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Block Reference

Accumulators (p. 1-2)
Hydraulic Cylinders (p. 1-3)
Hydraulic Utilities (p. 1-4)

Local Hydraulic Resistances (p. 1-5)
Orifices (p. 1-6)

Pipelines (p. 1-7)
Pumps and Motors (p. 1-8)
Valves (p. 1-9)

Hydraulic accumulators
Hydraulic cylinders

Environment blocks, such as
hydraulic fluid

Various local hydraulic resistances

Hydraulic orifices, to be used as
valve building blocks

Hydraulic pipelines
Hydraulic pumps and motors

Hydraulic valves



1 Block Reference

Accumulators

Gas-Charged Accumulator

Spring-Loaded Accumulator

1-2

Simulate hydraulic accumulator
with gas as compressible medium

Simulate hydraulic accumulator
with spring used for energy storage



Hydraulic Cylinders

Hydraulic Cylinders

Cylinder Friction

Double-Acting Hydraulic Cylinder
Double-Acting Rotary Actuator
Single-Acting Hydraulic Cylinder

Single-Acting Rotary Actuator

Simulate friction in hydraulic
cylinders

Simulate hydraulic actuator exerting
force in both directions

Simulate double-acting hydraulic
rotary actuator

Simulate hydraulic actuator exerting
force in one direction

Simulate single-acting hydraulic
rotary actuator
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Hydraulic Utilities

Hydraulic Fluid

Reservoir

Set working fluid properties by
selecting from list of predefined
fluids

Simulate pressurized hydraulic
reservoir



Local Hydraulic Resistances

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
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Orifices

Annular Orifice

Fixed Orifice

Orifice with Variable Area Round
Holes

Orifice with Variable Area Slot

Variable Orifice

Simulate hydraulic variable orifice
created by circular tube and round
insert

Simulate hydraulic orifice with
constant cross-sectional area

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

Simulate hydraulic variable orifice
shaped as rectangular slot

Simulate generic hydraulic variable
orifice



Pipelines

Pipelines

Hydraulic Pipeline

Segmented Pipeline

Simulate hydraulic pipeline with
resistive and fluid compressibility
properties

Simulate hydraulic pipeline with
resistive, fluid inertia, and fluid
compressibility properties
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Pumps and Motors

Centrifugal Pump

Fixed-Displacement Pump
Hydraulic Motor
Variable-Displacement Motor

Variable-Displacement
Pressure-Compensated Pump

Variable-Displacement Pump

Simulate centrifugal pump
Simulate fixed-displacement
hydraulic pump

Simulate fixed-displacement
hydraulic motor

Simulate variable-displacement
reversible hydraulic motor

Simulate hydraulic pump
maintaining preset pressure at
outlet by regulating its flow delivery

Simulate variable-displacement
reversible hydraulic pump



Valves

Valves

Directional Valves (p. 1-9)

Flow Control Valves (p. 1-9)
Pressure Control Valves (p. 1-10)
Valve Actuators (p. 1-10)

Valve Forces (p. 1-11)

Directional Valves

2-Way Directional Valve
3-Way Directional Valve
4-Way Directional Valve
Cartridge Valve Insert
Check Valve

Pilot-Operated Check Valve

Shuttle Valve

Flow Control Valves

Ball Valve
Needle Valve

Hydraulic directional valves
Hydraulic flow control valves
Hydraulic pressure control valves

Actuators for driving directional
valves

Blocks that simulate hydraulic
forces exerted on valves

Simulate hydraulic continuous
2-way directional valve

Simulate hydraulic continuous
3-way directional valve

Simulate hydraulic continuous
4-way directional valve

Simulate hydraulic cartridge valve
insert

Simulate hydraulic valve that allows
flow in one direction only

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

Simulate hydraulic valve that allows
flow in one direction only

Simulate hydraulic ball valve

Simulate hydraulic needle valve
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Poppet Valve

Pressure-Compensated Flow Control

Valve

Pressure Control Valves

Pressure Compensator

Pressure Reducing Valve

Pressure Relief Valve

Valve Actuators

2-Position Valve Actuator
3-Position Valve Actuator
Hydraulic Cartridge Valve Actuator

Hydraulic Double-Acting Valve
Actuator

Hydraulic Single-Acting Valve
Actuator

Proportional and Servo-Valve
Actuator

Simulate hydraulic poppet valve

Simulate hydraulic pressure
compensating valve

Simulate hydraulic pressure
compensating valve

Simulate pressure control valve
maintaining reduced pressure in
portion of system

Simulate pressure control valve
maintaining preset pressure in
system

Simulate actuator for two-position
valves

Simulate actuator for three-position
valves

Simulate double-acting hydraulic
actuator for cartridge valves

Simulate double-acting hydraulic
valve actuator

Simulate single-acting hydraulic
valve actuator

Simulate continuous valve driver
with output proportional to input
signal



Valves

Valve Forces

Spool Orifice Hydraulic Force Simulate axial hydraulic force
exerted on spool

Valve Hydraulic Force Simulate axial hydraulic static force
exerted on valve
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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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2-Position Valve Actuator

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.

Restricted Parameters

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

¢ Initial position

* Actuator orientation

All other block parameters are available for modification.



2-Position Valve Actuator

Ports

Examples

See Also

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.

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
Hydraulic Double-Acting Valve Actuator
Hydraulic Single-Acting 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).



2-Way Directional Valve

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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2-Way Directional Valve

[Z]Block Parameters: Z-Way Directional ¥alve

— 2-wfay Directional Valv

The block zimulates a 2-way directional valve as a data sheet-bazed model. To
pararmeterize the block, 3 options are available: [1] by maxirmurn area and control
member stroke, [2] by the table of valve area vz contral member displacement, and [3]
by the pressure-flow rate characteristics. The lookup table block iz uzed in the second
and third cazes far interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapaolation are provided to choose from.

Connections & and B are hydraulic conzerving ports azsociated with the valve inlet and
outlet, respectively. Connection 5 iz a physical sighal port. The block positive direction iz
from port A ta port B. Positive signal at part S opens the valve.

— Parameters

todel parameternization;

Tabulated valve pazsage
area:

Interpolation method:

Estrapolation method:

Initial opening:
Critic:al Reynolds number;

Leakage area:

Tabulated valve openings:

Flow discharge coefficient;

IB_I,I area vz opening table

|[ -0.002 0 0.0020.0050.015]

m

|?' 4.0736e-05 0.00011438 0.00034356 | |m"2

I Linear

IFle lagt 2 points

Led Lef Le] Lo Led

jo.7
[0 m =l
|12
|1e12 jmz =]

ak. I Cancel

Help | Apply |
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2-Way Directional Valve

[Z]Block Parameters: Z-Way Directional ¥alve x|

— 2-wfay Directional Valv

The block zimulates a 2-way directional valve as a data sheet-bazed model. To
pararmeterize the block, 3 options are available: [1] by maxirmurn area and control
member stroke, [2] by the table of valve area vz contral member displacement, and [3]
by the pressure-flow rate characteristics. The lookup table block iz uzed in the second
and third cazes far interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapaolation are provided to choose from.

Connections & and B are hydraulic conzerving ports azsociated with the valve inlet and
outlet, respectively. Connection 5 iz a physical sighal port. The block positive direction iz
from port A ta port B. Positive signal at part S opens the valve.

— Paramneters
todel parameternization; IB_I,I prezsureHflow characteristic ;I
Tabulated valve openings: || -0.002 0 0.002 0,005 0.015 ] jm =l
s [07 Be+06 22406 26406 5e+06 1es07 ] [Pa 7]
Tabulated flow rates: |J1 5364 0.015364 0.024293 0.034356 ;] |m"3f’s ;I
Interpaolation method: ILinear LI
Extrapolation method: IFrom lazt 2 points LI
|nitial opening: ID I m LI

QK I Cancel Help | Apply |

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

e 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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2-Way Directional Valve

® 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 [-0.002 0 0.002 0.005 0.015]. If Model
parameterization is set to By area vs. opening table, the
Tabulated valve openings values will be used together with
Tabulated valve passage area values for one-dimensional table
lookup. If Model parameterization is set to By pressure-flow
characteristic, the Tabulated valve openings values will
be used together with Tabulated pressure differentials and
Tabulated flow rates for two-dimensional table lookup.
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2-Way Directional Valve

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-09 2.0352e-07
4.0736e-05 0.00011438 0.00034356]. This parameter is used
if Model parameterization is set to By area vs. opening
table.

Tabulated pressure differentials
Specify the vector of input values for pressure differentials as a
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 [-1e+07 -5e+06 -2e+06 2e+06 5e+06 1e+07]. This
parameter is used if Model parameterization is set to By
pressure-flow characteristic.

Tabulated flow rates
Specify the 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-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1e-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356; ]

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

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

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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2-Way Directional Valve

2-16

specified input argument, and the first specified output value
for all input values less than the first specified input argument.

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

pages.

Flow discharge coefficient

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

Initial opening

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



2-Way Directional Valve

Global
Parameters

Ports

Examples

Restricted Parameters

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

* Model parameterization
¢ Interpolation method

¢ Extrapolation method

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

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.
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
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block is used to control the position of a double-acting cylinder. At the
start of simulation, the valve is open by 0.42 mm to make the circuit
initial position as close as possible to its neutral position.

See Also 3-Way Directional Valve
4-Way Directional Valve
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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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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.
Basic The model is based on the following assumption:
Assumptions
and ¢ Push-pin loading, such as inertia, spring, hydraulic forces, and so on,
Limitations is not taken into account.
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Dlalog m Block Parameters: 3-Position ¥alve Actuator ﬂ

Box and
Parameters

—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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Ports

Examples

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.

Restricted Parameters

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

¢ Initial position
All other block parameters are available for modification.
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_3 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.
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See Also

2-Position Valve Actuator
Hydraulic Double-Acting Valve Actuator
Hydraulic Single-Acting 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
he, 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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Basic
Assumptions
and
Limitations

Dialog
Box and
Parameters

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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[=]Block Parameters: 3-Way Directional ¥alve

— 3-wfay Directional Valv

onifice 4-T.

The block zimulates a 3-way directional continuous valve as a data sheet-based model.
To parameterize the block, 3 options are awvailable: [1] by masimum area and caontrol
member stroke, [2] by the table of valve area vz contral member displacement, and [3]
by the pressure-flow rate characteristics. The lookup table block iz uzed in the second
and third cazes far interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapaolation are provided to choose from.

Connections P, T, and & are hydraulic conserving ports associated with the valve inlet,
outlet, and actuatar terminal respectively. Connection 5 is a physical zsignal part through
which contral zignal iz applied. Positive signal at port 5 opens onifice P-4 and clozes

— Parameters

todel parameternization;

Tabulated valve pazsage
area:

Interpolation method:

Estrapolation method:

Orifice P-4 initial opening:
Orifice A-T initial opening:
Critical Feynolds number:

Leakage area:

Tabulated valve openings:

Flow discharge coefficient;

IB_I,I area vz opening table

|[ -0.002 0 0.0020.0050.015]

jm

L

|?' 4.0736e-05 0.00011438 0.00034356 | |m"2

I Linear

IFle lagt 2 points

Led Lef Le] Lo Led

jo.7
[o m =l
[o m =l
12
[1e12 jm=2 =]

QK. I Cancel

Help

Appli
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[=]Block Parameters: 3-Way Directional ¥alve x|

— 3-wfay Directional Valv

The block zimulates a 3-way directional continuous valve as a data sheet-based model.
To parameterize the block, 3 options are awvailable: [1] by masimum area and caontrol
member stroke, [2] by the table of valve area vz contral member displacement, and [3]
by the pressure-flow rate characteristics. The lookup table block iz uzed in the second
and third cazes far interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapaolation are provided to choose from.

Connections P, T, and & are hpdraulic conserving ports aszociated with the valve inlet,
outlet, and actuatar terminal rezpectively. Connection 5 iz a phypsical signal port through
which control zsignal iz applied. Positive zignal at port 5 opens onifice P-4 and clozes

orifice &-T.

— Parameters
todel parameterization: IBy prezsure-flow characteriztic LI
Tabulated valve openings: || -0.002 0 0.002 0.005 0.015 ] Jm =l
Li?f';t‘gﬁc_ﬂs‘f"e“we [07 Be+06 26406 20406 5e+06 12407 ] [Pa =]
Tabulated flow rates: |J1 5364 0.015364 0.024293 0034356 ; | |m"3a"s LI
Interpolation method: ILineal ;I
Estrapolation method: IFle lagt 2 points ;I
Orifice P-4 initial opening: IEI Im ;I
Qrifice &-T initial opening: IEI Im ;I

QK I Cancel Help Apply

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

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