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Foreword

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-governmentar, I _faison with 1SU, also take part i the WOrk. SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for votingy Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting'a vote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. 1ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 107701 was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee SC 8,
Product tesfing.

This seconfl edition cancels and replaces the first edition (1ISO40770-1:1998), which has been technigally
revised.

ISO 10770 |consists of the following parts, under the: general titte Hydraulic fluid power — Electrigally
modulated hydraulic control valves:

— Part 1:|Test methods for four-port directional flow-control valves
— Part 2:|Test methods for three-way directional flow control valves

— Part 3:|Test methods for pressure control valves

iv © 1SO 2009 - All rights reserved
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Introduction

This part of ISO 10770 has been prepared with the intention of improving the uniformity of valve testing and
hence the consistency of recorded valve performance data so that these data can be used for system design,
regardless of the data source.

© 1SO 2009 - All rights reserved Vv
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INTERNATIONAL STANDARD ISO 10770-1:2009(E)
Hydraulic fluid power — Electrically modulated hydraulic
control valves —

Part 1:

Test methods for four-port directional flow-control valves

1 |Scope

Thig part of 1ISO 10770 describes methods for determining the performance characteristics of| electrically
modulated, hydraulic, four-port directional flow-control valves. This type of-electrohydraulic valve gontrols the
direftion and flow in a hydraulic system.

2 [Normative references

Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undate@references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[1219-1, Fluid power systems and components — Graphic symbols and circuit diagrams — Part 1:
Graphic symbols for conventional use and data=processing applications

ISQ| 3448, Industrial liquid lubricants — ISO viscosity classification

ISO|4406, Hydraulic fluid power — Fluids — Method for coding the level of contamination by solid particles
ISO[5598, Fluid power systems-and components — Vocabulary

ISO|6743-4, Lubricants¢industrial oils and related products (class L) — Classification — Part4: Family H
(Hygdraulic systems)

ISO[9110-1, Hydraulic fluid power — Measurement techniques — Part 1: General measurement pfiinciples
ISO[10771-25."Hydraulic fluid power — Fatigue pressure testing of metal pressure-containing efpvelopes —
Part 1: Testmethods

|ECLe064-+DBI2M—Graphical-symbels-and-disagrams—m —8F—————————————

© 1SO 2009 - All rights reserved
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3 Terms, definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598, together with the following,

apply.
3.11

electrically modulated, hydraulic directional flow-control valve
valve that provides a degree of proportional flow control in response to a continuously variable electrical input

signal

NOTE 1

3.1.2

input signal deadband
put signal that does not produce a controlled flow

portion of in

3.1.3
threshold

change of input signal required to produce a reversal in continuous control valve output

NOTE 1
314

rated input
that signal g

3.2 Sym

signal

[he flow direction can be changed by the input signal.

[he threshold is expressed as a percentage of rated signal.

efined by the manufacturer to achieve rated output

bols and units

For the purposes of this document, the symbols givengn Table 1 apply.

NOTE 1

[he graphic symbols in this part of ISO 10770 conform to ISO 1219-1 and IEC 60617-DB-12M.

Table.1 — Symbols and units

Parameter Symbol Unit

Inductance L, H
Insulation resistance R Q
Insulation test current I; A
Insulation test voltage Ui Vv
Resistange R, Q
Dithersamplitude — % (of max. input signal)
Dithef frequency — Hz
Input signal 1, or A, or

U V
Rated input signal I, or A, or

U, \Y
Output flow q I/min
Rated flow qn I/min
Flow gain K, = (Aq/Al), or I/min/A, or

K, = (Aq/AU) I/min/V

Hysteresis — % (of max. output signal)
Internal leakage q I/min
Supply pressure DPp MPa (bar)
Return pressure )23 MPa (bar)

© 1SO 2009 - All rights reserved
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Table 1 (continued)

ISO 10770-1:2009(E)

Parameter Symbol Unit
Load pressure Pa OF pg MPa (bar)
Load pressure difference DL =Pp—Dg OF MPa (bar)
P =P —Pa
Valve pressure drop Py=Pp—P1—PL MPa (bar)
Rated valve pressure drop Py MPa (bar)
Pressure gain K, = (Ap /A, or MPa (bar)/A
K, = (Ap /AU) MPa (bar)/V
TFhreshotd Yo-fofmax—input-signat)
Amplitude (ratio) — dB
Phase lag — °
Temperature — °C
Frequency f Hz
Time t S
Time constant te s
Linearity error Jerr I/min

4 |Standard test conditions

Unlgss otherwise specified, tests shall be carried out using thestandard test conditions given in Taple 2.

Table 2 — Standard test conditions

Parameter

Condition

Ambient temperature

20°C+5°C

Fluid cleanliness

Solid contaminant’¢ode number shall be stated in accordance with ISO 4406.

Fluid type

Commercially_available mineral-based hydraulic fluid (i.e. L - HL in accordapce with

ISO 6743-4or.other fluid with which the valve is able to operate)

Fluid viscosity

32 cSt + 8.cSt at valve inlet

Viscosity grade

Grade VG32 or VG46 in accordance with ISO 3448

Pressure drop

Testrequirement +2,0 %

Return pressure

Shall conform to the manufacturer's recommendations

5 |[Test installation

A test installation conforming to the requirements of Figure 1 shall be used for testing all valves.

SAEFETY.PRECAUTIONS — It is essential that consideration be given to the safety of perTonneI and

equipment during the tests

Figure 1 shows the minimum items required to carry out the tests without any safety devices to protect against
damage in the event of component failure. For tests using the test circuit shown in Figure 1, the following

apply.

Guidance on carrying out the tests is given in Annex A.

as it eliminates the possibility of leakage through the shut-off valves.

A separate circuit may be constructed for each type of test. This can improve the accuracy of test results

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.

© 1SO 2009 - All rights reserved
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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.
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1 main flow source 10, 11 flow transducer S1to S9 shut-off valves
2 main relief valve 12 signal generator A B control ports
3 external pilot flow source 13 temperature indicator P supply port
4 external pilot relief valve 14 pressure gauge T return port
5 unit under test 15 signal conditioner X pilot supply port
6109 pressure transducers 16 data acquisition Y pilot drain port

Figure 1 — Test circuit
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6 Accuracy

6.1 Instrument accuracy

Instrumentation shall be accurate to within the limits shown in Class B of ISO 9110-1:

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

b) pressure: + 1 % of the valve's rated pressure drop to achieve rated flow;

c) [temperature: +2-%of the—ambient temperature;

d) [flow: + 2,5 % of the valve's rated flow;

e) |input signal: 1,5 % of the electrical input signal required to achieve therated flow

6.2 Dynamic range
For|the dynamic tests, ensure that the measuring equipment, amplifiets-and recording devices do not

gengrate any damping, attenuation or phase shift of the output signal being recorded that cap affect the
measured value by more than 1 % of the measured value.

7 |Electrical tests for valves without integrated:electronics

7.1] General

As @ppropriate, perform the tests described in 7.27to 7.4 on all valves without integrated electrgnics before
prog¢eeding to subsequent tests.

NOTE Tests 7.2 to 7.4 apply only to current-driven valves.
7.2| Coil resistance

7.21 Coil resistance — Cold

Carfy out the test as follows:
a) |Soak the complete; un-energized valve at the specified ambient temperature for at least 2 h.

b) |Measure afd-record the electrical resistance between the two leads or terminals of each coil in the valve.

7.2.2 Coilresistance — Hot

Car'y out the test as follows

a) Soak the complete, energized valve, mounted on a subplate recommended by the manufacturer, at its
maximum rated temperature and operate the complete valve, fully energized and without flow, until the
coil temperature stabilizes.

b) Measure and record the electrical resistance between the two leads or terminals of each coil in the valve.
The resistance value shall be measured within 1 s of removing the supply voltage.

7.3 Coil inductance — Optional test

This test method shall not be construed to determine a definitive value of inductance. The value obtained shall
be used for comparison purposes only.

© 1SO 2009 - All rights reserved 5
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Carry out the test as follows.

a) Connect the coil to a constant voltage supply capable of delivering at least the rated current of the coil.
b) The armature shall be held stationary at 50 % of its working stroke during the test.

¢) Monitor the coil current on an oscilloscope or similar equipment.

d) Adjust the voltage so that the steady-state current equals the rated current of the coil.

e) Switch the voltage off then on and record the current transient behaviour.

f) Deternfine the time constant, 1., of the coil (see Figure 2) and calculate the inductance, L) Using
Equation (1):

Lol= Ret, (1)

C

where R_. is the coil resistance in ohms.

YA

10D %

6B %

XY

A
 J

Key

X time
Y current

1 DC current trace
2 time constant, 7,

a8 |nitiation.

Figure 2 — Coil inductance measurement
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Insulation resistance

Establish the insulation resistance of the coil as follows.

a)

If internal electrical components are in contact with the fluid (i.e. the coil is wet), fill the
hydraulic fluid before carrying out the test.

valve with

Connect the valve coil terminals together and apply voltage, U;, of 500 V d.c. between them and the valve

body for 15 s.

Using a suitable insulation tester, record the insulation resistance, R..

All
app

For
pos

Befi
as

8.1

Car

8.1.

Steady-state tests shall be pérformed in the following order:

For testers with a current (ampere, A) readout, /;, calculate the insulation resistance using\Equ
U

Ri = =t
I

Performance tests

performance tests should be conducted on a combination of valve®and amplifier, as input
ied to the amplifier and not directly to the valve.

multi-stage valves, configure the valve to be an external pilot supply and external pilot d
Sible.

bre commencing any test, make any mechanical/elegtrical adjustments that are normally carrig
ulling, deadband adjustment and gain adjustment:

Steady state tests

e should be taken to exclude dynamig.effects during steady state tests.

1 General

optional proof pressure tests (8.1.2);

internal leakade test (8.1.3);

ation (2).

()

signals are

rain, where

d out, such

meteringoutput flow versus input signal at constant valve pressure drop (8.1.4 and 8.1.5) to d¢termine

1) « rated flow,

2 —FHow-gain;
3) flow linearity,
4) flow hysteresis,
5) flow symmetry,
6) flow polarity,

7) spool lap condition,

8) threshold;

© 1SO 2009 - All rights reserved
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d)
e)
f)
9)

limiting

h)

i)

output flow versus valve pressure drop (8.1.6);

output flow versus valve pressure drop (8.1.7);

output flow versus fluid temperature (8.1.8);
pressure gain versus input signal (8.1.9);
pressure null shift (8.1.10);

fail-safe function test (8.1.11).

8.1.2 Pro

8.1.21 (

Proof press|

8.1.2.2 H
In the test,
of the valve
a) Apply 3
for at
remain

b) During

c) After th

d) Record

81.23 1

Carry out th

a) Apply @

b) During
c) After th

d) Record

8.1.24 H

bf pressure tests (optional)

5eneral

ure tests may be carried out to examine the integrity of the valve before conducting further test

, A, B and X port test procedure

b proof pressure is supplied to the pressure and control ports and {6.the external pilot supply
with the return port open. Carry out the test as follows.

proof pressure of 1,3 times the rated pressure to the presstre and control ports and to the X
east 30 s. For approximately half of this period, apply.the maximum input signal and for
Her of the test apply the minimum input signal.
the test, examine the valve for evidence of externalleakage.

e test, examine the valve for evidence of permanent deformation.

the proof pressure used in the test.

port test procedure
e test as follows.

proof pressure of 1,3 times the T port rated pressure to the valve tank port for at least 30 s.
the test, examine‘the valve for evidence of external leakage.
e test, examine-the valve for evidence of permanent deformation.

the proof'pressure used in the test.

ilot drain Y port

port

bort,
the

Do not appl
8.1.3 Inte

8.1.31

y a proof pressure to any external pilot drain port.

rnal leakage and pilot flow test

General

The internal leakage and pilot flow test shall be carried out to establish

a)

b)

the combined leakage and pilot flow rate, and

the pilot flow rate in the case of valves configured for external pilot drain.

© 1SO 2009 - All rights reserved
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8.1.3.2 Test circuit

Perform the internal leakage and pilot flow test with an hydraulic test circuit conforming to the requirements of
Figure 1, initially with valves S1, S3 and S6 open and all other valves closed.

8.1.3.3 Set-up

Adjust the valve supply pressure and pilot pressure to 10 MPa (100 bar) above return pressure, or at the
manufacturer’s rated pressure if this is less than 10 MPa.

8.1.34—Procedure

Carfy out the test as follows.

a) |Immediately before the leakage measurements are taken, operate the valve over its full input gignal range
several times, ensuring that the oil passing through the valve is within the specified.viscosity range.

b) |Close valves S3 and S6, open valve S2 and then close valve S1.

c) |Record the leakage flow from the T port as the input signal is swept_slowly over its full|range; see
Figure 3. The flow recorded by transducer 10 represents mainstage-leakage plus pilot lepkage. The
characteristic shown in Figure 3 is typical for a servo valve.~Other valve types have|a different
characteristic.

d) |With a constant input signal, the flow recorded by transducer 10 represents the steady-state¢ mainstage
and pilot leakage.

For|valves configured for external pilot drain, open valve-§? and close valve S2. Record the leakage flow from

the |Y port with the input signal set to zero. The flow recorded by transducer 10 represents the pilot|flow.

These tests may, if required, be repeated at additi6hal pressures up to the maximum supply pregsure of the

valve under test.

Y A
2
1
X

Key

X input signal

Y flow

1 approximate pilot flow component (pilot-operated valves only)

2 total measured flow including any pilot flow

Figure 3 — Internal leakage measurement

© 1SO 2009 - All rights reserved
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8.1.4 Metering tests

8.1.4.1

General

The objective of this test is to determine the metering characteristics of each metering path of the main spool
at a constant pressure drop. Record the flow, using flow transducer 11, in each metering path in turn versus

input signal
8.14.2

8.1.4.21

; see Figure 4.

Test circuit

0

100 % rate
accurately,
ranges: ong

For multi-sfage valves with internal pilot pressure connection, it can be necessary to incfease the sys

pressure by
8.1.4.2.2

Perform the
and S5 ope

8.1.4.23

Perform the
and S9 ope

8.1.4.24

Perform the
and S6 ope

8.1.4.25

Perform the
and S9 ope

8.1.4.2.6

Perform the
and S6 ope

:t ;O IIGbGOOGIy that ﬂUVV tlal mdubcl 11 bU ab:c tU MNicadouilc Uvol d VV;dU f:UVV dl IHG, at :caot 1

d flow. It can be necessary, especially if the flow metering near zero flow is being meas
to replace transducer 11 by two separate flow transducers that have overlapping working
to measure higher flows, the other to measure low flows.

adding a restriction in the main flow circuit in order for the valve to operate correctly.

Flow from supply port P to control port A

test with an hydraulic test circuit conforming to the requirements of Figure 1, with valves S1
h and all other valves closed.

Flow from control port A to return port T

test with an hydraulic test circuit conforming to the requirements of Figure 1, with valves S4
h and all other valves closed.

Flow from supply port P to control port B

test with an hydraulic test circuit conforming to the requirements of Figure 1, with valves S1
h and all other valves closed.

Flow from control port B to return port T

test with an hydraulic testtircuit conforming to the requirements of Figure 1, with valves S4
h and all other valves closed:

Flow from the supply port P to return port T

test with an hydraulic test circuit conforming to the requirements of Figure 1, with valves S1
h and all other.valves closed.

o to
ired
flow

tem

S3

S7

S4

S8

S3

10
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YA
a b /
. 21
h 2 117
R B 3
3
T T T | >
X -100% -50% 11 1 3| 50% 100% X
/ d ¢
Yv
Key
X percentage of rated input signal asP to B flow.
Y flow b’ P to A flow.
1 Hdeadband C BtoTflow.
2 P, d  AtoT flow.
3 hysteresis
Figure 4 — Metering test
8.1.4.3 _Set-up
t-a suitable plotter or recording apparatus with its X-axis able to record the range of input signal and its

Selgc
Y-a%mvmm, fgure %

Select a signal generator capable of producing a triangular waveform with amplitude of the maximum input
signal range. Set the signal generator to produce a triangular waveform 0,02 Hz or lower.

For multi-stage valves with external pilot, adjust the pilot supply to that recommended by the manufacturer.

For multi-stage valves with internal pilot, adjust the P port supply to at least the minimum recommended by

the

manufacturer.

© 1SO 2009 - All rights reserved
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8.14.4

8.1.4.41

a)

b)

flow is
c) Ensure

Allow t
d) Recorg
e) Repea
8.1.4.4.2
a) output
b) flow ga
c) linearit
d) hystere
e) inputs
f) symmg
g) polarity.
8.1.443
an alternati
a) spool g
b) hysters
c) polarity.

Procedure

Carry out the test as follows.

Control the pressure drop across the metering path to either 0,5 MPa (5 bar) or 3,5 MPa (35 bar)
[1,0 MPa (10 bar) or 7,0 MPa (70 bar) in the case of 8.1.4.2.6], measured using pressure transducers 6 to
9 as appropriate. Ensure that the pressure drop across the metering path remains constant to within 2 %
over the complete cycle. If the pressure drop across the metering path cannot be continuously controlled,
it is necessary to take point readings.

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

within the Y-axis range of the recording apparatus.

that the time period of one cycle does not create any dynamic effects that influencenthe re
ne input signal to complete at least one full cycle.

the valve input signal and the controlled flow over one complete input signal cycle.
steps 8.1.4.4.1 a) to d) for each flow path.
Use the data obtained to determine the following:
flow at rated signal;
in;
of the controlled flow g¢./q,, as a percentage;
sis of the controlled flow (with respect to changes'to the input signal);
gnal deadband, if any;

try;

For cases where it is impraeticable to monitor output flow, the spool position can be monitore
e to flow in order to establish the following:

osition at rated signal;

Sis;

8.1.5 Thrfshold

8.1.51

sult.

d as

General

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

8.1.5.2

Test circuit

Use the hydraulic test circuit described in 8.1.4.2

12

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=eca4f103d701e3a2174e56440635d9f2

8.1.

ISO 10770

5.3 Set-up
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Select a suitable plotter or recording apparatus with its X-axis able to record the input signal necessary to
achieve 25 % of the rated flow and its Y-axis able to record from zero to about 50 % of the rated flow.

Select a signal generator able to produce a triangular waveform with a d.c. offset. Set the signal generator to
produce a triangular waveform 0,1 Hz or lower.

For multi-stage valves with external pilot, adjust the pilot supply to that recommended by the manufacturer.

For multi-stage valves with internal pilot, adjust the P port supply to at least the minimum recommended by

the

8.1

Car

8.1

8.1.

manufacturer.

p.4 Procedure

'y out the test as follows.
Adjust the d.c. offset and pressures to give a mean flow of approximatelyn25 % of the rated
rated pressure drop. Adjust the amplitude of the triangular wave form to@minimum and ensu
is no change in controlled flow.

Slowly increase the signal generator output amplitude until a change' in controlled flow is obse

Record the controlled flow and input signal over one complete signal cycle.

Repeat steps 8.1.5.4 a) to c) for each flow path.

.p Output flow versus valve pressure drop tests

b.1 General

Tests shall be carried out to determine the-variation of output flow versus valve pressure drop char

8.1.

8.1.

.2 Test circuit

6.2.1 Equal flows to and-from the control ports — Symmetric spools

Perform the test with an“hydraulic test circuit conforming to the requirements of Figure 1, with va

and

8.1.

S6 open and all other valves closed.

p.2.2 Unegqual flows to and from the control ports — Asymmetric spools

Perform thetest with an hydraulic test circuit conforming to the requirements of Figure 5.

flow at the
e that there

ved.

acteristic.

lves S1, S3
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1 mdin flow source 15 signal adaptor
2 relfef valve 16 data acquisition
3 external pilot-flow source 17 additional flow source
4 external, pilot relief valve 18 additional relief valve
5 unit under test S1to S4  shut-off valves
6to9 pressure transducers A, B control ports
10, 11 flow transducers P supply port
12 signal generator T return port
13 temperature indicator X pilot supply port
14 pressure gauge Y pilot drain port
Figure 5 — Test circuit — Asymmetric spools
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8.1.6.3  Set-up

Select a suitable plotter or recording apparatus with its X-axis able to record the valve pressure drop,
measured using pressure transducers 6 to 9 as appropriate, and its Y-axis able to record the zero to at least
three times the rated flow; see Figure 6.

For multi-stage valves with external pilot, adjust the pilot supply to that recommended by the manufacturer.

For multi-stage valves with internal pilot, adjust the P port supply to at least the minimum recommended by
the manufacturer.

Y A
/
_—
X X
Yy
Key

X valve pressure drop
Y flow

Figure 6 — Output flow without integral pressure compensator
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8.1.6.4

8.1.6.4.1

Procedure

Equal flows to and from the control ports — Symmetric spools

Carry out the test as follows.

a)
b)
c) Setth
d) Slowly
pressu
drop fq
continy
e) Repea
f)  Repea
g) For va
effectiv
8.1.6.4.2
Carry out th
a) Openy
b) Cyclet
c) Adjust
d) Setthe
e) Slowly
pressu
setting
of flow
f) Repea
g) Open
input s
h)
16

Cycle the input signal gradually several times over its full range.

Adjust the valve's pressure drop to the minimum possible.

mnout sianal to the rated nositive value (100 %)
Lud ~J Ll \ 7

a graph of flow P to control port (measured by transducer 11) against total valve pressure drop.

increase the valve's pressure drop by increasing the P port pressure to its maximum r
'e by increasing the setting of valve 2, to obtain a continuous plot of flow versus valve pres
r a rated positive input signal. Slowly reduce the P port pressure to the minimum possible w
ing to plot.

step d) at 75 %, 50 %, and 25 % of the rated input signal; see Figure 6.

the steps outlined in c) to e) for negative input signal; see Figure 6.

Ives with an integral pressure compensator, carry out the- above tests to determine
eness of the load compensating device; see Figure 7.

Unequal flows to and from the control ports — Asymmetric spools

e test as follows.

alves S2 and S4, with valves S1 and S3 closed:

he input signal gradually several times over-its full range.

he valve's pressure drop to the minimum possible.

input signal to the rated valug (100 %) to give P to A flow.

increase the valve's pressure drop by increasing the P port pressure to its maximum r
'e by increasing the sétting of valve 2 in small discreet steps. At each step, adjust the pres
of the additional flow"source by means of adjusting relief valve 18 to maintain the appropriate
E measured by transducers 10 and 11. If the target flow ratio is unknown, use a ratio of 1,7:1.

step d).at 75 %, 50 %, and 25 % of the rated input signal; see Figure 6.

alvés'S1 and S3 and close valves S2 and S4. Repeat the steps outlined in d) to f) for nega
gnal and the reversed flow ratio; see Figure 6.

ated
sure
hilst

the

hted
sure
atio
Plot

tive

For valves with an integral pressure compensator, carry out the above tests to determine the
effectiveness of the load compensating device; see Figure 7.
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X |alve pressure drop
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Figure 7 — Output flow with integral pressure compensator

8.1.f Limiting power test

8.1.7.1 _General

Tests-shall be carried out to determine the hydraulic power limit of valves with spool position feedback. For

valves without spool position feedback, this limit is represented by the curve obtained in 8.1.6
rated signal.

The purpose of the limiting power test is to determine the flow and pressure levels beyond which

4 at 100 %

the valve is

unable to maintain spool position due to the action of flow forces. To determine this limit for valves with spool

position feedback, the following test should be carried out.

© 1SO 2009 - All rights reserved
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8.1.7.2 Test circuit

8.1.7.21 Equal flows to and from the control ports — Symmetric spools

Perform the test with an hydraulic test circuit conforming to the requirements of Figure 1, with valves S1, S3

and S6 open and all other valves closed.

8.1.7.2.2 Unequal flows to and from the control ports — Asymmetric spools

Perform the test with an hydraulic test circuit conforming to the requirements of Figure 5. If such a circuit is not
available, t fret f i f f

described i

8.1.7.4.3 below. However, for this alternative test it is necessary to monitor either the curré

the solenoid (for direct-operated valves) or pilot pressure applied to the mainstage (for pilot-operated valves).

8.1.7.3  Set-up

Select a sujtable plotter or recording apparatus with its X-axis able to record the valve pressure drop and its

Y-axis able|to record the zero to at least three times the rated flow; see Figure 8.

For multi-stage valves with external pilot, adjust the pilot supply to that recommended by the manufacturer

For multi-stage valves with internal pilot, adjust the P port supply to at least the minimum recommended by

the manufagturer.

Ideally monjtor the valve main spool position.

YA

Key

X valve pressure drop
Y flow
1 power limit

Figure 8 — Limiting power curve
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8.1.7.4 Procedure

8.1.7.41 Equal flows to and from the control ports — Symmetric spools

To carry out the test, repeat 8.1.6.4.1. At each signal input level, establish the point at which the valve is
unable to maintain the closed loop position control and the spool starts to move position. Connect together the
marked points to give the limiting power capacity; see Figure 8.

If it is not possible to monitor the spool position, determine the limiting point by

a) sunerimnosina on-the innut sianal a2 small (+ 5 9\ sinusaidal sianal at a low freauency tuynica |y 0.2 HHz to
g g ) g ) Ao 767 ) < PR A o4 ’

0,4 Hz, and

b) |slowly increasing the valve supply pressure; note the point when the sinusoidal motion'ceases, or the flow
decreases suddenly.

8.1.7.4.2 Unequal flows to and from the control ports — Asymmetric spools
Carfy out the test as follows.

Repeat 8.1.6.4.2. At each signal input level, establish the point at whjeh the valve is unable to maintain the
closed loop position control and the spool starts to move position. Gonnect together the marked pgints to give
the |imiting power capacity; see Figure 8.

If it [s not possible to monitor the spool position, determine the.limiting point by

a) |superimposing on the input signal a small (£ 5 %),sinusoidal signal at a low frequency, typically 0,2 Hz to
0,4 Hz, and

b) |slowly increasing the valve supply pressure;-note the point when the sinusoidal motion ceases, or the flow
decreases suddenly.

8.1.7.4.3 Alternative method using single flow source — Asymmetric spools
Carfy out the test as follows.

a) |Open valves S3 and S5 and maintain all other valves closed; see Figure 1.

b) |Apply 100 % input'sighal to give P to A flow.

c) |Slowly increase’ the valve's pressure drop by increasing the P port pressure to its maxjmum rated
pressure by/increasing the setting of valve 2 in discreet small steps. Monitor the following:

1) , valve pressure drop (P to A);

2}~ valve flow;

3) either the current to the solenoid (direct-operated valves) or the pilot pressure applied to the
mainstage (pilot-operated valves).

d) Using a spreadsheet or similar, record the above valves at about 7 to 10 points over the pressure range.

e) For each point, determine the B to T flow for the spool's design flow ratio. If the target flow ratio is
unknown, use a ratio of 1,7:1.

f)  Open valves S4, S8, S9 with all other valves closed. For each point in step €), measure the valve
pressure drop B to T and the solenoid current or pilot pressure to achieve the calculated B to T flow.
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)]

h)

With the hydraulic supply turned off, measure the solenoid current or pilot pressure. Subtract this value
from the value measured in step f) to obtain a net value.

Add together the pressure drops recorded in steps c) and f) to obtain a total valve pressure drop. Produce
a graph of total valve pressure drop against P to A flow.

Add together the solenoid current or pilot pressures recorded in steps ¢) and g) to obtain a total solenoid
current or total pilot pressure. Produce a graph of total solenoid current or total pilot pressure against P to
A flow. Use this graph to determine the maximum possible P to A flow not exceeding the maximum
current rating of the solenoid or the current output limit of the amplifier, whichever is the lower, or the

manufacturer’'s minimum recommended pilot pressure.

j)  Deterntine the total valve pressure at the flow determined in step i) using the graph created in step-h)!

k) Repeal steps b) to j) for a range of input signals. This thus generates a series of pairs0f va
determined in step j). An XY graph of these values represents the hydraulic power capacity of the valy

I) Repeal steps a) to k) for flows P to B and A to T, but in step a) open valves S4 and-S6 and maintai
other vplves closed, and in step f) open valve S7 instead of S9.

8.1.8 Output flow or spool position versus fluid temperature test

8.1.8.1 General

Tests shall pe carried out to measure the change in controlled flow with.fluid temperature.

8.1.8.2 Test circuit

Perform thg test with an hydraulic test circuit conforming to~the requirements of Figure 1, with valves S1
and S6 open and all other valves closed.

8.1.8.3 Set-up

Select a sujtable plotter or recording apparatus’/with its X-axis capable of recording the temperature rang
20 °C to 70|°C and its Y-axis able to recor@hthe zero to at least the rated flow; see Figure 9.

For multi-stage valves with external pilat, adjust the pilot supply to that recommended by the manufacturer

For multi-stage valves with inteknal pilot, adjust the P port supply to at least the minimum recommende
the manufagturer.

Take precalitions to avoid{forced air draughts across the valve.

8.1.84 Rrocedtire

Carry out the'test as follows.

ues

o

h all

S3

i by

a) Soak the valve and amplifier at 20 °C for at least 2 h prior to carrying out the test.

b) Apply an input signal to achieve 10 % of the rated output flow at the valve rated pressure drop. During the

test, maintain the valve pressure drop at its rated value.

c) Measure and record the controlled flow and the fluid temperature; see Figure 9.

d) Adjust the heating and/or cooling of the test rig so the fluid temperature rises by approximately 10 °C/h.

e) Continue recording the parameters specified in 8.1.8.4 ¢) until the temperature reaches 70 °C.

f) Repeat steps 8.1.8.4 c) to e) with the initial flow set to 50 % of the rated flow.
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Figure 9 — Flow versus fluid temperature
8.1.p Pressure gain test (optional for proportional control valves)

8.1.p.1 General

Tests shall be carried out to determine the pressure gain of the control ports A and B versus the input signal.
Thig test is not relevant to valves with overlapped spools.

8.1.p.2 Test circuit

Perform the test with an hydradulic test circuit conforming to the requirements of Figure 1, with valve S1 open
and|all other valves closed.

8.1.p.3  Set-up

Selgct a suitable plotter or recording apparatus with its X-axis able to record up to £ 10 % of the maximum
inpyt signatand its Y-axis able to record 0 MPa to 10 MPa (100 bar); see Figure 10.

8.1.p4 Procedure

Select a signal generator able to produce a triangular waveform with an amplitude of £ 10 % of the maximum
input signal range. Set the signal generator to produce a 0,01 Hz or lower triangular waveform. This test is
affected by the valve's internal leakage and the volume of fluid under pressure, and therefore an even lower
frequency waveform may be necessary to ensure that dynamic effects do not affect the measured data.

Carry out the test as follows.

a) Adjust the supply pressure to 10 MPa (100 bar).

b) Adjust the amplitude of the input signal so that the spool passes through the valve centre with sufficient
travel to effectively reach supply pressure amplitude at both control ports; see Figure 10.
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c) Record the blocked port pressures at ports A and B. Label each trace as to its associated port.

d) Produce a plot of load pressure difference versus input signal; see Figure 11.

e) Determine the pressure gain as the change in the load pressure difference as a percentage of the supply
pressure for a 1 % change in the input signal from null.

YA

X

hal

Key

X input sig
Y pressurg
1 portBp
2

essure

port A pieSsure

XV
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Figure 10 — Blocked port load pressure versus input signal
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Figure 11 — Load pressure difference versus input signal
8.1.10 Pressure null'shift — Servo valves only

8.1.10.1 Test circuit

Us¢g theshydraulic test circuit described in 8.1.9.2.

8.1.10.2 Procedure
Carry out the test as follows.

a) With the supply pressure at 40 % of the maximum allowable P port pressure, adjust the input signal such
that pressures at ports A and B are equal. Record the value of the input signal.

b) Repeat step a) with supply pressure set at 20 % of the maximum allowable P port pressure.

c) Repeat step a) with supply pressure set at 60 % of the maximum allowable P port pressure.
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8.1.10.3 Conclusion
The variation in input signal, expressed as a percentage of the maximum input signal, constitutes the pressure

null shift applicable to the change in supply pressure. This can be expressed as a percentage per megapascal
of supply pressure.

8.1.11 Fail-safe function test

Carry out the test as follows.

a) Check the_inherent fail-safe characteristics of the valve e g at loss of inpl it Qignalj lass or reducti of
electrid power, loss or reduction of hydraulic power, or loss of feedback signal.

b) Check [the performance of any special fail-safe functions incorporated in the valve by monitoring,the spool
position.

c) Repeal, if necessary, for various selected input signal conditions.
8.2 Dynamic tests

8.2.1 General

The tests described in 8.2.3 to 8.2.5 shall be carried out to determine.the step response and frequency
response of the valve.

Obtain the feturn signal by one of methods 8.2.1 a), b) or c).

a) Use the output from flow transducer 10 as the return signal. It is necessary that the flow transducer have
a band|width that is at least three times greater than.the maximum test frequency including the effecis of
trapped fluid volume. Alternatively, replace the flow transducer with a low friction [having a pressure @rop
not exdeeding 0,3 MPa (3 bar)], low inertia actuator, together with a velocity transducer having the abpve-
required bandwidth. Use of a linear actuator-isnot suitable when running tests with a d.c. biased input
signal. [Keep line lengths from ports A andB\to the flow transducer or actuator as short as possible.

b) In valves that are equipped with iategral spool position transducers and that are not equipped with
integral pressure compensated flow controllers, use the spool position signal as the return signal.

c) In valves that are not equipped with spool position transducers and that are not equipped with intggral
pressufe compensated flow_controllers, it is necessary to fit them with a spool position transducer |and
appropriate signal conditioning electronics. Use that signal as the return signal, provided the addition of
the trapsducer does/mnot-alter the frequency response of the valve.

Methods a), b) and.e)/do not yield equivalent results. The data as reported shall therefore identify the [test
method usdd.

For multi-stagé/valves, it is recommended that these tests be carried out with the valve configured for extgrnal
pilot supply to obtain the most comparable data.

8.2.2 Test circuit

Perform the test with a circuit conforming to the requirements of Figure 1, with valves S1, S3 and S6 open and
all other valves closed, possibly with flow transducer 10 replaced by a linear actuator as described in 8.2.1 a).

The flow source and pipework should be sized so as to be able to maintain the valve pressure drop within

*+ 25 % of the nominal setting over the frequency range tested and over the duration of the step response. It
can be necessary for the flow source to include an accumulator.
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8.2.3 Step response — Change in input signal

8.2.31 Set-up

Select a suitable oscilloscope or other electronic equipment to record the controlled flow and input signal to
the valve against time; see Figure 12.

Set the signal generator to a square wave output with a time period sufficient to ensure that the controlled flow
has time to stabilize.

Y

5 %

90 % \/ \ A

1 X
a — -
2
< / =
Key
X fime
Y flow or spool position
1 Fesponse time
2 pettling time
a |Initiation.
b

Steady-state flow,
Figure 12 — Step response — Change in input signal

8.2.3.2 Procedure

Carry out the test as follows.

a) For multi-stage valves without integral pilot pressure control, set the pilot pressure to 20 % of rated
maximum pilot pressure. Repeat the dynamic tests at 50 % and 100 % of rated maximum pilot pressure.

b) Adjust the inlet pressure to achieve the rated pressure drop at 50 % of rated flow.

c) Set the signal generator so that the controlled flow steps between the pair of start and finish flows for
test 1 as given in Table 3.
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Table 3 — Input step functions

d) Enable
e) Record

directid
f) Ensure

Percentage of rated flow
Test number Start Finish
% %
1 0 +10
+10 0
0 +50
2
+50 0
0 +100
3
+100 0
+10 +90
4
+90 +10
5 +25 +75
+75 +25
0 -10
6
-10 0
0 -50
7
-50 0
0 <100
8
-100 0
-10 -90
9
-90 -10
-25 -75
10
£75 -25
-10 +10
11
+10 -10
-90 +90
12
+90 -90

g) Repea

the output from thé.signal generator and allow the signal generator to cycle at least once.

the controlled-flow and signal to the valve against time for steps in the positive and nege
ns.

that the'recording window shows the complete response.

steps 8.2.3.2 3) to e) with the controlled flow set to the pairs of pressures given for tes

through to 12 in Table 3.

8.2.4 Step response — Change in load

This test is only applicable to valves with an integral pressure compensator.

8.2.4.1 Test circuit

tive

ts 2

Perform the test with a circuit as described in 8.2.2 but with the addition of an electrically operated loading
valve added in series with flow meter 10. The known response time of this additional valve shall be less than

30 % of the

26

measured response time of the valve under test.
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