signal iz applied. Positive signal at port 5 opens orifice P28 and
clozes orifice &-T.

—Parameters
todel parameterization: I By maximum area and opening LI
Walve parzage masimum -
s |5ie-05 jm2 =]
Walve masimum opening:; ID.DDE I " LI

Flow discharge coefficient; ID'?

Qrifice P-4 initial opening: ID I " LI

Qrifice &-T initial opening: ID I " LI

Critic:al Reynolds number: I-I 2

Leakage area: |-| &12 | m2 x|

ak. I Cancel

Apply |
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E Block Parameters: 3-Way Directional ¥alye x|

—3-wfay Directional W akve

The block zimulates a 3-way directional continuous valve as a data sheet-bazed
maodel. To parameterize the block, 3 options are available: [1] by maximum area and
control member stroke, [2] by the table of walve area va. contral member
dizplacement, and [3] by the pressure-flow rate characteristics. The lookup table
block is used it the zecond and third cases for interpolation and extrapolation. 3
methads of interpolation and 2 methods of extrapalation are provided to choose fram.

Connections P, T, and A are hydraulic conzerving ports azsociated with the valve
inlet, outlet, and actuator terminal respectively. Connection S iz a phyzical signal part
through which control zignal is applied. Positive signal at port 5 opens arifice P& and
clozes onfice 4-T.

—Parameters
todel parameterization: I By area vs. opening table j
Tabulated valve openings: I[ 0,002 00,005 0.015 ] I m ﬂ
Tabulated valve passage 11715 4612 1605 1.02e 05| [m2 =]
area:
Interpolation method: I Lirvesar j
Estrapolation method: I From last 2 points j

Flovs discharge coefficient; ID'?

Qrifice P-4, initial opening: ID I " LI

Orifice A-T initial opening: ID I " LI

Critical Beynolds number: I-I 2

Leakage area; I-I 12

ak. I Cancel
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[Z1Block Parameters: 3-Way Directional ¥alve x|

— 3w ay Directional W alve

The block simulatez a 3-wap directional continuous valve ag a data sheet-bazed
model. Ta 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
dizplacement, and [3] by the pressure-flow rate charactenistics. The lookup table
block iz used in the second and third cagzes for interpolation and estrapolation, 3
methods of interpolation and 2 methods of extrapolation are provided to choogze from,

Connections P, T, and & are hydraulic conserving ports associated with the valve
inlet, outlet, and actuator terminal respectively. Connection 5 iz a physical signal port
through which control signal iz applied. Positive signal at port 5 opens orifice P28 and
clozes orifice &-T.

—Parameters
Muadel parameterization: I By pressure-flow characteristic =]
Tabulated valve openings: I[ -0.002 00,005 0,075 ] I " :I
e [[ -52+06 -22+05 2+ B2+05 ] [Pa =]
Tabulated flow rates: [.00258 -0.0m03z 000108 0.00247 ;] [ 345 ¥
Interpolation method: I Lirear LI
Extrapolation method: I From last 2 points |
Orifice P-4 initial opening: ID I m :I
Orifice A-T initial opening: ID I m :I

ak. I Cancel

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 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 5¢-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
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly
spaced. You must provide at least three values. The default
values, in meters, are [-2e-3,0,5e-3,15e-3]. 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.
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Tabulated valve passage area

Specify the vector of output values for valve passage area

as a tabulated 1-by-m array. The valve passage area vector

must be the same size as the valve 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 Model
parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a
tabulated 1-by-n array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly spaced.
You must provide at least three values. The default values, in
Pa, are [ -5€6, -2e6,2e6,5e6]. This parameter is used if Model
parameterization is set to By pressure-flow characteristic.

Tabulated flow rates

Specify the output values for flow rates as a tabulated m-by-n
matrix, defining the function values at the input grid vertices.
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-12, -0.6e-13, 0.6e13, 0.1e12;
-0.8e-7, -0.4e-7, 0.4e7, 0.8e7;
-2.5e-3, -1.03e-3, 1.e-3, 2.4e-3;
-2.58e-3,-1.032e-3, 1.06e-3, 2.47e-3]

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.
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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:

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.
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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 0.

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 0.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.
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Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply
line inlet.

Hydraulic conserving port associated with the return line
connection.

Hydraulic conserving port associated with the actuator connection
port.

Physical signal port to control spool displacement.

The 3-Way Directional Valve block is demonstrated in the Hydraulic
Circuit with 3-Way Valve and Differential Cylinder demo
(sh_circuit_3 way valve diff_cylinder), where it is used to switch
between a conventional and differential connection of the cylinder.

2-Way Directional Valve

4-Way Directional Valve
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Simulate hydraulic continuous 4-way directional valve

Directional Valves

The 4-Way Directional Valve block represents a continuous,

symmetrical, 4-way directional valve. The fluid flow is pumped in the
valve through the inlet line and is distributed between two outside
pressure lines (usually connected to a double-acting actuator) and the
return line. 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.

L

Lo

%n
A

“Wariable Orifice P_A

=y

“ariable Orifice A_T

@
s
@

=

gn
A

“Wariable Qrifice P_B

“ariable Orifice B_T

&

B

The Variable Orifice blocks are installed as follows: orifice_PA is in
the P-A path, orifice_PBis in the P-B path, orifice_AT is in the A-T
path, and orifice BT 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 orifice PA and
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orifice BT and closes orifice PB and orifice_ AT. As a result, the
openings of the orifices are computed as follows:

hpa =hpao +x
hpp = hppo —x
har =haro —x

hpr =hpro +x
where

Orifice opening for the orifice_ PA block

R
>

Orifice opening for the orifice PB block

o
o]

Orifice opening for the orifice_ AT block

>
S

Orifice opening for the orifice BT block

w
—

Initial opening for the orifice_PA block

Initial opening for the orifice_ PB block

o
o
o

Initial opening for the orifice_AT block

>
S
S

> > 3 3 33 5 5 =

Initial opening for the orifice BT block

o
=
S

Control member displacement from initial position

>

The valve simulated by the 4-Way Directional Valve block is assumed to
be symmetrical. In other words, all four 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.
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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 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, i.e., the function values must

be specified at vertices of a rectangular array. The argument arrays
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(openings and pressure differentials) must be strictly monotonically
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 (i.e., with
different orifices), use any of the variable orifice blocks from the
Building Blocks 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 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.

The model is based on the following assumptions:

¢ 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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E Block Parameters: 4-Way Directional ¥alye

—d-wfap Directional W akve

The block zimulates a 4-way directional continuous valve as a data sheet-bazed
maodel. To parameterize the block, 3 options are available: [1] by maximum area and
control member stroke, [2] by the table of walve area va. contral member
dizplacement, and [3] by the pressure-flow rate characteristics. The lookup table
block is used it the zecond and third cases for interpolation and extrapolation. 3

Connections P, T, A, and B are hydraulic conserving ports azsociated with the valve
inlet, outlet, and actuator terminals respectively. Connection 5 iz a physical signal
port through which control signal iz applied. Pozitive signal at port S opens onfices
P& and B-T and clozes anfices P-B and A-T.

methads of interpolation and 2 methods of extrapalation are provided to choose fram.

—Parameters
todel parameterization: I By maximum area and opening j
Walve passage masimLnm -
. |5e-05 jm2 =]
Walve maximunm opening: ID oo I m j

Flaws discharge coefficient: ID 7

Oifice: P4 el opening: |5 m =l
Oifice P8 il opening | [m =l
Ofice AT il opening |3 [m =l
Oifice B-T il opening | [m =l
Citical Feynalds number: |13

Leakage area: [fe12 [w2 =

ak. I Cancel
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[1Block Parameters: 4-Way Directional ¥alve

—d4¢ay Directional v alve

The block simulatez a 4-wap directional continuous valve ag a data sheet-bazed
model. To parameterize the block, 3 options are available: (1] by maximum area and
control member stroke, [2] by the table of walve area ve. contral member
dizplacement, and [3] by the pressure-flow rate characteristics. The lookup table
block is used it the zecond and third cases for interpolation and extrapolation. 3

Connections P, T, A, and B are hydraulic conserving ports azsociated with the valve
inlet, outlet, and actuator terminals respectively. Connection 5 iz a physical signal
port through which control signal iz applied. Pozitive signal at port S opens onfices
P& and B-T and clozes anfices P-B and A-T.

methads of interpolation and 2 methods of extrapalation are provided to choose fram.

—Parameters
todel parameterization: I By area vs. opening table j
Tabulated walve openings: I[ 0002 00,005 0.015 I " LI
Tabulated valve passage [[ 18124812 1205 1.022-05 ] [m2 =]
area;
Interpolation method: I Liresar LI
Estrapolation method; I From last 2 points LI

Flovs discharge coefficient; ID'?

Oifice P4 it opering:  [3 fm =]
Oifice P8 il opering: |5 fm =l
Oifice AT il opening: |5 fm =l
Oifice BT il opening: |5 fm =l

Critical Reynalds number: |1 2

Leakage area: |1 12

ak. I Cahicel
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E Block Parameters: 4-Way Directional ¥alye x|

—d-wfap Directional W akve

The block zimulates a 4-way directional continuous valve as a data sheet-bazed
maodel. To parameterize the block, 3 options are available: [1] by maximum area and
control member stroke, [2] by the table of walve area va. contral member
dizplacement, and [3] by the pressure-flow rate characteristics. The lookup table
block is used it the zecond and third cases for interpolation and extrapolation. 3
methads of interpolation and 2 methods of extrapalation are provided to choose fram.

Connections P, T, A, and B are hydraulic conserving ports azsociated with the valve
inlet, outlet, and actuator terminals respectively. Connection 5 iz a physical signal
port through which control signal iz applied. Pozitive signal at port S opens onfices
P& and B-T and clozes anfices P-B and A-T.

—Parameters
Modsl parameterizatior: | By pressure-flow characteristic |
Tabulated walve openings: I[ 0,002 0 0,005 0.015 ] I m ﬂ
L;;E:‘;f;s?mssu'e [[ -5e+08 -22+06 205 Berl | [Pa =]
Ululllie 0 ekt [1.00252 -0.001032 0.00108 0.00247 ;] [m"3s =]
Interpalation rethod: I Linear j
Extrapolation method: I From last 2 points |
Orifice P& initial opening: ID I m :I
Orifice P-B initial opening: ID I M LI
Orifice A-T initial opening: ID I m :I
Qrifice B-T initial opening: ID I M LI

ak. I Cancel

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
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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 5¢-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
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly
spaced. You must provide at least three values. The default
values, in meters, are [-2e-3,0,5e-3,15e-3]. 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
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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 tabulated 1-by-m array. The valve passage area vector

must be the same size as the valve 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 Model
parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a
tabulated 1-by-n array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly spaced.
You must provide at least three values. The default values, in
Pa, are [ -5€6, -2e6,2e6,5e6]. This parameter is used if Model
parameterization is set to By pressure-flow characteristic.

Tabulated flow rates

Specify the output values for flow rates as a tabulated m-by-n
matrix, defining the function values at the input grid vertices.
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-12, -0.6e-13, 0.6e13, 0.1e12;
-0.8e-7, -0.4e-7, 0.4e7, 0.8e7;
-2.5e-3, -1.03e-3, 1.e-3, 2.4e-3;
-2.58e-3,-1.032e-3, 1.06e-3, 2.47e-3]

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:
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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:

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
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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 0.

Orifice P-B initial opening
Initial opening for the orifice in the P-B path. The parameter can
be positive (underlapped orifice), negative (overlapped orifice), or
equal to zero for zero lap configuration. The default value is 0.

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 0.

Orifice B-T initial opening
Initial opening for the orifice in the B-T path. The parameter can
be positive (underlapped orifice), negative (overlapped orifice), or
equal to zero for zero lap configuration. The default value is 0.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic textbooks. The default value is 12.
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Global

Parameters

Ports

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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.

Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply
line inlet.

Hydraulic conserving port associated with the return line
connection.

Hydraulic conserving port associated with the actuator connection
port.

Hydraulic conserving port associated with the actuator connection
port.
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Physical signal port to control spool displacement.

Examples The 3-Way Directional Valve block in the
Closed-Loop Circuit with 4-Way Valve demo
(sh_closed_loop_circuit_4 way_valve_cust_cyl) is an open-center,
symmetrical valve controlling a double-acting cylinder.

See Also 2-Way Directional Valve
3-Way Directional Valve
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Purpose Simulate hydraulic variable orifice created by circular tube and round
insert

Librclry Hydraulic Elements

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

. o 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]):

!
q:—TLR(R ) o 1+§£2 p
6vpL 2
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p
v

Flow rate

Pressure differential
Orifice radius

Insert radius
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 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 increases or decreases the overlap, depending on the value of the
parameter Orifice orientation.

The model is based on the following assumption:

¢ Fluid inertia is not taken into account.
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E! Block Parameters: Annular Orifice x|

—annular Orifice

The block zimulates a wariable arifice created by a circular tube and a round insert.

The radial gap between the tube and the inzert and itz axial length are assumed to

be ezsentially zmaller than the inzert diameter, cauzing the flow regime ta be laminar
all the: time. The flow rate iz computed using the Hagen-Faoizeuille equation.

Connectionz & and B are hpdraulic conserving porte azsociated with the onifice inlet
and outlet, respectively. Connection S is a phyzical signal port that controls the insert
dizplacement. The block positive direction iz from port & to port B, Positive zignal at
poit S increases or decreases the overlap, depending on the walue of the Orifice
orientation parameter,

—Parameters
Orifice radius: Iglm I m ;I
Irizert radius: [0.0098 | m =l
E coantricity: o | m =l
Iritial length: [0.003 | m =l
Drifice arientation: I Poszitive signal increases overlap ﬂ

ak. I Cancel

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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References

See Also
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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.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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.

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

Orifice with Variable Area Round Holes
Orifice with Variable Area Slot
Variable Orifice

Fixed Orifice
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Purpose
Library

Description

sy

Simulate hydraulic ball valve
Flow Control Valves

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

The flow rate through the valve is proportional to the valve opening
and to the pressure differential across the valve. The model accounts
for the laminar and turbulent flow regimes by monitoring the Reynolds
number (Re) and comparing its value with the critical Reynolds number
(Re,,). The flow rate is determined according to the following equations:
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Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

q_

2Cpr.+A Dy D for Re < Re,,
Vep
h=xy+x
Apar forh<=0

T
Ah) = {merg (1 —D—BZ}D for 0 < h < hpay

Amax + Aleak for h >= hmax

2
D= [NrE -8 +n]

P=PA—DPB
Re = —q.DH
A(h)sv

Dy = 4A(h)
T
A =T
max 4
where
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o

Q

™

S

o ©

<

Aleak

max

Flow rate

Pressure differential

Gauge pressures at the block terminals
Flow discharge coefficient
Instantaneous orifice passage area

Initial opening

Ball displacement from initial position
Valve opening

Orifice diameter

Orifice radius

Ball diameter

Ball radius

Fluid density

Valve instantaneous hydraulic diameter
Fluid kinematic viscosity

Closed valve leakage area

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 = p4 — pg. Positive signal at the physical signal
port S opens the valve.

The model is based on the following assumptions:

e 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,,..
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* 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.

.
Dia |Og [Z]Block Parameters: Ball ¥alve X

Box a nd —BallValve

Pa rameters The block models a ball valve created by a gphenical ball and a round sharp-edged
orifice. The flov rate through the walve iz proportional to the orifice opening and to
the pressure differential acrozs the valve. The model accounts for the laminar and
turbulent flove regimes by monitaring the Repnoldz number and comparing ite walue
with the critical Repnolds number,

Connectionz & and B are congerving hydraulic portz azzociated with the walve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B,

—Parameters
Walve ball diameter; ID.D1 I p LI
Orifice diameter: ID.DDE I - LI
Initial opening: ID I - |

Flow discharge coefficient: ID'EE

Critic:al Reynolds number: I-I N

Leakage area: I.I o1z I e LI

ok | Cancel | 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.
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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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is

1e-12 m”"2.
Global Fluid density
Parameters The parameter is determined by the type of working fluid selected

for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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 spool displacement.
See Also Needle Valve

Poppet Valve

Pressure-Compensated Flow Control Valve
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Purpose
Library

Description

Simulate hydraulic valve that allows flow in one direction only
Directional Valves

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=py — pg.

A

i

A max

A]cak

1 . —

P crack pma X

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 (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
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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 model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number (Re) and comparing its value with the
critical Reynolds number (Re_.). The flow rate is determined according
to the following equations:

Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

- D
20p A= p for Re < Re,,
Vep
Agear for p <= Perqck
A(p) = {Apear + k'(p - pcmck) for perack < P < Pmax
Amax for p >= prax

k= Amax - Aleak

Pmax ~ Perack

b=DPA—DPB
Re = 9Dy
A(p)sv
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Pa,Pg
Cp
A(p)

max

Aleak

pcrack
pmax
D

p
\%

H

Flow rate through the valve

Pressure differential across the valve
Gauge pressures at the block terminals
Flow discharge coefficient
Instantaneous orifice passage area
Fully open valve passage area

Closed valve leakage area

Valve cracking pressure

Pressure needed to fully open the valve
Instantaneous orifice hydraulic diameter
Fluid density

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 p = ps — pg.-
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Basic The model is based on the following assumptions:

Assumptions

and ® Valve opening is linearly proportional to the pressure differential.
Limitations ® No loading on the valve, such as inertia, friction, spring, and so on,

is considered.

¢ The transition between laminar and turbulent regimes is assumed to
be sharp and taking place exactly at Re=Re_,..

.
Dia |Og [Z]Block Parameters: Check Yalve X

Box and ~ Check Valve

Pa rameters Thiz block represents hpdraulic check valve az a data sheet-bazed model. The
purpoze of the check valve iz to permit flow in one direction and block, it in the
oppogite direction. The valve remaing clozed while pressure differential acrozs the
walve iz lower than the valve cracking prezsure. When cracking pressure iz reached,
the: value control member is forced off its seat, thus creating a passage between the
inlet and outlet, [f the flow rate iz high enough and preszure continues Lo rize, the
area iz further increazed until the contral menmber reaches it masinum.

Connections & and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. The Block positive direction is from part A to port B.

—Parameters
hd awiniun paszage area: I -
0.0001 |m"2 =]
Cracking pressure: ISDDDD I Fa LI
b amimum opening -
ressue {120000 | Pa |

Flow discharge coefficient; ID'?

Critic:al Reynolds number: I-I 2

Leakage area: I.I o1z e LI

0K | Cancel Apply |
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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 value is 0.7.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.
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Global Fluid density

Parameters The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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.
Examples The Graetz Flow Control Circuit demo (sh_Graetz_circuit)

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.

See Also Pilot-Operated Check Valve
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Purpose
Library

Description

{0

Dialog
Box and
Parameters

Create Physical Modeling connector port for subsystem
Utilities

The Connection Port block is used to export both the conserving and the
physical signal connections to the outside boundary of a subsystem
block, similar to the Inport and Outport blocks in Simulink.

The ports on the subsystem boundary appear as the square Conserving
ports B or as triangular Physical Signal ports [*; depending on the
type of port to which the Connection Port block is connected inside the
subsystem. In other words, if a Connection Port block is connected to

a Conserving port in a subsystem, it appears as a Conserving port on
the outside boundary of the subsystem. If it is connected to a Physical
Signal inport or outport inside the subsystem, it appears as a Physical
Signal inport or outport, respectively, on the outside boundary of the
subsystem.

[Z]Block Parameters: Connection Port X|

—PtC_Puort

Phyzical Modeling Connection Port block. for subsystems

—Parameters

Part number:
1

Fort location on parent sul:us_l,lstem:l Left LI

|:|K | Eance| : ............ H E|p ............ '.':'.'pp|_|r| |
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See Also

Port number
Labels the subsystem connector port created by this block. Each
connector port on the boundary of a single subsystem requires a
unique number as a label. The default value for the first port is 1.

Port location on parent subsystem
Choose here on which side of the parent subsystem boundary the
port is placed. The choices are Left or Right. The default choice
is Left.

In the Using Simulink documentation, see “Creating Masked
Subsystems”.



Constant Volume Chamber

Purpose
Library

Description

i

Simulate hydraulic capacity of constant volume
Hydraulic Elements

The Constant Volume Chamber block models a fixed-volume chamber
with rigid or flexible walls, to be used in hydraulic valves, pumps,
manifolds, pipes, hoses, and so on. Use this block in models where you
have to account for some form of fluid compressibility. You can select
the appropriate representation of fluid compressibility using the block
parameters.

Fluid compressibility in its simplest form is simulated according to the
following equations:

v
Ve=V, +-%£
f c Ep
dvy
="

where

Flow rate into the chamber
. Volume of fluid in the chamber
Geometrical chamber volume
Fluid bulk modulus

p Gauge pressure of fluid in the chamber

o

m < < Q

If pressure in the chamber is likely to fall to negative values and
approach cavitation limit, the above equations must be enhanced. In
this block, it is done by representing the fluid in the chamber as a
mixture of liquid and a small amount of entrained, nondissolved gas.
The mixture bulk modulus is determined as:
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1/n
1+oc[p“ )
+
E-E, Pa+P

1/n
Pa
1+o L"’l El
n'(pa + p) n
where

E, Pure liquid bulk modulus
Py Atmospheric pressure
a Relative gas content at atmospheric pressure, o = V,/V,
A Gas volume at atmospheric pressure
v, Volume of liquid
n Gas-specific heat ratio

The main objective of representing fluid as a mixture of liquid and gas
is to introduce an approximate model of cavitation, which takes place
in a chamber if pressure drops below fluid vapor saturation level. As
it is seen in the graph below, the bulk modulus of a mixture decreases

at p — p,, thus considerably slowing down further pressure change.

At high pressure, p >> p,, a small amount of nondissolved gas has
practically no effect on the system behavior.
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Cavitation is an inherently thermodynamic process, requiring
consideration of multiple-phase fluids, heat transfers, etc., and as such
cannot be accurately simulated in SimHydraulics. But the simplified
version implemented in the block is good enough to signal if pressure
falls below dangerous level, and to prevent computation failure that
normally occurs at negative pressures.

If it is known that cavitation is unlikely in the system under design, you
can set the relative gas content in the fluid properties to zero, thus
increasing the speed of computations. Use the Hydraulic Fluid or the
Custom Hydraulic Fluid block to set the fluid properties.

If chamber walls have noticeable compliance, the above equations must
be further enhanced by representing geometrical chamber volume as a
function of pressure:
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1
where
d Internal diameter of the cylindrical chamber
Length of the cylindrical chamber
K, Proportionality coefficient (m/Pa)
T Time constant
s Laplace operator

Coefficient K, establishes relationship between pressure and the
internal diameter at steady-state conditions. For metal tubes, the
coefficient can be computed as (see [1]):

d ( D?+d?
Kp=p- 2t
Ey| D”-d

where
D Pipe external diameter
E, Modulus of elasticity (Young’s modulus) for the pipe material
v Poisson’s ratio for the pipe material

For hoses, the coefficient can be provided by the manufacturer.

The process of expansion and contraction in pipes and especially in
hoses is a complex combination of nonlinear elastic and viscoelastic
deformations. This process is approximated in the block with the
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Basic
Assumptions
and
Limitations

first-order lag, whose time constant is determined empirically (for
example, see [2]).

As a result, by selecting appropriate values, you can implement four
different models of fluid compressibility with this block:
® Chamber with rigid walls, no entrained gas in the fluid

¢ (Cylindrical chamber with compliant walls, no entrained gas in the
fluid

® Chamber with rigid walls, fluid with entrained gas

¢ (Cylindrical chamber with compliant walls, fluid with entrained gas
The block allows two methods of specifying the chamber size:

® By volume — Use this option for cylindrical or non-cylindrical
chambers with rigid walls. You only need to know the volume of the
chamber. This chamber type does not account for wall compliance.

® By length and diameter — Use this option for cylindrical chambers
with rigid or compliant walls, such as circular pipes or hoses.

The block has one hydraulic conserving port associated with the
chamber inlet. The block positive direction is from its port to the
reference point. This means that the flow rate is positive if it flows
into the chamber.

The model is based on the following assumptions:

® No inertia associated with pipe walls is taken into account.

¢ Chamber with compliant walls is assumed to have a cylindrical
shape. Chamber with rigid wall can have any shape.
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Dialog
Box and
Parameters

E Block Parameters: Constant Yolume Chamber

—Congtant Yolume Chamber

The block represents a fiked-volune chamber with rigid or flezible walls used in
hydraulic valves, pumps, manifolds, pipes, hoses, and so on. Uze this black. in
modelzs where you have to account for zome form of fluid compreszibility. Y'ou can
zelect the appropriate representation of fuid compressibility using the block
pararmeters. The block haz one hydraulic conserving port associated with the
chamber inlet. The block positive direction iz frarm itz port to the reference paint. This
means that the flow rate is positive if it loves inta the chamber.

—Parameters
Chamber specification: I By volume j
Charmber volurne: |1 =04 I e j
Specific heat ratio: |1 4

ak. I Cahicel | :

[Z]Block Parameters: Constant ¥Yolume Chamber

— Constant Walume Chamber

The block represents a fived-volume chamber with rigid or flesible wallz uzed in
hpdraulic valves, pumps, manifolds, pipes, hoses, and so on. Use this block, in
modelz where pou have to account for some form of fluid compressibilite, v'ou can
zelect the appropriate representation of fuid compressibility using the block
pararmeters. The block haz one hydraulic conserving port associated with the
chamber inlet. The block positive direction iz frarm itz port to the reference paint. This
means that the flow rate is positive if it loves inta the chamber.

—Parameters
Chamber specification: I By length and diameter j
Chamber wall type: I Rigid j
Chamber internal diameter: I
0.0 im =
Cylindrical chamber length: I1 Im LI
Specific heat ratio; I-I P

ak. I Cancel
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E Block Parameters: Constant Yolume Chamber x|

—Congtant Yolume Chamber

The block represents a figed-volune chamber with rigid or flexible walls used in
hydraulic valves, pumps, manifolds, pipes, hoses, and so on. Uze this black. in
models where you have to account for zome form of fluid compreszibility. Y'ou can
zelect the appropriate representation of fuid compressibility using the block
pararmeters. The block haz one hydraulic conserving port associated with the
chamber inlet. The block positive direction iz frarm itz port to the reference paint. This
means that the flow rate is positive if it loves inta the chamber.

—Parameters

Chamber specification: I By length and diameter j
Chamber wall type: I Compliant j
Chamber internal diameter: I

0m im =
Cylindrical chamber length: I

1 I
Static pressure-diameter I.I 212 wiPa
coefficient: :
Wizcoelasztic process time
congtant: ID.D1 I £ LI
Specific heat ratio; I-I P

Chamber specification
The parameter can have one of two values: By volume or By
length and diameter. The value By length and diameter is
recommended if a chamber is formed by a circular pipe. If the
parameter is set to By volume, wall compliance is not taken into
account. The default value of the parameter is By volume.

Chamber wall type

The parameter can have one of two values: Rigid or Compliant.
If the parameter is set to Rigid, wall compliance is not taken into
account, which can improve computational efficiency. The value
Compliant is recommended for hoses and metal pipes, where
compliance can affect the system behavior. The default value of
the parameter is Rigid. The parameter is used if the Chamber
specification parameter is set to By length and diameter.
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Global

Parameters

Chamber volume
Volume of fluid in the chamber. The default value is 1e-4 m”3.
The parameter is used if the Chamber specification parameter
is set to By volume.

Chamber internal diameter
Internal diameter of the cylindrical chamber. The default value is
0.01 m. The parameter is used if the Chamber specification
parameter is set to By length and diameter.

Cylindrical chamber length
Length of the cylindrical chamber. The default value is 1 m. The
parameter is used if the Chamber specification parameter is
set to By length and diameter.

Static pressure-diameter coefficient
Coefficient K that establishes relationship between pressure and
the internal diameter at steady-state conditions. The parameter
can be determined analytically or experimentally. The default
value is 1.2e-12 m/Pa. The parameter is used if Chamber wall
type is set to Compliant.

Viscoelastic process time constant
Time constant in the transfer function relating pipe internal
diameter to pressure variations. With this parameter, the
simulated elastic or viscoelastic process is approximated with the
first-order lag. The parameter is determined experimentally or
provided by the manufacturer. The default value is 0.01 s. The
parameter is used if Chamber wall type is set to Compliant.

Specific heat ratio
Gas-specific heat ratio. The default value is 1.4.

Fluid bulk modulus
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.



Constant Volume Chamber

Ports

References

Examples

See Also

Nondissolved gas ratio
Nondissolved gas relative content determined as a ratio of gas
volume to the liquid volume. The parameter is determined by the
type of working fluid selected for the system under design. Use
the Hydraulic Fluid block or the Custom Hydraulic Fluid block
to specify the fluid properties.

The block has one hydraulic conserving port associated with the
chamber inlet.

[1] Meritt, H.E., Hydraulic Control Systems, John Wiley & Sons, New
York, 1967

[2] Holcke, Jan, Frequency Response of Hydraulic Hoses, RIT, FTH,
Stockholm, 2002

The Constant Volume Chamber Test Rig demo
(sh_constant_chamber_test rig) is specifically designed to
demonstrate the Constant Volume Chamber block behavior at different
regimes. The chamber is placed between two linear hydraulic
resistances and subjected to an abrupt pressure change from 0 to 5 MPa
at the beginning of simulation.

If air content is set to zero and chamber walls are rigid, the pressure
change can easily be determined analytically. The Simulink Transfer
Fen block simulates this regime for a metal cylindrical pipe with 0.03
m internal diameter, 0.036 m external diameter, and 16.5 m length.
The output of this block serves as a reference during all other regimes.
You can investigate chamber characteristics, for example, by changing
air content in the fluid, by switching from rigid to compliant walls,

by changing the viscoelastic time constant or the pressure-diameter
coefficient.

Variable Volume Chamber
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Purpose
Library

Description
C

g

Set working fluid properties by specifying parameter values
Hydraulic Utilities

The Custom Hydraulic Fluid block lets you specify the type of hydraulic
fluid used in a loop of hydraulic blocks. It provides the hydraulic fluid
properties, such as kinematic viscosity, density, and bulk modulus, for
all the hydraulic blocks in the loop. These fluid properties are assumed
to be constant during simulation time.

The Custom Hydraulic Fluid block lets you specify the fluid properties,
such as kinematic viscosity, density, bulk modulus, and relative amount
of entrapped air, as block parameters.

The Custom Hydraulic Fluid block has one port. You can connect it to
a hydraulic diagram by branching a connection line off the main line
and connecting it to the port. When you connect the Custom Hydraulic
Fluid block to a hydraulic line, SimHydraulics automatically identifies
the hydraulic blocks connected to the particular loop and propagates
the hydraulic fluid properties to all the hydraulic blocks in the loop.

Each topologically distinct hydraulic loop in a diagram requires exactly
one Custom Hydraulic Fluid block or Hydraulic Fluid block to be
connected to it. Therefore, there must be as many Custom Hydraulic
Fluid blocks (or Hydraulic Fluid blocks) as there are loops in the system.



Custom Hydraulic Fluid

Dialog
Box and
Parameters

Ports

See Also

E Block Parameters: Custom Hydraulic Fluid x|

— Custom Hydraulic Fluid

Set fluid properties for a particular loop. Every loop in the sypzaten must be connected
ta either Hydraulic Fluid or Custarn Hydraulic Fluid black. There must be as many
hydraulic fluid blocks as there are loops in the system.

—Parameters
Fluid denzity: ISED I ka/m"3 LI
Kinematic viscosity: |1 Be 05 I YR LI
Bulk rodulus: |88+08 I Pa LI

Relative amount of trapped ID 05
air: :

Apply

Fluid density
Density of the working fluid. The default value is 850 kg/m"3.

Kinematic viscosity
Kinematic viscosity of the working fluid. The default value is
1.8e-5 m"2/s.

Bulk modulus
Bulk modulus of the working fluid. The default value is 8e8 Pa.

Relative amount of trapped air
Amount of entrained, nondissolved gas in the fluid. The amount
is specified as the ratio of gas volume at normal conditions to the
fluid volume in the chamber. The default value is 0.005.

The block has one hydraulic conserving port.

Hydraulic Fluid
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Purpose Simulate friction in hydraulic cylinders
Librclry Hydraulic Cylinders
Description The Cylinder Friction block simulates friction in the contact between

moving bodies in hydraulic cylinders and is intended to be used
II_'Q_-*---qr primarily as a building block in combination with both the double- and
e 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.

The friction force is approximated with the following equations:
F= F’C'(1 + (Kbrk - 1)'exp(_cv | v |))Sign(v) + fvfr'v

Fe szr+fcfr(pA_pB)

where
F Friction force
F, Coulomb friction
F, Preload force
fos Coulomb friction coefficient

psPp Pressures in cylinder chambers
K, Breakaway friction force increase coefficient

c Transition coefficient

2-76



Cylinder Friction

v Relative velocity in the contact

for Viscous friction coefficient

To avoid discontinuity at v = 0, a small region |v| <v,, is introduced
around zero velocity, where friction force is assumed to be linearly
proportional to velocity:

F=Kew

Fo (1 +(Kppp, —1)eexp(—c,vyp )) + fofe*Ush

Uth

where

K Proportionality coefficient

v, 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.
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Dialog
Box and
Parameters

[Z]Block Parameters: Cylinder Frickion

— Cylinder Friction

The block simulates friction in the contact between moving bodies in hydraulic
cylinders and iz intended to be used primarily as a building block in combination with
both the double- and zingle-acting cylinders to develop a cylinder model with friction,
The friction force iz simulated as a function of relative velocity and pressure, and is
asgumed to be the sum of Stribeck, Coulomb, and viscous components. The
Coulomb friction force conzsizts of the preload force, cauzed by the zeal squesze
during asgembly, and force proportional bo pressure. The sum of the Coulomb and
Stibeck friction forces at zero velocity iz often referred to az the break.aveay friction
farce,

Connectionz B and C are mechanical tranglational congerving ports associated with
the rod and case, respectively. Connections A and B are hydraulic conserving ports
to be connected to portz & and B of the cylinder model, The force generated by the
block abways oppozes relative motion between the rod and the caze.

—Parameters

Preload force: |1 i I M LI
Coulomb friction force
coefficient: |1 &6 I N/Pa LI
Breakaway friction I1
increaze coefficient:
Wiscous friction cosfficient: I

100 | Nimssl x|
Tranzition appraximation -
coefficient: |1 0 I =/m —I
Linear region velocity -
threshold: |1 =04 I m/s ||

Apply

ak I Cancel

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.
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Breakaway friction increase coefficient
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, is 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. The 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.

Ports The block has the following ports:

A
Hydraulic conserving port connected to the cylinder inlet.

Hydraulic conserving port connected to the cylinder outlet.
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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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P

urpose

Library

Description

ol

Simulate hydraulic actuator exerting force in both directions
Hydraulic Cylinders

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.

The model of the cylinder is built of other SimHydraulics blocks. The
schematic diagram of the model is shown below.

5]
"
| qv | B S
) o g ==

Ideal Translational
Motion Sensar

P& Gain

sanll
Translational Hard
Stop
. C C

e A
Translational Tranzlational
Hydro-hechanical Hydro-hMechanical

Converter Convarterd

¥

|¢( K.
Wariable Valume ‘(
Chamber Wariable Wolume
Chambert

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 energy through hydraulic port A or B is directed to the appropriate
Translational Hydro-Mechanical Converter block and Variable
Volume Chamber block. The converter transforms hydraulic energy
into mechanical energy, while the chamber accounts for the fluid



Double-Acting Hydraulic Cylinder

Basic
Assumptions
and
Limitations

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 Ideal Translational
Motion Sensor block in the schematic is introduced to determine an
instantaneous piston position, which is necessary for the Variable
Volume Chamber blocks.

The block directionality is adjustable and can be controlled with the

Cylinder orientation parameter.

The model is based on the following assumptions:

* 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.
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Dialog
Box and
Parameters

2-84

E Block Parameters: Double-Acting Hydraulic Cyli ﬂ

— Double-Acting Hedraulic Cylinder

Thiz block represents a double-acting hydraulic cylinder. The model of the cylinder iz
built af the follawing building blocks: Translational Hpdro-Mechanical Canverter,
Wariable Wolurme Chamber, Tranzlational Hard Stop, and |deal Translational Motion
Senszor. The rad motion is limited with the mechanical Translational Hard Stop block.

Connections B and C are mechanical tranzlational conzerving ports conesponding to
the cylinder rod and cylinder clamping structure, respectively. Connections & and B
are hydraulic conserving ports, Port & iz connected ta chamber & and port B iz
connected to chamber B, The block directionality iz adjustable and can be controlled
with the Cylinder orientation parameter.

—Parameters

Piston area &: [0.oo1 fm2 =]
Piston area B: [5e-04 fm2 =]
Pistan stiake: o7 [m =]
Pistan iritial positian: o [m =]
Dizad valume & [1=-04 B
Dead volume B: [1=-04 m™z =]
Specific heat ratia: [i4

Contact stiffress: [les06 [N/ =]
Contact dampin; [150 |#Hm ]
Cylinder orienrtation: [cts in posiive direction =l

ak. I Cancel

Chamber A piston area
Chamber A effective piston area. The default value is 0.001 m”*2,

Chamber B piston area
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.



Double-Acting Hydraulic Cylinder

Piston initial position
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 0, which corresponds to the fully
retracted position.

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 Variable Volume Chamber blocks.
The default value is 1.4.

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 1e6 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, The MathWorks recommends that you
assign a nonzero value to this parameter. The default value is
150 N*s/m.

2-85



Double-Acting Hydraulic Cylinder

2-86

Global
Parameters

Ports

Examples

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.

Fluid bulk modulus
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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.
R
Mechanical translational conserving port associated with the
cylinder rod.
C

Mechanical translational conserving port associated with the
cylinder clamping structure.

The Double-Acting Hydraulic Cylinder with Flexible Clamping
demo (sh_cylinder _da_flexible clamping) 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.



Double-Acting Hydraulic Cylinder

See Also

Single-Acting Hydraulic Cylinder

Ideal Translational Motion Sensor
Translational Hard Stop

Translational Hydro-Mechanical Converter

Variable Volume Chamber

2-87



Elbow

2-88

Purpose

Library

Description

o]

4

H=-o

Simulate hydraulic resistance in elbow
Local Hydraulic Resistances

The Elbow block represents an elbow as a local hydraulic resistance.
The pressure loss is computed with the semi-empirical formula based
on pressure loss coefficient, which is 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 pressure loss is determined according to the following formula:

p=K #q lq|
where
q Flow rate
p Pressure loss
K Pressure loss coefficient
A Elbow cross-sectional area
p Fluid density

The core data for the pressure loss coefficient computation is the
table-specified relationship between the friction factor f, 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:



Elbow

Koy = 0(0.0142-3.703:10° 00)

where o is the elbow angle in degrees (0 < o < 90).

Therefore, the pressure loss coefficient for smoothly curved, standard
elbows is determined with the formula

Kscp = 30f7+0(0.0142 - 3.703:10° o)

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,0)

where 5 < d <100 mm and 0 £ o < 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=py — pg.
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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=f(Re ) relationship.

Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid inertia is not taken into account.

Limitations ¢ The flow is assumed to be completely turbulent and fully developed

along the pipe length.

¢ The elbow is assumed to be made of a clean commercial steel pipe.

Dia |og ZIBlock Parameters: Elbow x|
Box and -~ Elbow
Pa rameters The block represents an elbow az a local hydraulic resistance. The pressure loss in

the elbove iz characterized by the table-specified prezsure losz coefficient pravided in
the Crane Techhical Paper. Two types of elbows are considered: smoathly curved
standard elbows and sharp-edged, miter elbows. The block covers elbaws in the
5-100 mm and 0-90 deg range.

The block positive direction iz fram part & to port B. Thiz means that the flow rate iz
positive if it foves from A to B, and the pressure differential iz determined as p=p_A -

p B

—Parameters
Elbow internal diameter: ID-':” I - ﬂ
Elbow angle: ISD I o :I
Elbow type:

I Smoathly curved elbow :I

QK. I Cancel

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.
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Global

Parameters

Ports

References

See Also

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.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the elbow inlet.

Hydraulic conserving port associated with the elbow outlet.
[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
Gradual Area Change
Local Resistance

Pipe Bend
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Sudden Area Change

T-junction
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Fixed Orifice

Purpose
Library

Description

] o
o0 E-n

Simulate hydraulic orifice with constant cross-sectional area
Hydraulic Elements

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 model accounts for the laminar and turbulent
flow regimes by monitoring the Reynolds number (Re) and comparing
its value with the critical Reynolds number (Re_.). The flow rate is
determined according to the following equations:

Cp-A fg | p|ssign(p) for Re >= Re,
- p

7= D
2CpL A= p for Re < Re,,
Vep
P=DpA-DPB
Re = ¢-Dy
Ay

where
q Flow rate
p Pressure differential

p,Ps  Gauge pressures at the block terminals
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Flow discharge coefficient

=]

Orifice passage area
» Orifice hydraulic diameter

Fluid density

< © O >» O

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 p = ps — pg-

Basic The model is based on the following assumptions:

Assumptions

and e Fluid inertia is not taken into account.

Limitations ¢ The transition between laminar and turbulent regimes is assumed to

be sharp and taking place exactly at Re=Re_,..

2-94



Fixed Orifice

Dialog
Box and
Parameters

[1Block Parameters: Fixed Drifice |

—Fixed Qrifice

The block models & square-edged congtant-area orifice, flow rate through which iz
proportional bo the preszure differential acrozs the orfice. The model accounts for the
laminar and turbulent fow regimes by monitoring the Reynolds number and comparing
itz walue with the critical Fepnolds Mumber,

Connectionz & and B are congerving hydraulic portz azzociated with the orifice inlet
and outlet, respectively. The block positive direction is from port & to port B. This
means that the flow rate iz pozitive if fuid floves from g to B, and the pressure
differential iz determined az p = p_a - p_B.

Parameters

Orifice area: ID.DDD1 e LI

Flow discharge coefficient: ID'?

Critical Feynolds number: |1 2

0K | Cancel Apply

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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic textbooks. The default value is 12, which corresponds to
a round orifice in thin material with sharp edges.
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Global Fluid density

Parameters The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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 Annular Orifice

Orifice with Variable Area Round Holes
Orifice with Variable Area Slot
Variable Orifice
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Fixed-Displacement Pump

Purpose

Library

Description

=

Simulate fixed-displacement hydraulic pump
Pumps and Motors

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:

q=D-w— kleak *p
T = D+p/Mpech
kleak = kHP /V'p

Do, (1 —Ny )'Vnom P

kyp =
pnom
bp=pp-Pr
where
q Pump delivery
p Pressure differential across the pump

P, P  Gauge pressures at the block terminals

T Torque at the pump driving shaft
D Pump displacement
o Pump angular velocity

x

Leak Leakage coefficient
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2-98

Kup Hagen-Poiseuille coefficient
Ny Pump volumetric efficiency

Mmeen ~ Pump mechanical efficiency

v Fluid kinematic viscosity

p Fluid density

Prom Pump nominal pressure

®,,.  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

128ul u
= ?qleak = queak

where

G,.a« Leakage flow
d, 1  Geometric parameters of the leakage path

] Fluid dynamic viscosity, g = vp

The leakage flow at p = p, , and v =v_ can be determined from the
catalog data

Qleak = Dwnom (1 Ny )

which provides the formula to determine the Hagen-Poiseuille
coefficient

Doy, (1 —My )'Vnom P

p nom

kpp =



Fixed-Displacement Pump

Basic
Assumptions
and
Limitations

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

Nmech = Ntotal /nV

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.
The model is based on the following assumptions:

¢ Fluid compressibility is neglected.

® No loading on the pump shaft, such as inertia, friction, spring, and
S0 on, is considered.

® Leakage inside the pump is assumed to be linearly proportional to
its pressure differential.
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Dialog
Box and
Parameters

2-100

E!Bh:u:k Parameters: Fixed-Displacement Pump

—Fixed-Dizplacement Pump

Thiz block represents a fived-dizplacement purp 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, and angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet,
rezpectively. Connection S is a mechanical rotational conserving port azsociated with the purnp
driving shaft. The black positive direction iz fram port T to port P This means that the flow rate
iz pozitive If it flows into the system.

—Parameters

Pump dizplacement: I -

Be-06 m"3frad |
Yalumetric efficiency: ID.E2
Tatal efficiency: ID.B
Maminal pressure; I'IDDDDDDD I Pa LI
Mominal angular velocity: I'IBB I P LI
Mominal kinematic viscozity; I.I g I e LI

(1] 4 | Cancel 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.



Fixed-Displacement Pump

Global

Parameters

Ports

Examples

Nominal pressure
Pressure differential across the pump, at which both the
volumetric and total efficiencies are specified. The default value
is 1e7 Pa.

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 c¢St.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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.

The Power Unit with Fixed-Displacement Pump demo
(sh_power_unit_fxd dspl pump) contains a fixed-displacement pump,
which is driven by a motor through a compliant transmission, a
pressure-relief 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

2-101



Fixed-Displacement Pump

(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 Variable-Displacement Pressure-Compensated Pump
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Fluid Inertia

Purpose

Library

Description

A —F-o

Assumptions
and
Limitations

Simulate pressure differential across tube or channel due to change
in fluid velocity

Hydraulic Elements

The Fluid Inertia block models pressure differential, due to change in
fluid velocity, across a fluid passage of constant cross-sectional area. The
pressure differential is determined according to the following equation:

_,Ldq
P=P i

where

Pressure differential
Fluid density
Passage length
Passage area

Flow rate

~ Q9 » ™~ © T

Time

Use this block in various pipe or channel models that require fluid
inertia to be accounted for.

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.

The model is based on the following assumptions:

¢ Fluid density remains constant.
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Dialog
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Parameters

Ports

2-104

E Block Parameters: Fluid Inertia x|

Fluid Inertia

The block models prezzure differential cauzed by change in fluid velocity acrozs a
fluid pazzage of conztant cross-zectional area.

Connectionz & and B are hpdraulic conserving portz. The block pogitive direction iz
from port A to port B,

Parameters
Pazzage area: ISB-DE I w LI
Pazzage length: I.I I " LI

ok | Cancel |

Passage area
Fluid passage cross-sectional area. The default value is 8e-5 m”2.

Passage length
Length of the fluid passage. The default value is 1 m.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the passage inlet.

Hydraulic conserving port associated with the passage outlet.



Gas-Charged Accumulator

Purpose Simulate hydraulic accumulator with gas as compressible medium

Libra ry 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 any kind of elastic diaphragm.

If the fluid pressure at the accumulator inlet becomes higher than
the precharge pressure, fluid enters the accumulator chamber and
compresses the gas, thus storing hydraulic energy. A drop 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 precharge value (p,.), 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 precharge 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
precharge value or higher, the chambers start interacting again. The
accumulator is described with the following equations:

dVg
dt
0 for pjn <= Ppr
1
VF = P
Vi 1—[ pr)h for p;y > Ppr
p
where
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Gas-Charged Accumulator

V. Fluid volume

v, Accumulator capacity

p Inlet gauge pressure

Ppr Precharge pressure

k Specific heat ratio

q Volumetric flow rate

Time

Basic The model is based on the following assumptions:
Assumptions
and ¢ The gas compression is determined on the basis of the
Limitations thermodynamics of ideal gases.

¢ 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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Parameters

E! Block Parameters: Gas-Charged Accumulator x|

— G az-Charged Accumulator

Thiz block represents a gas-charged accurulator az a data sheet-based model. The
accumulator conzistz of a precharged gaz chamber and a fluid chamber connected
to a hydraulic aystem. The chambers are zeparated by a bladder, piston, or any kind
of elastic diaphragm. Az pressure at the accumulator inlet becomes higher than the
precharge prezsure, fuid enters the accumulator and comprezzes the gas, thus
staring hydraulic energy. & decrease in the fuid pressure causes the gas to
decompress and discharge stored fluid inta the system.

The block haz one hydraulic conzerving port. The block positive direction iz from its
part into the accumulatar. This means that the flow rate iz positive if it flows into the

accumulatar.

—Parameters
Lapseis: [0.008 [m=3 =]
Freload prezzure [gage): I-I T I Pa LI
Specific heat ratio: I-I P
Initial wolurne: ID I e LI

Accumulator capacity
Accumulator capacity. The default value is 0.008 m”3.

Preload pressure
Precharge gauge pressure. The default value is 1e6 Pa.

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 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. For more
information, see “Computing Initial Conditions”. The default
value is 0.
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Gas-Charged Accumulator

Global Atmospheric pressure

Parameters 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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Gear Box

Purpose
Library

Description

.,;@m

Simulate gear boxes in mechanical systems

Mechanisms

The Gear Box block represents an ideal, nonplanetary, fixed gear ratio
gear box. The gear ratio is determined as the ratio of the input shaft
angular velocity to that of the output shaft.

The gear box is described with the following equations:

) = Newy
Ty =NTy
P =Ty
P2 =—09 °T2
where
o, Input shaft angular velocity
o, Output shaft angular velocity
N Gear ratio
T, Torque on the input shaft
T, Torque on the output shaft
P, Power on the input shaft
P Power on the output shaft. Notice the minus sign in

computing P,. One of the network rules is that the power
flowing through a conserving port is positive if it is removed
(dissipated) from the circuit, and is negative if the component
generates power into the system.
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Gear Box

Connections S and O are mechanical rotational conserving ports
associated with the box input and output shaft, respectively. The block
positive directions are from S to the reference point and from the
reference point to O.

.
Dialog x

Box und —Gear Box

Parameters The block reprezents an ideal. non-planetam,. fixed gear ratio gear box. The gear box
is characterized by its only parameter, Gear ratio, which can be pogitive or negative.
Connectionz 5 and O are mechanical rotational congerving ports aszociated with the
bax input ahd output shaft, respectively. The gear ratio iz determined az the ratio of
the input zhaft angular velocity ta that of the output shaft.

The block generates torque in positive direction if a positive torque iz applied to the
input shaft and the ratio iz azzigned a positive value.

—Parameters

Gear ratio: |5

Gear ratio
The ratio of the input shaft angular velocity to that of the output
shaft. You can specify both positive and negative values. The
default value is 5.

Ports The block has the following ports:

S
Mechanical rotational conserving port associated with input shaft.

Mechanical rotational conserving port associated with the output
shaft.
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Gradual Area Change

Purpose
Library

Description

u—,q—[__::]-a—u

Simulate gradual enlargement or contraction
Local Hydraulic Resistances

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 Local Resistance block. The block
offers two methods of parameterization: by applying semi-empirical
formulas 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 automatically according to the A.H. Gibson equations
(see [1] and [2]):

Kgp+2.6sin> for 0 < o <= 45°
Kgg = 2
,KSE for 450 <0 <= 1800

KSC-I.Gsing for 0 < o, <= 45°

Kac = "
Kgce ’SiHE for 45° < o <=180°

2
AS
SE cor( qLJ

A 0.75
KSC = Kcor'0'5( _A_S)
L
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2-112

where

Kge Pressure loss coefficient for the gradual enlargement, which
takes place if fluid flows from inlet to outlet

Kse Pressure loss coefficient for the gradual contraction, which
takes place if fluid flows from outlet to inlet

Kge Pressure loss coefficient for a sudden enlargement

Kse Pressure loss coefficient for a sudden contraction

cor Correction factor

Ag Small area

A Large area

a Enclosed angle

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.

The pressure loss coefficient, determined by either of the two methods,
is then passed to the Local Resistance block, which computes the
pressure loss according to the formulas explained in the reference
documentation for that block.

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=py — pg.



Gradual Area Change

Basic
Assumptions
and
Limitations

Dialog
Box and
Parameters

The model is based on the following assumption:

e Fluid inertia is not taken into account.

¢ If you select parameterization by semi-empirical formulas, the flow
is assumed to be completely turbulent and fully developed along the

pipe length.

[Z]Block Parameters: Gradual Area Change

—Gradual Area Change

x|

The block represents a local hwdraulic resistance, such as a gradual cross-zectional
area change. The resigtance iz characterized az a diffuzer if fluid flows from inlet to
outlet, or az a gradual contraction if fuid flows from outlet to inlet. The block offers
twio methads of the loss coefficient specification: by applying semi-empinical formulas
or by table-lookup for the pressure losz coefficient bazed on the Repnaolds number.
The block iz bidirectional and computes pressure lozs far both the direct flow [gradual
enlargement] and return flow [gradual contraction]. If the second parameterization
option is selected [By loss coefficient ws. Re table), the table must cover bath the
positive and the negative regions.

The block positive direction iz fram part & to port B. Thiz means that the flow rate iz
positive if it floves from A to B, and the pressure differential iz determined as p=p_A -
p B

—Parameters
Small diameter: ID.D'I I M :I
Large diameter: ID.D2 I M :I

Cone angle: |30 I deg x|

Model parameterization:

I By zemi-empirical formulas :I

Comection coefficient: |1

ak. I Cahicel
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[Z]Block Parameters: Gradual Area Change x|

—Gradual Area Change

The block represents a local hwdraulic resistance, such as a gradual cross-zectional
area change. The resigtance iz characterized az a diffuzer if fluid flows from inlet to
outlet, or as a gradual contraction if fluid flows from outlet to inlet, The block offers
bwo methods of the lozs coefficient specification: by applying semi-empinical formulas
o b table-lookup for the pregzure logz coefficient bazed on the Reynolds number.
The block iz bidirectional and computes preszure lozs for both the direct flow [gradual
enlargement] and return flow [gradual contraction]. If the second parameternization
option iz zelected By logz coefficient v, Re table], the table must cover both the
pozitive and the negative regions.

The block positive direction iz from port & to port B, This means that the flow rate iz
pogitive if it flows from & to B, and the pressure differential iz determined as p = p_& -

p B

—Parameters
Small diameter: ID.D1 I ™ LI
todel parameterization: I By lozs coefficient vs. Fe table |
Cormection coefficient: I-I

Rieynolds number vestor 47 50 100 200 5001000 Ze+03 4e+03 Ge+03 1e+04]

Lass coefficient wectar: |.2B 094076052048042036024040420.35]
Interpolation method: I Cubic j
E strapolation method: I From last paint ﬂ

ak. I Cahicel

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.
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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.

® 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.

Reynolds number vector

Loss

Specify the vector of input values for Reynolds numbers as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be nonuniformly spaced.
You must provide at least three values. 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.

coefficient vector

Specify the vector of output values for the loss coefficient as a
tabulated 1-by-m array. The loss coefficient vector must be 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,
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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:

e 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.
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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.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the resistance inlet.

Hydraulic conserving port associated with the resistance outlet.
[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

Elbow

Local Resistance
Pipe Bend

Sudden Area Change

T-junction
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Set working fluid properties by selecting from list of predefined fluids
Hydraulic Utilities

The Hydraulic Fluid block lets you specify the type of hydraulic fluid
used in a loop of hydraulic blocks. It provides the hydraulic fluid
properties, such as kinematic viscosity, density, and bulk modulus, for
all the hydraulic blocks in the loop. These fluid properties are assumed
to be constant during simulation time. The density is determined by
the type of fluid, while kinematic viscosity additionally requires that
the temperature is specified. The bulk modulus is determined by the
type of fluid and by the relative amount of entrained, nondissolved
gas in the fluid.

The block offers a selection of predefined fluids. Once you select a fluid
name, you can also specify the temperature of the fluid and the relative
amount of entrained, nondissolved gas. Based on these parameters,
SimHydraulics computes the three global fluid properties: kinematic
viscosity, density, and bulk modulus.

The Hydraulic Fluid block has one port. You can connect it to a
hydraulic diagram by branching a connection line off the main line and
connecting it to the port. When you connect the Hydraulic Fluid block to
a hydraulic line, SimHydraulics automatically identifies the hydraulic
blocks connected to the particular loop and propagates the hydraulic
fluid properties to all the hydraulic blocks in the loop.

Each topologically distinct hydraulic loop in a diagram requires exactly
one Hydraulic Fluid block or Custom Hydraulic Fluid block to be
connected to it. Therefore, there must be as many Hydraulic Fluid
blocks (or Custom Hydraulic Fluid blocks) as there are loops in the
system.
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E Block Parameters: Hydraulic Fluid x|
Hpdraulic Fluid
’7 Set working fluid properties
—Parameters
Hyhaulic fluid: | Skydrol LD-4 =l

Relative amaunt of trapped air: ID.DDE

Suztem temperature [C]: I?'E
Fluid Properties
Density: IEI.ED'I B37e+002 kasm”3
Wizcosity: |5.ED'I E34e-006 c5t
Eulk modulus: |1.1 39178e+003 Fa
ok | Cancel | Apply |

Hydraulic fluid

Hydraulic fluid type. Select one of the predefined fluids:

Skydrol LD-4
Skydrol 500B-4
Skydrol-5
Hydet-4A

Fluid MIL-F-83282
Fluid MIL-F-5606
Fluid MIL-F-87257
0il-10W

0il-30W

0il-50W
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0il SAE-30

0il SAE-50

Transmission fluid ATF (Dexron III)
ISO VG 32 (ESSO UNIVIS N 32)
Gasoline

Diesel fuel

Jet fuel

Water-Glycol 60/40

Relative amount of trapped air
Amount of entrained, nondissolved gas in the fluid. The amount
is specified as the ratio of gas volume at normal conditions to the
fluid volume in the chamber. The default value is 0.005.

System temperature
Fluid temperature (C). The default value is 75.

The block has one hydraulic conserving port.

Custom Hydraulic Fluid
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|

Purpose Simulate fixed-displacement hydraulic motor
Librclry Pumps and Motors
Description The Hydraulic Motor block represents a positive, fixed-displacement
. hydraulic motor of any type as a data-sheet-based model. The key
. parameters required to parameterize the block are motor displacement,
" volumetric and total efficiencies, nominal pressure, and angular

velocity. All these parameters are generally provided in the data sheets
or catalogs. The motor is represented with the following equations:

q=D-w+ kleak °p
T = D+pNyech
kleak = kHP /V'p

Do, (1 —Ny )'Vnom P

kpp =
pnom
P=PpPA—DPB
where
q Flow rate through the motor
p Pressure differential across the motor

P, Ps  Gauge pressures at the block terminals

T Torque at the motor output shaft

D Motor displacement
Output shaft angular velocity

K,eax  Leakage coefficient
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Kup Hagen-Poiseuille coefficient
Ny Motor volumetric efficiency

Mmeen ~ Motor mechanical efficiency

v Fluid kinematic viscosity

p Fluid density

Prom Motor nominal pressure

®,,.  Motor 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 motor and
can be computed by using the Hagen-Poiseuille formula

128ul u
= queak = queak

where

G,.a« Leakage flow
d, 1  Geometric parameters of the leakage path

] Fluid dynamic viscosity, g = vp

The leakage flow at p = p, , and v =v_ can be determined from the
catalog data

Qleak = Dwnom (1 Ny )

which provides the formula to determine the Hagen-Poiseuille
coefficient

Doy, (1 —My )'Vnom P

p nom

kpp =
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|

The motor mechanical efficiency is not usually available in data sheets,
therefore it is determined from the total and volumetric efficiency by
assuming that the hydraulic efficiency is negligibly small

Nmech = Ntotal /nV

The block hydraulic 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 rotates the
output shaft in the globally assigned positive direction. The pressure

differential across the motor is determined as p = p4 — pg, and positive
pressure differential accelerates the shaft in the positive direction.

Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid compressibility is neglected.

Limitations ¢ No loading on the motor shaft, such as inertia, friction, spring, and

S0 on, is considered.

® Leakage inside the motor is assumed to be linearly proportional to
its pressure differential.
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[Z]Block Parameters: Hydraulic Motor

—Hydraulic kator

Thiz block represents a positive, fired-dizplacement hydrauic motor of any type as a
data sheet-bazed model. The key parameters required to parameterize the block, are
the: matar displacement, volumetric and total efficiencies, nominal pressure, and
angular welocity,

Connectionz & and B are hpdraulic conzerving ports associated with the mobor inlet
and outlet, respectively. Connection 5 is a mechanical rotational conserving port
azzociated with the motor zhaft, The block pogitive direction iz from port & to port B,
Thiz means that the flow rate floving through the motor from & to B rotates the ghalt
in positive direction, and positive pressure differential p = p_& - p_B creates pogitive
torque at the motor shaft,

—Parameters
Mataor dizplacement: IEB-DE m'3nad v
Wolumetric efficiency: ID_92
Total efficiency: ID'E
Maminal pressure: |1 o7 I Pa LI
MHaminal angular velocity: I1 a8 I 1adis LI
\r:liggn;r;;ﬂ:kmemahc I1 3 I e LI

Motor displacement
Motor displacement. The default value is 5e-6 m”3/rad.

Volumetric efficiency
Motor volumetric efficiency specified at nominal pressure, angular
velocity, and fluid viscosity. The default value is 0.92.

Total efficiency
Motor total efficiency, which is determined as a ratio between the
mechanical power at the output shaft and hydraulic power at
the motor inlet at nominal pressure, angular velocity, and fluid

viscosity. The default value is 0. 8.




Hydraulic Motor

Global

Parameters

Ports

See Also

Nominal pressure
Pressure differential across the motor, at which both the
volumetric and total efficiencies are specified. The default value
is 1e7 Pa.

Nominal angular velocity
Angular velocity of the output 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 c¢St.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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

Mechanical rotational conserving port associated with the motor
output shaft.

Variable-Displacement Motor
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Simulate hydraulic pipeline with resistive and fluid compressibility
properties

Pipelines

The Hydraulic Pipeline block models hydraulic pipelines with circular
and non-circular cross sections. The block accounts for friction loss
along the pipe length and for fluid compressibility. The block does not
account for fluid inertia and cannot be used for predicting effects like
water hammer or changes in pressure caused by fluid acceleration.

The model is built of SimHydraulics building blocks and its schematic
diagram is shown below.

A B

Resistive Tube Resistive Tube1

Sonstant Volume
Shamber

The Resistive Tube blocks account for friction losses, while the Constant
Volume Chamber block accounts for fluid compressibility. By using

the block parameters, you can set the model to simulate pipeline with
rigid or compliant walls, including simulation of hydraulic hoses with
elastic and viscoelastic properties.

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 loss is

determined as p=py - pp.



Hydraulic Pipeline

Basic
Assumptions
and
Limitations

Dialog
Box and
Parameters

The model is based on the following assumptions:

® Flow is assumed to be fully developed along the pipe length.

e Fluid inertia is not taken into account.

[Z1Block Parameters: Hydraulic Pipeline x|

—Hudraulic: Pipeline

Thiz block models hydraulic pipelines with circular and non-circular cross zections.
The block accounts for Fiction loss along the pipe length and for fuid compreszibilit,
and by extent of idealization it takes an intermediate place between the Resigtive
Tube and the Segmented Pipeline blocks. The block does not account for fluid
inertia. The model iz built of Besigtive Tube and Constant Wolume Chamber building
blocks.

Connections & and B are hydraulic conzerving ports. The block positive direction is
fram part & to part B. Thiz means that the fow rate iz positive if fuid flows from & ta B,
and the pressure loss is determined as p=p_& - p_B.

—Parameters
Pipe cross zection type: I Circular j
Pipe internal diameter: ID m I m j
Geometrical shape factaor: IB 4
Fipe length: |5 I " LI
Aggregate equivalent length of local I.I I " LI
Iesistances;
Internal surface roughness height: I-I Eeln I " LI
Laminar flow upper margin; |2e+03
Turbulent flow lower margin;: |4e+03
Fipe wall type: I Rigid LI
Specific heat ratio: |1 4

ak. I Cahicel

Apply |
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[Z1Block Parameters: Hydraulic Pipeline x|

—Hudraulic: Pipeline

Thiz block models hydraulic pipelines with circular and non-circular cross zections.
The block accounts for Fiction loss along the pipe length and for fuid compreszibilit,
and by extent of idealization it takes an intermediate place between the Resigtive
Tube and the Segmented Pipeline blocks. The block does not account for fluid
inertia. The model iz built of Besigtive Tube and Constant Wolume Chamber building
blocks.

Connectionz & and B are hpdraulic conzerving porte. The block positive direction is
from port & to port B, Thiz means that the flov rate iz pogitive if fuid fows from s to B,
and the prezzure lozz iz determined az p=p_A - p_B.

—Parameters
Fipe cross section ype: I Circular LI
Fipe internal diameter: ID.D1 I " LI
Geometrical zhape factor; IE 4
Fipe length: |5 I "

Aggregate equivalent length of local I.I
Iesistances;

Ll Lef Lo

Internal surface roughness height: I-I Eeln I "
Laminar flow upper margin; |2e+03
Turbulent flow lower margin;: |4e+03
Fipe wall type: I Flesible LI
Static pressure-diameter coefficient; |2e-1 2 wlPa
Yizooelaztic process ime congtant: ID.D1 I N LI
Specific heat ratio: I-I P

QK I Cancel Apply |
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E! Block Parameters: Hydraulic Pipeline x|

—Hydraulic Pipeline

Thiz block model: hydraulic pipelines with circular and non-circular cross sections.
The block accounts far friction loss along the pipe length and for fluid compressibility,
and by extent of idealization it takes an intermediate place between the Resistive
Tube and the Segmented Pipeline blocks. The block does not account far fuid
inertia. The model is built of Resistive Tube and Constant Yalume Chamber building
block:s.
Connections & and B are hydraulic conzerving ports. The block positive direction is
fram part & to part B. Thiz means that the fow rate iz positive if fuid flows from & ta B,
and the pressure loss is determined as p=p_& - p_B.

—Parameters
Pipe cross zection type: I Marcircular j
Nnn-.mrc:ular pipe crozs-sectional I1 T I e ﬂ
area:
Man-circular pipe hydraulic diameter: ID.EH 12 I - ﬂ
Geometrical shape factaor: IB 4
Pipe length: |5 I m j
.&ggregate gquwalent length of local I.I I p LI
resistances:
Internal surface roughness height: I'I.EE-DE I ™ LI
Laminar flow upper margin; |2e+03
Turbulent flow lower margin;: |4e+03
Specific heat ratio: I-I P

Apply

ak. I Cancel

Pipe cross section type
The parameter can have one of two values: Circular or
Noncircular. For a circular pipe, you need to specify its internal
diameter. For a noncircular pipe, you need to specify its hydraulic
diameter and pipe cross-sectional area. The default value of the
parameter is Circular.
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Pipe internal diameter

Pipe internal diameter. The parameter is used if Pipe cross
section type is set to Circular. The default value is 0.01 m.

Non-circular pipe cross-sectional area

Pipe cross-sectional area. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 1e-4
m”2.

Non-circular pipe hydraulic diameter

Hydraulic diameter of the pipe cross section. The parameter is
used if Pipe cross section type is set to Noncircular. The
default value is 0.0112 m.

Geometrical shape factor

The parameter is used for computing friction factor at laminar
flow and depends of the shape of the pipe cross section. For a
pipe with noncircular cross section, you must set the factor to an
appropriate value, for example, 56 for a square, 96 for concentric
annulus, 62 for rectangle (2:1), and so on (see [1]). The default
value is 64, which corresponds to a pipe with a circular cross
section.

Pipe length

Pipe geometrical length. The default value is 5 m.

Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local
resistances associated with the pipe. You can account for the
pressure loss caused by local resistances, such as bends, fittings,
armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local
resistances. The default value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is
typically provided in data sheets or manufacturer’s catalogs. The
default value is 1.5e-5 m, which corresponds to drawn tubing.
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Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime
is assumed to start converting into turbulent. Mathematically,
this is the maximum Reynolds number at fully developed laminar
flow. The default value is 2000.

Turbulent flow lower margin

Pipe

Specifies the Reynolds number at which the turbulent flow regime
is assumed to be fully developed. Mathematically, this is the
minimum Reynolds number at turbulent flow. The default value
is 4000.

wall type

The parameter is available only for circular pipes and can have
one of two values: Rigid or Flexible. If the parameter is set
to Rigid, wall compliance is not taken into account, which

can improve computational efficiency. The value Flexible is
recommended for hoses and metal pipes where wall compliance
can affect the system behavior. The default value is Rigid.

Static pressure-diameter coefficient

Coefficient that establishes relationship between the pressure and
the internal diameter at steady-state conditions. This coefficient
can be determined analytically for cylindrical metal pipes or
experimentally for hoses. The parameter is used if the Pipe wall
type parameter is set to Flexible. The default value is 2e-10
m/Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal
diameter to pressure variations. By using this parameter, the
simulated elastic or viscoelastic process is approximated with
the first-order lag. The value is determined experimentally or
provided by the manufacturer. The parameter is used if the Pipe
wall type parameter is set to Flexible. The default value is
0.008 s.
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Specific heat ratio
Gas-specific heat ratio for the Constant Volume Chamber block.
The default value is 1.4.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the pipe inlet.

Hydraulic conserving port associated with the pipe outlet.
[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

Resistive Tube



Hydraulic Reference

Purpose
Library

Description

Ll

Dialog
Box and
Parameters

Ports

See Also

Simulate connection to atmospheric pressure
Hydraulic Elements

The Hydraulic Reference block represents a connection to atmospheric
pressure. Hydraulic conserving ports of all the blocks that are
referenced to atmosphere (for example, suction ports of hydraulic
pumps, or return ports of valves, cylinders, pipelines, if they are
considered directly connected to atmosphere) must be connected to a
Hydraulic Reference block.

E Block Parameters: Hydraulic Reference x|

Hupdraulic Reference

Thiz block represents a connection to atmozphere. It has one hydraulic conzerving
port. Connect ta it hydraulic parts of other blocks that are considered directly
connected to atmosphere.

Cancel Help Apply

The Hydraulic Reference block has no parameters.
The block has one hydraulic conserving port.

Mechanical Rotational Reference

Mechanical Translational Reference
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Simulate ideal angular velocity source in mechanical rotational systems
Mechanical Sensors and Sources

The Ideal Angular Velocity Source block represents an ideal source of
angular velocity that generates velocity differential at its terminals
proportional to the input physical signal. The source is ideal in a sense
that it is assumed to be powerful enough to maintain specified velocity
regardless of the torque exerted on the system.

Connections R and C are mechanical rotational conserving ports. Port S
is a physical signal port, through which the control signal that drives
the source is applied. The relative velocity (velocity differential) across
the source is directly proportional to the signal at the control port S. The
entire variety of Simulink signal sources can be used to generate the
desired velocity variation profile.

The block positive direction is from port R to port C. This means that
the velocity is measured as ® = oy — 0, where wg, o, are the absolute
angular velocities at ports R and C, respectively, and torque through the
source is positive if it is directed from R to C. The power generated by
the source is negative if the source delivers energy to port R.

E Block Parameters: Ideal Angular Yelocity Sour x|

—ldeal Angular Yelocity Source

The block represents an ideal source of angular velocity that generates velocity
differential at itz terminals proportional to the physical input signal. The source iz ideal
in a zenze that it is assumed to be powerful enough to maintain specified velocity
reqardless of the torque exerted on the system.

Block connections A and C are mechanizal rotational conserving ports. Part 5 iz a
physical signal port, thraugh which contral signal that drives the source iz applied.
The relative velocity is determined az ' =*W_R - _C, where W R and'w_C are
the absaolute angular velocities of terminals B and C. respectively.

Cancel Help Apply

The block has no parameters.
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Ports The block has the following ports:
R
Mechanical rotational conserving port.
C
Mechanical rotational conserving port associated with the source
reference point (case).
S
Physical signal input port, through which the control signal that
drives the source is applied.
See Also Ideal Translational Velocity Source

Ideal Torque Source

Ideal Force Source
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Simulate force sensor in mechanical translational systems
Mechanical Sensors and Sources

The Ideal Force Sensor block represents a device that converts a
variable passing through the sensor into a control signal proportional
to the force. The sensor is ideal since it does not account for inertia,
friction, delays, energy consumption, and so on.

Connections R and C are mechanical translational conserving ports that
connect the block to the line where force is being monitored. Connection
F is a physical signal port that outputs the measurement result.

The block positive direction is from port R to port C. This means that
positive force applied to port R (the sensor positive probe) generates a
positive output signal.

E! Block Parameters: Ideal Force Sensor x|

—ldeal Force Senzor

The block represents an ideal force sensor, that is, a device that converts a variable
pazzing through the zensor into a control gsignal proportional to the force with a
zpecified coefficient of proportionality. The sengor iz ideal zsince it doesz not account
for inertia, friction, delags, energy consumption, and so on.

Connections B and C are mechanical translational conzerving parts that connect the
zensal ta the line whosze force is being monitored. Connection F iz a physical signal
port that autputs the measurement result. The sensor pozitive direction is from port B
to port .

Cancel Help Apply

The block has no parameters.

The block has the following ports:

R
Mechanical translational conserving port associated with the
sensor positive probe.
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C
Mechanical translational conserving port associated with the
sensor negative (reference) probe.
F
Physical signal output port for force.
See Also Ideal Torque Sensor

Ideal Rotational Motion Sensor

Ideal Translational Motion Sensor
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Simulate ideal source of mechanical energy that generates force
proportional to the input signal

Mechanical Sensors and Sources

The Ideal Force Source block represents an ideal source of mechanical
energy that generates force proportional to the input physical signal.
The source is ideal in a sense that it is assumed to be powerful enough
to maintain specified force at its output regardless of the velocity at
source terminals.

Connections R and C are mechanical translational conserving ports.
Port S is a physical signal port, through which the control signal that
drives the source is applied. You can use the entire variety of Simulink
signal sources to generate the desired force variation profile. Positive
signal at port S generates force acting from C to R. The force generated
by the source is directly proportional to the signal at the control port S.

The block positive direction is from port C to port R. This means that
the force is positive if it acts in the direction from C to R. The relative
velocity is determined as v = v, — v, where v, v, are the absolute
velocities at ports R and C, respectively, and it is negative if velocity at
port R is greater than that at port C. The power generated by the source
is negative if the source delivers energy to port R.

E Block Parameters: Ideal Force Source x|

—ldeal Force Source

The block represents an ideal source of force that generates force proportional to the
input phyzical signal. The zource is ideal in a zense that it iz aszumed to be poverful
enough ta maintain zpecified force regardless of the velocity at source terminals.

Block connectionz B and C are mechanical tranzlational conzerving ports, Port 5 iz
the physical gignal part, through which control gignal that dives the source iz applied.
Pogitive zignal at port 5 generates force acting from Cto B,

Cancel Help Apply

The block has no parameters.
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Ports The block has the following ports:
R
Mechanical translational conserving port.
C
Mechanical translational conserving port associated with the
source reference point (case).
S
Physical signal input port, through which the control signal that
drives the source is applied.
See Also Ideal Translational Velocity Source

Ideal Angular Velocity Source

Ideal Torque Source
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Simulate ideal flow meter
Hydraulic Sensors and Sources

The Ideal Hydraulic Flow Rate Sensor block represents an ideal flow
meter, that is, a device that converts volumetric flow rate through a
hydraulic line into a control signal proportional to this flow rate. The
sensor is ideal because it does not account for inertia, friction, delays,
pressure loss, and so on.

Connections A and B are conserving hydraulic ports connecting the
sensor to the hydraulic line. Connection Q is a physical signal port that
outputs the flow rate value. The sensor positive direction is from A to B.
This means that the flow rate is positive if it flows from A to B.

[Z1Block Parameters: Ideal Hydraulic Flow Rake |

—|deal Hydraulic Flow Fate Senzor

The block repregents an ideal flow meter, that iz, a device that converts wolumetric
flow rate through a hedraulic line into & contral zignal proportional to thiz o rate,

Connectionz & and B are congerving hydraulic ports connecting the zenzor bo the
hpdraulic line. Connection O is a physical signal port that outputs the flow rate value.

The zenzar positive direction is fram part A o part B

Cancel Help Apply

The block has no parameters.

The block has the following ports:

A
Hydraulic conserving port associated with the sensor positive
probe.

Hydraulic conserving port associated with the sensor negative
(reference) probe.
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Physical signal port that outputs the flow rate value.

See Also Ideal Hydraulic Pressure Sensor
Ideal Hydraulic Flow Rate Source
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Simulate ideal source of hydraulic energy, characterized by flow rate
Hydraulic Sensors and Sources

The Ideal Hydraulic Flow Rate Source block represents an ideal source
of hydraulic energy that is powerful enough to maintain specified flow
rate at its outlet regardless of the pressure differential across the
source. Block connections T and P correspond to the hydraulic inlet
and outlet ports, respectively, and connection S represents a control
signal port. The flow rate through the source is directly proportional to
the signal at the control port S. The entire variety of Simulink signal
sources can be used to generate desired flow rate variation profile.

The block positive direction is from port T to port P. This means that
the flow rate is positive if it flows from T to P. The pressure differential

is determined as p = py — pp and is negative if pressure at the source
outlet is greater than pressure at its inlet. The power generated by the
source is negative if the source delivers energy to port P.

E Block Parameters: Ideal Hydraulic Flow Rate S x|

—|deal Hydraulic Flow B ate Source

The block reprezentz an ideal zource of hydraulic energy that iz powerful enough to
maintain specified flov rate at ite outlet regardless of the pressure differential acrogss
the zource. Block connections T and P comespond to the hydraulic inlet and outlet
ports, respectively, and connection 5 represents a phpsical signal port. The flow rate
through the source iz directly proportional to the control signal,

The block positive direction iz from port T bo port P,

Cancel Help Apply

The block has no parameters.

The block has the following ports:

T
Hydraulic conserving port associated with the source inlet.



Ideal Hydraulic Flow Rate Source

P
Hydraulic conserving port associated with the source outlet.
S
Control signal port.
See Also Ideal Hydraulic Pressure Source
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Purpose Simulate ideal pressure sensing device
Librclry Hydraulic Sensors and Sources
Description The Ideal Hydraulic Pressure Sensor block represents an ideal
hydraulic pressure sensor, that is, a device that converts hydraulic
. @E“ pressure differential measured between two points into a control signal
Pl proportional to this pressure. The sensor is ideal because it does not

account for inertia, friction, delays, pressure loss, and so on.

Connections A and B are conserving hydraulic ports connecting the
sensor to the hydraulic line. Connection P is a physical signal port that
outputs the pressure value. The sensor positive direction is from A to B.
This means that the flow rate is positive if it flows from A to B.

L
Dia |og Z)Block Parameters: Ideal Hydraulic Pressure s x|

BOX a nd |deal Hydraulic Prezsure Sensor

Pu ra meters The block represents an ideal hydraulic pressure senzar, that is, a device that
converts hydraulic pressure differential measured between bwo paints inta a fhysical
contral zsignal proportional ta the pressure. Connections A and B are conseryi
hydraulic ports and connection P is a physical signal port. The senzar iz aniented from
A to B and measured pressure iz P =p_4A - p_B.

Cancel Help | Apply |

The block has no parameters.

Ports The block has the following ports:
A

Hydraulic conserving port associated with the sensor positive
probe.

Hydraulic conserving port associated with the sensor negative
(reference) probe.
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Physical signal port that outputs the pressure value.

See Also Ideal Hydraulic Flow Rate Sensor

Ideal Hydraulic Pressure Source
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Ideal Hydraulic Pressure Source

Purpose
Library

Description

Dialog
Box and
Parameters

Ports
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Simulate ideal source of hydraulic energy, characterized by pressure
Hydraulic Sensors and Sources

The Ideal Hydraulic Pressure Source block represents an ideal source of
hydraulic energy that is powerful enough to maintain specified pressure
at its outlet regardless of the flow rate consumed by the system. Block
connections T and P correspond to the hydraulic inlet and outlet ports,
respectively, and connection S represents a control signal port. The
pressure differential across the source

pb=pp—pPrT

where p,, p, are the gauge pressures at the source ports, is directly
proportional to the signal at the control port S. The entire variety of
Simulink signal sources can be used to generate desired pressure
variation profile.

The block positive direction is from port P to port T. This means that the
flow rate is positive if it flows from P to T. The power generated by the
source is negative if the source delivers energy to port P.

E Block Parameters: Ideal Hydraulic Pressure Sa x|

—|deal Hydraulic Pressure Source

The block reprezentz an ideal zource of hydraulic energy that iz powerful enough to
maintain specified prezzure at ite outlet regardless of the flow rate congumed by the
ayztem, Block connections T and P comespond to the hodraulic inlet and outlet ports,
respectively, and connection 5 represents a physical signal port. The pressure
differential acrogzz the zource iz directly proportional to the control zignal.

The block positive direction iz from port P bo port T,

Cancel Help Apply

The block has no parameters.

The block has the following ports:
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P
Hydraulic conserving port associated with the source inlet.
T
Hydraulic conserving port associated with the source outlet.
S
Control signal port.
See Also Ideal Hydraulic Flow Rate Source
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Purpose
Library

Description
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Simulate motion sensor in mechanical rotational systems
Mechanical Sensors and Sources

The Ideal Rotational Motion Sensor block represents an ideal
mechanical rotational motion sensor, that is, a device that converts an
across variable measured between two mechanical rotational nodes
into a control signal proportional to angular velocity or angle. You can
specify the initial angular position (offset) as a block parameter.

The sensor is ideal since it does not account for inertia, friction, delays,
energy consumption, and so on.

Connections R and C are mechanical rotational conserving ports that
connect the block to the nodes whose motion is being monitored.
Connections W and A are physical signal output ports for velocity and
angular displacement, respectively.

The block positive direction is from port R to port C. This means that
the velocity is measured as ® = o, — 0, where wg, o, are the absolute
angular velocities at ports R and C, respectively.

E Block Parameters: Ideal Rotational Motion Sei x|

—ldeal Fiotational Mation S enzor

The block represents an ideal mechanical rotational maotion sensar, that is, a device
that comverts an across variable meazured between two mechanical rotational nodes
into & cantral zignal proportional to angular velocity or angle. The sensor iz ideal
zince it does not accaunt for inertia, friction, delays, energy consumption, and 2o on.

Connections A and C are mechanical ratational conserving ports and connections "W
and A& are phyzical signal output parts for velocity and angular displacement,
rezpectively.

—Parameters

Imitial angle: ID | 1ad LI




Ideal Rotational Motion Sensor

Ports

See Also

Initial angle
Sensor initial angle, or offset (rad). The default value is 0.

The block has the following ports:

R
Mechanical rotational conserving port associated with the sensor
positive probe.

C
Mechanical rotational conserving port associated with the sensor
negative (reference) probe.

W
Physical signal output port for angular velocity.

A

Physical signal output port for angular displacement.

Ideal Translational Motion Sensor
Ideal Force Sensor

Ideal Torque Sensor
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Purpose
Library

Description
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Simulate torque sensor in mechanical rotational systems
Mechanical Sensors and Sources

The Ideal Torque Sensor block represents a device that converts a
variable passing through the sensor into a control signal proportional
to the torque. The sensor is ideal since it does not account for inertia,
friction, delays, energy consumption, and so on.

Connections R and C are mechanical rotational conserving ports
that connect the block to the line where torque is being monitored.
Connection T is a physical signal port that outputs the measurement
result.

The block positive direction is from port R to port C.

E Block Parameters: Ideal Torque Sensor x|

—|deal Tarque Senzar

The block repregents an ideal torque sensar, that is, a device that converts a
wanable pazsing through the zenzor into a control signal proportional to the torgque
with a gpecified coefficient of proportionality. The senzor iz ideal zsince it does not
account for inertia, friction, delays, energy consumption, and o on.

Connections A and C are mechanical ratational conzerving parts that connect the
zensar to the ling whose torque iz being monitored. Connection T iz a physical zignal
port that outputs the measurement result. The senzor positive direction iz from port B
to part €.

Cancel Help Apply

The block has no parameters.

The block has the following ports:

R
Mechanical rotational conserving port associated with the sensor
positive probe.
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C
Mechanical rotational conserving port associated with the sensor
negative (reference) probe.
T
Physical signal output port for torque.
See Also Ideal Rotational Motion Sensor

Ideal Translational Motion Sensor

Ideal Force Sensor
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Purpose
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Simulate ideal source of mechanical energy that generates torque
proportional to the input signal

Mechanical Sensors and Sources

The Ideal Torque Source block represents an ideal source of mechanical
energy that generates torque proportional to the input physical signal.
The source is ideal in a sense that it is assumed to be powerful enough
to maintain specified torque regardless of the angular velocity at source
terminals.

Connections R and C are mechanical rotational conserving ports. Port S
is a physical signal port, through which the control signal that drives
the source is applied. You can use the entire variety of Simulink signal
sources to generate the desired torque variation profile. Positive signal
at port S generates torque acting from C to R. The torque generated by
the source is directly proportional to the signal at the control port S.

The block positive direction is from port C to port R. This means that
the torque is positive if it acts in the direction from C to R. The relative
velocity is determined as o = wp — ®g, where g, 0, are the absolute
angular velocities at ports R and C, respectively, and it is negative if
velocity at port R is greater than that at port C. The power generated by
the source is negative if the source delivers energy to port R.

[Z)Block Parameters: Ideal Torque Source |

—|deal Tarque Source

The block reprezentz an ideal zource of torque that generates torque at itz terminals
proportional bo the input phwzical zignal. The zource iz ideal in a zenze that it iz
azsumed to be powerful enough to maintain specified torque regardless of the
angular welocity at source terminals.

Block connections A and C are mechanizal rotational conserving ports. Part 5 iz a
physical signal port, thraugh which contral signal that drives the source iz applied.
Pogitive zignal at port 5 generates torque acting from Cto K.

Cancel Help Apply




Ideal Torque Source

Ports

See Also

The block has no parameters.

The block has the following ports:

R
Mechanical rotational conserving port.

C
Mechanical rotational conserving port associated with the source
reference point (case).

S

Physical signal input port, through which the control signal that
drives the source is applied.

Ideal Angular Velocity Source
Ideal Translational Velocity Source

Ideal Force Source
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Purpose
Library

Description
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Simulate motion sensor in mechanical translational systems
Mechanical Sensors and Sources

The Ideal Translational Motion Sensor block represents a device
that converts an across variable measured between two mechanical
translational nodes into a control signal proportional to velocity

or position. You can specify the initial position (offset) as a block
parameter.

The sensor is ideal since it does not account for inertia, friction, delays,
energy consumption, and so on.

Connections R and C are mechanical translational conserving ports
that connect the block to the nodes whose motion is being monitored.
Connections V and P are physical signal output ports for velocity and
position, respectively.

The block positive direction is from port R to port C. This means that
the velocity is measured as v = v, — v, where v,,v are the absolute
velocities at ports R and C, respectively.

E Block Parameters: Ideal Translational Mokion x|

—ldeal Translational Motion Senzor

The block represents an ideal mechanical tranzlational motion sensor, that is, a
device that converts an acrozs vanable meazured between twa machanical
translational nodes into a contral signal propartional to velocity and position. The
zensar iz ideal since it does not account for inertia, friction, delays, energy
consumption, and so on.

Connections A and C are mechanical translational conzerving ports and cornections
W and P are phyzical signal output ports for welocity and position, rezpectively. The
black positive direction is from port B to part C.

—Parameters

Imitial position; ID




Ideal Translational Motion Sensor

Initial position
Sensor initial position, or offset (m). The default value is 0.

Ports The block has the following ports:

R
Mechanical translational conserving port associated with the
sensor positive probe.

C
Mechanical translational conserving port associated with the
sensor negative (reference) probe.

\Y
Physical signal output port for velocity.

P
Physical signal output port for position.

See Also Ideal Rotational Motion Sensor

Ideal Force Sensor

Ideal Torque Sensor
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Purpose
Library

Description
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Simulate ideal velocity source in mechanical translational systems
Mechanical Sensors and Sources

The Ideal Translational Velocity Source block represents an ideal
source of velocity that generates velocity differential at its terminals
proportional to the input physical signal. The source is ideal in a sense
that it is assumed to be powerful enough to maintain specified velocity
regardless of the force exerted on the system.

Connections R and C are mechanical translational conserving ports.
Port S is a physical signal port, through which the control signal that
drives the source is applied. The relative velocity (velocity differential)
across the source is directly proportional to the signal at the control port
S. The entire variety of Simulink signal sources can be used to generate
the desired velocity variation profile.

The block positive direction is from port R to port C. This means that
the velocity is measured as v = v, — v, where v,, v, are the absolute
velocities at ports R and C, respectively, and force through the source is
negative if it is acts from C to R. The power generated by the source is
negative if the source delivers energy to port R.

E Block Parameters: Ideal Translational Yelocity x|

—Ideal Translational Welocity Source

The block represents an ideal source of velocity that generates velocity differential at
its terminals propartional ta the input physical signal. The source iz ideal in a zenze
that it is aszumed to be powerful enough ta maintain zpecified velocity regardless of
the farce exerted on the system.

Block connections B and C are mechanizal tranzlational conserving portz. Part S iz a
physical signal port, thraugh which contral signal that drives the source iz applied.
The relative velocity is determined az W =% _R -¥_C, where ¥_F and*_C are the
abzolute velocities of terminals B and C. respectively.

Cancel Help Apply

The block has no parameters.



Ideal Translational Velocity Source

Ports The block has the following ports:
R
Mechanical translational conserving port.
C
Mechanical translational conserving port associated with the
source reference point (case).
S
Physical signal input port, through which the control signal that
drives the source is applied.
See Also Ideal Angular Velocity Source

Ideal Torque Source

Ideal Force Source
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Purpose
Library
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Simulate inertia in mechanical rotational systems
Mechanical Rotational Elements

The Inertia block represents an ideal mechanical rotational inertia,
described with the following equation:

O i)
dt
where
T Inertia torque
J Inertia
o Angular velocity
t Time

The block has one mechanical rotational conserving port. The block
positive direction is from its port to the reference point. This means
that the inertia torque is positive if inertia is accelerated in positive
direction.

[Z]Block Parameters: Inertia |

—Inertia

The block representz an ideal mechanical rotational inertia,

The block has one mechanical rotational conzerving port. The block positive
direction is from itz port to the reference point, Thiz meanz that the inertia orque iz
pogitive if inertia iz accelerated in positive direction,

—Parameters

Inertia: IDD1 m’\2xkg LI

ok I Cancel




Inertia

Inertia
Inertia. The default value is 0.001 kg*m"2.

Ports The block has one mechanical rotational conserving port, associated
with the inertia connection to the system.

See Also Mass
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Purpose Simulate lever in mechanical systems
Librclry Mechanisms
Description The Lever block represents a mechanical lever in its generic form,

. known as a free or summing lever, shown in the following schematic.
uj F F

A B

A C B

. | g :|

]'N.' BC

The summing lever equations are derived with the assumption of small
angle deviation from initial position:

vc =Kpcva +Kpcevp

Fp =Ko Fe

Fg = Kpc+Fe

Igc
Kapc=7—""—
lac +1pc

lac
Kpe =7—"5—
lac +lpc

where
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V,Vg Ve Lever joints velocities
F ,Fg,Fc Lever joints forces

1,1, Arm lengths

The above equations were derived with the assumption that the lever
sums forces and motions at node C. The assumption was arbitrary and
does not impose any limitations on how the forces or motions are applied
to the lever. In other words, any of the lever nodes can be “input” or
“output” nodes, depending on the value of the force. Moreover, any of
the block nodes can be connected to the reference point, thus converting
a three-node lever into a first-class lever, with the fulcrum at the end, or
a second-class lever, with the fulcrum in the middle.

The following illustration shows a schematic of a two-node first-class
lever, with the fulcrum at node A.

FB
A C B
AN
1 F.
It is described with the following equations:
vc = Kpcup
Fp = Kpc+Fc

The next illustration shows a schematic of a second-class lever, with
the fulcrum in the middle.
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A, J
IM: 4; ch

It is described with the following equations:

lac
Isc

VA =—T——°Up

Fg=-AC.F,
2%

As far as the block directionality is concerned, the joints’ absolute

displacements are positive if they are in line with the globally assigned
positive direction.
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Dialog
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Parameters

Ports

[Z)Block Parameters: Lever

—Lewer

The block represents a mechanical lever in ite generic form, known az a free, or
summing, lever, [t has three ranglational congerving ports (4, B, and C] agzociated
with lever ping. Ang pin can also be connected to the reference node [ground), thus
conwerting a 3-node lever into a lever of the first [fulcrum at the end] or second
[fulcrum in the middle] clazz. The lever equations are derived with the azzumption of
zmall angle deviation from the initial pogition,

In netwark reprtesentation, the block positive directions are from A& to the reference
paint, fram B to the reference point, and from the reference point to C. This means
that joint abgolute dizplacements are pogitive if they inling with the generally azzigned
pogitive direction,

—Parameters
AL arm length: ID_-I I " LI
B arm length: ID_-I I " LI
ok I Cancel Apply

AC arm length

Arm length between nodes A and C. The default value is 0.1 m.

BC arm length

Arm length between nodes B and C. The default value is 0.1 m.

The block has the following ports:

A
Mechanical translational conserving port associated with the
node A of the lever.

B
Mechanical translational conserving port associated with the
node B of the lever.

C

Mechanical translational conserving port associated with the

node C of the lever.
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Examples The Linkage Mechanism demo (sh_linkage mechanism) illustrates the
use of the Lever block in three different modes. Linkages L_1 and L_4
simulate first-class levers with the fulcrum at the end. Linkage L_2
represents a summing lever. Linkage L._3 simulates a second-class lever
with the fulcrum in the middle.
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Linear Hydraulic Resistance

Purpose
Library

Description
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Simulate hydraulic pipeline with linear resistance losses
Hydraulic Elements

The Linear Hydraulic Resistance block represents a hydraulic
resistance where pressure loss is directly proportional to flow rate.
This block can be useful at preliminary stages of development, or as a
powerful means to speed up the simulation, especially if the flow rate
varies insignificantly with respect to the operating point.

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=py — pg.

E Block Parameters: Linear Hydraulic Resistanc x|

—Linear Hydraulic Resizgtance

Thiz block represents a hydraulic rezistance where pressure lozs iz directly
propartional ta flow rate.

Connectionz & and B are congerving hydraulic ports associated with the block inlet
and outlet, respectively. The block positive direction iz from port & to part B, This
means that the flow rate iz pogitive if fluid fows from & 1o B, and the pressure logs iz
determined az p =p_& - p_B.

—Parameters
FzshETes [Te+10 [Parm3is) =]
OF, I Cancel | Apply |
Resistance
The linear resistance coefficient. The default value is 10e9
Pa/m~3/s.

The block has the following ports:

2-165



Linear Hydraulic Resistance

A
Hydraulic conserving port associated with the resistance inlet.
B
Hydraulic conserving port associated with the resistance outlet.
See Also Resistive Tube
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Local Resistance

Purpose

Library

Description

1.
[~ F

Simulate all kinds of hydraulic resistances specified by loss coefficient
Local Hydraulic Resistances

The Local Resistance block represents a generic local hydraulic
resistance, such as a bend, elbow, fitting, filter, local change in the
flow cross section, and so on. The pressure loss caused by resistance
is computed with the semi-empirical formula based on pressure loss
coefficient, which is usually provided in catalogs, data sheets, or
hydraulic textbooks. The resistance can also be specified by a table, in
which the loss coefficient is tabulated versus Reynolds number.

The pressure loss is determined according to the following equations:

[
r=K——qlq|
242
bP=pPA—DPB
t
K< cons
KRe)
Re = g-d
Ay
where
q Flow rate
p Pressure loss

p,Ps  Gauge pressures at the block terminals

K Pressure loss coefficient, which can be specified either as a
constant, or as a table-specified function of the Reynolds
number

Re Reynolds number
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Basic
Assumptions
and
Limitations
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A Passage area
p Fluid density
v Fluid kinematic viscosity

Two block parameterization options are available:

® By semi-empirical formulas — The pressure loss coefficient is
assumed to be constant for a specific flow direction.

* By table-specified K= (Re) relationship — The pressure loss
coefficient is specified as function of the Reynolds number.

The resistance can be symmetrical or asymmetrical. In symmetrical
resistances, the pressure loss practically does not depend on flow
direction and one value of the coefficient is used for both the direct and
reverse flow. For asymmetrical resistances, the separate coefficients
are provided for each flow direction. 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=py — pg-

The model is based on the following assumption:

e Fluid inertia is not taken into account.

® If you select parameterization by semi-empirical formulas, the flow
is assumed to be completely turbulent and fully developed along the
pipe length.
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Dialog
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Parameters

[=]Block Parameters: Local Resistance

—Local Resiztance

The block reprezentz a local hypdraulic resiztance such az a bend, elbow, fitting, filter,
local change in flow crogs-section, etc. The pressure loss caused by resistance is
computed with the zemi-empirical formula baged on pressure lozs coefficient, which iz
usually provided in catalogs, data sheets, or hydraulic testbooks. The resistance can
also be specified by a table, in which the logz coefficient is tabulated vs. Reynolds
rumber. The resigtance can be spmmetrical or agymmetrical. In azymmetrical
resistances, the pressure lozs coefficients are different for the direct and reverse
flows. If the lozs coefficient iz specified by a table, the table must cover both the
pozitive and the negative flow regions,

The block positive direction iz from port & to port B, This means that the flow rate iz
pogitive if it flows from & to B, and the pressure differential iz determined as p = p_& -
p B

—Parameters

Resistance area; |‘| T I m"2

Maodel parameterization:

=l
=l

I By zemi-empinical formulas

Fressure loss coefficient for
direct flow:

Fressure loss coefficient for
reverse flow:

|2

|2

ak. I Cahicel

Apply
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E! Block Parameters: Local Resistance

—Local Resistance

x|

p B

The block represents a local hydraulic resistance such as a bend, elbow, fitting, filker,
local change in flow cross-section, etc. The pressure loss caused by resistance is
computed with the semi-empinical formula bazed on prezsure loss coefficient, which is
usually provided in catalogs, data sheetz, or hydraulic textbooks. The resistance can
alzo be zpecified by a table, in which the loz: coefficient iz tabulated vs. Reynaolds
number. The resiztance can be symmetnical or asymmetrical. In asymmetrical
1ezistances, the pressure loss coefficients are different for the direct and reverse
flows. If the lozs coefficient is specified by a table, the table must cover both the
positive and the negative flow regions.

The block positive direction iz fram part & to port B. Thiz means that the flow rate iz
positive if it floves from A to B, and the pressure differential iz determined as p=p_A -

—Parameters

Resistance area:

M aodel parameterization:
Reynolds number vector:
Loss coefficient wectar:
Interpolation method:

Estrapolation method;

[1e-04 jm2 =]

I By lozs coefficient we. Re table j

|4D 50100 200 500 1000 2e+03 4e+03 5e+03 1e+04 ]

[271.61461.3090650420302040420.25)
| Cubic =l

I Fram last paint :I

ak. I Cancel

Resistance area

The smallest passage area. The default value is 1e-4 m”"2.

Model parameterization

Select one of the following methods for specifying the pressure

loss coefficient:

® By semi-empirical formulas — Provide a scalar value for
the pressure loss coefficient. For asymmetrical resistances,
you have to provide separate coefficients for direct and reverse

flow. This is the default method.
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® By loss coefficient vs. Re table — Provide tabulated
data of loss coefficients and corresponding Reynolds numbers.
The loss coefficient is determined by one-dimensional table
lookup. You have a choice of three interpolation methods and
two extrapolation methods. For asymmetrical resistances, the
table must cover both the positive and the negative flow regions.

Pressure loss coefficient for direct flow
Loss coefficient for the direct flow (flowing from A to B). For simple
ideal configurations, the value of the coefficient can be determined
analytically, but in most cases its value is determined empirically
and provided in textbooks and data sheets (for example, see
[1]). The default value is 2. This parameter is used if Model
parameterization is set to By semi-empirical formulas.

Pressure loss coefficient for reverse flow
Loss coefficient for the reverse flow (flowing from B to A). The
parameter is similar to the loss coefficient for the direct flow and
must be set to the same value if the resistance is symmetrical.
The default value is 2. 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
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. 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 output values for the loss coefficient as a
tabulated 1-by-m array. The loss coefficient vector must be 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,

2-171



Local Resistance

2-172

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:

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.
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Global

Parameters

Ports

References

See Also

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.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the resistance inlet.

Hydraulic conserving port associated with the resistance outlet.

[1] Idelchik, I.E., Handbook of Hydraulic Resistance, CRC Begell House,
1994

Elbow
Gradual Area Change

Pipe Bend
Sudden Area Change

T-junction
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Simulate mass in mechanical translational systems
Mechanical Translational Elements

The Mass block represents an ideal mechanical translational mass,
described with the following equation:

F=m dv
dt
where
F Inertia force
m Mass
v Velocity
t Time

The block has one mechanical translational conserving port. The block
positive direction is from its port to the reference point. This means that
the inertia force is positive if mass is accelerated in positive direction.

[)Block Parameters: Mass |

—Mazz

The block represents an ideal mechanical translational mazz.

The block has one mechanical tranzlational conzerving port. The block, positive
direction is from itz port to the reference point, Thiz meanz that the inertia force iz
pogitive if mags iz accelerated in pozitive direction,

—Parameters

tazs: |1 I kg LI




Mass

Mass
Mass. The default value is 1 kg.

Ports The block has one mechanical translational conserving port, associated
with the mass connection to the system.

See Also Inertia
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Purpose
Library

Description

3

Dialog
Box and
Parameters

Ports

See Also
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Simulate reference for mechanical rotational ports
Mechanical Rotational Elements

The Mechanical Rotational Reference block represents a reference
point, or frame, for all mechanical rotational ports. All rotational ports
that are rigidly clamped to the frame (ground) must be connected to a
Mechanical Rotational Reference block.

E Block Parameters: Mechanical Rotational Refer x|

techanical Raotational Reference

Thiz block reprezentz a mechanical rotational reference point, that iz, a frame or a
ground. Lze it to connect mechanical rotational ports that are nigidly affived to the
frame [graund].

Cancel Help Apply

The Mechanical Rotational Reference block has no parameters.
The block has one mechanical rotational port.

Mechanical Translational Reference

Hydraulic Reference



Mechanical Translational Reference

Purpose
Library

Description

SE

Dialog
Box and
Parameters

Ports

See Also

Simulate reference for mechanical translational ports
Mechanical Translational Elements

The Mechanical Translational Reference block represents a reference
point, or frame, for all mechanical translational ports. All translational
ports that are rigidly clamped to the frame (ground) must be connected
to a Mechanical Translational Reference block.

[Z]Block Parameters: Mechanical Translational R |

techanical Translational Reference

Thiz block reprezentz a mechanical tranzlational reference point, that iz, a frame or a
ground. Uze it to connect mechanical tranglational ports that are rigidly affiked to the
frame [ground).

Cancel Help Apply

The Mechanical Translational Reference block has no parameters.
The block has one mechanical translational port.

Mechanical Rotational Reference

Hydraulic Reference
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Needle Valve

Purpose Simulate hydraulic needle valve
Librclry Flow Control Valves
Description The Needle Valve block models a variable orifice created by a conical

b needle and a round sharp-edged orifice in thin material.

alpha

d

The flow rate through the valve is proportional to the valve opening
and to the pressure differential across the valve. The model accounts
for the laminar and turbulent flow regimes by monitoring the Reynolds
number (Re) and comparing its value with the critical Reynolds number
(Re,,). The flow rate is determined according to the following equations:
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Cp-A /% | p|ssign(p) for Re >= Re,,

- D
20 A= p for Re < Re,,
Vep

h=xy+x

Aleak forh<=0
A(h) =4(dg —hcosossina)hsino+ Ay,  for 0<h < hpay
Amax t Aleak for h >= hyax

P=PA—PB

e= 9-Dy
A(h)ev

Dy = 4A(h)
i
A = Tul;f
max 4
Flow rate

Pressure differential

P, Ps  Gauge pressures at the block terminals
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Basic
Assumptions
and
Limitations
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c, Flow discharge coefficient

A(h) Instantaneous orifice passage area

X, Initial opening

X Needle displacement from initial position
h Valve opening

d, Orifice diameter

o Needle angle

p Fluid density

D, Valve instantaneous hydraulic diameter
v Fluid kinematic viscosity

Acac  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 = p4 — pg. Positive signal at the physical signal
port S opens the valve.

The model is based on the following assumptions:

¢ 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 flow passage area is assumed to be equal to the frustum side
surface area.



Needle Valve

Dialog
Box and
Parameters

E! Block Parameters: Needle ¥alve |

—Meedle Valve

The block models & needle valve created by a conical needle and a round
sharp-edged orifice. The fow rate through the valve iz proportional to the orifice
opening and to the prezsure differential across the valve, The model accounts for the
laminar and turbulent fow regimes by monitoring the Reynolds number and comparing
itz walue with the critical Fepnolds number,

Connectionz & and B are congerving hydraulic portz azzociated with the walve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B,

—Parameters
Walve orfice diameter: ID.DDE I m ;I
Meedle cone angle: ISD I deq ;I
Initial opening: ID I - |

Flow discharge coefficient: ID'EE

Critic:al Reynolds number: I-I N

Leakage area: I.I o1z I e LI

ok | Cancel

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

Valve cone angle
The angle of the valve conical needle. The parameter value must
be in the range between 0 and 180 degrees. The default value
is 90 degrees.

Initial opening
The initial opening of the valve. The parameter value must be
nonnegative. The default value is 0.
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Global

Parameters

Ports
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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 0.65.

Critical Reynolds number

The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.

Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

Hydraulic conserving port associated with the valve inlet.



Needle Valve

Hydraulic conserving port associated with the valve outlet.

Physical signal port to control spool displacement.

See Also Ball Valve
Poppet Valve

Pressure-Compensated Flow Control Valve
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Orifice with Variable Area Round Holes

Purpose

Library

Description

2-184

[

jﬁ“

Simulate hydraulic variable orifice shaped as set of round holes drilled
in sleeve

Hydraulic Elements

The block models a variable orifice created by a cylindrical spool and

a set of round holes drilled in the sleeve. All the holes are of the same
diameter, evenly spread along the sleeve perimeter, and their center
lines are located in the same plane. The flow rate through the orifice

is proportional to the orifice opening and to the pressure differential
across the orifice. The following schematic shows the cross section of an
orifice with variable round holes, where

q Flow rate
h

Orifice opening

x

Spool displacement from initial position

d, Orifice hole diameter



Orifice with Variable Area Round Holes

The model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number (Re) and comparing its value with the
critical Reynolds number (Re_.). The flow rate is determined according
to the following equations:

Cp-A /g | p|ssign(p) for Re >= Re,,
- p

- D
20 A= p for Re < Re,,
Vep

h = xy + xeor
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Aleak forh<=0
A = 1z-alg 2arccos| 1- 2h_ sin| 2arccos| 1— 2h + Al for 0<h<d
8 dy do
Amax * Aleak for h >=dj
P=pA—DB
e= 9Dy
A(h)sv

Dy = 4A(h)
T
A = n‘l;g
max 4
where
q Flow rate
p Pressure differential

Pa Ps Gauge pressures at the block terminals
C, Flow discharge coefficient

A(h)  Instantaneous orifice passage area

d, Hole diameter
z Number of holes
X, Initial opening
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Orifice with Variable Area Round Holes

Basic
Assumptions
and
Limitations

or

leak

> » < O ©

max

Spool displacement from initial position
Orifice opening

Orifice orientation indicator. The variable assumes +1 value
if a spool displacement in the globally assigned positive
direction opens the orifice, and —1 if positive motion decreases
the opening.

Fluid density

Instantaneous orifice hydraulic diameter
Fluid kinematic viscosity

Closed orifice leakage area

Fully open orifice passage 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 = p4 — pg . Positive signal at the physical signal port
S opens or closes the orifice depending on the value of the parameter
Orifice orientation.

The model is based on the following assumptions:

¢ 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,,.
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Dla IOQ E! Block Parameters: Orifice with ¥ariable Area Rol x|
Box and

Pa rameters The block models a variable orifice created by a cylindrical gpool and a zet of round
holes drilled in the sleeve. Al the holes are of the same diameter, evenly spread
along the sleewe permeter, and their center lines are located in the same plane. The
flow rate through the orifice iz proportional to the orifice opening and to the pressure
differential acrozs the orifice,

— Orifice with VY ariable Area Bound Holes

Connectionz & and B are congerving hydraulic portz azzociated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B, Positive zsignal at port 5 opens or clozes the onifice,
depending on the walue of the Orifice orientation parameter.

—Parameters
Diameter of round holes: ID 05 p LI
Mumber of round hales; IE

Flow discharge coefficient; ID'E

Initial opening: ID - |

Drifice orientation: I Opens in positive direction |

Critic:al Reynolds number: I-I 2

f1e-15 | mi2 =l

Leakage area:

ok | Cancel | Apply |

Diameter of round holes
Diameter of the orifice holes. The default value is 5e¢-3 m.

Number of round holes
Number of holes. The default value is 6.

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 0.6.
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Initial opening
Orifice initial opening. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or equal to
zero for zero lap configuration. The value of initial opening does
not depend on the orifice orientation. The default value is 0.

Orifice orientation
The parameter is introduced to specify the effect of the orifice
control member motion on the valve opening. The parameter can
be set to one of two options: Opens in positive direction or
Opens in negative direction. The value Opens in positive
direction specifies an orifice whose control member opens the

valve when it is shifted in the globally assigned positive direction.

The parameter is extremely useful for building a multi-orifice
valve with all the orifices being controlled by the same spool. The
default value is Opens in positive direction.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-15 m”"2.
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Global Fluid density

Parameters The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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 to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive
signal at the physical signal port S opens or closes the orifice depending
on the value of the parameter Orifice orientation.

See Also Annular Orifice
Fixed Orifice
Orifice with Variable Area Slot
Variable Orifice
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Purpose
Library

Description

-

Simulate hydraulic variable orifice shaped as rectangular slot
Hydraulic Elements

The block models a variable orifice created by a cylindrical sharp-edged
spool and a rectangular slot in a sleeve. The flow rate through the orifice
is proportional to the orifice opening and to the pressure differential
across the orifice. The model accounts for the laminar and turbulent
flow regimes by monitoring the Reynolds number (Re) and comparing
its value with the critical Reynolds number (Re_.). The flow rate is
determined according to the following equations:

Cp-A fg | p|ssign(p) for Re >= Re,
- p

q_

2Cpy, -A% P for Re < Re,,

h = xg + xeor

A(h) _ beh + Aleak forh >0
Aleak forh<=0
b=DPA—DPB
Re = —q'DH
A(h)ev

2
Cpp, =| —<2
DL ’—Recr

D - [HA®)
T
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where
q Flow rate
p Pressure differential

P, P  Gauge pressures at the block terminals
C, Flow discharge coefficient

A(h)  Instantaneous orifice passage area

b Width of the orifice slot

X, Initial opening

X Spool displacement from initial position

h Orifice opening

or Orifice orientation indicator. The variable assumes +1 value

if a spool displacement in the globally assigned positive
direction opens the orifice, and —1 if positive motion decreases
the opening.

Fluid density
Instantaneous orifice hydraulic diameter

Fluid kinematic viscosity

> < O ©
=y

1eac  Closed orifice leakage 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 = p4 — pp . Positive signal at the physical signal port
S opens or closes the orifice depending on the value of the parameter
Orifice orientation.



Orifice with Variable Area Slot

Basic
Assumptions
and
Limitations

Dialog
Box and
Parameters

The model is based on the following assumptions:

e Fluid inertia is not taken into account.

be sharp and taking place exactly at Re=Re_,..

[1Block Parameters: Drifice with ¥ariable Area Slo

— Orifice with Y ariable Area Slot

¢ The transition between laminar and turbulent regimes is assumed to

The block models & variable orifice created by a cylindrical sharp-edged spool and a
rectangular ot in a sleeve, The low rate through the onifice iz proportional bo the
orifice opening and to the preszure differential across the orifice.

Connectionz & and B are congerving hydraulic portz azzociated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B, Positive zsignal at port 5 opens or clozes the onifice,
depending on the value of the Orifice orientation parameter.

—Parameters

Orifice width: I

0.0 fm =]
Flow discharge coefficient: ID'?
|nitial opening: I

] I m ;I
Drific orientation: I Openg in pozitive direction ;I
Critical Feynolds number: |1 2
Leakage area: I -

Te12 m"2 |

ak | Cahicel

Orifice width

The width of the rectangular slot. The default value is 1e-2 m.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization.
Its value depends on the geometrical properties of the orifice, and
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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 value of initial opening does
not depend on the orifice orientation. The default value is 0.

Orifice orientation

The parameter is introduced to specify the effect of the orifice
control member motion on the valve opening. The parameter can
be set to one of two options: Opens in positive direction or
Opens in negative direction. The value Opens in positive
direction specifies an orifice whose control member opens the
valve when it is shifted in the globally assigned positive direction.
The parameter is extremely useful for building a multi-orifice
valve with all the orifices being controlled by the same spool. The
default value is Opens in positive direction.

Critical Reynolds number

The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.
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Globadl
Parameters

Ports

See Also

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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 to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive
signal at the physical signal port S opens or closes the orifice depending
on the value of the parameter Orifice orientation.

Annular Orifice

Fixed Orifice

Orifice with Variable Area Round Holes
Variable Orifice
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Purpose

Library

Description

I
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Simulate hydraulic check valve that allows flow in one direction, but
can be disabled by pilot pressure

Directional Valves

The Pilot-Operated Check Valve block represents a hydraulic
pilot-operated 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, as shown in the following figure.

=

=

X
a

Unlike a conventional check valve, the pilot-operated check valve can
be opened by inlet pressure p,, pilot pressure p,, or both. The force
acting on the poppet is determined as

F= pA'AA + px'Ax - pB'AB
where

P, Pz  Gauge pressures at the valve terminals
Px Gauge pressure at the pilot terminal

As

Area of the spool in the A chamber



Pilot-Operated Check Valve

A
A

5 Area of the spool in the B chamber
" Area of the pilot chamber

This equation is commonly used in a slightly modified form

P = Pa+ Px K, — Pg

where k, = A,/A, is usually referred to as pilot ratio and p, is the
equivalent pressure differential across the poppet. The valve remains
closed while this pressure differential across the valve is lower than
the valve cracking pressure. When cracking pressure is reached, the
value control member (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 model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number (Re) and comparing its value with the
critical Reynolds number (Re_.). The flow rate is determined according
to the following equations:
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Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

- D
20 A= p for Re < Re,,
Vep

P = pA+pX.kp_pB

Aleak for Pe <= Pcrack
Alp) = Aleak + k'(pe - pcrack) for Perack < Pe < Pmax
Amax for Pe >= Pmax

k= Amax - Aleak

Pmax ~ Perack
b =DPA—DPB

o— 9Dy
A(p)sv

where
q Flow rate through the valve
Pressure differential across the valve
P, Equivalent pressure differential across the control member
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Basic
Assumptions
and
Limitations

Pa,Pg

A(p)

max

Aleak

pcrack
pmax
D

p
\%

H

Gauge pressures at the valve terminals
Gauge pressure at the pilot terminal
Pilot ratio, ky, = Px/P,

Valve gain coefficient

Flow discharge coefficient
Instantaneous orifice passage area
Fully open valve passage area

Closed valve leakage area

Valve cracking pressure

Pressure needed to fully open the valve
Instantaneous orifice hydraulic diameter
Fluid density

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 p = py — pg-

The model is based on the following assumptions:

® Valve opening is linearly proportional to the pressure differential.

® No loading on the valve, such as inertia, friction, spring, and so on,
is considered.

® No flow consumption is associated with the pilot chamber.

® The transition between laminar and turbulent regimes is assumed to
be sharp and taking place exactly at Re=Re_,..
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Dla Iog E Block Parameters: Pilot-Operated Check Yalve ﬂ
Box a nd —Pilat-Operated Check Yalve
Pa rameters This block represents a hpdraulic pilot-operated check valve, the purpose of which is

ta permit flow in one direction and black it in the opposite direction. The
pilot-operated check valve is contralled by equivalent pressure p_e=p_A + Kp_X -
p_B. where K iz the pilat ratio. The valve is clozed when equivalent pressure
differential iz lower than the valve cracking prezsure. When cracking pressure is
reached, the valve control member iz forced off its seat. If the flow rate iz high
enough and pressure continues to rize, the area is further increased until the area
reaches its maximum.

Connections &, B, and X are hydraulic conserving ports associated with the valve
inlet, wakve outlet, and walve pilot terminal, respectively. The block positive direction
iz from port & to port B, Pressure at port & acts to open the valve,

—Parameters
b amimum pazzage area; I-I =04 I 2 LI
Cracking pressure: |3e+04 I Pa j
hd awiniun opening
PressUne: I1 2e+05 I Pa =]
Pilat ratio: |5

Flow discharge coefficient: ID 7

Critical Feynolds number: |1 2

Leakage area: I-I 12

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.
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|

Pilot ratio
Ratio between effective area in the pilot chamber to the effective
area in the inlet chamber. The default value is 5.

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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is

1e-12 m”"2.
Global Fluid density
Parameters The parameter is determined by the type of working fluid selected

for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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.
X
Hydraulic conserving port associated with the valve pilot terminal.
See Also Check Valve
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Purpose

Library

Description

0]

&

He-o

Simulate hydraulic resistance in pipe bend
Local Hydraulic Resistances

The Pipe Bend block represents a pipe bend as a local hydraulic
resistance. The pressure loss in the bend is assumed to consist of

® Loss in the straight pipe

® Loss due to curvature

The loss in a straight pipe is simulated with the Resistive Tube block.
The loss due to curvature is simulated with the Local Resistance block,

and the pressure loss coefficient is determined in accordance with the
Crane Co. recommendations (see [1], p. A-29).

The pressure loss due to curvature is determined according to the
following formula:

pﬂf#f]lf]l

where
Flow rate

Pressure loss

Pressure loss coefficient

> X T Q

Bend cross-sectional area

p Fluid density

The pressure loss coefficient is determined according to the table
provided in [1], p. A-29:

K ={f(r,d,o)

where
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d Pipe internal diameter
r Curvature radius (d < r < 20d)
o Bend angle in degrees (0 < o < 180)

Correction for non-90° bends is performed with the empirical formula
(see [2], Fig. 4.6):

Koy = 0(0.0142—3.703:10° 00)
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=py — pg.

Warning

The formulas used in the Pipe Bend 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=f(Re ) relationship.
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Basic The model is based on the following assumptions:
Assumptions

and ¢ Fluid inertia, fluid compressibility, and wall compliance are not
Limitations taken into account.

® The flow is assumed to be completely turbulent and fully developed
along the pipe length.

® The bend is assumed to be made of a clean commercial steel pipe.

.
Dla IOQ [Z1Block Parameters: Pipe Bend x|
Box und —Pipe Bend
Parameters The block reprezents a local hydraulic resistance, such as a pipe bend. The pressure

logz i the bend iz azsumed to conzist of [1] the lozz in the straight pipe and [2] the
logz due to curvature, The logz in a straight pipe iz gimulated with the Resigtive Tube
block. The loss due to curvature iz sumulated with the Local Resistance block, and
the pressure lozs coefficient iz determined in accordance with the Crane Co,
recommendations.

The block positive direction iz fram part & to port B. Thiz means that the flow rate iz
positive if it floves from A to B, and the pressure differential iz determined as p=p_A -

p B

—Parameters
Pipe diameter: ID'E” I m j
Bend radius: ID.EI4 I m j
Bend angle: ISD I deg j
Ln;gasl surface roughness |1.58-05 Im ﬂ

ak. I Cahicel

Apply |

Pipe diameter
The internal diameter of the pipe. The default value is 0.01 m.

Bend radius
The radius of the bend. The default value is 0.04 m.
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See Also
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Bend angle
The angle of the bend. The value must be in the range between 0
and 180 degrees. The default value is 90 deg.

Internal surface roughness height
Roughness height on the pipe internal surface. The parameter is
typically provided in data sheets or manufacturer’s catalogs. The
default value is 1.5e-5 m, which corresponds to drawn tubing.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the bend inlet.

Hydraulic conserving port associated with the bend outlet.
[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
Elbow
Gradual Area Change
Local Resistance

Resistive Tube



Pipe Bend

Sudden Area Change

T-junction
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Poppet Valve

Purpose Simulate hydraulic poppet valve
Librclry Flow Control Valves
Desc ription The Poppet Valve block models a variable orifice created by a cylindrical

sharp-edged stem and a conical seat.

ftize

A P = Calpha [

B

The flow rate through the valve is proportional to the valve opening
and to the pressure differential across the valve. The model accounts
for the laminar and turbulent flow regimes by monitoring the Reynolds
number (Re) and comparing its value with the critical Reynolds number
(Re,,). The flow rate is determined according to the following equations:
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Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

- D
20 A= p for Re < Re,,
Vep

h=xy+x

Aleak forh<=0
A(h) =4(dg +hcosossina)hsino+ Ay,  for 0<h < hyay
Amax + Aleak for h >= h’max

P=PA—PB

e= 9-Dy
A(h)ev

Dy = 4A(h)
i
A = Tul;f
max 4
Flow rate

Pressure differential

P, Ps  Gauge pressures at the block terminals
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c, Flow discharge coefficient
A(h)  Instantaneous orifice passage area

X, Initial opening

X Stem displacement from initial position
Valve opening

Pax Maximum valve opening. The passage area remains constant
and equal to A, after this.

d, Stem diameter

a Cone angle

p Fluid density

D, Valve instantaneous hydraulic diameter

Fluid kinematic viscosity
Aeac  Closed valve leakage area

nax 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 = p4 — pg. Positive signal at the physical signal
port S opens the valve.

Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid inertia is not taken into account.

Limitations ¢ The transition between laminar and turbulent regimes is assumed to

be sharp and taking place exactly at Re=Re,,..

* The flow passage area is assumed to be equal to the frustum side
surface area.
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|

Dialog x

Box und —Poppet Walve

Pu rameters The block model: 3 poppet walve with onifice created by a cylindrical sharp-edged
ztem and a conical geat, The flow rate through the valve iz proportional to the orifice
opening and to the pressure differential acrogs the valve, The model accounts for the
laminar and turbulent flow regimes by monitoring the Reynolds number and comparing
itz walue with the critical Reynolds number.

Connectionz & and B are conzerving hpdraulic porte azsociated with the valve inlet
and outlet, respectively. Connection S is a phyzical signal port. The block pogitive
direction iz from port & to port B,

—Parameters
alve stem diameter: |U-'3” I m j
Seat cone angle: |1 20 I deg j
Initial opening: ID I m j

Flows discharge coefficignt: ID.EE

Critical Beynolds number: I-I N

Leakage area: |-| &12 | mz2 x|

ak. I Cancel

Apply |

Variable stem diameter
The diameter of the valve stem. The default value is 0.01 m.

Seat cone angle
The angle of the valve conical seat. The parameter value must
be in the range between 0 and 180 degrees. The default value
is 120 degrees.

Initial opening
The initial opening of the valve. The parameter 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
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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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.

Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.



Poppet Valve

Physical signal port to control spool displacement.

See Also Ball Valve
Needle Valve

Pressure-Compensated Flow Control Valve
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Purpose
Library

Description

e
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Simulate hydraulic pressure compensating valve
Flow Control Valves

The Pressure-Compensated Flow Control Valve block represents a
pressure-compensated flow control valve as a data-sheet based model.
The valve is based on a Pressure Compensator block installed upstream
from a Variable Orifice block, as shown in the following illustration.

_C
X
A b 4L
f"'_'""“'\'

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 A=A(h).



Pressure-Compensated Flow Control Valve

Assumptions
and
Limitations

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). 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.

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 — pp . Positive signal at port C opens the valve.

The model is based on the following assumption:

¢ Fluid inertia is not taken into account.
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[=]Block Parameters: Pressure-Compensated Flow €

—Pressure-Compenzated Flow Control Valve

x|

The block simulatez a prezzure-compenzated flow control valve, To parameterize the
block., 2 options are available: [1] by maximum area and control member stroke, [2] by
the table of orifice area ve. control member dizplacement. The lookup table block is
uzed in the second cage for interpolation and extrapolation. 3 methods of
interpolation and 2 methods of extrapolation are provided to choose from,
Connectionz & and B are conzerving hpdraulic porte azsociated with the valve inlet
and outlet, respectively. Connection C is a physical signal control port.

The block positive direction iz fram part 4 to port B. Positive signal at port C opens

the walve.

—Parameters
M aodel parameterization: I By maimum area and opening j
Orifice maximum area: IEB-DE I e j
Orifice marimum opening: ID oo I m j
Fressure differential across
the orifice; IEE+DE I Pa LI
Fressure reducing valve |53+D4 I Fa LI
regulation range:

Flova dizcharge coefficient; ID'?

Initial opening: ID I M :I
Critical Beynolds number: I-I 2
Leakage area: |1 12 | m2 ]

ak. I Cahicel




Pressure-Compensated Flow Control Valve

[Z]Block Parameters: Pressure-Compensated Flo x|

—Pressure-Compenzated Flow Control Valve

The block simulatez a prezzure-compenzated flow control valve, To parameterize the
block., 2 options are available: [1] by maximum area and control member stroke, [2] by
the table of orifice area ve. control member dizplacement. The lookup table block is
uzed in the second cage for interpolation and extrapolation. 3 methods of
interpolation and 2 methods of extrapolation are provided to choose from,
Connectionz & and B are conzerving hpdraulic porte azsociated with the valve inlet
and outlet, respectively. Connection C is a physical signal control port.

The block positive direction iz from port & to port B, Pogitive zignal at port C openz
the valve.

—Parameters

Model parameterization: I By area vs. opening table

Fressure differential across

|
the orifice; IEE+DE I P LI
Fressure reducing valve |53+D4 I Pa :I

regulation range:
Flova dizcharge coefficient; ID 7

Initial opening: ID I ™ LI
Critical Beynolds number: I-I 2

Tabulated arifice openings: I[ 0.002 00,005 0.015 ] I - ﬂ

Tabulated orifice area: I[ 1e-12 412 1e-05 1.02e-05 | I e ﬂ

Interpolation method:

I Linear

E strapolation method: I From last 2 points

Leakage area: |1 12

ak. I Cahicel

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

Tabulated orifice openings
Specify the vector of input values for orifice openings as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. The default
values, in meters, are [ -2e-3,0,5e-3,15e-3]. This parameter
is used if Model 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 output values for orifice area as a tabulated
1-by-m array. The orifice area vector must be 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
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parameter is used if Model parameterization is set to By area
vs. opening table.

Interpolation method
This parameter is used if Model parameterization is set to
By area vs. opening table. Select one of the following
interpolation methods for approximating the output value when
the input value is between two consecutive grid points:

e 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 Model 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.
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For more information on extrapolation algorithms, see the PS
Lookup Table (1D) block reference page.

Pressure differential across the orifice
Pressure difference that must be maintained across the element
by the pressure compensator. The default value is 6e5 Pa.

Pressure reducing valve regulation range
Pressure increase over the preset level needed to fully close the
valve. The default value is 5e4 Pa.

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.

Initial opening
Orifice initial opening. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or equal to
zero for zero lap configuration. The value of initial opening does
not depend on the orifice orientation. The default value is 0.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.
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Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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 pressure control
terminal that opens the orifice.

Y
Hydraulic conserving port associated with the pressure control
terminal that closes the orifice.

Ball Valve

Needle Valve

Poppet Valve
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Simulate hydraulic pressure compensating valve
Hydraulic Elements

The Pressure Compensator block represents a hydraulic pressure
compensating valve, or pressure compensator. Pressure compensators
are used to maintain preset pressure differential across a hydraulic
component to minimize the influence of pressure variation on a flow rate
passing through the component. The following illustration shows typical
applications of a pressure compensator, where it is used in combination
with the orifice installed downstream (left figure) or upstream (right
figure). The compensator can be also used in combination with metering
pumps, flow dividers, and so on.

1
=1 Y o= |
= L= |

The block is implemented as a data-sheet-based model, based on
parameters usually provided in the manufacturer’s catalogs or data
sheets.

Pressure compensator is a normally open valve. Its opening is
proportional to pressure difference between ports X and Y and the
spring force. The following illustration shows typical relationship
between the valve passage area A and the pressure difference p,,.



Pressure Compensator
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The orifice remains fully open until the pressure difference is lower
than valve preset pressure determined by the spring preload. When
the preset pressure is reached, the valve control member is forced off
its stop and starts closing the orifice, thus trying to maintain pressure
differential at preset level. Any further increase in the pressure
difference causes the control member to close the orifice even more,
until the point when the orifice if fully closed. The pressure increase
that is necessary to close the valve is referred to as regulation range,
or pressure compensator static error, and usually is provided in
manufacturer’s catalog or data sheets.

The main parameters of the block are the valve maximum area and
regulation range. In addition, you need to specify the leakage area of
the valve. Physically, it represents a possible clearance in the closed
valve, but the main purpose of the parameter is to maintain numerical
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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.

The model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number (Re) and comparing its value with the
critical Reynolds number (Re_,). The flow rate is computed according
to the following equations:

Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

- D
20p A= p for Re < Re,,
Vep

h = xy + xeor

Aax for Dxy <= Dset
A(h) = Amax - k'(p - pset) for Pset < Pxy < Pmax
Aleak for Pxy >= Pmax

k= Amax - Aleak

Preg
b=pPA—DPB
DPyy = Dx — Dy

o— 4 Du

A(h)sv
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A(h)

max

O © O
S

<

Aleak

Flow rate

Pressure differential across the valve

Pressure differential across valve control terminals
Gauge pressures at the valve main terminals
Gauge pressures at the valve control terminals
Valve preset pressure

Pressure needed to fully close the orifice
Regulation range

Instantaneous orifice passage area

Orifice maximum area

Flow discharge coefficient

Fluid density

Instantaneous orifice hydraulic diameter
Fluid kinematic viscosity

Closed orifice leakage 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 = p4 — pg. The control pressure differential is
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measured as Pxy = Px — Py, and it creates a force acting against the
spring preload.

The model is based on the following assumptions:

e Valve opening is linearly proportional to the pressure differential.

* No loading on the valve, such as inertia, friction, spring, and so on,
is considered.

* Flow consumption associated with the spool motion is neglected.

E! Block Parameters: Pressure Compensator il

—Preszsure Compenzatar

The block representz a hypdraulic pressure compenzator, Thiz kind of valve iz used o
maintain preset prezsure differential across a hpdraulic component Lo minimize the
influence of pregzure wariation on the flow rate passing through the component,

Connectionz & and B are hpdraulic conserving portz azzociated with the walve inlet
and outlet, respectively. Connections X and v are hydraulic conserving ports
azzociated with the valve control portz. The pregzure differential that controls the
walve iz determined as p 7" = p_= - p_v". The block positive direction iz from port &

to port B,

—Parameters
b amimum pazzage area; I-I T I 2 LI
Walve pressure getting: |33+DE I Fa LI
Walve regulation range: I-I Betl5 I Fa ;I

Flow discharge coefficient: ID 7

Critical Feynolds number: |1 2

Leakage area: |1 12

Maximum passage area

Valve passage maximum cross-sectional area. The default value
is 1e-4 m"2.
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Valve pressure setting
Pressure difference that must be maintained across an element
connected to ports X and Y. At this pressure the valve orifice
starts to close. The default value is 3e6 Pa.

Valve regulation range
Length of the fluid passage. The default value is 1.5e5 Pa.

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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is

1e-12 m"2.
Global Fluid density
Parameters The parameter is determined by the type of working fluid selected

for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.
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Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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 pressure control
terminal that opens the orifice.
Y

Hydraulic conserving port associated with the pressure control
terminal that closes the orifice.

Pressure Relief Valve
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Simulate pressure control valve maintaining reduced pressure in
portion of system

Pressure Control Valves

The Pressure Reducing Valve block represents a hydraulic
pressure-reducing valve as a data-sheet-based model.
Pressure-reducing valves are used to maintain reduced pressure in a
portion of a system. The following figure shows the typical dependency
between the valve passage area A and the pressure p, downstream
from the valve.

A

|

‘&"HIELH

Pre

4

p sl pmax

The pressure-reducing valve is a normally open valve and it remains
fully open while outlet pressure is lower than the valve preset pressure.
When the preset pressure is reached, the value control member (spool,
ball, poppet, etc.) is forced off its stop and starts closing the orifice, thus
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trying to maintain outlet pressure at preset level. Any further increase
in the outlet pressure causes the control member to close the orifice
even more until the point when the orifice if fully closed. The pressure
increase that is necessary to close the valve is referred to as regulation
range, and is generally provided in the catalogs, along with the valve
maximum area. The valve maximum area and regulation range are
the 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 block is built as a structural model based on the Pressure
Compensator block, as shown in the following schematic.

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 — pp.-
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[Z1Block Parameters: Pressure Reducing Yalve x|

—Preszure Reducing Y alve

Thiz block reprezentz a hpdraulic prezsure-reducing walve as a data sheet-baged
model. The walve controle downgtream pregzure and remains fully opened az long az
the pressure iz lower than the preset level, When the preset pressure is reached, the
value control member is forced off the stop, thus reducing the passage between the
inlet and outlet. The block iz built as a structural model bazed of the Pressure
Compenzator block, Connections & and B are hydraulic conzerving ports agzocited
with the walve inlet and outlet. The block positive direction iz from port & to port B,

—Parameters
b amimum pazzage area; I-I T I 2 LI
Walve pressure setting: |53+DE I Fa LI
Walve regulation range: |53+DE I Fa LI

Flaw dizcharge coefficient: ID 7

Critical Feynolds number: |1 2

Leakage area: |1 12

ak. I Cahicel

Maximum passage area
Valve passage maximum cross-sectional area. The default value
is 1e-4 m"2.

Valve pressure setting
Preset pressure level, at which the orifice of the valve starts to
close. The default value is 5e6 Pa.

Valve regulation range
Pressure increase over the preset level needed to fully close the
valve. The default value is 5e5 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 value is 0.7.
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Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is

1e-12m”"2.
Global Fluid density
Parameters The parameter is determined by the type of working fluid selected

for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. 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.
Examples The Power Unit with Pressure Reducing Valve demo

(sh_power_unit_pressure_red_valve) illustrates the use of the
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Pressure Reducing Valve block in hydraulic systems. The pressure
reducing valve is set to 20e5 Pa and maintains this pressure
downstream, as long as the upstream pressure is higher than this
setting.

See Also Pressure Compensator
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Pu rpose Simulate pressure control valve maintaining preset pressure in system
Librclry Pressure Control Valves
Desc ription The Pressure Relief Valve block represents a hydraulic pressure relief
. valve as a data-sheet-based model. The following figure shows the
re typical dependency between the valve passage area A and the pressure
differential p across the valve.
gy
lrel"‘J’I'Iﬁ‘."i.
1'.jn::;;
— il
'ﬁ“]l::ﬂk
PS(.-‘T anx p

The valve remains closed while pressure at the valve inlet is lower than
the valve preset pressure. When the preset pressure is reached, the
value control member (spool, ball, poppet, etc.) is forced off its seat, thus
creating a passage between the inlet and outlet. Some fluid is diverted
to a tank through this orifice, thus reducing the pressure at the inlet. If
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this flow rate is not enough and pressure continues to rise, the area is
further increased until the control member reaches its maximum. At
this moment, the maximum flow rate is passing through the valve. The
value of a maximum flow rate and the pressure increase over the preset
level to pass this flow rate are generally provided in the catalogs. The
pressure increase over the preset level is frequently referred to as valve
steady state error, or regulation range. The valve maximum area and
regulation range are the 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 model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number (Re) and comparing its value with the
critical Reynolds number (Re_.). The flow rate is determined according
to the following equations:

Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

q_

2Cpy, -AD—Hp for Re < Re,,
Vep
Ajeak for p <= pg;
A(p) = Aleak + k'(p - pset) for DPset < P < Pmax
Apnax for p >= prax
k — Amax
Preg
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Flow rate through the valve

Pressure differential across the valve
Gauge pressures at the block terminals
Flow discharge coefficient
Instantaneous orifice passage area
Fully open valve passage area

Closed valve leakage area

Regulation range

Valve preset pressure

Valve pressure at maximum opening
Instantaneous orifice hydraulic diameter
Fluid density

Fluid kinematic viscosity



Pressure Relief Valve

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= ps — pp-

Basic The model is based on the following assumptions:

Assumptions

and e Valve opening is linearly proportional to the pressure differential.
Limitations ® No loading on the valve, such as inertia, friction, spring, and so on,

is considered.

¢ The transition between laminar and turbulent regimes is assumed to
be sharp and taking place exactly at Re=Re,,,..

.
Dla Iog E Block Parameters: Pressure Relief Yalve ﬂ

Box and —Prezsure Relief Walve

Parameters Thiz block represents a hydraulic pressure relisf valve as a data sheet-bazed model.
The valve remains closed while pressure at the valve inlet is lower than the valve
preset pressure. When the preset pressure iz reached, the value control member iz
forced off its seat, thus creating a paszage between the inlet and outlet. Some fuid iz
diverted to a tank through thiz orifice, thus reducing the pressure at the inlet. [f thiz
flawy rate is not enough and pressure continues ta rise, the area iz further increazed
until the: control member reaches its masirmun.

Connections & and B are hydraulic conserving ports. The block positive direction iz
from port A ta port B.

—Parameters
hd awiniun paszage area: |1 T I 2 j
Walve preszure setting: |58+DB I Pa j
Walve regulation range: |58+05 I Pa j

Flow discharge coefficient: ID 7

Critical Feynolds number: |1 2

Leakage area: |1 12 I m2 x|

ak. I Cahicel
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Maximum passage area
Valve passage maximum cross-sectional area. The default value
is 1e-4 m”"2,

Valve pressure setting
Preset pressure level, at which the orifice of the valve starts to
open. The default value is 50e5 Pa.

Valve regulation range
Pressure increase over the preset level needed to fully open the
valve. The default value is 5e5 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 value is 0.7.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12m”"2.



Pressure Relief Valve

Globadl
Parameters

Ports

Examples

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

The Power Unit with Fixed-Displacement Pump demo
(sh_power_unit_fxd_dspl_pump) illustrates the use of the Pressure
Relief Valve block in hydraulic systems. The valve is set to 75e5 Pa
and starts diverting fluid to tank as soon as the pressure at its inlet
reaches this value.
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Purpose Simulate continuous valve driver with output proportional to input
signal

Libra ry Valve Actuators

Description The Proportional and Servo-Valve Actuator block represents an
electromagnetic actuator that is used in proportional and servo-valves

b— . H-D to drive a spool or other working member. The block is intended to

work with one of the directional valve models to form a desirable
configuration of a proportional or servo-valve. The block is implemented
as a data-sheet-based model and reproduces only the input/output
relationship, or the actuator’s transient response, as presented in the
catalog or data sheet.

The Proportional and Servo-Valve Actuator block is built using the
blocks from the Physical Signals library. Both the input and the output
of the block are physical signals. The block diagram of the model is
shown in the following figure.

Com—elt

Input

1

ra s p-.| bt = | | L

— | e — B—Pl';‘ » 2

5

e PS Saturation FS Gain P Integratar — i Qutput
; ntegrator
PS Subtractd F5 Gaint ¢

The model consists of the first-order lag, PS Integrator, PS Saturation
block, and the PS Subtract block that closes the feedback. The
configuration is found to be suitable to simulate behavior of servo-valves
and high-quality proportional valves.

The typical transient responses of a servo-valve or a high-quality
proportional valve are shown in the following figure. The only
difference between the two responses in the figure is the value of the
saturation. The response that corresponds to 100% of the input signal is
considerable slower than that with the 20% saturation.
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You can adjust the block parameters, such as saturation, gain, and
time constant, to make the transient responses close enough to those
provided in the data sheet. The most effective way to adjust the
parameters is to use the Simulink Response Optimization Toolbox.
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Proportional and Servo-Valve Actuator

Dialog
Box and
Parameters

Ports
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=1Block Parameters: Proportional and Servo-¥alv

— Propartional and S ervo- alve Actuator

The block iz implemented az a data sheet-bazed model of an electo-magnetic
actuator for proportional and zervo-valves. It iz intended to be uzed with one of the
directional valve models ta form a desirable configuration of a propartional or
gervo-valve. The block reproduces only the input/output relationzhip and i created
az a clozed-loop system, built of the firzt order lag, PS Integrator, PS Saturation
black, and PS5 Subtract black. The uze af the Simulink. Besponze Optimizatian
Toolbox is recommended ko determine actuator parameters. The block haz one
phyzical zignal input part and one phyzsical signal output port,

— Parameters
Gain: IE??
Time conztant: IEI.EIEIE I - LI
S aturation: ID_3
0K Cancel | T Hep Y eob
Gain

Gain of the first-order lag. The default value is 377.

Time constant

Time constant of the first-order lag. The default value is 0.002 s.

Saturation

Saturation level of the Saturation block in the actuator model.

The default value is 0. 3.

The block has one physical signal input port and one physical signal

output port.




Proportional and Servo-Valve Actuator

Examples The Closed-Loop Electrohydraulic Actuator with Proportional
Valve demo (sh_closed loop_actuator) illustrates the use of the
Proportional and Servo-Valve Actuator block in hydraulic systems.

See Also 2-Position Valve Actuator

3-Position Valve Actuator
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PS Add

Purpose
Library

Description

[x|+

B+ [P

Dialog
Box and
Parameters

Ports

See Also
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Add two physical signal inputs

Physical Signals/Functions

The PS Add block outputs the sum of two input physical signals:
y=u tug

where

u, Physical signal at the first input port
u, Physical signal at the second input port

y Physical signal at the output port

=1 Block Parameters: PS Add x|

—P5 Add

Thiz block. addz zignals of the hwo inputs:

y=u1+u_ 2

All connections are phyzical signal parts.

0E. Cancel Help Apply

....................................

The PS Add block has no parameters.

The block has two physical signal input ports and one physical signal
output port.

PS Divide
PS Gain



PS Add

PS Product
PS Subtract
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PS Dead Zone

Purpose Provide region of zero output for physical signals

Librclry Physical Signals/Nonlinear Operators

Description The PS Dead Zone block generates zero output when input signal falls
within a specified region, called a dead zone. You can specify the lower

[ [ and upper limits of the dead zone as block parameters. The block output
depends on the input and dead zone:

e Ifthe input is within the dead zone (greater than the lower limit and
less than the upper limit), the output is zero.

® If the input is greater than or equal to the upper limit, the output is
the input minus the upper limit.

¢ If the input is less than or equal to the lower limit, the output is
the input minus the lower limit.

Both the input and the output are physical signals.
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|

Dlalog [Z1Block Parameters: PS Dead Zone |
Box and A
Parameters [T Hmataans
Thiz block. generatez zero output wher input zighal fallz within a specified region,
called a dead zone. The block parameters are the lower and upper limits of the dead
zone. |f the input iz greater than ar equal to the upper limit, the autput iz the input
rinus the upper limit, 1F the input iz lezs than ar equal to the lower limit, the output iz
the input minus the lower limit.
Both the input and the output are phypsical signal ports.
Parameters
Ipper limit; ID-E
Lowser linit; I'D-E
S D | |
Upper limit
The upper limit, or end, of the dead zone. The default value is 0.5.
Lower limit
The lower limit, or start, of the dead zone. The default value is
-0.5.
Ports The block has one physical signal input port and one physical signal
output port.
See Also PS Saturation
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Purpose
Library

Description

[

£ R I

Dialog
Box and
Parameters

Ports
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Compute simple division of two input physical signals
Physical Signals/Functions

The PS Divide block divides one physical signal input by another and
outputs the difference:

Y= FU
where

Physical signal at the first input port (marked with the x sign)

Physical signal at the second input port (marked with the
+ sign)

y Physical signal at the output port

E! Block Parameters: PS Divide x|

—P5 Divide

Thiz block divides the first input signal by the second one:

p=u 1 2

All connections are phyzical zignal ports.

Fk. Cancel Help Amply

The PS Divide block has no parameters.

The block has two physical signal input ports and one physical signal
output port.



PS Divide
|

See Also PS Add
PS Gain
PS Product
PS Subtract
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Purpose
Library

Description
DI>D-

Dialog
Box and
Parameters

Ports
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Multiply input physical signal by constant

Physical Signals/Functions

The PS Gain block multiplies the input physical signal by a constant

value (gain). You specify the value of the gain as the Gain parameter.

E Block Parameters: PS Gain

—P5 Gain

Thiz block multiplies the input physical signal by a constant;
y=1Uu"gan
The Gain parameter accepts both pozitive and negative values.

All connections are phyzical signal parts.

Parameters

[3ar; I'I

0k | Cancel

Apply

Gain

The multiplication coefficient. You can specify both positive and

negative values.

The block has one physical signal input port and one physical signal

output port.




PS Gain
|

See Also PS Add
PS Divide
PS Product
PS Subtract
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PS Integrator

Purpose Integrate physical signal
Librclry Physical Signals/Linear Operators
Description The PS Integrator block outputs the integral of its input at the current

time step. The following equation represents the output of the block:

1
DSD

t
y(t) = ju(t)dt +50
%

where
u Physical signal at the input port
Yo Initial condition
y Physical signal at the output port
t Time

The PS Integrator block is a dynamic system with one state, its output.
The PS Integrator block’s input is the state’s time derivative:

x=y(t)
X0 =20
x=ut)

The solver computes the output of the PS Integrator block at the current
time step, using the current input value and the value of the state at
the previous time step. To support this computational model, the PS
Integrator block saves its output at the current time step for use by
the solver to compute its output at the next time step. The block also
provides the solver with an initial condition for use in computing the
block’s initial state at the beginning of a simulation run. The default
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value of the initial condition is 0. You can specify another value for the
initial condition as a parameter on the block dialog box.

Dialog x
Box and
—PS Integrator
Parameters _ _ - _ _ -
Thiz block performs continuous-time integration of the input Physical Signal.
—Parameters
I hitial Condition: N
1] Cancel Help Apply
Initial Condition
Specify the initial condition for use in computing the block’s initial
state at the beginning of a simulation run. For more information,
see “Computing Initial Conditions”. The default value is 0.
Ports The block has one physical signal input port and one physical signal

output port.
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Purpose
Library

Description

2-254

K

Approximate one-dimensional function using specified lookup method
Physical Signals/Lookup Tables

The PS Lookup Table (1D) block computes an approximation to some
function y=f (x) given data vectors x and y. Both the input and the
output are physical signals.

Note To map two physical signal inputs to an output, use the PS
Lookup Table (2-D) block.

The length of the x and y data vectors provided to this block must
match. Also, the x data vector must be strictly monotonically increasing
(i.e., the value of the next element in the vector is greater than the
value of the preceding element).

You define the lookup table by specifying the Vector of input values
parameter as a 1-by-n vector and the Vector of output values
parameter as a 1-by-n vector. The block generates output based on
the input values using the selected interpolation and extrapolation
methods. You have a choice of three interpolation methods and two
extrapolation methods.



PS Lookup Table (1D)

Dialog
Box and
Parameters

E! Block Parameters: PS Lookup Table (1D} 5[

—PS Lookup Table [10]

The block reprezents an ideal converter whoze input-output relationzhip iz specified
by the lookup table. Bath the input and the output are phezical zignals. The block
aoffers 3 methods of interpolation and 2 methods of extrapalation.

—Parameters

Yector af input values: I[ 12345]

Wector of output walues; I[ 01234]

|nterpolation method: I Linear

E strapolation method:

L] L]

I From lazt 2 points

Ok Cancel © Help Apply

Vector of input values
Specify the vector of input values as a tabulated 1-by-n array. The
input values vector must be strictly monotonically increasing.
The values can be non-uniformly spaced.

Vector of output values
Specify the vector of output values as a tabulated 1-by-n array.
The output values vector must be the same size as the input
values vector.

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

e |inear—Uses a linear function.
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Ports

References

See Also
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Cubic—Uses the Piecewise Cubic Hermite Interpolation
Polinomial (PCHIP). For more information, see [1] and the
pchip MATLAB function.

Spline—Uses the cubic spline interpolation algorithm
described in [2].

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.

The block has one physical signal input port and one physical signal
output port.

[1] D.Kahaner, Cleve Moler, Stephen Nash, Numerical Methods and
Software, Prentice Hall, 1988

[2] W.H.Press, B.P.Flannery, S.A.Teulkolsky, W.T.Wetterling, Numerical

Recipes in C: The Art of Scientific Computing, Cambridge University

Press, 1992

PS Lookup Table (2D)
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Purpose
Library

Description

L=
[

™

Approximate two-dimensional function using specified lookup method
Physical Signals/Lookup Tables

The PS Lookup Table (2D) block computes an approximation to some
function z=f (x,y) given the x, y, z data points. The two inputs and
the output are physical signals.

The x and y data vectors must be strictly monotonically increasing (i.e.,
the value of the next element in the vector is greater than the value
of the preceding element). The matrix size of the tabulated function
values must match the dimensions defined by the input vectors.

You define the lookup table by specifying the Vector of input values
along X-axis parameter as a 1-by-m vector of x data points, the Vector
of input values along Y-axis parameter as a 1-by-n vector of y data
points, and the Tabulated function values as an m-by-n matrix of z
data points. The block works on Cartesian mesh, i.e., function values
must be specified at vertices of a rectangular array. The block generates
output based on the input grid lookup using the selected interpolation
and extrapolation methods. You have a choice of three interpolation
methods and two extrapolation methods.
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Dlalog E! Block Parameters: PS Lookup Table (2D) 5[

Box and _PS Lookup Table (2D]

Parameters

The block reprezents an ideal converter whoze input-output relationzhip iz specified
by the 2-dimenszional lookup table. Bath inputs and the output are phozical signals.
The module works on Cartesian mesh, i.e. function walues must be specified at
wertices of a rectangular array. The argument vectors must be of the same zize and
arranged in strictly azcending arder. The vertices can be non-uniformly zpaced. The
block offers 3 methods of interpolation and 2 methods of extrapaolation.

—Parameters

Wector of input values

along ><-a:-:isl,::I I[ 12345]
Wector of ir_‘u:uut values I[ 12345]
along *'-axiz:

T abulated function walues:

|]1234;12345;23455;3455?;455?8;]

|nterpolation method: I Lirear ;I
E strapolation method: I From last 2 points LI
Ok Cancel Help | Apply

Vector of input values along X-axis
Specify the vector of input values along the x-axis as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced.

Vector of input values along Y-axis
Specify the vector of input values along the y-axis as a
tabulated 1-by-n array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced.
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|

Tabulated function values
Specify the output values as a tabulated m-by-n matrix, defining
the function values at the input grid vertices. The matrix size
must match the dimensions defined by the input vectors.

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—Uses a bilinear interpolation algorithm, which is an
extension of linear interpolation for functions in two variables.
The method performs linear interpolation first in x-direction
and then in y-direction.

® Cubic—Uses the bicubic interpolation algorithm described in

(1].

¢ Spline—Uses the bicubic spline interpolation algorithm
described in [1].

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 grid location, similar
to PS Lookup Table (1D) block.

® From last point—Uses the last specified output value at the
appropriate grid location, similar to PS Lookup Table (1D)
block..

Ports The block has two physical signal input ports and one physical signal
output port.
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References [1] W.H.Press, B.P.Flannery, S.A.Teulkolsky, W.T.Wetterling, Numerical
Recipes in C: The Art of Scientific Computing, Cambridge University
Press, 1992

See Also PS Lookup Table (1D)
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Purpose
Library

Description

[»
.
D D

Dialog
Box and
Parameters

Ports

See Also

Multiply two physical signal inputs
Physical Signals/Functions

The PS Product block outputs the product of two input physical signals:

Y =Urug
where

u, Physical signal at the first input port
u, Physical signal at the second input port

y Physical signal at the output port

E! Block Parameters: PS Product x|

—PS Praduct

Thiz block multiplies signals of the bwo inpuks:

[TV AT

All connections are phyzical zignal portz.

Cancel Help Smply

The PS Product block has no parameters.

The block has two physical signal input ports and one physical signal
output port.

PS Add
PS Divide
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PS Gain
PS Subtract
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PS Saturation

Purpose

Library

Description

=}

[

Dialog
Box and
Parameters

Limit range of physical signal
Physical Signals/Nonlinear Operators

The PS Saturation block imposes upper and lower bounds on a physical
signal. When the input signal is within the range specified by the
Lower limit and Upper limit parameters, the input signal passes
through unchanged. When the input signal is outside these bounds, the
signal is clipped to the upper or lower bound.

When the Lower limit and Upper limit parameters are set to the
same value, the block outputs that value.

Both the input and the output are physical signals.

=1 Block Parameters: PS Saturation x|

—P5S Saturahion

Thiz block impozes upper and lower bounds on the output signal. When the inpuk
zighnal iz withir the range specified by the Lawer limit and Upper limit parameters, the
input gignal passes through unchanged. ' hen the input zignal iz outzide these
boundz, the =ignal iz clipped to the upper or lower bound.

Both the input and the output are phyzical signal paorts.

Parameters
Ilpper limit; IEI.E
Lower limit; I-EI.E

DK | Ean,:e| : ............ H E'p ............ '&'ppl-lrl
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Ports

See Also
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Upper limit
The upper bound on the input signal. When the input signal to
the Saturation block is above this value, the output of the block is
clipped to this value. The default is 0.5.

Lower limit
The lower bound on the input signal. When the input signal to
the Saturation block is below this value, the output of the block is
clipped to this value. The default is -0.5.

The block has one physical signal input port and one physical signal
output port.

PS Dead Zone



PS Subtract

Purpose
Library

Description

[+
ol—- [P

Dialog
Box and
Parameters

Ports

Compute simple subtraction of two input physical signals
Physical Signals/Functions

The PS Subtract block subtracts one physical signal input from another
and outputs the difference:

y=u —Up
where
u, Physical signal at the first input port (marked with the plus
sign)
u, Physical signal at the second input port (marked with the

minus sign)

y Physical signal at the output port

E Block Parameters: PS Subtrack x|
—PS Subtract

Thiz block, performs subtraction on bwo inputs;

y=u1-u_2

All connectionz are phyzical zignal ports.

(] 4 Cancel Help Apply

The PS Subtract block has no parameters.

The block has two physical signal input ports and one physical signal
output port.
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See Also
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PS Divide
PS Gain
PS Product



PS-Simulink Converter

Purpose
Library

Description

PSS SE
—

Dialog
Box and
Parameters

Convert physical signal into Simulink output signal
Utilities

The PS-Simulink Converter block converts a physical signal, in specified
units, into a unitless Simulink signal. You specify the desired units as
the Unit parameter.

Use this block to connect outputs of a Physical Network diagram to
Simulink scopes or other Simulink blocks.

[=]Block Parameters: PS-Simulink Converter x|

— P5-Simulink, Converter

Converts the input Physical Signal to a unitlezs Simulink ouput signal. The Unit
parameter must match or be equivalient to that of the input signal. — |f the Uit
parameter does not match that of the input Phyzical Signal then a gain, equal to the
corverzion factar, will be applied to the input zignal.

—Parameters
Unit: |1
k. Cancel Amply
Unit

Units for the physical signal. You can type the desired unit name,
such as rpm, or a valid expression, such as rad/s. For more
information and a list of unit abbreviations, see “Working with
Physical Units”. The system compares the units you specifies
with the actual units of the input physical signal and applies a
gain equal to the conversion factor before outputting the Simulink
signal. The default value is 1, which means that the unit is not
specified. If you do not specify a unit, or if the unit matches the
actual units of the input physical signal, no gain is applied.
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Ports The block has a physical signal input port, located on its left-hand side,
and a Simulink output port, located on its right-hand side (in the block
default orientation).

See Also Simulink-PS Converter
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Purpose
Library

Description

Fa

Dialog
Box and
Parameters

Simulate pressurized hydraulic reservoir
Hydraulic Utilities

The Reservoir block represents a pressurized hydraulic reservoir, in
which fluid is stored under a specified pressure. The pressure remains
constant regardless of volume change. The block accounts for pressure
loss in the return line 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.

[]Block Parameters: Reseryoir |

—HRezersair

Thiz block reprezents a pressunized hpdraulic reservair, in which fuid iz stored under
a specified preszure. The prezzure remaing congtant regardless of volume change.
The block accounts for pressure loss in the retum line that can be caused by a filker,
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 outzide
through the physical signal port .

Connectionz P and B are hydraulic congerving porte azsociated with the pump and
retum lines, respectively. Connection ¥ is a physical signal port,

—Parameters
Pressurization level: ID I Pa LI
Iitial fuid walurne: ID.DE I w3 LI
Return line diameter: ID.EI2 I m LI
F'ressu_re loss coefficient in I1
return line:

ak I Cancel

Apply |

Pressurization level
The pressure inside the reservoir. The default value is 0.
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Ports

See Also
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Initial fluid volume
The initial volume of fluid in the tank. The default value is 0.02
m”3.

Return line diameter
The diameter of the return line. The default value is 0.02 m.

Pressure loss coefficient in return line
The value of the pressure loss coefficient, to account for pressure
loss in the return line. The default value is 1.

The block has the following ports:

P

Hydraulic conserving port associated with the pump line.
R

Hydraulic conserving port associated with the return line.
\Y

Physical signal port that output the volume of fluid in the tank.

Hydraulic Reference



Resistive Tube

Purpose
Library

Description

AT = e

Simulate hydraulic pipeline which accounts for friction losses only
Hydraulic Elements

The Resistive Tube block models hydraulic pipelines with circular and
non-circular cross sections and accounts for resistive property only. In
other words, the block is developed with the basic assumption of the
steady state fluid momentum conditions. Neither fluid compressibility
nor fluid inertia is considered in the model, meaning that features such
as water hammer cannot be investigated. If necessary, you can add fluid
compressibility, fluid inertia, and other effects to your model using other
blocks, thus producing a more comprehensive model.

The end effects are also not considered, assuming that the flow is fully
developed along the entire pipe length. To account for local resistances,
such as bends, fittings, inlet and outlet losses, and so on, all the
resistances are converted into their equivalent lengths, and then the
total length of all the resistances is added to the pipe geometrical length.

Pressure loss due to friction is computed with the Darcy equation, in
which losses are proportional to the flow regime-dependable friction
factor and the square of the flow rate. The friction factor in turbulent
regime is determined with the Haaland approximation (see [1]). The
friction factor during transition from laminar to turbulent regimes is
determined with the linear interpolation between extreme points of
the regimes. As a result of these assumptions, the tube is simulated
according to the following equations:

L+L
PZf(D—Heq)iQ°|Q|
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K, /Re for Re <= Rey,

=17 +M(R6—Re[4) for Re;, < Re < Rep
ReT — ReL
! for Re >= Rep
6.9 (r/Dg M ’
-1.81o —=+
510! Re [ 3.7 )
Re = 9Dy
A
where
Pressure loss along the pipe due to friction
Flow rate through the pipe
Re Reynolds number
Re, Maximum Reynolds number at laminar flow
Re, Minimum Reynolds number at turbulent flow
K, Shape factor that characterizes the pipe cross section
f, Friction factor at laminar border
f; Friction factor at turbulent border
A Pipe cross-sectional area
D, Pipe hydraulic diameter
L Pipe geometrical length
Leq Aggregate equivalent length of local resistances
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r Height of the roughness on the pipe internal surface

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 loss is

determined as p=py - pp.

Basic The model is based on the following assumptions:
Assumptions

and ¢ Flow is assumed to be fully developed along the pipe length.
Limitations ¢ Fluid inertia, fluid compressibility, and wall compliance are not

taken into account.
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E! Block Parameters: Resistive Tube x|

—Flesistive Tube

Thiz block modet: hydraulic pipelines with circular and non-circular cross sections
and accounts far resistive property only. To account for local rezistances such az
bends, fitings, inlet and outlet lozzes, and zo an, all the rezistances are converted
inta their equivalent lengths, and then the total lenath of all the rezsistances iz added
to the pipe geametrical length.

Connections & and B are hydraulic conzerving ports. The block positive direction is
fram part & to part B. Thiz means that the fow rate iz positive if fuid flows from & ta B,
and the pressure loss is determined as p=p_& - p_B.

—Parameters
Tube crozs section bype: I Circular j
Tube internal diameter: ID'E” I m j
Geometrical shape factaor: IB 4
Tube length: |5 I m

Aggregate equivalent length of local I.I
Iesistances;

Lel Lef Lo

Internal surface roughness height: |-| Be05 I m
Laminar flow upper mangir: |2e+03
Turbulent flov lover margin: |4e+03

Apply

ak. I Cancel




Resistive Tube

E! Block Parameters: Resistive Tube x|

—Flesistive Tube

Thiz block modet: hydraulic pipelines with circular and non-circular cross sections
and accounts for resistive property only. To account for local resistances such az
bends, fittings. inlet and outlet logses, and so on, all the resistances are converted
inta their equivalent lengths, and then the tatal length of all the resistances is added
to the pipe geometrical length.

Connectionz & and B are hpdraulic conzerving porte. The block positive direction is
from port & to port B, Thiz means that the flov rate iz pogitive if fuid fows from s to B,
and the prezzure lozz iz determined az p=p_A - p_B.

—Parameters
Tube crozs section type: I Mo circular j
Mor-cireular tube cross-sectional -
aren [1e-04 jm"z ]
Man-circular tube hydraulic diameter: ID o1z I - ﬂ
Geometrical shape factaor: IB 4
Tube length: |5 I m j
Agagreqate equivalent length of local I1 I - ﬂ
Iesistances;
Internal surface roughness height: I-I Eeln I ™ LI
Laminar flow upper margin; |2e+03
Turbulent flow lower margin;: |4e+03

ak. I Cancel

Apply

Tube cross section type
The parameter can have one of two values: Circular or
Non-circular. For a circular tube, you need to specify its internal
diameter. For a non-circular tube, you need to specify its hydraulic
diameter and tube cross-sectional area. The default value of the
parameter is Circular.

Tube internal diameter
Tube internal diameter. The parameter is used if Tube cross
section type is set to Circular. The default value is 0.01 m.
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Non-circular tube cross-sectional area
Tube cross-sectional area. The parameter is used if Tube cross
section type is set to Non-circular. The default value is 1e-4
m”2.

Non-circular tube hydraulic diameter
Hydraulic diameter of the tube cross section. The parameter is
used if Tube cross section type is set to Non-circular. The
default value is 0.0112 m.

Geometrical shape factor
The parameter is used for computing friction factor at laminar
flow and depends of the shape of the tube cross section. For a
tube with non-circular cross section, you must set the factor to an
appropriate value, for example, 56 for a square, 96 for concentric
annulus, 62 for rectangle (2:1), and so on (see [1]). The default
value is 64, which corresponds to a tube with a circular cross
section.

Tube length
Tube geometrical length. The default value is 5 m.

Aggregate equivalent length of local resistances
This parameter represents total equivalent length of all local
resistances associated with the tube. You can account for the
pressure loss caused by local resistances, such as bends, fittings,
armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local
resistances. The default value is 1 m.

Internal surface roughness height
Roughness height on the tube internal surface. The parameter is
typically provided in data sheets or manufacturer’s catalogs. The
default value is 1.5e-5 m, which corresponds to drawn tubing.

Laminar flow upper margin
Specifies the Reynolds number at which the laminar flow regime
is assumed to start converting into turbulent. Mathematically,
this is the maximum Reynolds number at fully developed laminar
flow. The default value is 2000.
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Global

Parameters

Ports

References

See Also

Turbulent flow lower margin
Specifies the Reynolds number at which the turbulent flow regime
is assumed to be fully developed. Mathematically, this is the
minimum Reynolds number at turbulent flow. The default value
is 4000.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the tube inlet.

Hydraulic conserving port associated with the tube outlet.
[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

Hydraulic Pipeline
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Simulate viscous damper in mechanical rotational systems
Mechanical Rotational Elements

The Rotational Damper block represents an ideal mechanical rotational
viscous damper described with the following equations:

T =D-»
0=0r —0c
where

T Torque transmitted through the spring

D Damping (viscous friction) coefficient

o Relative angular velocity

g0 Absolute angular velocities of terminals R and C, respectively

The block positive direction is from port R to port C. This means that
the torque is positive if it acts in the direction from R to C.

[Z1Block Parameters: Rotational Damper |

Ratational D amper

The block reprezentz an ideal mechanical rotational viscous damper.

Connectionz B and C are mechanical rotational conzerving ports, with B representing
the: damper rod, while C iz associated with the damper case. The block positive
direction is from port B o port C.

Parameters

Damping coefficient: ID.DD'I s M Arad

0K | Cancel Apply




Rotational Damper

Ports

See Also

Damping coefficient
Damping coefficient, defined by viscose friction. The default value
is 0.001 N*m/(rad/s).

The block has the following ports:

R
Mechanical rotational conserving port.

Mechanical rotational conserving port.

Rotational Friction

Rotational Hard Stop

Rotational Spring
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Purpose Simulate friction in contact between rotating bodies

Librclry Mechanical Rotational Elements

Desc ription The Rotational Friction block represents friction in contact between
rotating bodies. The friction torque is simulated as a function of relative

ﬂ-ﬁ‘—"—&" velocity and is assumed to be the sum of Stribeck, Coulomb, and viscous

components, as shown in the following figure.

Stribed: friction
T4 Viscous fricliun_

brk

r [:]dﬂl'llh friction

_..--""""’.'_

The Stribeck friction is the negatively sloped characteristics taking
place at low velocities (see [1]). The Coulomb friction results in a
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constant torque at any velocity. The viscous friction opposes motion
with the torque directly proportional to the relative velocity. The sum
of the Coulomb and Stribeck frictions at the vicinity of zero velocity is
often referred to as the breakaway friction. The friction is approximated
with the following equations:

T= (TC +(Tbrk _TC )'eXp(_cv | wl))Sign(m)+fm

0= —OC

where
T Friction torque
T, Coulomb friction torque
Tori Breakaway friction torque
c, Coefficient
o Relative velocity

wg,0; Absolute angular velocities of terminals R and C, respectively

f Viscous friction coefficient

The approximation above is too idealistic and has a substantial
drawback. The characteristic is discontinuous at o = 0, which creates
considerable computational problems. It has been proven that the
discontinuous friction model is a nonphysical simplification in the sense
that the mechanical contact with distributed mass and compliance
cannot exhibit an instantaneous change in torque (see [1]). There are
numerous models of friction without discontinuity. The Rotational
Friction block implements one of the simplest versions of continuous
friction models. The friction torque-relative velocity characteristic of
this approximation is shown in the following figure.
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Ti

LI Whin

The discontinuity is eliminated by introducing a very small, but finite,
region in the zero velocity vicinity, within which friction torque is
assumed to be linearly proportional to velocity, with the proportionality
coefficient 7, /®,,, where o,, is the velocity threshold. It has been
proven experimentally that the velocity threshold in the range between
10 and 10 rad/s is a good compromise between the accuracy and
computational robustness and effectiveness. Notice that friction torque
computed with this approximation does not actually stop relative
motion when an acting torque drops below breakaway friction level.
The bodies will creep relative to each other at a very small velocity
proportional to acting torque.
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As a result of introducing the velocity threshold, the block equations
are slightly modified:

e If o] >= o,

T =(Tg +(Tprr, — Tc )rexp(—c, | ©])) sign (o) + fo

o If |o| < w,,

r_ w(f(oth +(Tc +(Tork — Tc Jrexp(—c,1)))

Wy,

The block positive direction is from port R to port C. This means that if

the port R velocity is greater than that of port C, the block transmits
torque from R to C.
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L]
Dla |09 E! Block Parameters: Rotational Friction |

Box und —Rlatational Friction

Pa rameters The block reprezents friction in the contact between rotating bodies. The Fiction
force iz gimulated az a function of relative velocity and azsumed to be the zum of
Stibeck, Coulomb, and viscous componentz. The sum of the Coulomb and Stribeck
frictions at zero velocity iz often referred to az the break.aveay friction,

Connectionz B and C are mechanical rotational conzerving ports. The block positive
direction iz from port B to port C. Thiz means that if port B welocity iz greater than that
of port C, the block transmits torque from port B to port C,

—Parameters
Breakaway friction torque: |25 I =y LI
Coulomb friction torgue: |2D I =y LI
Wiscous friction coefficient: ID.DD'I 5N Arad
T woinain i [v7 =]
It_ri?::é;;z?inn welocity I.I T I T LI

ok | Cancel | Apply |

Breakaway friction torque
Breakaway friction torque, which is the sum of the Coulomb
and the static frictions. It must be greater than or equal to the
Coulomb friction torque value. The default value is 25 N*m.

Coulomb friction torque
Coulomb friction torque, which is the friction that opposes
rotation with a constant torque at any velocity. The default value
is 20 N*m.

Viscous friction coefficient
Proportionality coefficient between the friction torque and the
relative angular velocity. The parameter value must be greater
than or equal to zero. The default value is 0.001 N*m/(rad/s).
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Ports

Examples

References

Transition approximation coefficient
The parameter sets the value of coefficient ¢, which is used
for the approximation of the transition between the static
and the Coulomb frictions. Its value is assigned based on the
following considerations: the static friction component reaches
approximately 95% of its steady-state value at velocity 3/c,
and 98% at velocity 4/c , which makes it possible to develop an
approximate relationship ¢, ~= 4/®_; ~where o is the relative
velocity at which friction torque has its minimum value. By
default, ¢, is set to 10 rad/s, which corresponds to a minimum
friction at velocity of about 0.4 s/rad.

Linear region velocity threshold
The parameter sets the small vicinity near zero velocity, within
which friction torque is considered to be linearly proportional to
the relative velocity. The MathWorks recommends that you use
values in the range between 1e-5 and 1e-3 rad/s. The default
value is 1e-4 rad/s.

The block has the following ports:

R
Mechanical rotational conserving port.

Mechanical rotational conserving port.

The Mechanical Rotational System with Stick-Slip Motion demo
(sh_rot_system _stick slip) illustrates the use of the Rotational
Friction block in mechanical systems. The friction element is installed
between the load and the velocity source, and there is a difference
between the breakaway and the Coulomb frictions. As a result,
stick-slip motion is developed in the regions of constant velocities.

[1] B. Armstrong, C.C. de Wit, Friction Modeling and Compensation,
The Control Handbook, CRC Press, 1995

2-285



Rotational Friction

See Also Rotational Damper
Rotational Hard Stop
Rotational Spring
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Rotational Hard Stop

Purpose Simulate double-sided rotational hard stop
Librclry Mechanical Rotational Elements
Description The Rotational Hard Stop block represents a double-sided mechanical
rotational hard stop that restricts motion of a body between upper and
e P lower bounds. Both ports of the block are of mechanical rotational type.

The impact interaction between the slider and the stops is assumed

to be elastic. The stop is implemented as a spring that comes into
contact with the slider as the gap is cleared. The spring opposes slider
penetration into the stop with the force linearly proportional to this
penetration. To account for energy dissipation and nonelastic effects,
the damping is introduced as a block parameter, thus making it possible
to account for energy loss.

The hard stop is described with the following equations:

K,8+D,(0op-wc) ford>=g,
T=10 forg, <d<g,
K,5+D,(0og —0¢) ford<=g,

d=0r —9c

_dop
dt

doc
dt

where

T Interaction torque between the slider and the case

) Relative angular displacement between the slider and the
case
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g, Gap between the slider and the case in positive direction
g, Gap between the slider and the case in negative direction
wg,0; Absolute angular velocities of terminals R and C, respectively

¢p,0c  Absolute angular displacements of terminals R and C,
respectively

X

Contact stiffness at positive restriction

X

=]

Contact stiffness at negative restriction

Damping coefficient at positive restriction

he}

Damping coefficient at negative restriction

~+~ © _©

Time

The equations are derived with respect to the local coordinate system
whose axis is directed clockwise from port R to port C. The terms
“positive” and “negative” in the variable descriptions refer to this
coordinate system, and the gap in negative direction must be specified
with negative value. If the local coordinate system is not aligned with
the globally assigned positive direction, the gaps interchange their
values with respective sign adjustment.

The block is oriented from R to C. This means that the block transmits
torque from port R to port C when the gap in positive direction is
cleared up.



Rotational Hard Stop

L]
Dla Iog E Block Parameters: Rotational Hard Stop ﬂ

Box und —Riotational Hard Stop

Pa ra meters The block represents a double-zsided mechanical ratational hard stop. The stop is
implemented az a spring that comes inta contact with the body as the gap iz cleared.
To account for energy diszipation and non-elastic effects, the damping iz introduced
a3 the block parameter.

Connections A and 5 are mechanical ratational conserving ports. The block is
oriented from B to C. Thiz means that the block, transmits borque from port B to port C
when the gap in pogtive direction iz cleared up.

—Parameters

Idpper bound: ID.'I I p LI
Lower bound: I-D'I I p LI
Contact stiffness at upper .

- 1000000 | mh/rad =]
Contact stiffiess at lower .

- 1000000 | mh/rad =]
Contact damping at upper Y

- oot m's"Nrad

Contact damping at lower o

- oot m's"Nrad

ok | Cancel | Apply |

Upper bound
Gap between the slider and the upper bound. The direction is
specified with respect to the local coordinate system, with the
slider located in the origin. A positive value of the parameter
specifies the gap between the slider and the upper bound. A
negative value sets the slider as penetrating into the upper bound.
The default value is 0.1 rad.

Lower bound
Gap between the slider and the lower bound. The direction is
specified with respect to the local coordinate system, with the
slider located in the origin. A negative value of the parameter
specifies the gap between the slider and the lower bound. A
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positive value sets the slider as penetrating into the lower bound.
The default value is -0.1 rad.

Contact stiffness at upper bound

The parameter specifies the elastic property of colliding bodies
when the slider hits the upper bound. 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 1e6 N*m/rad.

Contact stiffness at lower bound

The parameter specifies the elastic property of colliding bodies
when the slider hits the lower bound. 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 1e6 N*m/rad.

Contact damping at upper bound

The parameter specifies dissipating property of colliding bodies
when the slider hits the upper bound. 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, The MathWorks recommends
that you assign a nonzero value to this parameter. The default
value is 0.01 N*m*s/rad.

Contact damping at lower bound

The parameter specifies dissipating property of colliding bodies
when the slider hits the lower bound. 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
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and convergence reasons, The MathWorks recommends that you
assign a nonzero value to this parameter. The default value is
0.01 N*m*s/rad.

Ports The block has the following ports:
R

Mechanical rotational conserving port associated with the slider
that travels between stops installed on the case.

Mechanical rotational conserving port associated with the case.

See Also Rotational Damper
Rotational Friction

Rotational Spring
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Purpose Simulate ideal spring in mechanical rotational systems
Librclry Mechanical Rotational Elements
Description The Rotational Spring block represents an ideal mechanical rotational

linear spring, described with the following equations:

uﬁm‘e—n
T = Kc(p

0= Qjnitr TOr —QC
oo 49
dt
where

T Torque transmitted through the spring

K Spring rate

(0 Relative displacement angle (spring deformation)
0.t Spring preliminary winding (spring offset)

Op,0c Absolute angular displacements of terminals R and C,

respectively
o Relative angular velocity
t Time

The block positive direction is from port R to port C. This means that
the torque is positive if it acts in the direction from R to C.
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E Block Parameters: Rotational Spring x|

Riotational 5 pring

The block representz an ideal mechanical rotational linear pring.

Connectionz B and C are mechanical rotational conzerving ports. The block positive
direction iz from port B to port C. Thiz meanz that the torque iz pozitive if it acts in the
direction from F to C.

Parameters
Spring rate: [0 | mh/rad =]
Initial defarmation: ID | 1ad ;I

ok | Cancel |

Spring rate
Spring rate. The default value is 10 N*m/rad.

Initial deformation
Spring initial deformation, or offset, in angular units. The
deformation is determined as ¢ = ¢, ;, + ¢z — 05, Where o, .,
is the initial deformation, and ¢y, are the absolute angular
displacements of terminals R and C in the globally assigned
positive direction. The spring can be initially compressed (¢,
> 0) or stretched (¢,,,, < 0). This parameter specifies the
initial condition for use in computing the block’s initial state at
the beginning of a simulation run. For more information, see
“Computing Initial Conditions”. The default value is 0.

The block has the following ports:

R
Mechanical rotational conserving port.

Mechanical rotational conserving port.
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See Also Rotational Damper
Rotational Friction

Rotational Hard Stop
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Segmented Pipeline

Purpose Simulate hydraulic pipeline with resistive, fluid inertia, and fluid
compressibility properties

Librclry Pipelines

Desc ription The Segmented Pipeline block models hydraulic pipelines with circular

cross sections. Hydraulic pipelines, which are inherently distributed
“m“ parameter elements, are represented with sets of identical, connected in
series, lumped parameter segments. It is assumed that the larger the
number of segments, the closer the lumped parameter model becomes
to its distributed parameter counterpart. The equivalent circuit of a
pipeline adopted in the block is shown below, along with the segment

configuration.
tb_O fl_in_o
Dol =ty fr2g s
A
Segment_1 Segment_2 Segment_n
Pipeline Equivalent Circuit
fl_in_i th_i

N_(i) . N_(i+1)

ch_i

Segment Configuration
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The model contains as many Constant Chamber blocks as there are
segments. The chamber lumps fluid volume equal to

2
V:n-d L
4 N

where

Fluid volume
Pipe diameter

Pipe length

= - o <

Number of segments

The Constant Chamber block is placed between two branches, each
consisting of a Resistive Tube block and a Fluid Inertia block. Every
Resistive Tube block lumps (L+L_ad) / (N+1)-th portion of the pipe
length, while Fluid Inertia block has L/ (N+1) length (L_ad denotes
additional pipe length equal to aggregate equivalent length of pipe local
resistances, such as fitting, elbows, bends, and so on).

The nodes to which Constant Chamber blocks are connected are
assigned names N_1, N_2, ..., N_n (n is the number of segments).
Pressures at these nodes are assumed to be equal to average pressure
of the segment. Intermediate nodes between Resistive Tube and Fluid
Inertia blocks are assigned names nn_0, nn_1, nn_2, ..., nn_n. The
Constant Chamber blocks are named ch_1, ch_2, ..., ch_n, Resistive
Tube blocks are named tb_0, tb_1, tb_2, ..., tb_n, and Fluid Inertia
blocks are named f1_in_0, f1_in_1, fl_in_2, ..., f1_in_n.

The number of segments is the block parameter. In determining the
number of segments needed, you have to find a compromise between
the accuracy and computational burden for a particular application. It
is practically impossible to determine analytically how many elements
are necessary to get the results with a specified accuracy. The golden
rule is to use as many elements as possible based on computational
considerations, and an experimental assessment is perhaps the only
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reliable way to make any conclusions. As an approximate estimate,
you can use the following formula:

N > AL 0]
TeC
where
N Number of segments

Pipe length
c Speed of sound in the fluid
0 Maximum frequency to be observed in the pipe response
The table below contains an example of simulation of a pipeline where

the first four true eigenfrequencies are 89.1 Hz, 267 Hz, 446 Hz, and
624 Hz.

Number of | 1st Mode | 2nd Mode | 3rd Mode | 4th Mode
Segments

1 112.3 — — —

2 107.2 271.8 - -

4 97.7 284.4 432.9 689

8 93.2 271.9 435.5 628

As you can see, the error is less than 5% if an eight-segmented version

is used.

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 loss is

determined as p=py — pg-
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Basic The model is based on the following assumption:
Assumptions

and ® Flow is assumed to be fully developed along the pipe length.
Limitations

Ll
Dia Iog [ZIBlock Parameters: Segmented Pipeline |

Box a nd —Segmented Pipeline

Parameters Thiz block representz hypdraulic pipelines with circular cross sections as a set of
identical, connected in series, lumped parameter segments. This makes it possible to
approximate behavior of a distributed parameter element, such as hpdraulic pipelines,
within lumped parameter simulatar. The larger the number of segments, the closer the
lurnped parameter model becomes to its disctributed parameter counterpart. Each
zegment consists of Resistive Tube, Fluid Inertia, and Constant Yolume Chamber
building blocks. Az a rezult, the block accounts for friction loss, fuid inertia, and fluid
compressibility.

Connections & and B are hydraulic conzerving ports. The block positive direction is
fram part & to part B. Thiz means that the fow rate iz positive if fuid flows from & ta B,
and the pressure loss is determined as p=p_& - p_B.

—Parameters
Fipe internal diameter: ID.D1 I " LI
Fipe length: |5 I " LI
Mumber of segments: I-I
.&ggregate gquivalent length of local I.I I " LI
egigtances:
Internal surface roughness height: I-I Eeln I " LI
Larninar How upper margin: |28+D3
Turbulent How lower margin: |4e+03
Pipe wall type: I Rigid j
Specific heat ratio: |1 4

0k I Cancel Apply |

Pipe internal diameter
Pipe internal diameter. The parameter is used if Pipe cross
section type is set to Circular. The default value is 0.01 m.
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Pipe length
Pipe geometrical length. The default value is 5 m.

Number of segments
Number of lumped parameter segments in the pipeline model.
The default value is 1.

Aggregate equivalent length of local resistances
This parameter represents total equivalent length of all local
resistances associated with the pipe. You can account for the
pressure loss caused by local resistances, such as bends, fittings,
armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local
resistances. The default value is 1 m.

Internal surface roughness height
Roughness height on the pipe internal surface. The parameter is
typically provided in data sheets or manufacturer’s catalogs. The
default value is 1.5e-5 m, which corresponds to drawn tubing.

Laminar flow upper margin
Specifies the Reynolds number at which the laminar flow regime
is assumed to start converting into turbulent. Mathematically,
this is the maximum Reynolds number at fully developed laminar
flow. The default value is 2000.

Turbulent flow lower margin
Specifies the Reynolds number at which the turbulent flow regime
is assumed to be fully developed. Mathematically, this is the
minimum Reynolds number at turbulent flow. The default value
is 4000.

Pipe wall type
The parameter can have one of two values: Rigid or Compliant.
If the parameter is set to Rigid, wall compliance is not taken into
account, which can improve computational efficiency. The value
Compliant is recommended for hoses and metal pipes where wall
compliance can affect the system behavior. The default value is
Rigid.
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Static pressure-diameter coefficient
Coefficient that establishes relationship between the pressure and
the internal diameter at steady-state conditions. This coefficient
can be determined analytically for cylindrical metal pipes or
experimentally for hoses. The parameter is used if the Pipe
wall type parameter is set to Compliant, and the default value
is 2e-10 m/Pa.

Viscoelastic process time constant
Time constant in the transfer function that relates pipe internal
diameter to pressure variations. By using this parameter, the
simulated elastic or viscoelastic process is approximated with
the first-order lag. The value is determined experimentally or
provided by the manufacturer. The default value is 0.008 s.

Specific heat ratio
Gas-specific heat ratio for the Constant Volume Chamber block.
The default value is 1.4.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the pipe inlet.

Hydraulic conserving port associated with the pipe outlet.

Resistive Tube
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Purpose Simulate hydraulic valve that allows flow in one direction only
Libra ry Directional Valves
Description The Shuttle Valve block represents a hydraulic shuttle valve as a
a data-sheet-based model. The valve has two inlet ports (A and Al) and
one outlet port (B). The valve is controlled by pressure differential
De = Pa — Pa1- The valve permits flow either between ports A and B

or between ports Al and B, depending on the pressure differential p..
Initially, path A-B is assumed to be opened. To open path A1-B (and
close A-B at the same time), pressure differential must be less than the
valve cracking pressure (p,. <=0).

When cracking pressure is reached, the value control member (spool,
ball, poppet, etc.) is forced off its seat and moves to the opposite seat,
thus opening one passage and closing the other. If the flow rate is high
enough and pressure continues to change, the control member continues
to move until it reaches its extreme position. At this moment, one of
the valve passage areas 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.

The relationship between the A-B, A1-B path openings and control
pressure p, is shown in the following illustration.
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Auiphk Aap

A pnp—:n w—
A1B |

I
l | l

T’E"Ieak Per T’E"Ieak

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 model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number for each orifice (Re,g,Re, ;) and
comparing its value with the critical Reynolds number (Re,). The
flow rate through each of the orifices is determined according to the
following equations:

2 .
Cp+App ElpAB |-sign(pap) for Resap >= Reg,
9AB

D
ZCDL°AAB \{{‘;B PAB fOI‘ReAB <Recr

-
He
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2 .
CD'AAlBJE | pa1B |*sign(pa1p) for Reyip >= Reg,

qA1B = D
HA1B
2Cpr+AaiB vep  PAIB for Rey1p < Regy
Ageat for pap <= per
AAB =1 Aleak +k'(pAB - pcr) for per < PAB < Per + Pop
Amax for pap >= pe, + Pop
Aear for pa1p >= per + Pop
AA1B =\ Amax _k'(pAlB _pcr) for p., < PA1B < Per + Pop
Amax for pp1B <= Per
k= Amax ~ Aleak
pop
PAB = PA ~ DB
PA1B = PA1—PB
D
Re ,p = J4B*DHaB
AAB vV
9418*Dra1B
ReAlB = A—
A1B*V
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Dppp =

1A
T

4A
Dpaip = ,/—1‘:13

where

949418

PapPaiB

PaPAa1Pp
Cp
AAB,AAIB
A

max
Aleak

P
p opx

DHAB,DHAIB

p
v

Flow rates through the AB and A1B orifices

Pressure differentials across the AB and A1B
orifices

Gauge pressures at the block terminals

Flow discharge coefficient

Instantaneous orifice AB and A1B passage areas
Fully open orifice passage area

Closed valve leakage area

Valve cracking pressure differential

Pressure differential needed to fully shift the valve
Instantaneous orifice hydraulic diameters

Fluid density

Fluid kinematic viscosity

The block positive direction is from port A to port B and from port Al to

port B. Control pressure is determined as p, = pg — pai -

The model is based on the following assumptions:

e Valve opening is linearly proportional to the pressure differential.

* No loading on the valve, such as inertia, friction, spring, and so on,
is considered.
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|

¢ The transition between laminar and turbulent regimes is assumed to
be sharp and taking place exactly at Re=Re,,.

.
Dia |Og [Z]Block Parameters: Shuttle ¥alve x|

Box and — Shutls Valve

Parameters Thiz block representz hypdraulic shuttle valve as a data sheet-bazed model. The
walve haz two inlet portz (& and A1) and one outlet port (B, The valve iz controlled
by prezsure differential P = Pa - Pal. The walve permitz flow either between portz &
and B or portz A1 and B depending on prezsure differential Po. Initially, path &-B iz
azzumed to be opened, To open A1-B path [and cloze A-B at the zame time),
prezzure differential must be greater than the valve cracking pressure [Por <=0).

Connections &, &1 and B are hpdraulic congerving ports associated with the valve
inlets and outlet, respectively. The block positive direction iz from port & to port B and
from port 471 to port B, Control preszure iz determined az Po = Pa - Pal.

—Parameters
M amimum pazzage area: I-I T I e LI
Cracking pressure: |'1 aelld I Pa LI
Opening pressure; I-I T I Pa LI

Flova dizcharge coefficient; ID'?

Critical Beynolds number: I-I 2

Leakage area: |-| &12 | mz2 x|

QK. I Cancel

Maximum passage area
Valve passage maximum cross-sectional area. The default value
is 1e-4 m”"2,

Cracking pressure
Pressure differential level at which the orifice of the valve starts
to open. The default value is -1e4 Pa.

Opening pressure
Pressure differential across the valve needed to shift the valve
from one extreme position to another. The default value is 1e4 Pa.
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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 supposed to take place
when the Reynolds number reaches this value. The value of
the parameter depends on orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic 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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.

Fluid density

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity

The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

Hydraulic conserving port associated with the valve inlet.
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A1
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
See Also Check Valve

Pilot-Operated Check Valve
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Convert Simulink input signal into physical signal
Utilities

The Simulink-PS Converter block converts the input Simulink signal
into a physical signal, in specified units. You specify the desired
units as the Unit parameter. If you leave the block unitless, with the
Unit parameter set to 1, then the physical signal units are inferred
from the destination block. The default destination block units are
meter-kilogram-second or MKS (SI).

Use this block to connect Simulink sources or other Simulink blocks to
the inputs of a Physical Network diagram.

[=]Block Parameters: Simulink-PS Converter x|

— Simulink-PS Conerter

Convertz the unitless Simulink input zignal to a network engine Physical Signal.
Matice the Unit parameter iz the unit azzigned to the output Phpsical Signal.

—Parameters
Urit: |1
k. Cancel Help Amply
Unit

Units to be assigned to the physical signal. You can type the
desired unit name, such as rpm, or a valid expression, such as
rad/s. For more information and a list of unit abbreviations, see
“Working with Physical Units”. The default value is 1, which
means that the units of the physical signal at the block output
match the expected default units of the destination block input.



Simulink-PS Converter

Ports The block has a Simulink input port, located on its left-hand side, and a
physical signal output port, located on its right-hand side (in the block
default orientation).

See Also PS-Simulink Converter
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2-310

Simulate hydraulic actuator exerting force in one direction
Hydraulic Cylinders

The Single-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

the cylinder chamber forces the piston to move and exert force on the
cylinder rod. Single-acting cylinders transfer force and motion in one
direction only. Use an external device, such as a spring, weight, or
another opposite installed cylinder, to move the rod in opposite direction.

The model of the cylinder is built of other SimHydraulics blocks. The
schematic diagram of the model is shown below.

<]

P
Tl; ldeal Translational

Motion Sensor
F35 Gain
F

y L

Translational Hard
Stop

T
A
Translational

Hydra-Mechanical
Comrerter

|4i
“ariable Wolume
Chamber

Connections R and C are mechanical translational conserving ports
corresponding to the cylinder rod and cylinder clamping structure,
respectively. Connection A is a hydraulic conserving port associated
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with the cylinder inlet. The physical signal output port provides rod
displacement.

The energy through port A is directed to the Translational
Hydro-Mechanical Converter block and the Variable Volume Chamber
block. The converter transforms hydraulic energy into mechanical
energy, while the chamber 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 Ideal Translational Motion Sensor block

in the schematic is introduced to determine an instantaneous piston
position, which is necessary for the Variable Volume Chamber block.

The block directionality is adjustable and can be controlled with the

Cylinder orientation parameter.

The model is based on the following assumptions:

* 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.
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E Block Parameters: Single-Acting Hydraulic Cyli ﬂ

— Single-tuzting Hydraulic Cylinder

Thiz block reprezents a single-acting hydraulic cylinder, that iz, a device that
transfers force and mation in one direction only. The model of the cylinder iz Built of
the fallowing building blocks: Translational Hydro-Mechanical Corvverter, Y aniable
Walurne Chamber, Translational Hard Stop, and Ideal Tranzlational Mation Senzsor.
The rod mation iz limited with the mechanical Tranzslational Hard Stop block.
Connections A and C are mechanical translational conserving ports corespanding to
the cylinder rod and cylinder clamping stiucture, respectively. Connection & is a
hydraulic conzerving port associated with the cylinder inlet. The physical signal
output port provides rod dizplacement. The Block directionality iz adjustable and can
be cantrolled with the Cylinder arigntation paraneter.

—Paiameters
Piston area: [ [m2 =]
Piston stroke: [0 [m -]
Pistan initial pasitian: o [ ~]
Dead volume: [1e04 [m3 =]
Speciic heat ratio: [ia
Contact stiffness: [1e+6 [Wm =]
Contact damping: [150 [ x|

Cylinder arienrtation: I Acts in pozitive direction |

Piston area
Effective piston area. The default value is 0.001 m”2.

Piston stroke
Piston maximum travel between caps. The default value is 0.1 m.

Piston initial position
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 0, which corresponds to the fully
retracted position.
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Dead volume
Fluid volume that remains in the chamber after the rod is fully
retracted. The default value is 1e-4 m”3.

Specific heat ratio
Gas-specific heat ratio for the Variable Volume Chamber block.
The default value is 1.4.

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 1e6 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, The MathWorks recommends that you
assign a nonzero value to this parameter. The default value is
150 N*s/m.

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.
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Fluid bulk modulus
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the cylinder inlet.
R
Mechanical translational conserving port associated with the
cylinder rod.
C

Mechanical translational conserving port associated with the
cylinder clamping structure.

The block also has a physical signal output port, which outputs rod
displacement.

Double-Acting Hydraulic Cylinder

Ideal Translational Motion Sensor
Translational Hard Stop

Translational Hydro-Mechanical Converter

Variable Volume Chamber
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Purpose
Library

Description

i

Dialog
Box and
Parameters

Represent Physical Networks environment and solver configuration
Utilities

Each hydro-mecahnical device represented by a connected
SimHydraulics block diagram requires global environment information
for simulation. The Solver Configuration block specifies this global
information and connects the solver that your model needs before you
can begin simulation.

Each topologically distinct SimHydraulics block diagram requires
exactly one Solver Configuration block to be connected to it.

[Z]Block Parameters: Solver Configuration x|

— Solver Configuration

Defines solver zettings to use for simulation.

—Parameters

Conztraint B esidual

Tolerance: 1e-d

[+ Enable automatic function szaling

[~ Start simulation from steady state

Ok Cancel Help i Apply

Constraint Residual Tolerance
Specify the relative tolerance. The default value is 1e-9.

Enable automatic function scaling
Enables automatic scaling of equations at the time of transient
initialization. This makes the equations more stable numerically,
but it may slow down the simulation.
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Start simulation from steady state
When this box is selected, the solver attempts to find the steady
state that would result if the inputs to the system were held
constant for a sufficiently large time, starting from the initial
state obtained from the initial conditions computation. For more
information , see “Computing Initial Conditions”. Simulation then
starts from this steady state.

The block has one conserving port. You can add this block anywhere on
a physical network circuit by creating a branching point and connecting
it to the only port of the Solver Configuration block.
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Purpose Simulate hydraulic accumulator with spring used for energy storage
Libra ry Accumulators
Description This block represents a spring-loaded accumulator, where fluid entering
the accumulator compresses the spring, thus storing hydraulic energy.
Since the spring compression increases as fluid enters the chamber
and decreases as the accumulator is discharged, the pressure is not
= constant. The spring is preloaded. Therefore, fluid starts entering the

chamber only after the inlet pressure crosses over this threshold. The
accumulator is described with the following equations:
dVg

dt

0 for p <= p,,
Vi = k(p—ppr) for p,, < P < Pmax

Vinax for p >= ppax

b= Vinax
Pmax ~— Ppr

p Pressure at the accumulator inlet

q Flow rate into accumulator

1% Accumulator capacity (maximum volume)

A Instantaneous volume of fluid in the accumulator
Ppor Preload pressure

Prax Pressure needed to fully fill the accumulator

The block positive direction is from port A into the accumulator. This
means that the flow rate is positive if it flows into the accumulator.
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Basic The model is based on the following assumptions:

Assumptions

and ® The spring has linear characteristics.

Limitations ® No loading on the separator, such as inertia, friction, and so on, is
considered.

® Fluid compressibility is not taken into account.

L
Dla Iog E! Block Parameters: Spring-Loaded Accumulaka x|
Box a nd —5pring-Loaded Accumulator
Parameters This block represents a spring-loaded accumulator az a data sheet-baszed model.

The accumulator stores hydraulic energy when inlet prezsure builds up over the
prefoad threshaold, and discharges fluid into the system as pressure diops below
preload prezzure,

The block has one hpdraulic congerving port. The block positive direction iz from ite
port inko the accumulator. This means that the flow rate iz pozitive if it flows into the

accunmulatar.

—Parameters
Lepzel [0.008 [m=a =]
Preload pressure:; |1 T I Fa LI
b amimumm pressure; |33+DE I Fa LI
Initial fuid wolurne: ID I 3 LI

Ok, I Cancel

Apply |

Accumulator capacity
Accumulator volumetric capacity. The default value is 0.008 m”3.

Preload pressure

Pressure at which fluid starts entering the chamber. The default
value is 1e6 Pa.

Accumulator maximum pressure
Pressure at which the accumulator is fully charged. The default
value is 3e6 Pa.
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Initial fluid 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. For more
information, see “Computing Initial Conditions”. The default
value is 0.

The block has one hydraulic conserving port associated with the
accumulator inlet.

The flow rate is positive if fluid flows into the accumulator.

Gas-Charged Accumulator
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Simulate sudden enlargement or contraction
Local Hydraulic Resistances

The Sudden Area Change block represents a local hydraulic resistance,
such as a sudden cross-sectional area change. The resistance represents
a sudden enlargement if fluid flows from inlet to outlet, or a sudden
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 Local Resistance block. The block offers two
methods of parameterization: by applying semi-empirical formulas 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 automatically according to the following equations (see

[1]):

2
A
Kgsg = Keor (1 _ﬁ)

Af
where
Kse Pressure loss coefficient for the sudden enlargement, which
takes place if fluid flows from inlet to outlet
Kge Pressure loss coefficient for the sudden contraction, which
takes place if fluid flows from outlet to inlet
K Correction factor
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Ag Small area

A Large area

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.

The pressure loss coefficient, determined by either of the two methods,
is then passed to the Local Resistance block, which computes the
pressure loss according to the formulas explained in the reference
documentation for that block.

The Sudden Area Change block is bidirectional and computes pressure
loss for both the direct flow (sudden enlargement) and return flow
(sudden 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=py — pg.

The model is based on the following assumption:

e Fluid inertia is not taken into account.

® If you select parameterization by semi-empirical formulas, the flow
is assumed to be completely turbulent and fully developed along the
pipe length.
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E! Block Parameters: Sudden Area Change

—Sudden Area Change

The block represents a local hydraulic resistance, such as a sudden cross-sectional
area change. The resigtance iz charactenzed az a sudden enlargement if fluid flows
from inlet to outlet, or as a sudden contraction if fluid flows from outlet to inlet. The
block offers wo methods of the loss coefficient specification: by applying
zemi-empiical formulaz or by table-lookup for the prezsure lozs coefficient based on
the Repnolds number. The block iz bidirectional and computes prezsure lozs for both
the direct flow [zudden enlargement] and return flovs [sudden contraction). IF the
zecond parameterization option iz selected [By lozz coefficient v, Re table], the
table must cover both the positive and negative Rewnolds number regions.

The block positive direction iz from port & to port B, Thiz means that the flov rate iz
pozitive if it flows from & to B, and the pressure differential iz determined as p= p_4 -
p_B.

—Parameters
Small diameter: ID.D1 I " LI
Large diameter: ID.D2 I " LI
todel parameterization: I By semi-empirical formulas |

Correction coefficient: I-I

ak. I Cancel

Apply
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[Z1Block Parameters: Sudden Area Change x|

—Sudden Area Change

The block represents a local hydraulic resistance, such as a sudden cross-sectional
area change. The resigtance iz charactenzed az a sudden enlargement if fluid flows
from inlet to outlet, or as a sudden contraction if fluid flows from outlet to inlet. The
block offers wo methods of the loss coefficient specification: by applying
zemi-empiical formulaz or by table-lookup for the prezsure lozs coefficient bazed on
the Repnolds number. The block iz bidirectional and computes prezsure lozs for both
the direct flow [zudden enlargement] and return flov [sudden contraction). IF the
zecond parameterization option iz selected [By lozz coefficient v, Re table], the
table must cover both the positive and negative Rewnolds number regions.

The block positive direction iz from port & to port B, Thiz means that the flov rate iz
pozitive if it flows from & to B, and the pressure differential iz determined as p= p_4 -

p_B.

—Parameters
Small diameter: ID.D1 I " LI
todel parameterization: I By lozs coefficient vs. Fe table |
Correction coefficient: I-I

Rispnolds number vestor:  [410 100 200 500 1000 2e+013 4e+03 Bevli3 12+04 ]

Loss cosfficient wector 155 71 51 461.30.90.650.420.30.20.4 042025
Interpalation rmethod: I Cubic j

Extrapolation method: I From last pairt j

ak. I Cahicel

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.

Model parameterization
Select one of the following methods for block parameterization:
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® By semi-empirical formulas — Provide geometrical
parameters of the resistance. This is the default method.

® 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.

Reynolds number vector

Loss

Specify the vector of input values for Reynolds numbers as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. 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.

coefficient vector

Specify the vector of output values for the loss coefficient as a
tabulated 1-by-m array. The loss coefficient vector must be 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.
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Interpolation method
Select one of the following interpolation methods for
approximating the output value when the input value is between
two consecutive grid points:

e 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.
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Globadl
Parameters

Ports

References

See Also
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Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the resistance inlet.

Hydraulic conserving port associated with the resistance outlet.

[1] Idelchik, I.E., Handbook of Hydraulic Resistance, CRC Begell House,
1994

Elbow
Gradual Area Change

Local Resistance
Pipe Bend

T-junction



T-junction

Purpose
Library

Description

e

Simulate hydraulic resistance of T-junction in pipe
Local Hydraulic Resistances

The T-junction block represents a T-junction (wye connection) consisting,
in general, of a main run and a branch merging to the main run. The
junction as a hydraulic resistance is built of three Local Resistance
blocks, as shown in the following diagram.

" =
o e *2)
5 Local Resistance A-B B

k-
E on

|:§| Local Resistance A-A1 |E:| Local Resistance A1-B

un]

To specify pressure loss for all possible flow directions, you have to
provide six pressure loss coefficients.

The block positive direction is from port A to port B, from port A to port
Al, and from port Al to port B.

2-327



T-junction

Basic The model is based on the following assumption:

Assumptions

and ¢ Fluid inertia is not taken into account.

Limitations ® The flow is assumed to be completely turbulent and fully developed

along the pipe length.

.
Dialog =

Box dnd —T-junition

Parameters The block reprezents a T-junction [Wye connection] consisting of a main run and a
branch merging to the main run at a gpecified angle. The junction az a hedraulic
resistance iz specified by ziv prezsure lozs coefficients that charactenze pressure-flow
1ate relationzhip for eveny pozzible connection for both the direct and the reverse
flaw.

The block positive direction iz fram port & to port B, fram port A to part A7, and fram

port &1 to port B.
—Parameters
b ain pipe diameter: IU.EH I - ﬂ
Branch pipe diameter: ID.EH I - ﬂ
A-B prezzure lozs
coefficient: I1 Az
B-& pressure loss I.I 12
coefficient; :
A-81 prezsure loss I.I T
coefficient; :
A7-4 pressure loss I.I 5
coefficient; :
A71-B preszure lozz I.I =
coefficient; :
B-41 pressure loss I_l 5
coefficient: '

ak. I Cahicel

Main pipe diameter
The internal pipe diameter of the main run. The default value
is 0.01 m.
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Global

Parameters

Ports

Branch pipe diameter
The internal pipe diameter of the branch. The default value is
0.01 m.

A-B pressure loss coefficient
The pressure loss coefficient between ports A and B when fluid
flows in the direction from A to B. The default value is 1.12.

B-A pressure loss coefficient
The pressure loss coefficient between ports A and B when fluid
flows in the direction from B to A. The default value is 1.12.

A-A1l pressure loss coefficient
The pressure loss coefficient between ports A and Al when fluid
flows in the direction from A to Al. The default value is 1.36.

A1l-A pressure loss coefficient
The pressure loss coefficient between ports A and Al when fluid
flows in the direction from Al to A. The default value is 1.65.

A1-B pressure loss coefficient
The pressure loss coefficient between ports A1 and B when fluid
flows in the direction from A1l to B. The default value is 1.6.

B-Al pressure loss coefficient
The pressure loss coefficient between ports A1l and B when fluid
flows in the direction from B to Al. The default value is 1.8.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:
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A
Hydraulic conserving port associated with the main run inlet.
B
Hydraulic conserving port associated with the main run outlet.
Al
Hydraulic conserving port associated with the branch inlet.
See Also Elbow

Gradual Area Change

Local Resistance
Pipe Bend
Sudden Area Change
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Translational Damper

Purpose Simulate viscous damper in mechanical translational systems
Librclry Mechanical Translational Elements
Description The Translational Damper block represents an ideal mechanical
translational viscous damper, described with the following equations:
R o
F=Dv
UV=VgRp —U¢c
where

Force transmitted through the damper
Damping (viscous friction) coefficient
% Relative velocity

v Absolute velocities of terminals R and C, respectively

R,"C

The block positive direction is from port R to port C. This means that
the force is positive if it acts in the direction from R to C.

.
Dla Iog [CJBlock Parameters: Translational Damper |

Box a nd Tranzlational D amper
Parameters The block represents an ideal mechanical translational viscous damper.

Connectionz B and C are mechanical tranzlational conserving portz, with R
reprezenting the damper rod, while C iz associated with the damper case. The block
pogitive direction iz from port B to port C

Parameters

Damping coefficignt: I.I o0 I <N/m LI

(1] 4 | Cancel |
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Damping coefficient
Damping coefficient, defined by viscose friction. The default value
is 100 N/(m/s).

Ports The block has the following ports:
R

Mechanical translational conserving port associated with the
damper rod.

C
Mechanical translational conserving port associated with the
damper case.
See Also Translational Friction

Translational Hard Stop

Translational Spring
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Purpose Simulate friction in contact between moving bodies
Librclry Mechanical Translational Elements
Desc ription The Translational Friction block represents friction in contact between
P moving bodies. The friction force is simulated as a function of relative
velocity and is assumed to be the sum of Stribeck, Coulomb, and viscous

components, as shown in the following figure.

brk

F, Stribed: friction

.--"""-’_

The Stribeck friction is the negatively sloped characteristics taking
place at low velocities (see [1]). The Coulomb friction results in a
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constant force at any velocity. The viscous friction opposes motion with
the force directly proportional to the relative velocity. The sum of the
Coulomb and Stribeck frictions at the vicinity of zero velocity is often
referred to as the breakaway friction. The friction is approximated with
the following equations:

F= (FC +(Fbrk _FC)'eXp(_cv |v |))Sign(v)+ﬁ)

UV=UR —U¢
where
F Friction force
Fs Coulomb friction
Fork Breakaway friction
c, Coefficient
v Relative velocity

n Ve  Absolute velocities of terminals R and C, respectively

f Viscous friction coefficient

The approximation above is too idealistic and has a substantial
drawback. The characteristic is discontinuous at v = 0, which creates
considerable computational problems. It has been proven that the
discontinuous friction model is a nonphysical simplification in the sense
that the mechanical contact with distributed mass and compliance
cannot exhibit an instantaneous change in force (see [1]). There are
numerous models of friction without discontinuity. The Translational
Friction block implements one of the simplest versions of continuous
friction models. The friction force-relative velocity characteristic of this
approximation is shown in the following figure.



Translational Friction

brk

The discontinuity is eliminated by introducing a very small, but finite,
region in the zero velocity vicinity, within which friction force is
assumed to be linearly proportional to velocity, with the proportionality
coefficient F, ., /v,,, where v,, is the velocity threshold. It has been
proven experimentally that the velocity threshold in the range between
10 and 10% m/s is a good compromise between the accuracy and
computational robustness and effectiveness. Notice that friction force

computed with this approximation does not actually stop relative
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motion when an acting force drops below breakaway friction level.
The bodies will creep relative to each other at a very small velocity
proportional to acting force.

As a result of introducing the velocity threshold, the block equations
are slightly modified:

o If |v| >=v,,
F = (Fg +(Fy,p, — Fo Jeexp(—c, | v]))sign(v) + fo

o If |[v| < vy,

(Forn +(Fo +(Fyrp, — Fe Jeexp(—cyvp, )

Uth

F=v

The block positive direction is from port R to port C. This means that if
the port R velocity is greater than that of port C, the block transmits
force from R to C.



Translational Friction

Dialog
Box and
Parameters

E! Block Parameters: Translational Frickion |

— Tranzlational Friction

The block represents friction in the contact between moving bodies, The friction
force iz gimulated az a function of relative velocity and azsumed to be the zum of
Stibeck, Coulomb, and viscous componentz. The sum of the Coulomb and Stribeck
frictions at zero welocity iz often referred to az the break.aveay friction.

Connectionz B and C are mechanical tranzlational conserving portz. The block
pogitive direction iz from port B to port C. This means that if port B welocity iz greater
than that of port C, the block transmits force from port B to port C.

—Parameters
Breakaway friction force: |25 I N LI
Coulomb friction force; |2D I N LI
Wizcous friction coefficient; I.I oo I s Hm LI
Tranzition approximation I.I 0 i
coefficient:
Linear region welocity -
threshold: ID.DDD1 I m/s —I

ok | Cancel | Apply |

Breakaway friction force
Breakaway friction force, which is the sum of the Coulomb and the
static frictions. It must be greater than or equal to the Coulomb
friction force value. The default value is 25 N.

Coulomb friction force
Coulomb friction force, which is the friction that opposes motion
with a constant force at any velocity. The default value is 20 N.

Viscous friction coefficient
Proportionality coefficient between the 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).
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Ports

References

See Also
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Transition approximation coefficient

The parameter sets the value of coefficient ¢, which is used

for the approximation of the transition between the static

and the Coulomb frictions. Its value is assigned based on the
following considerations: the static friction component reaches
approximately 95% of its steady-state value at velocity 3/c,

and 98% at velocity 4/c , which makes it possible to develop an
approximate relationship ¢, ~= 4/v,, ~where v, is 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. The 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.

The block has the following ports:

Mechanical translational conserving port.

Mechanical translational conserving port.

[1] B. Armstrong, C.C. de Wit, Friction Modeling and Compensation,
The Control Handbook, CRC Press, 1995

Translational Damper

Translational Hard Stop

Translational Spring



Translational Hard Stop

Purpose
Library

Description
v S0

Simulate double-sided translational hard stop
Mechanical Translational Elements

The Translational Hard Stop block represents a double-sided
mechanical translational hard stop that restricts motion of a body
between upper and lower bounds. Both ports of the block are of
mechanical translational type. The impact interaction between the
slider and the stops is assumed to be elastic. This means that the stop
is represented as a spring that comes into contact with the slider as the
gap is cleared and opposes slider penetration into the stop with the
force linearly proportional to this penetration. To account for energy
dissipation and nonelastic effects, the damping is introduced as the
block’s parameter, thus making it possible to account for energy loss.
The following schematic shows the idealization of the mechanical
translational hard stop adopted in the block:

[ |
K n KP
0 -;:
g
D, g, [—F Dy, C
|

The hard stop is described with the following equations:
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Interaction force between the slider and the case

Relative displacement between the slider and the case
Gap between the slider and the case in positive direction
Gap between the slider and the case in negative direction
Absolute velocities of terminals R and C, respectively
Absolute displacements of terminals R and C, respectively
Contact stiffness at positive restriction

Contact stiffness at negative restriction

Damping coefficient at positive restriction

Damping coefficient at negative restriction

Time

The equations are derived with respect to the local coordinate system
whose axis is directed from port R to port C. The terms “positive” and
“negative” in the variable descriptions refer to this coordinate system,
and the gap in negative direction must be specified with negative value.
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Dialog
Box and
Parameters

If the local coordinate system is not aligned with the globally assigned
positive direction, the gaps interchange their values with respective
sign adjustment.

The block is oriented from R to C. This means that the block transmits
force from port R to port C when the gap in positive direction is cleared

up.

E Block Parameters: Translational Hard Stop x|

— Tranzlational Hard Stop

The block represents a double-sided mechanical translational bard stop that restricts
mation of & body between upper and lower bounds. The ztop is implemented as a
zpring that comes into contact with the slider az the gap iz cleared. To account for
energy dizzipation and non-elastic effects, the damping is introduced as the block
parareter, thuz making it pozsible to account far energy loss.

Connections A and 5 are mechanical tranzlational conserving ports. The block is
aoriented from B ta C. This means that the block. transmits force fram port B to port C
when the gap in positive direction iz cleared up.

—Parameters
Upper bound: Im I m LI
Lower bound: |"3'-1 I m LI
Eg:;?t stiffness at upper |1DDDDDD I Him LI
Eg:;?t shiffess at lower |1DDDDDD I Him LI
Eg:;?t damping at upper I1 50 I <N/m LI
Eg:;?t damping at lawer I1 50 I <N/m LI

ak | Cahicel

Apply |

Upper bound
Gap between the slider and the upper bound. The direction is
specified with respect to the local coordinate system, with the
slider located in the origin. A positive value of the parameter
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specifies the gap between the slider and the upper bound. A
negative value sets the slider as penetrating into the upper bound.
The default value is 0.005 m.

Lower bound
Gap between the slider and the lower bound. The direction is
specified with respect to the local coordinate system, with the
slider located in the origin. A negative value of the parameter
specifies the gap between the slider and the lower bound. A
positive value sets the slider as penetrating into the lower bound.
The default value is -0.005 m.

Contact stiffness at upper bound
The parameter specifies the elastic property of colliding bodies
when the slider hits the upper bound. 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 10e6 N/m.

Contact stiffness at lower bound
The parameter specifies the elastic property of colliding bodies
when the slider hits the lower bound. 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 10e6 N/m.

Contact damping at upper bound
The parameter specifies dissipating property of colliding bodies
when the slider hits the upper bound. 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, The MathWorks recommends
that you assign a nonzero value to this parameter. The default
value is 150 N*s/m.
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Ports

Examples

See Also

Contact damping at lower bound
The parameter specifies dissipating property of colliding bodies
when the slider hits the lower bound. 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, The MathWorks recommends that you
assign a nonzero value to this parameter. The default value is
150 N*s/m.

The block has the following ports:

R
Mechanical translational conserving port associated with the
slider that travels between stops installed on the case.

Mechanical translational conserving port associated with the case.

The Mechanical System with Translational Hard Stop demo
(sh_mechanical system_translational hardstop) illustrates the
use of the Translational Hard Stop block in mechanical systems. Two
masses are interacting through a hard stop. The mass on the left is
driven by an ideal velocity source. Plotting the displacement of the
second mass against the displacement of the first mass produces a
typical hysteresis curve.

Translational Damper
Translational Friction

Translational Spring
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Purpose

Library

Description

(A=

2-344

Simulate single chamber of hydraulic cylinder as building block for
various cylinder models

Hydraulic Elements

The Translational Hydro-Mechanical Converter block models an ideal
transducer that converts hydraulic energy into mechanical energy in
the form of translational motion of the converter output member. Using
this block as a basic element, you can build a large variety of hydraulic
cylinder models by adding application-specific effects, such as fluid
compressibility, leakage, friction, hard stops, and so on.

The converter is simulated according to the following equations:
q = A(vg —v¢)eor
F = A«peor

where

q Flow rate due to fluid compressibility

Effective piston area

Vg Converter rod velocity

Ve Converter body velocity

F Force developed by the converter

p Gauge pressure of fluid in the converter chamber

or Converter orientation with respect to the globally assigned

positive direction. If pressure applied at port A exerts force
in positive direction, or equals 1. If pressure applied at port
A exerts force in negative direction, or equals —1.

Port A is a hydraulic conserving port associated with the converter inlet.
Ports R and C are translational mechanical conserving ports associated
with the rod and the body of the converter, respectively.



Translational Hydro-Mechanical Converter

Basic
Assumptions
and
Limitations

Dialog
Box and
Parameters

Ports

The model is based on the following assumption:

® The block simulates an ideal converter, with only the transduction
property considered. No inertia, friction, leakage, or other effects are
taken into account.

E! Block Parameters: Translational Hydro-Mecha x|

— Translational Hydro-Mechanical Converter

The block models an ideal ransducer that conwerts hpdraulic energy into mechanical
energy in the form of translational motion of the corverter output member. Port 4 iz a
hwdraulic conserving port azzociated with the conwerter inlet. Porte B and C are
mechanical translational congerving porte azsociated with the rod and the body of
the converter, respectively. Pressure at port & generates force in the direction
gpecified by the Corverter arientation parameter,

—Parameters
Piston area; I53-D4 I e LI
Corverter orientation: I At in positive dirsction |

ak. I Cancel

Piston area
Effective piston area. The default value is 5e-4 m”2.

Converter orientation
Specifies converter orientation with respect to the globally
assigned positive direction. The converter 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.

The block has the following ports:

A
Hydraulic conserving port associated with the converter inlet.
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Examples

See Also
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Mechanical translational conserving port associated with the rod
of the converter.

Mechanical translational conserving port associated with the
body of the converter.

The Closed-Loop Circuit with 4-Way Valve and Custom
Cylinder demo (sh_closed_loop_circuit_4_way_valve_cust_cyl)
and the Hydraulic Flapper-Nozzle Amplifier demo
(sh_hydraulic_flapper_nozzle_amplifier) illustrate the use of the
Translational Hydro-Mechanical Converter block in hydraulic systems.

Variable Volume Chamber



Translational Spring

Purpose Simulate ideal spring in mechanical translational systems
Librclry Mechanical Translational Elements
Description The Translational Spring block represents an ideal mechanical linear

spring, described with the following equations:

14y yS-o
F =Kx

X = Xipjt +XR —XC

dx
v=—
dt

where

Force transmitted through the spring
Spring rate
X Relative displacement (spring deformation)
Xinit Spring initial displacement (spring offset)
Xp X Absolute displacements of terminals R and C, respectively
v Relative velocity
t Time

The block positive direction is from port R to port C. This means that
the force is positive if it acts in the direction from R to C.
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E Block Parameters: Translational Spring x|

Tranzlational Spring

The block reprezentz an ideal mechanical inear zpring.

Connectionz B and C are mechanical tranzlational conserving portz. The block
pogitive direction iz from port B to port C. This means that the force iz pogitive if it
actz in the direction from R ta C,

Parameters
Spring rate: |1 oo I W LI
Initial defarmation: ID I - LI

ok | Cancel |

Spring rate
Spring rate. The default value is 1000 N/m.

Initial deformation
Spring initial deformation, or offset, in length units. The

deformation is determined as x = x,,;, + x, — X, where x, .. is the
initial deformation, andx,, x, are the absolute displacements of
terminals R and C in the globally assigned positive direction. The
spring can be initially compressed (x,,;, > 0) or stretched (x,,;,

< 0). This parameter specifies the initial condition for use in
computing the block’s initial state at the beginning of a simulation
run. For more information, see “Computing Initial Conditions”.
The default value is 0.

The block has the following ports:

Mechanical translational conserving port.

Mechanical translational conserving port.
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See Also Translational Damper
Translational Friction

Translational Hard Stop
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Purpose
Library

Description

2-350

()

R

Simulate generic hydraulic variable orifice
Hydraulic Elements

The block represents a variable orifice of any type as a data-sheet-based
model. Depending on data listed in the manufacturer’s catalogs or data
sheets for your particular 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.

® 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). 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 first and second cases, the model accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number (Re) and
comparing its value with the critical Reynolds number (Re ). After the
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area has been determined, the flow rate is computed according to the
following equations:

Cp-A /z | p|ssign(p) for Re >= Re,,
_ p

- D
20 A= p for Re < Re,,
Vep

h = xy + xeor

A(h) = h.AmaX /thax + Aleak forh >0
Aeak for h <=0
bP=pA—DPB
e = ﬂ
A(h)sv
C 2
Cn; = D
Dy = 4A(h)
T
where
q Flow rate
p Pressure differential

p,Ps  Gauge pressures at the block terminals
Flow discharge coefficient

A(h) Instantaneous orifice passage area
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max Orifice maximum area

nax Control member maximum displacement

X, Initial opening

X Control member displacement from initial position
Orifice opening

or Orifice orientation indicator. The variable assumes +1 value
if the control member displacement in the globally assigned
positive direction opens the orifice, and —1 if positive motion
decreases the opening.

p Fluid density

D, Instantaneous orifice hydraulic diameter

v Fluid kinematic viscosity

Aleac  Closed orifice leakage area

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 monotonically
increasing. The vertices can be non-uniformly 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 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
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Basic
Assumptions
and
Limitations

port S opens or closes the orifice depending on the value of the orifice
orientation indicator.

The model is based on the following assumptions:

¢ Fluid inertia is not taken into account.

® 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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[Z1Block Parameters: Yariable Orifice

—Wariable Orifice

The block simulates a variable orifice of any type as a data sheet baged model, To
parameterize the block, 3 options are available: [1] by maximum area and contral
member ztroke, [2] by the table of orifice area vz, control member displacement, and
[3] by the pressure-flow rate charactenstics, The lookup table block iz uzed in the
gecond and third cazes for interpolation and extrapolation. 3 methods of interpolation
and 2 methods of extrapolation are provided to chooze from,

Connections & and B are hydraulic conserving ports azsociated with the orifice inlet
and outlet, respectively. Connection S iz a physical zignal port. The block. positive
direction is from port & to port B. Positive signal at port S opens or clozes the arfice,
depending on the value of the Orifice orientation parameter.

—Parameters
todel parameterization: I By masimum area and opening ﬂ
Orifice maximunn area: IEB-DE I 2 ﬂ
Orifice maximum opening: ID.DDE I " LI
Drifice orientation: I Opens in pozsitive direction :I

Flow discharge coefficient; ID'?

Initial opening: ID I M :I
Critic:al Reynolds number: I-I 2
Leskage area: |1 =12 | m2 =

ak. I Cahicel
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[Z1Block Parameters: Yariable Orifice

—Wariable Orifice

The block simulates a variable orifice of any type as a data sheet baged model, To
parameterize the block, 3 options are available: [1] by maximum area and contral
member stroke, (2] by the table of orifice area vz, control member displacement, and
[3] by the pregzure-flow rate charactenstics, The lookup table block iz uzed in the
zecond and third cazes for interpolation and extrapolation. 3 methods of interpolation
and £ methods of extrapolation are provided to chooze from,

Connectionz & and B are hpdraulic conserving portz azzociated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B, Positive zsignal at port 5 openg or clozes the onifice,
depending on the walue of the Orifice orentation parameter,

—Parameters
todel parameterization: I By area vs. apehing table LI
Tabulated orifice openings: I[ 0,002 0 0.005 0.015 ] I - LI
Tabulated orifice area: I[ 1e-12 4e-12 1e-05 1.02-05 | I 2 LI
Interpolation method: I Liresar LI
Estrapolation method; I From last 2 paints LI
Drifice orisntation: I Openg in pozitive direction j

Flaws discharge coefficient: ID 7

|nitial opening: ID I m j
Critical Reynalds number: |1 2

Leakage area: |1 12

ak. I Cahicel
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[Z1Block Parameters: Yariable Orifice x|

—Wariable Orifice

The block simulates a variable orifice of any type as a data sheet baged model, To
parameterize the block, 3 options are available: [1] by maximum area and contral
member ztroke, [2] by the table of orifice area vz, control member displacement, and
[3] by the pressure-flow rate charactenstics, The lookup table block iz uzed in the
gecond and third cazes for interpolation and extrapolation. 3 methods of interpolation
and 2 methods of extrapolation are provided to chooze from,

Connectionz & and B are hpdraulic conserving portz azzociated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port & to port B, Positive zsignal at port 5 opens or clozes the onifice,
depending on the value of the Orifice orentation parameter,

—Parameters

todel parameterization: I By pressure-flow characteristic |
Tabulated orifice openings: I[ 0002 00,005 0.015 I " LI
Tabulated pressure -

dfforentials |[ -Gie+06 -22+06 2e5 Se+06 | jPa =]
Tabulated flow rates: | np6g.0,001032 0.00106 0.00247 ;] [m"3/s ]
Interpolation method: I Liresar LI
Estrapolation method; I From last 2 points LI
Drifice orientation: I Opens in positive direction |
Initial opening: ID I " LI

ak. I Cancel

Model 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.
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® 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.

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

Tabulated orifice openings
Specify the vector of input values for orifice openings as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. The default
values, in meters, are [-2e-3,0,5e-3,15e-3]. If Model
parameterization 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 Model parameterization 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.
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Tabulated orifice area

Specify the vector of output values for orifice area as a tabulated
1-by-m array. The orifice area vector must be 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 Model parameterization is set to By area
vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a
tabulated 1-by-n array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. The default
values, in Pa, are [ -5€6, -2e6,2¢e6,5e6]. This parameter is
used if Model parameterization is set to By pressure-flow
characteristic.

Tabulated flow rates

Specify the output values for flow rates as a tabulated m-by-n
matrix, defining the function values at the input grid vertices.
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-12, -0.6e-13, 0.6e13, 0.1e12;
-0.8e-7, -0.4e-7, 0.4e7, 0.8e7;
-2.5e-3, -1.03e-3, 1.e-3, 2.4e-3;
-2.58e-3,-1.032e-3, 1.06e-3, 2.47e-3]

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

Interpolation method
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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:

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
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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.

Orifice orientation
The parameter is introduced to specify the effect of the orifice
control member motion on the valve opening. The parameter can
be set to one of two options: Opens in positive direction or
Opens in negative direction. The value Opens in positive
direction specifies an orifice whose control member opens the
valve when it is shifted in the globally assigned positive direction.
The parameter is extremely useful for building a multi-orifice
valve with all the orifices being controlled by the same spool. The
default value is Opens in positive direction.

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.

Initial opening
Orifice initial opening. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or equal to
zero for zero lap configuration. The value of initial opening does
not depend on the orifice orientation. The default value is 0.

Critical Reynolds number
The maximum Reynolds number for laminar flow. 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 orifice geometrical profile, and the
recommendations on the parameter value can be found in
hydraulic textbooks. The default value is 12.
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Global

Parameters

Ports

Examples

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 failure of computation. Extreme caution should
be exercised if the parameter is set to 0. The default value is
1e-12 m”"2.

Fluid density
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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 to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive
signal at the physical signal port S opens or closes the orifice depending
on the value of the parameter Orifice orientation.

The Hydraulic Flapper-Nozzle Amplifier demo
(sh_hydraulic_flapper_nozzle amplifier) illustrates the
use of the Variable Orifice block in hydraulic systems.
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See Also

Annular Orifice

Fixed Orifice

Orifice with Variable Area Round Holes
Orifice with Variable Area Slot

PS Lookup Table (1D)

PS Lookup Table (2D)
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Purpose Simulate hydraulic capacity of variable volume with compressible fluid
Librclry Hydraulic Elements
Desc ription The Variable Volume Chamber block models fluid compressibility in

variable volume chambers, such as hydraulic cylinder cavities. The fluid
I is considered to be a mixture of liquid and a small amount of entrained,
QE;L nondissolved gas. Use this block together with the Translational
Hydro-Mechanical Converter block.

¥ =

Note The Variable Volume Chamber block takes into account only

the flow rate caused by fluid compressibility. The fluid volume
consumed to create piston velocity is accounted for in the Translational
Hydro-Mechanical Converter block.

The chamber is simulated according to the following equations:

_ Vo + Aexeor dp
E dt

1/n
1+oc[p“ )
+
E-E, Pa+P

1/
Pq "

1+a il El

n'(pa + p)7
where

Flow rate due to fluid compressibility

Initial volume of fluid in the chamber

> < Q
o

Effective piston area

X Piston displacement from initial position
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or Chamber orientation with respect to the globally assigned
positive direction. If displacement in positive direction
increases the volume of the chamber, or equals 1. If
displacement in positive direction decreases the volume of
the chamber, or equals -1.

Fluid bulk modulus
E, Pure liquid bulk modulus
p Gauge pressure of fluid in the chamber
P, Atmospheric pressure
a Relative gas content at atmospheric pressure, o = V,/V,
Vg Gas volume at atmospheric pressure
v, Volume of liquid
n Gas-specific heat ratio

The main objective of representing fluid as a mixture of liquid and gas
is to introduce an approximate model of cavitation, which takes place
in a chamber if pressure drops below fluid vapor saturation level. As
it is seen in the graph below, the bulk modulus of a mixture decreases

at p - p,, thus considerably slowing down further pressure change.

At high pressure, p >> p,, a small amount of nondissolved gas has
practically no effect on the system behavior.
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Cavitation is an inherently thermodynamic process, requiring
consideration of multiple-phase fluids, heat transfers, etc., and as such
cannot be accurately simulated in SimHydraulics. But the simplified
version implemented in the block is good enough to signal if pressure
falls below dangerous level, and to prevent computation failure that
normally occurs at negative pressures.

If it is known that cavitation is unlikely in the system under design, you
can set the relative gas content in the fluid properties to zero, thus
increasing the speed of computations.

Port A is a hydraulic conserving port associated with the chamber inlet.
Port P is a physical signal port that controls piston displacement.

The block positive direction is from port A to the reference point. This
means that the flow rate is positive if it flows into the chamber.
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Basic The model is based on the following assumptions:
Assumptions

and ¢ Fluid density remains constant.
Limitations ¢ Fluid fills the entire chamber volume.

.
Dla Iog [=]Block Parameters: ¥ariable ¥olume Chamber x|

Box a nd —Wariable Yalurne Chamber

Pa rameters The block models fluid comprezsibility in variable volume chambers, such az
hydraulic cylinder cavities. Use this block together with the Translational
Hydra-tMechanical Converter block. Mate that this block takes into account only the
flow rate caused by fluid compressibility. Port & iz a hydraulic conserving part
associated with the chamber inlet. Port F iz a physical signal port that coresponds ta
pizton displacement. The block pozsitive dirgction is fram part & ta the reference paint.
Thiz means that the How rate iz positive if it flows inta the chamber.

—Parameters
Fistan area: I58-D4 I e LI
Chamber orientation; I Increases at positive LI
Chamber dead volume: I-I =04 I 3 LI
Specific heat ratio: I-I P
oK I Cancel Apply |

Piston area
Effective piston area. The default value is 5e-4 m”2.

Chamber orientation
Specifies chamber orientation with respect to the globally
assigned positive direction. The chamber can be installed in two
different ways, depending upon whether the piston motion in
the positive direction increases or decreases the volume of the
chamber. If piston motion in the positive direction decreases the
chamber volume, set the parameter to Decreases at positive.
The default value is Increases at positive.

2-366



Variable Volume Chamber

Global

Parameters

Ports

Examples

See Also

Chamber dead volume
Volume of fluid in the chamber at initial piston position. The
default value is 1e-4 m”3.

Specific heat ratio
Gas-specific heat ratio. The default value is 1.4.

Fluid bulk modulus
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

Nondissolved gas ratio
Nondissolved gas relative content determined as a ratio of gas
volume to the liquid volume. The parameter is determined by the
type of working fluid selected for the system under design. Use
the Hydraulic Fluid block or the Custom Hydraulic Fluid block
to specify the fluid properties.

The block has the following ports:

A
Hydraulic conserving port associated with the chamber inlet.

Physical signal port that controls piston displacement.

The vVariable Volume Chamber Test Rig demo

(sh_variable chamber_test rig) is specifically designed to
demonstrate the Variable Volume Chamber block behavior at different
regimes. Each chamber is installed between two equal fixed-area
orifices. The top chamber is set to increase its volume with the
piston motion in positive direction, while the bottom chamber volume
decreases at the same time.

Constant Volume Chamber

Translational Hydro-Mechanical Converter
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Purpose

Library

Description
g (e
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Simulate variable-displacement reversible hydraulic motor
Pumps and Motors

The Variable-Displacement Motor block represents a
variable-displacement reversible motor of any type as a
data-sheet-based model. The motor displacement is controlled by the
signal provided through the physical signal port C. The motor efficiency
is determined based on volumetric and total efficiencies, nominal
pressure, and nominal angular velocity. All these parameters are
generally provided in the data sheets or catalogs.

Two block parameterization options are available:

® By the motor maximum displacement and stroke — The displacement
is assumed to be linearly dependent on the control member position.

* By table-specified relationship between the control member position
and the motor displacement — The displacement is determined
by one-dimensional table lookup based on the control member
position. You have a choice of three interpolation methods and two
extrapolation methods.

The variable-displacement motor is represented with the following
equations:

q=D-0- kleak *p
T= D°p'nmech

D

max
D= Xmax

D(x)

X

kleak = kHP /vep
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Do, (1 —Nv )'Vnom P

kpp =
Prom
P =PA—PB
where
q Motor flow rate
p Pressure differential across the motor
P, Ps  Gauge pressures at the block terminals
D Motor instantaneous displacement
D,y Motor maximum displacement
X Control member displacement
Xpax Control member maximum stroke
T Torque at the motor output shaft
0 Output shaft angular velocity
K,ea«  Leakage coefficient
Kup Hagen-Poiseuille coefficient
Ny Motor volumetric efficiency
Mmecn  Motor mechanical efficiency
v Fluid kinematic viscosity
p Fluid density
Pron Motor nominal pressure
®,,m  Motor nominal angular velocity
Voom 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
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128ul
p= Ttdil Qleak = é‘ﬂeak

where

9;..x Leakage flow
d, 1  Geometric parameters of the leakage path

y Fluid dynamic viscosity, g = vp

The leakage flow at p = p, , and v =v_ can be determined from the
catalog data

Qleak = D(Dnom (1 _nV)

which provides the formula to determine the Hagen-Poiseuille
coefficient

Doy, (1 —Nv )'Vnom P

Prom

kpp =

The motor 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

MNmech = Neotal Iy

The block positive direction is from port A to port B. This means that
the motor rotates its shaft in the globally assigned positive direction if
the fluid flows from port A to port B and a positive signal is applied to
port C.
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Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid compressibility is neglected.

Limitations ¢ No loading on the motor shaft, such as inertia, friction, spring, and

S0 on, is considered.

® Leakage inside the motor is assumed to be linearly proportional to
its pressure differential.
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E! Block Parameters: Yariable-Displacement Mokol

—ariable-Dizplacement Matar

Thiz Block represents a wariable-displacement reversible matar of any bupe as a data
theet-bazed model. The model can be parameterized either by the mator masimum
digplacement and contral member stroke or by the tabulated relationship between
motor displacement and control member position, 1n the first caze, the dizplacemnt iz
azzumed to be linearly dependant on control member pozition, The motor efficiency =
determined on a bagiz of wolumetric and total efficiencies, nominal pressure, and
naminal angular welocity,

Connections & and B are hydraulic conzerving ports aszociated with the motor inlet
and autlet, respectively. Cannection 5 iz a mechanical ratational conserving port
azzociated with the mator driving zhaft. Connection C s a control port through which
motor displacement iz controlled. The block pozitive direction is from port & to part B
Thiz means that the motor rotates shalt in the generally azsigned positive direction if
fluid Flowws fram port & to port B and pogitive signal iz applied to port C.

—Parameters
Edaul:ieterizatinn- I By maximum dizplacement and control member gtroke LI
GERT =
dizplacement; IEE'DB I m”3rad ;I

b amirnumn strake:

f0.005 fm R

Yaolumetric efficiency: ID T

Total efficiency: ID'?E

Hominal pressure: I-I e+07 I Pa LI
MHorminal angular

velaciy EE Jradts x|
Morminal kinematic

wiscozity: |'|8 I o5t j

Cancel

o]
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[Z]Block Parameters: ¥ariable-Displacement Mokor |

—*arnable-Dizsplacement bator

Thiz block representz a vaniable-dizplacement reversible motor of any type az a data
sheet-bazed model. The model can be parametenzed either by the motor masimum
dizgplacement and control member stroke or by the tabulated relationship between motor
dizgplacement and contral member position. [n the first casze, the dizplacemnt iz azsumed
to be linearly dependant on control member pogition. The motor efficiency iz determined
on a basiz of volumetric and total efficiencies, nominal pressure, and nominal angular
welocity,

Connectionz & and B are hpdraulic conzerving ports azsociated with the motor inlet and
outlet, rezpectively. Connection 5 is a mechanical rotational conserving port azsociated
with the motor driving ghaft, Connection C iz a control port through whick motor
dizgplacement iz controlled. The block positive direction iz from port & to port B, This
meang that the motor rotates shaft in the generally azzigned positive direction if fluid
flowes from port & to port B and positive signal iz applied to port C,

—Parameters
Hode! peEmeizizs o I By displacement vs. control member position table LI
::EITJT;'D' member posiiens [ o075 -0.0025 0 00025 0.0075 | [m -]
fa”brl”ep displacements (g 16 -35-06 0 3e-05 5506 | [manad =]
Interpolation method: I Lirear LI
Estrapolation method; I From last 2 points LI

Wolumetric efficiency: ID'BE

Tatal efficiency: ID'?E

Maminal pressure: |1 o7 I Pa LI
Marminal angular

welocity: |1 88 I radfs —I
Marminal kinematic

vizzoziby |1 8 I oSt LI

ak I Cancel

Apply |

Model parameterization
Select one of the following block parameterization options:

® By maximum displacement and control member stroke
— Provide values for maximum motor displacement and
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maximum stroke. The displacement is assumed to be linearly
dependent on the control member position. This is the default
method.

® By displacement vs. control member position table
— Provide tabulated data of motor displacements and control
member positions. The displacement is determined by
one-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Maximum displacement
Motor maximum displacement. The default value is 5e-6
m”3/rad. This parameter is used if Model parameterization is
set to By maximum displacement and control member stroke.

Maximum stroke
Maximum control member stroke. The default value is 0.005 m.
This parameter is used if Model parameterization is set to By
maximum displacement and control member stroke.

Control member positions table
Specify the vector of input values for control member position as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. The default
values, in meters, are [-0.0075 -0.0025 0 0.0025 0.0075].
This parameter is used if Model parameterization is set to By
displacement vs. control member position table.

Pump displacements table
Specify the vector of output values for the motor displacement as
a tabulated 1-by-m array. The motor displacements vector must be
the same size as the control member positions vector. The default
values, in m”3/rad, are [ -5e-06 -3e-06 0 3e-06 5e-06]. This
parameter is used if Model parameterization is set to By
displacement vs. control member position table.
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Interpolation method
Select one of the following interpolation methods for
approximating the output value when the input value is between
two consecutive grid points:

e 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 displacement vs.
control member position 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 displacement vs.
control member position table.
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Global

Parameters

Ports
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Volumetric efficiency
Motor volumetric efficiency specified at nominal pressure, angular
velocity, and fluid viscosity. The default value is 0. 85.

Total efficiency
Motor total efficiency, which is determined as a ratio between
the hydraulic power at the motor inlet and mechanical power at
the output shaft at nominal pressure, angular velocity, and fluid
viscosity. The default value is 0.75.

Nominal pressure
Pressure differential across the motor, at which both the
volumetric and total efficiencies are specified. The default value
is 1e7 Pa.

Nominal angular velocity
Angular velocity of the output 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 c¢St.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

The block has the following ports:

A

Hydraulic conserving port associated with the motor inlet.
B

Hydraulic conserving port associated with the motor outlet.
C

Physical signal port that controls motor displacement.
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S
Mechanical rotational conserving port associated with the motor
output shaft.
See Also Hydraulic Motor
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Purpose

Library

Description
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Simulate hydraulic pump maintaining preset pressure at outlet by
regulating its flow delivery

Pumps and Motors

The Variable-Displacement Pressure-Compensated Pump block
represents a positive, variable-displacement, pressure-compensated
pump of any type as a data-sheet-based model. The key parameters
required to parameterize the block are the pump maximum
displacement, regulation range, volumetric and total efficiencies,
nominal pressure, and angular velocity. All these parameters are
generally provided in the data sheets or catalogs.

The following figure shows the delivery-pressure characteristic of the
pump.

qmax e

preg

pmax
—"p
pSCT

The pump tries to maintain preset pressure at its outlet by adjusting its
delivery flow in accordance with the system requirements. If pressure
differential across the pump is less than the setting pressure, the pump
outputs its maximum delivery corrected for internal leakage. After
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the pressure setting has been reached, the output flow is regulated

to maintain preset pressure by changing the pump’s displacement.

The displacement can be changed from its maximum value down to
zero, depending upon system flow requirements. The pressure range
between the preset pressure and the maximum pressure, at which the
displacement is zero, is referred to as regulation range. The smaller the
range, the higher the accuracy at which preset pressure is maintained.
The range size also affects the pump stability, and decreasing the range
generally causes stability to decrease.

The variable-displacement, pressure-compensated pump is represented
with the following equations:

q=D-w—Fkjpqpp

T= D'p/nmech

Dyyax for p <= pget
D ={Dpax — K(p - pset) forpset < P < Pmax
0 for p >= prax

Pmax = Pset 7 Preg
K= Dmax /(pmax _pset)
kleak = kHP /vep

Do, (1 —Nv )'Vnom P

Prom

kpp =

pb=pp—DpPT

where
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q Pump delivery
p Pressure differential across the pump

P, P Gauge pressures at the block terminals

D Pump instantaneous displacement

D,.. Pump maximum displacement

Pt Pump setting pressure

Prax Maximum pressure, at which the pump displacement is zero
T Torque at the pump driving shaft

o Pump angular velocity

Kieax  Leakage coefficient
K.p Hagen-Poiseuille coefficient
Ny Pump volumetric efficiency

Mmeen ~ Pump mechanical efficiency

v Fluid kinematic viscosity

p Fluid density

Prom Pump nominal pressure

®,,.  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

128ul u
= ?qleak = %qleak

where
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Basic
Assumptions
and
Limitations

G,.a« Leakage flow
d, 1  Geometric parameters of the leakage path

J Fluid dynamic viscosity, g = vp

The leakage flow at p =p, , and v =v,_ can be determined from the
catalog data

Qleak = D(’)nom (1 Ny )

which provides the formula to determine the Hagen-Poiseuille
coefficient

Doy, (1 —Ny )'Vnom P

p nom

kpp =

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

MNmech = Ntotal /nV

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.

The model is based on the following assumptions:

® Fluid compressibility is neglected.

® No loading on the pump shaft, such as inertia, friction, spring, and
S0 on, is considered.

® Leakage inside the pump is assumed to be linearly proportional to
its pressure differential.
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L]
Dla Iog E Block Parameters: ¥ariable-Displacement Pre ﬂ

Box a nd —W ariable-Dizplacement Prezzure-Compenzated Pump

Pa ra meters Thiz block represents a vaniable-dizplacement, pressure-compensated hydrauic
pumnp of any type as a data sheet-based model. The key parameters required to
parameterize the block are the pump maximnurn displacement, valumetric and tatal
efficiencies, regulation range. nominal prezsure, and angular velocity.

Caonnections P and T are hydraulic conserving ports azsociated with the pump autlet
and inlet, respectively. Connection 5 iz a mechanical ratational conserving part
azzociated with the purmp driving shaft. The block positive direction iz from port T ta
port P. Thiz means that the pump delivers flow to part P as itz driving shaft rotates in
the globally aszigned pozitive direction.

—Parameters
b axirmurn dizplacement: IEB-UE I ™ 3rad ;I
Setting pressune: I1 ] I Fa LI
Pressure regulation range: IBDDDDD I Fa LI
Walumetric efficiancy: ID'BE
Tatal efficiency: ID_?5
Morminal pressure: I.I 0000000 I Pa LI
Hominal angular velocity: I.I o I 1ad/s LI
jonrirense fi [ =]

Maximum displacement
Pump displacement. The default value is 5e-6 m”3/rad.

Setting pressure
Pump pressure setting. The default value is 1e7 Pa.

Pressure regulation range
Pressure range required to change the pump displacement from
its maximum to zero. The default value is 6e5 Pa.
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Global

Parameters

Ports

Volumetric efficiency
Pump volumetric efficiency specified at nominal pressure, angular
velocity, and fluid viscosity. The default value is 0. 85.

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 0.75.

Nominal pressure
Pressure differential across the pump, at which both the
volumetric and total efficiencies are specified. The default value
is 1e7 Pa.

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 c¢St.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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.
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Examples The Closed-Loop Electrohydraulic Actuator with Proportional
Valve demo (sh_closed loop_actuator) illustrates the use of the
Variable-Displacement Pressure-Compensated Pump block in hydraulic
systems.

See Also Fixed-Displacement Pump

Variable-Displacement Pump
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Purpose
Library

Description

Simulate variable-displacement reversible hydraulic pump
Pumps and Motors

The Variable-Displacement Pump block represents a
variable-displacement reversible pump of any type as a
data-sheet-based model. The pump delivery is proportional to the
control signal provided through the physical signal port C. The pump
efficiency is determined based on volumetric and total efficiencies,
nominal pressure, and angular velocity. All these parameters are
generally provided in the data sheets or catalogs.

Two block parameterization options are available:

® By the pump maximum displacement and stroke — The displacement
is assumed to be linearly dependent on the control member position.

* By table-specified relationship between the control member
position and pump displacement — The displacement is determined
by one-dimensional table lookup based on the control member
position. You have a choice of three interpolation methods and two
extrapolation methods.

The variable-displacement pump is represented with the following
equations:

q= D'(’)_kleak *p
T = D+p/Mpech

D

max
D= Xmax

D(x)

X

kleak = kHP /vep
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Do, (1 —Nv )'Vnom P

kyp
DPrnom
bp=pp-Pr
where

q Pump delivery
p Pressure differential across the pump
pppy  Gauge pressures at the block terminals
D Pump instantaneous displacement
D, .. Pump maximum displacement
x Control member displacement
Xy Control member maximum stroke
T Torque at the pump driving shaft
o Pump angular velocity

eak Leakage coefficient

p Hagen-Poiseuille coefficient
Ny Pump volumetric efficiency
Mmeen ~ Pump mechanical efficiency
v Fluid kinematic viscosity
p Fluid density
Prom Pump nominal pressure
o, Pump nominal angular velocity
Voom  Nominal fluid kinematic viscosity

2-386



Variable-Displacement Pump

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

128ul
p= jQZeak = é‘ﬂeak

where

Qjour Leakage flow
d, Geometric parameters of the leakage path

[y Fluid dynamic viscosity, gy = vp

The leakage flow at p =p, . and v =v_ can be determined from the
catalog data

Qleak = D(Dnom (1 _nV)

which provides the formula to determine the Hagen-Poiseuille
coefficient

Dwyom, (1 —Nv )'Vnom P

Prom

kpp =

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

MNmech = Neotal Iy

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 and a positive signal is applied to
port C.
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Basic The model is based on the following assumptions:

Assumptions

and ¢ Fluid compressibility is neglected.

Limitations ¢ No loading on the pump shaft, such as inertia, friction, spring, and

S0 on, is considered.

® Leakage inside the pump is assumed to be linearly proportional to
its pressure differential.

.
D'“ |09 E] Block Parameters: ¥ariable-Displacement Pury ﬂ

Box a nd —Wariable-Dizplacement Pump

Pa rameters Thiz block reprezents a wariable-digplacement reversible pump of any tupe as a data
sheet-based madel. The model can be parameterized either by the pump masimLnn
displacement and stroke, or by the pump digplacement vs. contral member pogsition
table. In the first caze, the displacement iz azsumed to be linearly dependent on the
control member position. The pump efficiency iz determined bazed on vaolumetnc and
tatal efficiencies, nominal prezsure, and nominal angular velocity.

Connections P and T are hydraulic conzerving ports associated with the pump outlet
and inlet, respectively. Connection S iz a mechanical rotational conserving port
azzociated with the pump diiving shaft. Connection C iz a physical zsignal port that
controlz purp dizplacement. The black positive direction is from port T o port P. This
means that the pump delivers flow bo port P ag itz driving zhaft rotates in the globallp
azzigned positive direction and a positive signal iz applied to port C.

—Parameters
HoeE T | By masimurm dizplacement and contral member stroke ;I
pararneterization:
GETT ~
displacemnent: IEE-DE Im 3rad LI
b aimum stroke: ID.DDE I m ;I

Walumetnc efficiency: |D.85

Tatal efficiency: |D.?5

Maminal pressure: |1 a7 I Pa LI
MHarminal angular

velocity: |188 I radfs —I
Maminal kinemnatic

wiscosity: |18 I oSt LI

QK. I Cancel
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E Block Parameters: Yariable-Displacement Pumy x|

—Wariable-Dizplacement Pump

Thiz block reprezents a wariable-dizplacement reversible punp of any type as a data
sheet-bazed model. The maodel can be parameterized either by the pump masimum
dizplacement and strake, or by the pump dizplacement vz, contral member position
table. In the first caze, the dizplacement iz assumed to be linearly dependent on the
contral mermber position. The pump efficiency is determined bazed on volumetric and
total efficiencies, nominal pressure, and nominal angular velocity.

Connections P and T are hpdraulic conserving ports associated with the purp outlet
and inlet, respectively. Connection S iz a mechanical rotational conzerving port
azsociated with the pump driving shaft. Connection C iz a physical signal port that
contrals pump displacement. The block positive direction iz fram port T to port P. This
means that the pump delivers flow ta part P as its driving shaft rotates in the globally
azsighed positive direction and a positive signal iz applied to part C.

—Parameters

Edac;:fr:eterization: I By displacement vz, control member position table LI
Eg;:;’;;“farglb:r [[ -0.0075 -0.0025 00,0025 0.0075 ] [m B
Eﬁgdwh“mm“ [ -5e-08 -32-08 01 306 506 | [w3had =]
Interpaolation method: I Linear LI
Extrapolation method: I From last 2 points LI
Wolumetric efficiency: ID'BE

Total efficiency: ID'?E

Maominal pressure: |-| a7 I Fa LI
o [ o=
ot E

Model parameterization
Select one of the following block parameterization options:

® By maximum displacement and control member stroke —
Provide values for maximum pump displacement and maximum
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control member stroke. The displacement is assumed to be
linearly dependent on the control member position. This is the
default method.

® By displacement vs. control member position table
— Provide tabulated data of pump displacements and control
member positions. The displacement is determined by
one-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Maximum displacement
Pump maximum displacement. The default value is 5e-6
m”3/rad. This parameter is used if Model parameterization is
set to By maximum displacement and control member stroke.

Maximum stroke
Maximum control member stroke. The default value is 0.005 m.
This parameter is used if Model parameterization is set to By
maximum displacement and control member stroke.

Control member positions table
Specify the vector of input values for control member position as a
tabulated 1-by-m array. The input values vector must be strictly
monotonically increasing. The values can be non-uniformly
spaced. You must provide at least three values. The default
values, in meters, are [-0.0075 -0.0025 0 0.0025 0.0075].
This parameter is used if Model parameterization is set to By
displacement vs. control member position table.

Pump displacements table
Specify the vector of output values for the pump displacement as
a tabulated 1-by-m array. The pump displacements vector must be
the same size as the control member positions vector. The default
values, in m”3/rad, are [ -5e-06 -3e-06 0 3e-06 5e-06]. This
parameter is used if Model parameterization is set to By
displacement vs. control member position table.
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Interpolation method
Select one of the following interpolation methods for
approximating the output value when the input value is between
two consecutive grid points:

e 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 displacement vs.
control member position 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 displacement vs.
control member position table.
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Global

Parameters

Ports
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Volumetric efficiency
Pump volumetric efficiency specified at nominal pressure, angular
velocity, and fluid viscosity. The default value is 0. 85.

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 0.75.

Nominal pressure
Pressure differential across the pump, at which both the
volumetric and total efficiencies are specified. The default value
is 1e7 Pa.

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 c¢St.

Fluid kinematic viscosity
The parameter is determined by the type of working fluid selected
for the system under design. Use the Hydraulic Fluid block or the
Custom Hydraulic Fluid block to specify the fluid properties.

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.

C

Physical signal port that controls pump displacement.
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S
Mechanical rotational conserving port associated with the pump
driving shaft.
See Also Fixed-Displacement Pump

Variable-Displacement Pressure-Compensated Pump
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Purpose
Library

Description

2-394

@F‘

Simulate wheel and axle mechanism in mechanical systems
Mechanisms

The Wheel and Axle block represents a wheel and axle mechanism
shown in the following schematic.

The wheel and the axle have the same axis, and the axis is assumed
to be rigidly connected to the frame, thus making this mechanism an
ideal converter of mechanical rotational into mechanical translational
motion. The mechanism has two connections: a mechanical rotational
port A, which corresponds to the axle, and a mechanical translational
port P, which corresponds to the wheel periphery. The mechanism is
described with the following equations:

T =reFeor

U = reeor



Wheel and Axle

where
T Torque on the axle
F Force on the wheel periphery
) Angular velocity
v Linear velocity on the wheel periphery
r Wheel radius
or Mechanism orientation indicator. The variable assumes

+1 value if axle rotation in the globally assigned positive
direction is converted into translational motion in positive
direction, and -1 if positive rotation results in translational
motion in negative direction.

The block can be used in simulation of rack-pinions, steering wheels,
hoisting devices, windlasses, and so on.

The block positive directions are from A to the reference point and from
the reference point to P.
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L]
D'G Iog E! Block Parameters: Wheel and Axle x|

Box und —wheel and &ule S

Pa rameters The block reprezents the wheel and axle mechanism az an ideal converter between
mechanical rotational and mechanical translational mations. The mechanism has two
connectionsz: port & comesponds to the asle and iz a mechanical rotational
congerving port; part P conesponds to the wheel periphery and is a mechanical
tranzlational conzerving port,

The block can be uzed in simulation of rack-pinionz, steering wheels, hoisting
devices, windlazses, ete. The block positive directions are from & to the reference
point and from reference point o P. The axle pogitive rotation cauzes the wheel
perifery to move in positive or negative direction, depending on the "'Mechanizm
orientation' parameter setting.

—Parameters

Wheel radius: ID.DE I ™ LI

Mechanizm orientation:

I Drives in positive direction :I

ak. I Cancel

Wheel radius
Radius of the wheel. The default value is 0.05 m.

Mechanism orientation
The parameter can be set to one of two options: Drives in
positive direction or Drives in negative direction. The
value Drives in positive direction specifies a mechanism
where axle rotation in the globally assigned positive direction
is converted into translational motion in positive direction. The
value Drives in negative direction specifies a mechanism
where axle rotation in the globally assigned positive direction is
converted into translational motion in negative direction. The
default value is Drives in positive direction.

Ports The block has the following ports:

A
Mechanical rotational conserving port associated with the axle.
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P
Mechanical translational conserving port associated with the
wheel periphery.
Examples The Simple Mechanical System demo

(sh_simple_mechanical_system) illustrates the use of the Wheel and
Axle block in mechanical systems.

See Also Gear Box
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Commands — Alphabetical

List

pm_adddimension
pm_addunit

pm_getunits

Add new dimension to unit registry
Add new unit to unit registry

Get information about all units in
unit registry



pm_adddimension

Purpose
Syntax

Description

Examples

See Also

Add new dimension to unit registry

pm_adddimension(dimension, unitname)
pm_adddimension(dimension, unitname) adds a new dimension
named dimension with a fundamental unit, unitname. dimension may
be any string. unitname must be a valid unit name, that is, it must

begin with a letter and contain only letters and numbers.

Add a new unit dimension, length, with a fundamental unit of meter, m:
pm_adddimension('length', 'm');

pm_addunit, pm_getunits
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Purpose
Syntax

Description

Examples

See Also

Add new unit to unit registry
pm_addunit(unitname, conversion, unitexpression)

pm_addunit(unitname, conversion, unitexpression) introduces
a new unit, unitname, defined as conversion * unitexpression.
conversion must be a positive real scalar, and unitexpression must
be a valid unit expression in terms of units already defined in the unit
registry.

The new unit name, unitname, must be a valid unit name, that is, it
must begin with a letter and contain only letters and numbers.

The following operators are supported in the unit mathematical
expressions:

* Multiplication

/ Division

~ Power

+, - Plus, minus — for exponents only
() Brackets to specify evaluation order

Add a new unit centimeter, cm, in terms of meter, m:
pm_addunit('cm', 0.01, 'm');
Add a new unit newton, N, in terms of kilograms, meters, and seconds:

pm_addunit('N', 1, 'kg*m/s*2');

pm_adddimension, pm_getunits
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Purpose
Syntax

Description

Examples

Get information about all units in unit registry
[units, conversions, expressions] = pm_getunits

[units, conversions, expressions] = pm_getunits returns all
units in the registry in a cell array , units. Their corresponding
conversions and base expressions are returned in conversions and
expressions, respectively. For fundamental units, the conversion is
1.0 and the base expression is the unit itself.

List all units currently defined in the registry:

pm_getunits
ans =

‘m'
'kg'
g
o
K
‘rad’
em'
‘mm'
"km'
'in'
Lt
‘i
'yd'
1
'gal’
g
'mg"
"lbm'
oz
'slug’
N



pm_getunits

"1bf
‘dyn'
"1b"
‘'min'
"hr!
'deg’
‘'rev’
‘mph’
“fpm'
"fps'
'rpm’
L
'Btu’
W
"HP'
e
A
E
'H
"Ohm'
"Pa’
"bar'
'psi
"atm'
'1pm'
‘gpm’
'Poise’
"cp'
‘reyn’
'St
'cSt!
"Newt'

See Also pm_adddimension, pm_addunit






2-Position Valve Actuator block 2-2
2-Way Directional Valve block 2-8
3-Position Valve Actuator block 2-18
3-Way Directional Valve block 2-23
4-Way Directional Valve block 2-34

A

accumulators
gas-charged 2-105
spring-loaded 2-317
Annular Orifice block 2-47

B
Ball Valve block 2-51

C

Check Valve block 2-57
commands
pm_adddimension 3-2
pm_addunit 3-3
pm_getunits 3-4
Connection Port block 2-63
Constant Volume Chamber block 2-65
Custom Hydraulic Fluid block 2-74
Cylinder Friction block 2-76

D
Double-Acting Hydraulic Cylinder block 2-82

E
Elbow block 2-88

F

Fixed Orifice block 2-93
Fixed-Displacement Pump block 2-97

Fluid Inertia block 2-103

G

Gas-Charged Accumulator block 2-105
Gear Box block 2-109
Gradual Area Change block 2-111

H

Hydraulic Fluid block 2-118
Hydraulic Motor block 2-121
Hydraulic Pipeline block 2-126
Hydraulic Reference block 2-133

Ideal Angular Velocity Source block 2-134
Ideal Force Sensor block 2-136
Ideal Force Source block 2-138
Ideal Hydraulic Flow Rate Sensor block 2-140
Ideal Hydraulic Flow Rate Source block 2-142
Ideal Hydraulic Pressure Sensor block 2-144
Ideal Hydraulic Pressure Source block 2-146
Ideal Rotational Motion Sensor block 2-148
Ideal Torque Sensor block 2-150
Ideal Torque Source block 2-152
Ideal Translational Motion Sensor block 2-154
Ideal Translational Velocity Source

block 2-156
Inertia block 2-158

L

Lever block 2-160
Linear Hydraulic Resistance block 2-165
Local Resistance block 2-167

M
Mass block 2-174

Index-1



Index

Mechanical Rotational Reference block 2-176
Mechanical Translational Reference
block 2-177

N
Needle Valve block 2-178

o

Orifice with Variable Area Round Holes
block 2-184
Orifice with Variable Area Slot block 2-191

P

Pilot-Operated Check Valve block 2-196

Pipe Bend block 2-203

pm_adddimension command 3-2

pm_addunit command 3-3

pm_getunits command 3-4

Poppet Valve block 2-208

Pressure Compensator block 2-222

Pressure Reducing Valve block 2-229

Pressure Relief Valve block 2-234

Pressure-Compensated Flow Control Valve
block 2-214

Proportional and Servo-Valve Actuator
block 2-240

PS Add block 2-244

PS Dead Zone block 2-246

PS Divide block 2-248

PS Gain block 2-250

PS Integrator block 2-252

PS Lookup Table (1D) block 2-254

PS Lookup Table (2D) block 2-257

PS Product block 2-261

PS Saturation block 2-263

PS Subtract block 2-265

PS-Simulink Converter block 2-267

Index-2

Reservoir block 2-269

Resistive Tube block 2-271
Rotational Damper block 2-278
Rotational Friction block 2-280
Rotational Hard Stop block 2-287
Rotational Spring block 2-292

S

Segmented Pipeline block 2-295

Shuttle Valve block 2-301

Simulink-PS Converter block 2-308
Single-Acting Hydraulic Cylinder block 2-310
Solver Configuration block 2-315
Spring-Loaded Accumulator block 2-317
Sudden Area Change block 2-320

T

T-junction block 2-327

Translational Damper block 2-331

Translational Friction block 2-333

Translational Hard Stop block 2-339

Translational Hydro-Mechanical Converter
block 2-344

Translational Spring block 2-347

v

Variable Orifice block 2-350

Variable Volume Chamber block 2-363

Variable-Displacement Motor block 2-368

Variable-Displacement Pressure-Compensated
Pump block 2-378

Variable-Displacement Pump block 2-385

\"."}
Wheel and Axle block 2-394
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