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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document describes methods of testing electro-hydraulic pressure relief and pressure reducing
valves. These types of electro-hydraulic valves prevent the pressure in a hydraulic system rising above
a level defined or set by an electrical input signal.

Relief valves are used to control the pressure in a closed volume by increasing the flow out of the volume
if the pressure exceeds the set pressure level. The excess flow is dumped directly to a tank.

Reducing valves are used to control the pressure in a closed volume by restricting the flow into the

volume if t

The design
appropriat

This docur
hence the
design, reg

(1€ pressure exceeds tne set pressure ievel.

of the system and the position of the valve within the system dictates which type gf\yvaly
e to use.

hent has been prepared with the intention of improving the uniformity of ¥alve testing
Consistency of recorded valve performance data so that these data cande used for sys
ardless of the data source.

e is

and
fem
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Hydraulic fluid power — Electrically modulated hydraulic

Cco

ntrol valves —

Part 3:
Test methods for pressure control valves

1
Thi

modlulated hydraulic pressure control valves.

2
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ISO
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ISO
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ISO
Par

For

ISO

Scope

5 document describes test methods for determining the performance characteristics of

Normative references

following documents are referred to in the text in such a wdy that some or all of th
Stitutes requirements of this document. For dated referenees;“only the edition cited 4
ated references, the latest edition of the referenced documént (including any amendmen

3448:1992, Industrial liquid lubricants — IS0 viscosity glassification
4406, Hydraulic fluid power — Fluids — Method foricoding the level of contamination by so
5598, Fluid power systems and components — Yocabulary

6743-4, Lubricants, industrial oils and related products (class L) — Classification — Part
raulic systems)

9110-1:1990, Hydraulic fluid power'— Measurement techniques — Part 1: General m
ciples

10771-1, Hydraulic fluid power — Fatigue pressure testing of metal pressure-containing e
b 1: Test method

Terms, definitions and symbols
the purposes/of this document, the terms and definitions given in ISO 5598 and the folloy

and [EC\maintain terminological databases for use in standardization at the following ag

[SOOnline browsing platform: available at https://www.iso.org/obp

blectrically

Pir content
pplies. For
[s) applies.

id particles

: Family H

Pasurement

hvelopes —

ving apply.

dresses:

3.1

3.1.

IEC Electropedia: available at http://www.electropedia.org/

Terms and definitions

1

electrically modulated pressure control valve
valve that limits the pressure in a hydraulic system to a level that is continuously variable and
proportional to an electrical input signal

3.1.

2

electrically modulated relief valve
valve that limits the pressure at the inlet port by dumping excess flow to the tank port

©IS
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3.1.3
electrically modulated reducing valve
valve that limits the pressure at the outlet port by reducing the flow taken from the inlet port

314
controlled pressure

pressure difference between inlet and outlet of the relief valve under test or the pressure at the outlet

of the reducing valve under test

3.1.5
controlled pressure volume

total volurhe of fluid in a test rig directly connected to the inlet of the relief valve under test, or
outlet of thee reducing valve under test

the

3.1.6

head loss

minimum pressure drop through a valve

Note 1 to enftry: The head loss is plotted as pressure versus flow.

3.1.7

reference pressure

controlled pressure measured at 10 % of rated flow

3.2 Symbols

For the purposes of this document, the symbols given in Table>1 apply:

Table 1 — Symbols
Parameter Symbol Unit

Frequency f Hz
Input signal lorU AorV
Rated signal Iy or Uy AorV
Current readout IREAD A
Pressure gain Kp = (Ap/Al or Ap/AU) bar (per input signal unit)
[nductance Lc H
Supply pressure Pp MPa (bar)
Return pressure Pt MPa (bar)
Controlled pressure Pc MPa (bar)
Valve pressure drop Py =Dp ~ P MPa (bar)
Rated\pressure PN MPa (bar)
Output flow q 1/min
Rated flow qn 1/min
Internal leakage q 1/min
Insulation resistance R, Q
Resistance R Q
Time t S
Time constant tc S
Dither amplitude — % (of max. input signal)
Dither frequency — Hz
Hysteresis — % (of max. output)
Threshold — % (of maximum input)

2 © IS0 2020 - All rights reserved
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Table 1 (continued)

Parameter Symbol Unit
Amplitude (ratio) — dB
Phase lag — °
Temperature — °C

The graphical symbols in this document conform to ISO 1219-1 and IEC 60617-DB.

4_ Standard tact r-r\h(lifierlc

DTOITUUT O CCOT CTUITIUTIC » ro

Unless otherwise specified, tests shall be carried out using the standard conditions givenlin[Table 2.

Table 2 — Standard test conditions

Parameter Condition
Ampient temperature 20°C+5°C
Filtration Solid contaminant code number shall be stated.inraccordance with
ISO 4406.
Flujd type Commercially available mineral based hydraulic fluid

(i.e. L - HL in accordance with ISO 6743%4 or other fluid
with which the valve is able to operate).

Flujd viscosity 32 cSt + 8 cStat valve inlet

Vistosity grade Grade VG32 or VG46 in accordance with ISO 3448:1992.

Sugply pressure Test requirement +2,5 %

Retjurn pressure Return pressure shallconform to the manufacturer’s recommendatiohs.

5 |Test installation

SAHBETY PRECAUTION — It is esséntial that consideration is given to the safety of perdonnel and
equipment during the tests.

A tgst installation conforming. to the requirements of Figure 1, Figure 2 or Figure 3 shall be used for
testling all valves. Figures 1~t0 3 show the minimum items required to carry out the tests without any
safgty devices to protect-against damage in the event of component failure. For tests usipg the test
cirduits shown in Figuxes 1 to 3, the following apply:

a) |Guidance on cafrying out the tests is given in Annex A.

b) |A separate circuit may be constructed for each type of test. This can improve the accuracy of test
results\as it eliminates the possibility of leakage through the shut-off valves.

¢) [Hydraulic performance tests are carried out on a combination of valve and amplifier. Input signals
are applied to the amplifier and not directly to the valve. For electrical tests, the signals are applied
directly to the valve.

d) If possible, hydraulic tests should be conducted using an amplifier, recommended by the valve
manufacturer. If not, the type of amplifier used should be recorded, with the operating details (i.e.
pulse width modulation frequency, dither frequency and amplitude).

e) The amplifier supply voltage and magnitude and sign of the voltage applied to the valve during the
on and off periods of the pulse-width modulation should be recorded.

f) Electronic test equipment and transducers should have a bandwidth or natural frequency at least
ten times greater than the maximum test frequency.

g) Flow transducer 10 shall be selected to have negligible effect on the pressure at portY.

© IS0 2020 - All rights reserved 3
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1 flow sofirce 11T flow transducer
2 systemfrelief valve 12 signal generator
3 pilot vallve for unloading valve 13 temperature indicator
4 unloading valve 14 pressure gauge
5 unitunfer test 15 pressure gauge
6  pressuie transducer S1 shut-off valve
7  pressuie transducer S2  shut-off valve
8 differential amplifier P supply port
9 data acfjuisition T return port
10 flow trgnsducer Y pilot-drain port
Figure 1 — Relief-valve test circuit
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1 |[flow source 9  pressure gauge
2 |system relief valve 10 flow transducer
3 |flow control valve 11 flow transducer
4 |temperature indicator 12 signal generator
5 |unit under test A control-pressure port
6 |data acquisition B inlet-pressure port
7 |pressure transducer S1 shut-off valve
8 |pressure gauge Y pilot-drain port
Figure 2 — Reducing valve test circuit
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1  flow soprce 10 flow transducer
2 systemfrelief valve 11 flow transducer
3 flow coptrol valve 12 signal generator
4  temperpture indicator 13 directional valve
5  unit unfer test A control-pressure port
6  data acfjuisition B inlet-pressure port
7  pressute transducér S1 shut-off valve
8  pressuie gauge T  return pressure port
9  pressuie gauge Y pilot-drain port

Figure 3 — Reducing valve with reverse flow test circuit

6 Accuracy

6.1 Instrument accuracy
Instrumentation shall be accurate to within the limits specified in ISO 9110-1:1990, Class B:

a) electrical resistance: +2 % of the actual measurement;

6 © IS0 2020 - All rights reserved
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pressure: +1 % of the valve under test rated pressure;
temperature: £2 % of the temperature to measure;
flow: £2,5 % of the valve under test rated flow;

demand: £1,5 % of the electrical demand signal required to achieve the rated pressure.

Dynamic range

For the dynamic tests, ensure that the measuring equipment, amplifiers and recording devices do not

gen
mes:

7

7.1
As

prate any damping, attenuation or phase shift of the output signal being recorded that ca
isured value by more than 1 % of the measured value.

Electrical tests for valves without integrated electronics

General

hppropriate, perform the tests described in 7.2 to 7.4 on all valveS-without integrated

befgre proceeding to subsequent tests.

NOT
7.2

7.2

b)

7.2

b)

7.3
Thi

E Tests 7.2 to 7.4 only apply to current-driven valves.
Coil resistance
1 Coil resistance (cold)

Soak the complete un-energized valve at the’specified ambient temperature for at least

Measure and record the electrical resistance between the two leads or terminals of
the valve.

2 Coil resistance (hot)

Soak the complete, energized valve, mounted on a sub-plate as recommended by the ma
at its maximum rated {temperature and operate the complete valve, fully energised a
flow until the coil temperature stabilizes.

valve. The resistance value shall be measured within 1 s of removing the supply voltage

Coil inductance (optional test)

5 tést'method shall not be considered to determine a definitive value of inductance.

obt

h affect the

plectronics

P h.

ach coil in

hufacturer,
nd without

Measure and record the electrical resistance between the two leads or terminals of eacl coil in the

The value

ined shall be used for comparison purposes only.

Perform the test as follows:

a)
b)
‘)
d)
e)

Connect the coil to a constant voltage supply capable of delivering at least the rated current of the coil;

Hold the armature stationary at 50 % of its working stroke during the test;
Monitor the coil current using an oscilloscope or similar equipment;
Adjust the voltage so that the steady-state current equals the rated current of the coil;

Switch the voltage off then on and record the current transient behaviour;

© IS0 2020 - All rights reserved
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f) Determine the time constant, ¢, of the coil (see Figure 4) and calculate the inductance, L., using

Formula (1)

where R is the coil resistance, expressed in ohms.

Y A

100% ————

2 3
Key
X  time
Y currenf, in percent
1  DC curient trace
2 initiatign
3 time copstant, t.

Figure 4 — Coil inductance measurement

7.4 Insulation resistance
Establish the insulation resistance of the coil as follows:

a) Ifinternal electrical components are in contact with the fluid (i.e. the coil is wet), fill the valve with
hydraulic fluid before carrying out the test;

b) Connect the valve coil termini together with and apply 500 V d.c. between them and the valve body
for 15 s;

8 © IS0 2020 - All rights reserved
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c) Using a suitable insulation tester, record the insulation resistance R;
d) For tester with a current (A) readout, Iygp, calculate the insulation resistance using Formula (2).
_ 500

4 READ

R.

1

(2)

8 Relief valve

8 1 Ctandyv.ctata tactc

DTCTUT Y~ JTUTTTT IOty

8.111 General

Carg should be taken to exclude dynamic effects during steady-state tests.
Steady-state tests shall be performed in the order:

a) |optional proof pressure test (8.1.2);

b) |internal leakage test (8.1.3);

c) |testfor pressure versus input signal at constant flow (8.1.4ahd 8.1.5) to give:
1) the pressure versus signal characteristic,

2) the pressure versus signal linearity,

3) the hysteresis (with respect to input signal changes),
4) the input signal dead band,

5) the threshold;

d) [test for pressure versus flow (8(1.6) to give:

1) the pressure versus flew characteristic,

2) the hysteresis (with respect to flow changes),

3) the minimum©perating pressure,

4) the valvedead loss;

e) |pressureversus fluid temperature test (8.1.7).

8.1]2 Proof pressure tests (optional)

8.1.2.1 General

Proof pressure tests may be carried out to examine the integrity of the valve before conducting
further tests.

8.1.2.2 P-port test procedure

Carry out the test as follows:

a) Apply a proof pressure of 1,0 times the P-port rated pressure to the valve inlet for at least 30 s;
b) During the test, examine the valve for evidence of external leakage;

c) After the test, examine the valve for evidence of permanent deformation;

© IS0 2020 - All rights reserved 9
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d) Record the proof pressure used in the test.

8.1.2.3 T-port test procedure

Carry out the test as follows:

a) Apply a proof pressure of 1,3 times the T-port rated pressure to the valve tank port for at least 30 s;

b) During the test, examine the valve for evidence of external leakage;

c) After the test, examine the valve for evidence of permanent deformation;

d) Record

8.1.2.4 K

Do not app|
8.1.3

8.1.3.1 (

Internal le
80 % of the

8.1.3.2 1

| the proof pressure used in the test.

ilot-drain port

y a proof pressure to any external pilot-drain port.

Internal leakage test

feneral

hkage tests shall be carried out to establish the combinedyleakage and pilot flow rate
valve reference pressure.

est circuit

Perform the internal leakage test with a hydraulic test Circuit conforming to the requirement

Figure 1, w

ith valve S2 open and valve S1 closed.

Measure and record the combined leakage and pilabflow rate using flow transducer 10.

8.1.3.3 S
Set the floy

Set the ma
of the test

Set the inp

8.1.3.4 H

Carry out t

a) Setthe

etup
v source to provide at least 10.% of the test valve rated flow.

Kimum input signal to valye 2 so the controlled pressure does not exceed the rated press
ralve.

1t signal to the testwalve to zero.

rocedure
he testas follows:

igput signal to valve 2 to the value defined in 8.1.3.3 and the input signal to the test valy

S at

5 of

ure

e to

25 %
b)

Ll FRpA | il 4o de. 1
LT TdiCU pPprossurtc Ul Lt ittt vdaive,

pressure;

‘)
d)

Measure and record the total leakage flow;

the inlet to the test valve is 80 % of the reference pressure;

e)
f)

10

Measure and record the total leakage flow;

Repeat steps 8.1.3.4 a) to e) at 100 % of the rated pressure of the test valve.

Slowly decrease the setting of valve 2 until the supply pressure to the valve is 80 % of the reference

Decrease the signal to valve 2 to a minimum, then slowly increase the signal until the pressure at

© IS0 2020 - All rights reserved
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8.1.4 Test to establish the valve-controlled pressure versus input signal characteristic with
constant flow

8.1.4.1 General

Tests shall be carried out to determine the valve-controlled pressure versus input signal characteristic.

8.1.4.2 Test circuit

Perform the test with a hydraulic test circuit conforming to the requirements of Figure 1, with valve S1

op
Med

1 1 oo 1 1
I'diIa vdIive 54 CIOSEU.

sure the flow through the valve under test using flow transducer 11 and record the xesuflt.

8.14.3 Setup

Selgct a suitable plotter or recording apparatus with its X-axis able to record the zero to
inpuit signal and its Y-axis able to record the zero to at least the rated pressure (see Figure 5].

Seld

Set fthe input signal to valve 2 so that it is closed during the test

ct a signal generator able to produce a triangular waveform with amplitude from 2
maximum input signal. Set the signal generator to produce a 0,05 HZ.or lower triangular way

Y
100

maximum

ero to the
reform.

80
60 /
40
20
3
Pmin 2
| | | | |
20 40 60 80 100
X
Key
X Uaputsienal-nperecent
Y pressure, in percent
1 deadband
2 Perror
3 hysteresis

© IS0 2020 - All rights reserved
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8.1.4.4 Procedure

Carry out the test as follows:

a) Setthe flow from the flow source to 10 % of the test valve rated flow. During the test, monitor the
flow to ensure it does not vary by more than 2 % of the rated flow;

NOTE

A means of automatic flow control can be added to the test circuit, if required.

b) Cycle the valve input signal between minimum and maximum several times and check that the

contro

lled pressure is within the Y-axis range of the recording apparatus;

c) Ensurg
result.

d) Record
e) Repeaf
f) Repeaf
For the val
the lin
the hy

the inp

8.1.5 Thireshold test

8.1.5.1 (

Tests shall

8.1.52 1

Perform tH
with valve

Measure th

8.1.5.3 S

the comtrol pressure at rated signal for each flow source setting used;

that the duration of time of one cycle does not create any dynamic effects that influerice
Allow the input signal to complete at least one complete cycle;

| the valve input signal and the controlled pressure over one complete input sighal'cycle;
steps 8.1.4.4 a) to d) with the flow source set to 50 % of the test valve rated flow;
steps 8.1.4.4 a) to d) with the flow source set to 100 % of the test valve rated flow.

ve, determine:

parity of the controlled pressure, po..or / (Prated — Pmin), €Xpressed as a percentage;
bteresis of the controlled pressure with respect to changes to the input signal;

ut signal dead band, if any.

teneral

be carried out to determine the response of the test valve to a reversal in a ramped input sig

est circuit

Select a s

signal and its’Y-axis able to record the zero to at least the rated pressure as shown in Figure 5).

itable'plotter or recording apparatus with its X-axis able to record the zero to 10 % ir

the

nal.

e threshold test with a"hydraulic test circuit conforming to the requirements of Figure 1
S1 open and valve.S2 closed.

e flow through the test valve using flow transducer 11 and record the result.

etup

put

Set the signal generator to produce a 0,1 Hz triangular waveform superimposed on a d.c. offset.

Set the input signal to valve 2 so that it is closed during the test.

8.1.5.4 Procedure

Carry outt

he test as follows:

a) Adjust the d.c. offset to give a mean pressure of 25 % of the rated pressure. Adjust the output
amplitude of the triangular waveform to minimum and ensure there is no change in controlled
pressure;

12
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b) Slowly increase the signal generator output amplitude until a change in controlled pressure is
observed;

c) Record the controlled pressure and input signal over one complete signal cycle;

d) Repeatsteps 8.1.5.4 a) to c) with the mean pressure set to 50 % of the rated pressure;

e) Repeatsteps 8.1.5.4 a) to c) with the mean pressure set to 75 % of the rated pressure.

8.1.6 Pressure versus flow with constant input signal

8.1/6.1 General

Tests shall be carried out to determine the change in controlled pressure with changés in flaw through
theltest valve.

8.1)6.2 Test circuit

Perform the test with a hydraulic test circuit conforming to the requirements of Figure 1, with valve S1
open and valve S2 closed.

Megsure the valve flow with flow transducer 11 and record the result.

8.1)6.3 Setup

Seldgct a suitable plotter or recording apparatus with_its"X-axis able to record the zero tol maximum
rated flow and its Y-axis able to record the zero to atde€dst the rated pressure as shown in Figure 6.

Selgct a signal generator able to produce a triangular waveform with amplitude from zero tp the rated
flow. Set the signal generator to produce a 0,05'Hz or lower triangular waveform.

Set fthe input signal to valve 2 so that it is;closed during the test.

8.1)6.4 Procedure
Carfy out the test as follows:

a) |Set the valve flow to-10-% of the rated flow and set the input pressure to the test valve|to 25 % of
the rated pressure;

b) |Ensure that theduration of time of one cycle does not create dynamic effects that influencg the result;

c) |Enable thésignal generator for at least one full cycle, recording the valve-controlled pressure and
flow for ene full cycle;

d) |Repeat steps 8.1.6.4 a) to c) with the input to the test valve set to 50 % of the rated presdure;

e) Repeatsteps 8.1.0.4 a) to ) with the INput to the test valve Set to 75 % oI the rated pressure.

f) Repeat steps 8.1.6.4 a) to c) with the input to the test valve set to 100 % of the rated pressure;

g) Repeat steps 8.1.6.4 a) to c) with the input signal set to zero. If the drive amplifier has an enable/
disable function, repeat steps 8.1.6.4 a) to c) with the drive amplifier disabled. This gives the
minimum pressure (head loss) of the valve.

For the valve, determine:
— the pressure-override characteristic (see Figure 6);
— the hysteresis with respect to flow changes (see Figure 6);

— the minimum pressure with flow or head loss (see Figure 7).
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Figure 6 — Pressure versus flow
YA
A
1
—
e
0% 100% X

Key

X  flow, in percent
Y pressure

1 headloss

14

Figure 7 — Relief valve head loss
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8.1.7 Pressure versus fluid temperature

8.1.7.1 General

Tests shall be carried out to measure the change in controlled pressure with fluid temperature.

8.1.7.2 Test circuit

Perform the test with a hydraulic test circuit conforming to Figure 1, with valve S1 open and
valve S2 closed.

8.1

Selg

7.3 Setup

to 70 °C) and the Y-axis showing zero to at least rated pressure as shown in Figure8:

Set

the input signal to valve 2 so that it is closed during the test.

Take precautions to avoid air draughts across the valve.

8.1

Car

a)
b)

)
d)

e)

7.4 Procedure
'y out the test as follows:
Soak the valve and amplifier at 20 °C for at least 2 h ptior to carrying out the test;

Set the flow through the test valve to 50 % of the-rated flow and the demand to achieve
rated pressure. During the test the flow shall not'vary by more than 0,5 % of the rated f

Measure and record the controlled pressure,supply fluid temperature and return fluid te

10 °C/h;

Continue recording the parameters shown in 8.1.7.4 c) until the temperature reaches 70

ct a suitable plotter or recording apparatus with the X-axis showing the temperatare rgnge (20 °C

b0 % of the
ow;

mperature;

Adjust the heating and/or cooling of the test rig so the fluid temperature rises by approximately

°C.

© IS0 2020 - All rights reserved
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Figure 8 — Pressure versus temperature
8.2 Dynpmic tests
8.2.1 Gepneral
The tests shown in 8.2.3, 8.2.4 and-8:2.5 shall be carried out to determine the step response
frequency fesponse of the valve.
8.2.2 Test circuit
Dynamic t¢sts on a pressupe relief valve can vary with changes to the controlled pressure volume

diameter df the pipewaofk into and out of the valve under test. The pressure volume shall be less t

1,5 % oil v

Apparent ¢
If possible,

blume of€he rated flow. The circuit pipework should conform to Table 3.

amping of the test valve is increased by any interaction between the pressure and test f
the decrease in flow from minimum to maximum test pressure should be less than 2 9

and

and
han

OW.
o of

the test fl
within the

16

W1 [Te CITange 11 fIow Cam Tesutt fTomT teakage thTougiT Valves 1T the test CiTCuit or teat
pump.

age
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Table 3 — Minimum internal diameters of pipes in and out of valve for dynamic tests

8.2

8.2

Per
ope

Med

8.2

Sele
sign

Set
con|

8.2

Car

b)

c)

'y out the test as follows:

Rated flow Internal diameter
1/min mm
25 8
50 10
100 12
200 16
400 24
800 32
1600 40

3 Step response (change in input signal)

3.1 Test circuit

sure the flow with flow transducer 11 and record thexesult.

3.2 Setup

ct a suitable oscilloscope or other electronicequipment to record the controlled pressur
al to the valve against time as shown in Figure 9.

3.3 Procedure

Set the pump flowhrough the valve to 50 % of the rated flow;

Set the signakgerierator so that the controlled pressure steps between the test 1 pair d
finish pressures given in Table 4. Enable the output from the signal generator and allow
generaterto cycle at least once;

form the test with a hydraulic test circuit conforming to the requirements of Figure 1, with valve S1
n and valve S2 closed.

b and input

the signal generator to a square waye output with a duration of time sufficient to ensure that the
frol pressure has time to stabilize.

f start and
r the signal

Record'the controlled pressure, controlled pressure volume and signal to the valve agaimst time for

steps'going towards the positive and the negative;

d)

Ensure that the recording window shows the complete response;

e) Repeat steps 8.2.3.3 a) to d) with the controlled pressure set to the pair of pressures given for

tests 2 and 3 in Table 4.

© IS0 2020 - All rights reserved
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Table 4 — Test pressures for step response tests

Percentage of rated pressure
Test . .
Start Finish
number
% %
0 100
1
100 0
10 90
2
90 10
25 75
3
75 25
Yo
I
I |
I I
| | 1
I |
I |
I I
' s Yanfefenfenfeny fungin Y fou)> i o el Sulli
| i Y’ —¥———9-
0——F—t+——of— |
I | |
I | | e
I | |
| | |
I | |
| | |
I | |
| | |
I | |
I |
X
= = 3
2\\
I
Key
X  time
Y pressure, in percent
1 steady-state pressure
2 initiation
3  response time
4  settling time

Figure 9 — Step response — Change in input signal
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8.2.4 Step response (change in flow)

8.2.4.1 Test circuit

Perform the test with a hydraulic test circuit conforming to Figure 1, with valve S1 open and
valve S2 closed.

Measure the flow with flow transducer 11 and record the result.

The known response time of valve 4 must be less than 30 % of the measured response time of the valve
under test.

8.2

Selg

4.2 Setup

trapsducer against time as shown in Figure 10.

Set
con

8.2

Car

frol pressure has time to stabilize.

4.3 Procedure

'y out the test as follows:

Set the flow through the valve to 10 % of the rated flow;
Adjust the demand to achieve 50 % of the rated pressure;

Step the flow through the valve between 10 %‘and 100 % rated flow by means of valve 4

Ensure that the recording window shoews the complete response;

Repeat steps 8.2.4.3 a) to d) with'the signal to the valve at 100 % of the rated pressure.

ct a suitable oscilloscope or other electronic equipment to record a signal from the pressure

the signal generator to a square wave output with a duration of time sufficient to ensure that the

and record

the controlled pressure against time for steéps going towards the positive and the negatiye;
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Figure 10 — Relief-valve step response
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5 Frequency response

5.1 General

The test shall be carried out to determine the frequency response between the electrical input to the
valve and the controlled pressure.

8.2.

5.2 Test circuit

Perform the test with a hydraulic test circuit conforming to the requirements of Figure 1 and Table 3,

wit
8.2

Selg
rati

Con
con

8.2

Car

b)

1 rall 1 1 falal 1 h |
1I'vdlve o1 OpcIl dllU VdIve 54 Cl105SEU.

5.3 Setup

ct a suitable frequency response analyser or other electronic equipment to measure the
p and phase shift between two signals using a sinusoidal test signal.

nect the equipment so as to be able to measure the response between the valve input sig
frolled pressure as shown in Figure 11.

5.4 Procedure
'y out the test as follows:

Set the flow source to 10 % of the rated flow and. apply a d.c. offset to the input of t
obtain 50 % of the rated pressure;

Add a sinusoidal signal onto the d.c. offset,:Set the amplitude of the signal to give

amplitude of +5 % of the rated pressure under steady-state conditions. This can be §
from the test in 8.1.4. Adjust the frequency measurement range so that the phase lag b
input signal and the pressure is less than 10° at the lowest frequency and more than
highest frequency;

Check that the reduction in pressure signal amplitude is at least 10 dB over the same frequ

Sweep the sinusoidal inputsignal from the lowest to the highest test frequency at a rate
20 s and 30 s per decadé.,Maintain the signal amplitude constant throughout each comg
as shown in Figure ¥t

Repeat steps 8.2:5+4 a) to d) with the signal amplitude set to give a pressure amplitude d
the rated pressure at the lowest frequency.

amplitude

hal and the

he valve to

Q pressure
pstablished
btween the
90 ° at the

PNCYy range,

pf between
lete sweep

f+25% of
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Key
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Y1 amplityde ratio, expressed in decibels

Y2 phase lag, expressed in degrees

Figure 11 — Frequency response

9 Redufing valve
9.1 Steady-state tests

9.1.1 Gepneral

Care should he taken to exclude dynamic effects dnring steadv-state tests

Reducing valve performance tests shall be performed in the following order:

a) optional proof pressure test (9.1.2);

b) pilotand internal leakage flow test (9.1.3);

c) testfor pressure versus input signal at constant flow (9.1.4 and 9.1.5) to give:
1) pressure versus input signal gain,
2) pressure versus signal linearity,

3) hysteresis (with respect to input signal changes),
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4) input signal dead band,

5) threshold;

test for pressure versus flow at constant input signal (9.1.6) to give:
1) pressure versus flow characteristic,

2) pressure versus flow: linearity,

3) hysteresis (with respect to flow changes),

e)
9.1

9.1

Pro
furt

9.1
Car
a)
b)
‘)
d)
9.1

Car

4) minimum operating pressure;

pressure versus fluid temperature test (9.1.7).
2 Proof pressure test (optional)

2.1 General

pf pressure tests may be carried out to examine the integrity~of the valve before
her tests.

2.2 Inlet port test procedure

'y out the test as follows:

Apply a proof pressure of 1,3 times the B port rated pressure to the valve inlet for at lea
During the test, examine the valve for evidenee of external leakage;

After the test, examine the valve for evidence of permanent deformation;

Record the proof pressure used in the test.

2.3 Outlet port test procedure

'y out the test as follows:

During the test, €xamine the valve for evidence of external leakage;
After the test, examine the valve for evidence of permanent deformation;

Record-the proof pressure used in the test.

9.1

24 Pilot-drain port

conducting

bt 30 s;

Apply a proof pressure of 1,0 times the outlet port rated pressure to the valve outlet for af least 30 s;

Do not apply a proof pressure to any external pilot-drain port.

If required, the pressure at the drain port may be increased to its rated pressure to force the outlet
pressure to the test. The signal to the valve may be adjusted also, if required.

9.1.

9.1.

3 Pilot flow test

3.1 Test circuit

Pilot flow tests shall be carried out to establish the pilot flow required during valve operation. This
flow includes leakage within the valve.
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9.1.3.2 Test circuit

Perform the pilot flow test with a hydraulic test circuit conforming to the requirements of Figure 2 with
valve S1 closed.

Measure the pilot flow with flow transducer 10 and record the result.

9.1.3.3 Setup

Set the input signal of the valve to zero.

Set the inp

9.1.3.4 K

Carry out t

1t pressure of the valve to the rated input pressure with valve 2.

rocedure

he test as follows:

Measu

a)

b)
pilot f

‘)
d)
e)

Repeaf
Repeaf
Repeaf

9.1.4 Te
constant f]

9.1.4.1 (

Tests shall

9.1.4.2 1

For valves
conformin

For valves|
conformin

Load valve
within 2 %

Increafe the signal to the valve to 25 % of the rated pressure and re-measure, and record

e and record the pilot flow using the flow transducer;

ow;

9.1.3.4 b) with the signal to the valve at 50 % of the rated pressure;

9.1.3.4 b) with the signal to the valve at 75 % of the rated pressure;

steps 9.1.3.4 b) with the signal to the valve at 100 %.of the rated pressure.

5t to establish the valve-controlled pressurewversus input signal characteristics with
ow

feneral

be carried out to determine the controlled pressure, versus input signal characteristic.

est circuit

without reverse flow relieving capability, perform the test with a hydraulic test cir
b to the requirements.of Figure 2 with valve S1 open.

with reverse~flow relieving capability, perform the test with a hydraulic test cir
b to the requirements of Figure 3, with valve S1 open.

3 shallhe a pressure compensated flow control valve capable of maintaining the floy
of the set value whilst the characteristic is plotted.

the

cuit

cuit

v to

Select load

valve 3 to have a low resistance to flow when fully open.

Measure the flow with flow transducer 11 and record the value.

9.1.4.3 Setup

Select a suitable plotter or recording apparatus with the X-axis able to record the zero to maximum
input signal and the Y-axis able to record zero to rated pressure as shown in Figure 5.

Select a signal generator able to produce a triangular waveform with an amplitude from zero to the
maximum input signal. Set the signal generator to produce a 0,05 Hz or lower triangular waveform.

24
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9.1.4.4 Procedure
Carry out the test as follows:

a) For valves with reverse flow capability (using a circuit conforming to Figure 3), set valve 13 de-
energised. Set the flow through load valve 3 % to 50 % of the rated flow;

b) Cycle the valve input signal between minimum and maximum several times and check that the
controlled pressure is within the Y-axis range of the recording apparatus;

c) Ensure thatthe duration of time of one cycle does not create dynamic effects that influence the result;

d) |Enable the output from the signal generator and allow the signal generator to cycle atepst once;

e) |Record the input signal to the test valve and the controlled pressure over one complete tycle of the
input signal;

f) |Repeat steps 9.1.4.4 b) to e) with the flow set to 100 % of the rated flow;
g) |Repeat steps 9.1.4.4 b) to e) with the flow set to 0 % of the rated flow.
If the valve operates with reverse flow (from A to T), carry out the folowing additional test:

h) |Energise valve 13 and set valve S1 open. With 50 % of the‘rated reverse flow into poift A, repeat
steps 9.1.4.4 b) to e). Repeat the test again with 100 % of the rated reverse flow into port A.

For|the valve, and using the procedure shown in 9.1.4.4 a)to h), determine:

— |the controlled pressure at rated signal for each flgw;
— |the linearity of the controlled pressure P,.,.,+ *(Pated — Pmin) €XPressed as a percentage;

— |the hysteresis of the controlled pressurewith respect to changes in the input signal ag shown in
Figure 5;

— |the input signal dead band.
9.1{5 Threshold

9.1/5.1 General

Tests shall be carried out to determine the response of the test valve to a reversal in a ramped ipput signal.

9.1)5.2 Test:¢circuit

Perform thesthreshold test with a hydraulic test circuit conforming to the requirements qf Figure 2,
with valve S1 open.

M £laa £l iklat | 11 | -+l ]
e SUI T LIITU TIUVV VWILIT LI dITOSUULLUT 11 diIIUTCLlUIuU LIIv valiuc.

9.1.5.3 Setup

Select a suitable plotter or recording apparatus with the X-axis able to record up to a 10 % change in
input signal and the Y-axis able to record a 10 % of the rated pressure as shown in Figure 5.

Set the signal generator to produce a 0,1 Hz triangular waveform super imposed on a d.c. offset.

Set the input signal to valve 2 so that the pressure at the valve input is the rated input pressure.
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9.1.5.4 Procedure

Carry out the test as follows:

a)

Setthe flow through load valve 3 % to 50 % of rated flow. Adjust the d.c. offset of the signal generator

to give a mean controlled pressure 25 % of the rated pressure. Adjust the output amplitude of the
triangular waveform to minimum and ensure there is no change in controlled pressure;

b)
is obse

rved using transducer 7;

Recorg
Stop th
Repeaf
Repeaf

g) Repeaf

9.1.6 Va

9.1.6.1 (

Tests shall

9.1.6.2 1

For valves
conformin

For valves
conformin

Valve 3 shd
generator
the test).

Measure th

9.1.6.3 S

Select a su
flow and tH

Select a sig

itable plotter or recording apparatus with the X-axis able to record from zero to the rd

&l e 11 A | g1 o 'n H 1 lod H 1 1
LIIT CUIILI UIITU lJl CS3UI T dallu llll,lul, Dlslldl UVCl UIIT LUllllJlCLC Dlslldl LyLlC,
e flow with valve S1;

steps 9.1.5.4 a) to d) with the mean pressure set to 50 % of the rated pressure;

steps 9.1.5.4 a) to d) with the mean pressure set to 75 % of the rated pressure;

steps 9.1.5.4 a) to d) with the mean pressure set to 100 % of the rated pressure.
ve pressure versus flow characteristic with constant input signal

feneral

be carried out to determine the valve pressure versus.flow characteristic.

est circuit

without reverse flow relieving capability,¢perform the test with a hydraulic test cir
b to the requirements of Figure 2 with valve S1 open.

with reverse flow relieving capability, perform the test with a hydraulic test cir
b to the requirements of Figure 3, with valve S1 open.

1l be an electrically modulated flow control valve so the flow can be controlled by the sig
[a pressure-compensated-oad valve is not required because the flow is measured du

e flow with flow tyransducer 11 and record the value.

et up

e Y-axis-able to record from zero to the rated pressure as shown in Figure 12.

Slowly increase the amplitude of the signal generator output until a change in controlled pressure

cuit
cuit

fnal
[ing

ted

ted

nal generator able to produce a triangular waveform with an amplitude from zero to rz

oA 11

flow. Set t

26
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flow, in percent
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hysteresis

minimum reduced pressure with flow
pressure underride

Figure 12 — Réducing valve — Pressure versus flow characteristics

6.4 Procedure
'y out the test@s follows:

Set the reducing flow to 10 % of the rated flow and set the inlet pressure to the test valvg
the ratedpressure;

Set'the controlled pressure to 25 % of the rated pressure;

f)

g)

to 50 % of

Ensure that the duration of time of one cycle does not create dynamic effects that influence the result;

Enable the output from the signal generator and allow the signal generator to cycle at least once;

Record the controlled pressure and flow for one full cycle starting at zero flow. Ensure that the

cycle ends at zero flow by closing valve S1. Hold for 30 s and record the output pressure;

Repeat steps 9.1.6.4 a) to e) with the inlet pressure set to 100 % of the rated pressure and the

controlled pressure set to 25 % of rated pressure;

Repeat steps 9.1.6.4 a) to e) with the inlet pressure set to 100 % of the rated pressure and the

controlled pressure set to 50 % of rated pressure;
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Repeat steps 9.1.6.4 a) to e) with the inlet pressure set to 100 % of the rated pressure and the
controlled pressure set to 75 % of rated pressure;

Repeat steps 9.1.6.4 a) to e) with the inlet pressure set to 100 % of the rated pressure and the input
signal to zero;

If the drive amplifier has an enable/disable function, repeat step 9.1.6.4 i) with the amplifier
disabled. This gives the minimum pressure (head loss) of the valve.

If the valve operates with reverse flow (from A to T) steps 9.1.6.4 a) to j) shall be modified by:

k) De_en\ Y S;Oills va}vu 13 Glld D\,tt;lls thb I \,du\,;us f}UVV ‘\:U 19 {}(J qlld I'CCUlL d;lls thb \,Ulltl U}lbd 1 \,du 1ir‘lg
pressure and flow for one full cycle ending at zero flow. Once valve S1 is closed, energise valveg 13.
Withotit adjusting the demand to the test valve, open valve S1 and record the controlledTelieying
pressure up to the rated reverse flow and back down to zero flow as shown in Figure 13.

Y |
-1
+
X

Key

X  flow, in|percent

Y pressuge

1  steady-ftate péssure

2 hysterefsis

3 minimumm reduced pressure with fiow

4  pressure underride

5 pressure-relieving characteristic (reverse flow)

A 100 % pressure relieving flow

B 100 % pressure reducing flow

Figure 13 — Reducing valve — Pressure versus flow characteristic
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the valve and using steps 9.1.6.4 a) to k) determine:
the pressure under-ride (see Figure 12);
the hysteresis with respect to flow changes (see Figure 12);

the minimum pressure with flow at zero demand signal (see Figure 12);

the minimum differential pressure between the valve inlet and outlet ports required to maintain

operation at the rated flow:

9.1

9.1
Tes

9.1

Per
S1 ¢

9.1

Selg
to 7

Tak

9.1

Car

b)

d)

the maximum flow with respect to differential pressures between the inlet and outlet.o

7 Controlled pressure versus fluid temperature

7.1 General

s shall be carried out to measure the change in controlled pressure with fluid temperaty
7.2 Test circuit

form the test with a hydraulic test circuit conforming te-the requirements of Figure 2,
pen.

7.3 Setup

ct a suitable plotter or recording apparatus with the X-axis showing the temperature r3

0 °C) and the Y-axis showing zero to at leastrated pressure as shown in Figure 8.

e precautions to avoid air draughts across the valve.

7.4 Procedure
'y out the test as follows:
Soak the valve and amplifier at 20 °C for at least 2 h prior to carrying out the test;

Set the flow through the test valve to 50 % of the rated flow and the input pressure t

the test, the/flow shall not vary by more than 0,5 % of the rated flow;

Adjust'the heating and/or cooling of the test rig so the fluid temperature rises by ap

[ the valve.

re.

with valve

nge (20 °C

b the rated

input pressure..Set the signal to the valve to give a pressure of 50 % of the rated pressiire. During

Measuré and record the reduced pressure, supply fluid temperature and return fluid teIperature;

oximately

10°C/h;

e) Continue recording the parameters listed in 9.1.7.4 c) until the temperature reaches the specified

9.2

9.2.

maximum.
Dynamic tests

1 General

The tests shown in 9.2.3, 9.2.4 and 9.2.5 shall be carried out to determine the step response and
frequency response of the valve.
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