INTERNATIONAL 1ISO
STANDARD 10770-2

First edition
1998-05-15

Hydraulic fluid power — Electfically
modulated hydraulic control valves —

Part 2:
Test methods for three-way directional flow
control valves

Transmissions hydrauligues — Distributeurs hydrauliques a modulation
électrique —

Partie 2: Méthodes d'essai pour distributeurs a trois voies

\@/ Reference number

ISO 10770-2:1998(E)


https://standardsiso.com/api/?name=2896a6b002310888afa88d09b13eb714

ISO 10770-2:1998(E)

Contents Page
1 SCOPIE ittt 1
2 Normative referenCes .......cooeueeiiiiiiiiieiieeeeeeeeee 1
3 DEfiNItIONS .oviiiii e 1
4 Sympols and UNItS .....ooovueiiiiieiiieeie e 2
5 Standard test conditions .........cccooeeiviiiiiieeiiiiie e 3
6 Testlinstallation ........cccooiiiiiiiiii e 3
7 EleCIrical tESIS .....covvviiiiieei e 4
8 Perfrmance teStS .....coovviiiiieee e 6
9 ENdUrance teSt .....ooovviiiiiiie e 20
10 Presure impulse test ..o 21
11 Envifonmental teStS ......cooeiiiiiiiiiiiiiieeeee e 21
12  Presentation of reSUultS ........cocovveiiiiiiiii e 22
13 Idenfification statement ........ccoooeviiiiiiieiiiiiee e, 25
Tables
1 Sympols and units .........coviiiiiiieiiii A 2
2 Standard test conditions .........cccoeeevveviiiieeieciia N e, 3
3 Sinupoidal signal function .............ccccceee e BE, 19
4 INpup Step fUNCLIONS .....ooooiiii e G 20
A.1 Permissible systematic errors of measuring instruments

as determined during calibrationy..c..ccoeeeeeeeeeeeiiiis 35
Figures
1 Typital steady-state test CIrCuit .............cceeevvveeeeiiiiinneennnnn. 26
2 Typigal dynamicdest Circuit ............eeeeiiiieeeeiiiieeen, 27
3 Valve coil iIndUCtance ........ccoooevvevviieiiiieeeeeeeeeee e 28

a) | INdUCtaNCE tESt ... 28

b) [ \Oltage vector diagram ...........ccooeviiiiiiiiiiiiies 28
© ISO 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Geneve 20 * Switzerland
Internet  central@iso.ch

X.400 c=ch; a=400net; p=iso; o=isocs; s=central
Printed in Switzerland


https://standardsiso.com/api/?name=2896a6b002310888afa88d09b13eb714

©1S0 ISO 10770-2:1998(E)

4 Valve coil Step reSpoNnSe ........cccoevivieeeiiiiiieec e
5 Internal leakage versus input signal .........ccccccceeviiiiiiiiinns
6 Output flow versus input signal at constant valve

PrESSUIE ArOP ...ttt ee e e eeeeeeees
7 Threshold characteristiCs ........ccccovviiieiiiiiiiie
8 Output flow versus valve pressure drop (without integral

pressure COMPENSALION) ......cccccuuviiiiiiiiiiiiieiieeee e e e e e e e e
9 Output flow versus valve pressure drop (with integral

pressure COMpPEeNSation) ............ccceueeieeieiieieeeeeiiiieeeneennnnns
10  Limiting POWET CUIVE ......cccevveeeeeiiiiiineeeennne b
11  Output flow versus fluid temperature ............Cy e,
12 Blocked port load versus input signal ......af. .
13  Frequency response .....cccccceevevevineven by i e,
14 SEEP rESPONSE ...oeviiiiiiiiiiieieiiiieeeeeee et eeeeeie e b

a) Transient response to step input signal ........}.........

b)  Transient response to load-pressure step with

flow compensation ... 57

Annexes
A (normative) Errors’and classes of measurement ...|.........
B (informative)Guidance on conducting the tests .....|.........
C (informative) Bibliography ..........cccciiiiiii



https://standardsiso.com/api/?name=2896a6b002310888afa88d09b13eb714

ISO 10770-2:1998(E)

Foreword

ISO (the
worldwide

©1S0O
International Organisation for Standardisation) is a
federation of national standards bodies (ISO member

bodies). The work of preparing International Standards is normally

carried ou

interested

throl |rJh 1ISO_technical committees. Each - member hndy

in a subject for which a technical committee has been

establishedl has the right to be represented on that committee.

Internation
liaison with
with the

matters of

Draft Inter

al organisations, governmental and non-governmental, in

ISO, also take part in the work. ISO collaborates closely
nternational Electrotechnical Commission (IEC) on all
electrotechnical standardisation.

hational Standards adopted by the technical committees

are circulgted to the member bodies for voting. Publication as an

Internation
member b

Internation
Committesd
Product te

This first ¢
and replag
revision.

pl Standard requires approval by at least 75 % of the
pdies casting a vote.

al Standard 1SO 10770-2 was prepared by Technical
ISO/TC 131, Fluid power systems, Subcommittee SC 8,
5ting.

pdition of ISO 10770-2 together with 1SO\10770-1 cancel
e 1SO 6404:1985, of which they constitute a technical
n particular, 1SO 10770 is widerranging and more

comprehensive, covering both servovalves-and proportional valves.

ISO 10770
Hydraulic
valves:

— Part1
— Part 2

— Part3

consists of the followingsparts, under the general title
fluid power — Electrieally modulated hydraulic control
Test methods forfour-way directional flow control valves
Test methods for three-way directional flow control valves

Test-methods for pressure control valves

Annex A fd

rms-an infogrnl pnrf of this pnrf of1SO. 10770 _Annexes B

and C are for information only.
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Introduction

In hydraulic fluid power systems, power is transmitted by a fluid under
pressure from a hydraulic power source to one or several loads
through electrically modulated hydraulic control valves.

These control valves are components which receive contrgl signals in
the form of an electrical signal, receive hydraulic power{rgm a power
source, and then, control the direction and amount, of hydraulic flow
to the load, depending upon the electrical inputssignal. There are a
number of performance characteristics thatimust be known in order
to successfully apply electrically modulated-hydraulic contrpl valves.
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Hydraulic fluid power — Electrically modulated hydraulic control
valves —

Part 2:
Test methods for three-way directional flow control valves

1 Scope

This part of ISO 10770 describes methods for production acceptance and. type (or qu
testing of electrically modulated hydraulic three-way directional flow contrel valves.

2 Normative references

The foljowing standards contain provisions, which, threugh reference in this text,

glification)

constitute

provisigns of this part of ISO 10770. At the time of publication, the editions indicated were valid.

All stangdards are subject to revision, and parties to@@agreements based on this part of |
are encpuraged to investigate the possibility of applying the most recent editions of the

S50 10770
standards

indicatgd below. Members of IEC and ISO:1naintain registers of currently valid International

Standards.

ISO 1219-1:1991, Fluid power systems-and components — Graphic symbols and circuit diagrams

— Part|1: Graphic symbols.

ISO 3448:1992, Industrial liquid lubricants — ISO viscosity classification.

ISO 4406:1987, Hydraulie\fluid power — Fluids — Method for coding level of contamination by

solid particles.
ISO 5598:1985, Kluid power systems and components — Vocabulary.

ISO 6743-4:1982, Lubricants, industrial oils and related products (class L) — Classi
Part 4: Family H (Hydraulic systems).

fication —

IEC 617, Graphical symbols and diagrams.

3 Definitions

For the purposes of this part of ISO 10770, the definitions given in ISO 5598 and the following

definition apply.

3.1 electrically modulated hydraulic flow control valve: Valve that provides a degree of

proportional flow control in response to a continuously variable electrical input signal.
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4 Symbols and units

The symbols and units for the parameters referred to in this part of ISO 10770 are listed in table 1.

Table 1 — Symbols and units

Parameter Symbol Unit
Coil impedance Z Q
Coil indquctance L H
Coil registance R Q
Insulatipn resistance R, Q
Dither amplitude — % of max.-input signal
Dither quuency fy Hz
Input signal lorU AorV
Rated gignal Iy or Uy AorV
Output|flow q [/min
Rated flow an [/min
Flow gain K, = (6q/d/ or 8q/dL)) I/min/input signal unit
Hystergsis — % of max. input signal
Interna| leakage q [/min
Supply|pressure Pp MPa (bar)
Return[pressure Jolt MPa (bar)
Load pfessure Pa MPa (bar)
Valve gressure drop Py = Pp — Pp OF Pp — Pt MPa (bar)
Rated vyalve pressure drop PN MPa (bar)
Pressufe gain S, = (dpp/dlor dp,/dU) MPa (bar)/input signal unit
Threshpld — % of max. input signal
Amplityde — dB
Phase [ag — degree
Temperature — °C
Frequency f Hz
Time t S
NOTE — 1 bar = 10° N/m2 = 0,1 MPa
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5 Standard test conditions

ISO 10770-2:1998(E)

Unless otherwise specified, the standard test conditions given in table 2 shall apply to all tests

described in this part of ISO 10770.

Table 2 — Standard test conditions

Ambient temperature

(20 £ 5) °C

Filtration Solid contaminant code number to be stated
in accordance with 1ISO 4406
Fluid type Commercially available mineral based

hydraulic fluid, i.e. L-HL in accordanee-with
ISO 6743-4 or other fluid with which\the
valve is capable of operating

Fluid temperature

(40 £ 6) °C at valve inlet

Viscosity grade

Grade VG 32 in accordance with ISO 3448

Supply pressure

In accordance with'relevant test
requirement + 2,5:%

Return pressure

In accordance-with manufacturer's
recommendations

grade shall be specified.

NOTE — Where an alternative hydraulic fluid is used, the fluid type and viscosity

6 Test nstallation

6.1 Geperal

A test Installation;shall be provided which complies with 6.2 and 6.3 and which is ¢
meeting the permissible limits of error stated in annex A. General guidance on cond

tests is jgivenin annex B.

apable of
ucting the

NOTES

1 Figures 1, 2 and 3 are typical circuits that do not incorporate all the safety devices necessary to protect against
damage in the event of component failure. Other circuits which achieve the same purpose may be used. It is important
that those responsible for conducting the tests give consideration to safeguarding personnel and equipment.

2 The graphical symbols used in figures 1, 2 and 3 are in accordance with ISO 1219-1 and IEC 617.
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6.2 Steady state tests

©1SO

A typical test circuit is shown in figure 1. This installation allows either point-to-point or continuous
plotting methods for

a)
b)
c)

recor

recording flow as a function of input signal;

recording pressure as a function of input signal;

ing flow as a function of valve pressure rlrnp;

d) recorg

e) recorg

6.3 Dynamic tests

A typical
figure 1. T

a) freque

b) stepr

7 Electrig
7.1 Geng
The tests
integrateq
7.2 Coilr

The test S
test instr

ing flow as a function of load pressure;

ing flow as a function of temperature.

test circuit is shown in figure 2. This installation utilizes much of the circuit s
his installation allows

ncy response tests;

ESponse tests.

al tests

ral

described in 7.2 to.7.4, as appropriate, shall be carried out on all valves
electronics before'\proceeding to subsequent tests.

Esistance

hall be performed with the coil at the specified ambient temperature. Using an g
iment with an accuracy better than +2 % of the measured value, meas

hown in

without

lectrical
ure the

resistanc

betweenmthetwoteadsof eachcoitimthe vatve:

NOTE — The valve under test need not be supplied with pressurized fluid during the measurement of coil resistance.

7.3 Coil inductance

7.3.1 Measure the total coil inductance (corresponding to the series coil connection for a four-
lead, two-coil configuration) with the valve operating under the standard test conditions laid down
in clause 5.
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NOTE — This test measures the apparent inductance, which varies with signal frequency and amplitude due to the
back emf (electro-motive force) generated by the moving armature. The result may be used to select the appropriate
design of drive amplifier.

7.3.1.1 Connect a suitable oscillator to drive the total valve coil which is in series with a precision
non-inductive resistor, as shown in figure 3 a).

7.3.1.2 Set the oscillator frequency, f, at either 50 Hz or 60 Hz, so that it is different from the
frequencyof theefectricatpower suppty tothetestequipment—————————

7.3.1.3 |Adjust the valve input current to a peak amplitude equal to the valve rated current.
7.3.1.4 |Use an oscillator which is capable of supplying undistorted current to the valve.

7.3.1.5|Using an oscilloscope, monitor the voltage waveformcacross the resistor R to ¢heck that
the waeform is sinusoidal.

7.3.1.6 |Measure the peak a.c. voltages Ug, U; and. L.

7.3.1.7 |Construct the diagram shown in_figure 3 b) to show the vectorial relationship of the
voltage

)

7.3.1.8 | Determine the coil impedance characteristics from the following expressions:

— coil )mpedance, expressed’in ohms

_ p Uv
7= R 2V A
Ur 1)

— apparentinductance, expressed in henry

L= x Y )
ZTEf UR

7.3.2 Alternative test method: use step response to full current to give time constant t_ of coil and
calculate inductance using:

L=R

C

x t, (asindicated at figure 4) .. (3)
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7.4 Insulation resistance

Connect together the coil terminations and apply between them and the valve body a d.c. voltage
of 500 V. Maintain this for 15s. With this voltage still applied, use a suitable commercially
available insulation tester to measure the insulation resistance. On those testers with a current
readout, as opposed to a resistance readout, calculate the resistance, in ohms, from the following
equation:

500V
i

Ri = : (4)

where thg current measured, /, is expressed in amperes.

This resigtance normally exceeds 100 MQ. In addition, with a four-lead twos<coil configuration,
similarly getermine the resistance between the coils. If internal electricalhycomponentg are in
contact with the fluid (i.e. wet coil), fill the valve with hydraulic fluid before carpying out this test.

8 Performance tests

Conduct all the following tests such that the amplifier specified by the valve manufagturer is
included ip the test system (when specified).

If an extefnal pulse width modulating amplifier is used, record the modulation frequency.

In all casgs record the amplifier supply voltage:

NOTE — All performance tests should be conducted on a combination of valve and amplifier. Input signals are
applied to the amplifier and not directly to the valve.

8.1 Steady state tests
8.1.1 General
When cornducting these tests, care should be taken to exclude dynamic effects.

Test a) sHall be performed prior to carrying out any other test.

a) Proof pressure tests, in accordance with 8.1.2.
b) Internal leakage test, in accordance with 8.1.3.

c) Test for output flow versus input signal at constant valve pressure drop, in accordance with
8.1.4 and 8.1.5 to determine

1) rated flow;

2) flow gain;
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3) flow linearity;
4) flow hysteresis;
5) flow symmetry;
6) flow polarity;

7) spool lap condition;

8) threshold.
d) Output flow versus valve pressure drop in accordance with 8.1.6.
e) Limjting output flow versus valve pressure drop in accordance with 8.177.
f)  Output flow versus fluid temperature in accordance with 8.1.8.
g) Load pressure versus input signal in accordance with 8.1.9.

h) Failtsafe function test in accordance with 8.1.10.

8.1.2 Proof pressure tests
8.1.2.1|General

Proof pressure tests shall be carried out'to examine the integrity of the valve before gonducting
any further tests.

A simpllfied high pressure test rigsmay be used for these tests in place of that shown in figure 1.

8.1.2.2 | Supply proof pressure

In the test, a proef pressure is supplied to the pressure and control port of the valvg with the
return gort opef. The test shall be carried out as follows.

8.1.2.2[1~Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves f and i open and all the other valves
closed.

8.1.2.2.2 Set up

Adjust the valve supply pressure to achieve 1,3 times the rated supply pressure or 35 MPa
(350 bar), whichever is the lower.
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8.1.2.23
Maintain t

Apply the

Procedure
he supply pressure for a minimum of 30 s.

maximum positive input signal.

©1SO

Examine the valve for evidence of external leakage or permanent deformation during the test.

8.1.23 R

In the test
valve. The

8.1.23.1

Set up the
closed.

8.1.2.3.2
Adjust the

8.1.2.3.3

Maintain this pressure for a minimum of 30 s,

Apply the

There sha

8.1.3 Intg
8.1.3.1 G

Before ca
such as 1

eturn proor pressure

, a proof pressure is supplied to the pressure port, control port and the rettwn pg
 test shall be carried out as follows.

Test circuit

 hydraulic test circuit shown in figure 1, with valves c, d, and-g open and all othe
Set up

valve supply pressure to achieve 1,3 times thefated return port pressure.
Procedure

maximum negative input signal;

Il be no external leakage-or permanent deformation during the test.

rnal leakage test (¢ontrol port blocked)
eneral

mmencing the test, any mechanical/electrical adjustments necessary shall bg
ulling-the valve, and then the test shall be carried out to determine the total

leakage, il'lcluding any pilot control flow, in the following manner.

rt of the

r valves

. made,
internal

8.1.3.2 Test circuit

Set up the hydraulic test circuit shown in figure 1, with valve f open and all other valves closed.

8.1.3.3 Setup

Adjust the valve supply pressures to 10 MPa (100 bar) above return pressure, and pilot pressure
where applicable.
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8.1.3.4

ISO 10770-2:1998(E)

Procedure

Proceed as follows:

a) Immediately before the leakage measurements are to be taken, operate the valve over its full
input signal range several times.

b) Record the leakage flow from the T and y ports over a range from maximum positive to
maximum negative input signal (see figure 5).

These tlests may, if required, be repeated at additional pressures up to the rated press

valve u
814 Q
(openc
8141
The tes

steady-

8.1.4.2

nder test.

utput flow versus input signal characteristics at constant valve pressure drop
pntrol port)

General

t shall be carried out to obtain the flow versus input signal curve and to d

State valve characteristics.

Test circuit

ure of the

bduce the

For multi-stage valves with integral pilot supply, use an appropriate modified circuit configuration,

for exar
a) apn
b) usin

ope
8.1.4.3

8.1.4.3.
maximu

nple incorporating either:

essure compensator inserted.between the valve and the test manifold, or

g a loading valve as shown in figure 1, to load the valve under test, which operg
h or closed loop conditions, to maintain constant valve pressure drop.

Set up

1 Set the total valve pressure drop to 1 MPa (10 bar), 7 MPa (70 bar) or
m supply pressure, as appropriate.

ites under

1/3 of the

8.1.4.3.

2 For mulit-stage valves with Separate pitot supply adjustthe pifot suppty p

10 MPa (100 bar).

essure to

8.1.4.3.3 For multi-stage valves with integral pilot supply, adjust the supply pressure to
10 MPa (100 bar), unless otherwise specified by the manufacturer.
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8.1.4.4 Flow from supply port P to control port A

8.1.4.4.1 Test circuit

©1SO

Set up the hydraulic test circuit shown in figure 1, with valves a, b, d, f, i open and all other valves
closed.

8.1.4.4.2 Procedure

Proceed asfollows:

a) Cycle|the input signal several times.

b) Using|a continuous plotting/recording method, establish a suitable range using the X-axis to
record the input signal and the Y-axis to record the output flow.

c) Set the automatic signal generator to produce a triangular waveform with an ampljtude to
reach| null and maximum positive input signal.

d) Allow [the input signal to be continuously cycled, ensuring«hat the pen motion is unrestricted
and that it is moving at such speed that the dynamic_.effects of the flow transducer| and its
output signal and recorder are negligible. When an X-Y:'plotter or recorder is used, automatic
contrgl of valve pressure drop will be necessary. Also ensure that the valve pressyre drop
remains constant within 5 % during the complete Signal cycle.

e) With the continuously varying signal still applied, continuously record the characteristics over
one cpmplete signal cycle (see figure 6) to’determine the following characteristics for the flow
direction from supply port P to control port A:

1) oJtput flow at rated positive signal,
2) flgw gain;
3) linearity;
4) hysteresis;
5) nyll zone characteristics (i.e. spool lap condition).
The abovetestsmayifrequired;berepeatedatadditionatpressuresup-totheratedpressure of

the valve under test.

8.1.4.5 Flow from control port A to return port T

8.1.4.5.1 Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves a, d, e, h, and i, open and all other
valves closed.

10
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8.1.4.5.2 Procedure

Proceed as follows:

a) Cycle the input signal several times.

b) Using a continuous plotting/recording method, establish a suitable range using the X-axis to
record the input signal and the Y-axis to record the output flow.

c) Set
reag

d) Allg
and
outy
con
rem

e) Witl
one)
dire
1)
2)
3)
4)
5)
6)

The ab

In case

the automatic signal generator to produce a triangular waveform with an-an
th null and maximum negative input signal.

that it is moving at such speed that the dynamic effects of the-flow transduc
put signal and recorder are negligible. When an X-Y plotter or recorder is used
rol of valve pressure drop will be necessary. Also ensure, that the valve pres
ains constant within 5 % during the complete signal cycle.

) the continuously varying signal still applied, continuously record the character,
Ction from control port A to return port T:

putput flow at rated negative signal,

flow gain;

inearity;

hysteresis;

null zone characteristics (i.e. spool lap condition);

symmetry in reference to0 8.1.4.4.2 e) 1).

alternat

5 Where it is impracticable to monitor output flow, spool position can be monitj

— spool position at rated signal;

— hysteresis;

— polarity.

plitude to

w the input signal to be continuously cycled, ensuring that the pen motion is ufrestricted
er and its

automatic

sure drop

stics over

complete signal cycle (see figure 6) to determine the following characteristics for the flow

pve tests may, if required, be repeated at additional pressures up to the rated pfressure of
the vale under\test.

red as an

11
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8.1.5 Threshold

8.151 G

eneral

©1SO

The test shall be carried out to obtain the response of the valve versus a reverse input signal.

hll other

applied
ots;

8.1.5.2 Setup

Repeat the set up described in 8.1.4.3.1, 8.1.4.3.2 and 8.1.4.3.3.

8.1.5.3 Flow from supply port P to control port A

8.1.5.3.1 |Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves a, b; d,”f and i open and

valves clgsed.

8.1.5.3.2 |Procedure

Repeat the procedure 8.1.4.4.2 a) and b) and then proceed as follows:

a) apply|a positive signal causing 25 % of the. rated flow (P to A) and then reduce the
signallto cause a reduction of flow. Reduce the signal slowly to eliminate dynamic effeq

b) record the input signal at which the flow,starts to decrease;

c) measlire the threshold by computing the incremental signal change from the algebraic
differgnce of the two signal values recorded,;

d) repeaj steps a) to ¢) at 75-% of the rated flow;

f) repeaf a similar test about null when testing zero and under-lapped valves.

NOTE — \Vhen conducting these tests, the sensitivity of the recorder may require adjusting. See figur

representati

ve recarding plot, an alternative signal level may be used for a production acceptance test.

p 7 for a

8.1.5.4 Flow from control port A to return port T

8.1.54.1

Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves a, d, e, h and i open and all other
valves closed.

12
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8.1.5.4.

Repeat

ISO 10770

2 Procedure

the procedure 8.1.4.4.2 a) and b) and then proceed as follows:

-2:1998(E)

a) apply a negative signal causing 25 % of the rated flow (A to T) and then reduce the applied
signal to cause a reduction of flow. Reduce the signal slowly to eliminate dynamic effects;

b) record the input signal at which the flow starts to decrease;

C) measure_the threshold h\}/ r‘nmpln‘ing the incremental Qigngl r‘h::ngn from-the

diffgrence of the two signal values recorded;
d) repgat steps a) to ¢) at 75 % of the rated flow;

e) repeat a similar test about null when testing zero and under-lapped valves.

NOTE — When conducting these tests the sensitivity of the recorder may require adjusting. See fig
represenfative recording plot, an alternative signal level may be used for a production acceptance test.

8.1.6 Qutput flow versus valve pressure drop tests (open e¢ontrol port)

8.1.6.1

Carry o

pressurg drop.

8.1.6.2

Adjust

pressurg, if necessary. Ensure,that the set supply pressure remains constant throughot

A drop

8.1.6.3
8.1.6.3.

Set up

open and all other valves closed.

8.1.6.3.

algebraic

General

ut the following steps to determine the nature of the variation of output flow ve

Set up
the valve supply presstire to achieve rated pressure, compensating for §

Df supply pressure indicates insufficient flow capacity of the hydraulic power sour

Flow from supply port P to control port A

1 Test.Circuit

ure 7 for a

'sus valve

ny return
It the test.
ce.

2 Procedure

Proceed as follows:

a) Cycle the input signal gradually several times over the range null to maximum positive.

b) Establish an X-Y plotter configuration to record output flow on the Y-axis and valve pressure
drop (pp — pa) ON the X-axis (see figure 8).

13
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c) Setthe input signal to the rated positive value (100 %).

d) Close the loading valve 13, lower the plotter pen and slowly open the loading valve 13 (see
figure 1) to obtain a continuous plot of output flow versus valve pressure drop for a rated
positive input signal.

e) Repeat steps c) and d) over the range of 75 %, 50 %, and 25 % of rated input signal (see
figure 8).

f) For valves agral pressure compensatic , Ut the above tests to determine the
effectiveness of the load compensating device and record the results in the mannefishown in
figure(9.

8.1.6.4 Flow from control port A to return port T

8.1.6.4.1 |Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves a, d, €, h and i and loading yalve 13

open and|all other valves closed.

8.1.6.4.2 |Procedure

Proceed as follows:

a) Cycle|the input signal gradually several times over the range null to maximum negative.

b) Establish an X-Y plotter configuration to-record output flow on the Y-axis and valve gressure
drop (ps — p7) on the X-axis (see figure 8).

c) Set the input signal to the rated:negative value (100 %).

d) Close|the loading valve @3, lower the plotter pen and slowly open the loading valve (13 (see
figure[1) to obtain a centinuous plot of output flow versus valve pressure drop for|a rated
negative input signal,

e) Repeat c) and\d) over the range of 75 %, 50 % and 25 % of the rated input signal (see
figure(8).

f) For valves with integral pressure compensation, carry out the above tests to deternmine the

effectiveness of the load compensating device and record the results in the manner shown in

figure

9.

8.1.7 Limiting power test (open control port)

8.1.7.1 General

Single stage valve performance is extremely limited by flow forces. To determine these effects the
following test shall be carried out.

14
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8.1.7.2

ISO 10770

Set up

Adjust the supply pressure to achieve, for example, 10 % of the rated pressure.

8.1.7.3
8.1.7.3.

Set up

valves ¢losed.

8.1.7.3.

Establigh an X-Y plotter configuration to record output flow on the Y-axis and' valve preg
(pp — p4) on the X-axis to get a continuous plot of output flow versus valve-pressure drop.

a) Set

signal at a low frequency, typically 0,2 Hz to 0,4 Hz.
b) Lower the plotter pen.

c) Increase the supply pressure slowly to get a flow, versus pressure drop curve see

Sto
sud

d) Repeat this procedure for other positiveinput signal amplitudes, e.g. 75 %, 50 % an

the

e) Cornnect the zero slope points of the curves by a line to obtain the limiting power ¢

figu

8.1.7.4
8.1.7.4.

Set up
closed.

8.1.7.4.

Flow from supply port P to control port A

1 Test circuit

P Procedure

the input signal to its positive 95 % value plus a superimposed small (£ 5 %)

D increasing supply pressure when the sinusoidal motion ceases or flow
denly. Mark this point.

Fated flow.

e 10).

Flow from contrel-port A to return port T
1 Test circuit

he hydraulic test circuit shown in figure 1, with valves a, e, f, i, j open and all ot

-2:1998(E)

sure drop

sinusoidal

figure 10.
lecreases

d 25 % of

urve (see

her valves

2 Procedure

Establish an X-Y plotter configuration to record output flow on the Y-axis and valve pressure drop
(pa — p7) ON the X-axis to get a continuous plot of output flow versus valve pressure drop.

a) Set the input signal to its negative 95 % value plus a superimposed small (x 5 %) sinusoidal
signal at a low frequency, typically 0,2 Hz to 0,4 Hz.

b) Lower the plotter pen.

15
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c)

d)

©1SO

Increase the supply pressure slowly to get a flow versus pressure drop curve see figure 10.
Stop increasing supply pressure when the sinusoidal motion ceases or flow decreases
suddenly. Mark this point.

Repeat this procedure for other negative input signal amplitudes, e.g. 75 %, 50 % and 25 % of
the rated flow.

Connect the zero slope points of the curves by a line to obtain the limiting power curve (see
figure 10).

8.1.8 Oultput flow or spool position versus fluid temperature test (open control port)

8.1.8.1 General

The following test shall be carried out to determine the nature of the variation of output flow
versus flyid temperature. The valve and amplifier should be exposed to a constant ambient
temperatyre of 20 °C.

8.1.8.2 Test circuit

Set up the hydraulic test circuit shown in figure 1, witheualves a, b, d, f and i open and @ll other

valves clo

sed.

8.1.8.3 Sptup

Repeat the set up described in 8.1.4.3.

8.1.8.4 Pfocedure

Proceed as follows:

a) Using|a continugus plotting/recording method, establish a suitable range using the X-axis to
record the oiltemperature and the Y-axis to record the output flow and/or spool positjon (see
figure(11).

b) Apply apositivemputsignatcorrespondingto-10-9tof the ratedoutput flow:

c) Record output flow or spool position versus fluid temperature (see figure 11).

d) The above tests may, if required, be repeated for different input signals and valve pressure
drops.

e) Compile a family of curves for various input signals and valve pressure drops over the

select

16
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8.1.9 Pressure gain versus input signal test (blocked control port)

8.1.9.1

General

The objective of this test is to determine the pressure gain of the control port A versus the input

signal.

8.1.9.2
Set up
closed.
8.1.9.3

Adjust t

8.1.94
Procee

a) Selg
toe

Fest circuit
SE-GHGUHE

Set up

he supply pressure to the valve rated pressure.

Procedure
| as follows:

bt the input signal so that the spool passes through the valve centre with suffig
ffectively reach supply pressure amplitude at the control port.

b) Using a continuous plotting/recording,;method to establish suitable ranges and defleg

c) Slo
pres

NOTE —
require s

d) Pro

8.1.10

vly vary the input signal over the range established in a) while recording the blg
bsure at port A.

Since this test is affected by the valve leakage characteristics and the volume of fluid under pre
bveral minutes to make’one sweep.

Huce a graph-of the pressure at port A versus input signal (see figure 12).

FFail-safe function test

the hydraulic test circuit shown in figure 1 with valves f and i open and,alb other valves

ient travel

tions.

cked port

ssure it may

Proceed as follows:

a) Check the inherent fail-safe characteristics of the valve, e.g. at loss of input signal, loss or
reduction of electric power, loss or reduction of hydraulic power, loss of feedback signal.

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

C) Repeat, if necessary, for various selected input signal conditions.

17
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8.2 Dyna

8211 S

8.2.1.2 K

8.2.1.3 K

8214 P
the lower

8.215 F
suitable €
phase sh
suitable e

8.21.6 O

a) Uset
exce

b) In val

equip
the ou

c) Inval
with i
with a
that s
freque

©1S0
mic tests (open control port)
8.2.1 Test circuit and set up
et up the test circuit similar to that shown in figure 2.
eep line length from port A to the actuator as short as possible.
pep the accumulator as close to the valve P port as possible.
Fovide constant hydraulic pressure at 10 MPa (100 bar), or rated pressure whichever is
and measure the maximum output flow.
Dr frequency response tests, use a frequency response analyzer, oscilloscope pr other
lectronic equipment that will measure the amplitude of the output signal as well as its
ft relative to the input signal. For step response tests, use an oscilloscope or other
ectronic equipment to record output signal versus time.
btain the output signal by one of the following@ethods:
e output from a velocity transducer driveén by a low friction [having a pressure drop not
ing 0,3 MPa (3 bar)] low inertia actuator (having a band width which is at least three
times [greater than the maximum test frequency including the effects of trapped fluid yolume)
as thg output signal. When this method is not practicable, use method b) or c).
es which are equipped with integral spool position transducers, and which |are not
ped with integral pressure compensated flow controllers, use the spool position signal as
tput signal.
es which are not-equipped with spool position transducers, and which are not efjuipped
tegral presstire compensated flow controllers, it will be necessary for them to be fitted
h externalispool position transducer and appropriate signal conditioning electron|cs. Use
gnal as-the output signal, provided the addition of the transducer does not alter the
ncy response of the valve.
Methods aj, b)and Ty witt ot yietdequivatent resutts. 1 he data as reported shafttherefore identify
ethod used.

the test m

8.2.2 Frequency response — Test procedure

8.2.2.1 Apply the input signal at a frequency of 5 Hz or 5 % of the frequency at which the phase
lag is 90°, whichever is the lower, and then plot amplitude and phase lag over a range of
frequencies wide enough to cover 15 dB attenuation (see figure 13). Include frequencies
corresponding to 45°, 90° and higher phase lags, as required.

18
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8.2.2.2 Test the valve under all of the following sinusoidal input conditions:

a) Use a centred input signal, such that the output flow alternates about zero through port A, of
amplitude sufficient to cause a peak output flow of approximately =5 % of the maximum
steady state output. For overlapped valves, conduct this test with the dead-band eliminator
activated.

b) For overlapped valves without dead-band eliminator, use a biased input signal, in which the
d c. bias and input S|gnal are adjusted so that the flow output is always in one d|rect|on only,
s s : 2 ith a flow
senpgor of adequate bandW|dth Use a smaII S|gnal l.e. an |nput S|gnal amplltude which, at or
sufflciently near 0 Hz, causes a change in output signal from approximately,5% tp 15 % of
maximum steady output signal at that supply pressure. Repeat in the opposite-directjon.

c) Repeat the tests in a) or b) under the conditions shown in table 3.

Table 3 — Sinusoidal signal function

Test d.c. bias Superimpaosed sinusoidal input

rocedure signal .
P 9 % of rated flow or maximum spool

% of flow displacement

+5
+10
+ 25
+ 50
+75

+5
+ 50 +10
8.2.2.2 b) + 25
+5
- 50 +10
+ 25

8.2.2.2 a)

ol eoNeoNeNe

Maintaip the.amplitude of the sinusoidal input signal constant throughout each complete|sweep.

8.2.3 Step response — Test procedures

8.2.3.1 Transient response to step input signal demand

Test the valve in response to a step input signal demand under the following conditions:

Trigger the step function generator and the recording instrument to provide dynamic traces of the

input and monitored valve output signal for each of the step conditions selected from table 4. See
figure 14 a). Clearly identify each trace with the appropriate data.

19
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Table 4 — Input step functions

Starting condition
% of rated flow

Ending condition
% of rated flow

8.2.3.2 Response to load ehanges

Record tT flow response for step changes of load pressure of 0 % to 50 % and 50 % to
iffed maximum load pressure at a signal amplitude of 50 % rated input [and othe

the spec

0 + 10
0 - 10
0 + 25
0 - 25
0 + 50
0] — o0
0 +75
0 - 75
0 + 90
0 -90
+ 10 0
- 10 0
+ 25 0
- 25 0
+ 50 0
-50 0
+75 0
-75 8]
+ 90 0
-90 0
-10 + 10
-25 + 25
-50 + 50
-90 + 90
+ 25 +75
+ 75 + 25

amplitudes if required; see figure 14 b)].

(valves with load pressure compensation)

©1SO

90 % of
r signal

9 Endurance test

9.1 General

Endurance tests shall be carried out at a supply pressure equal to the maximum supply pressure
of the valve and with the control port blocked.

20
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9.2 Test procedure

9.2.1 Apply the supply pressure to the valve and cycle the electrical input signal sinusoidally
from one polarity maximum to the reverse polarity maximum. Select the frequency of the electrical
input signal such that the pressure in the blocked port rises to at least 90 % of the supply
pressure at the crest of each cycle. Continue the test for a duration of not less than 10 x 10°
cycles.

9.2.2 After completion of the endurance test, subject the valve to a production acceptance test to
ascertaln the degree of performance degradation.

9.2.3 Record the total number of cycles and the degree of performance degradation.

10 Pregsure impulse test

10.1 F¢r a minimum duration of 10 x 10° cycles, apply pressufe impulses to the supply port of the
valve according to its intended fatigue pressure rating with/the control port blocked|using the
followinp test conditions.

a) Rarge the amplitude of the pressure impulse between the return pressure [but not nore than
0,3% MPa (3,5 bar)] and (100 + 5) % of the .supply pressure, taking care to limit the rate of
pressure rise to avoid overshoots and cavitation. Maintain the supply pressure for at least
50 %6 of each cycle time.

b) Apply the rated input at the positive’ polarity required for half of the test duration| and at a
neggtive polarity for the remainder-of the test.

10.2 After completion of thepressure impulse test, subject the valve to the steady |state test
(see 8.1) to ascertain the“degree of performance degradation.

10.3 Record the.number of cycles and the degree of performance degradation.

11 Environmental tests

This part of 1SO 10770 specifies that testing shall be carried out under the standard test
conditions specified in clause 5. However, due to the increasing use of hydraulic equipment in
applications operating under severe environmental conditions it may be necessary to conduct
other tests to establish behaviour under various environmental conditions. In such cases
the requirements for environmental testing should be agreed on between the supplier and the
purchaser.
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Environmental testing may take account of
a) the range of ambient temperature;

b) the range of fluid temperature;

c) vibration;

d) shock;

e) accelgration,

f) explogion resistance;
g) fire repistance;

h) corrogion resistance;

i) vacuum;

j) envirgnmental pressure;
k) tropical exposure;

l) water|immersion;

m) humidity;

n) electrical susceptibility;
0) airborpe dust and dirt;
p) EMC (electromagnetic compatibility);

g) contamination sensitivity

12 Presentation efyesults

12.1 Ger]eral

The results obtained from testing a valve shall be presented either
a) intabular form; or
b) for convenience in graphical form, where applicable.

NOTE — Since the scope of testing, particularly with regard to different system pressures and input signal levels, will
depend on whether the testing is for development work, production or specific customer information, not all of the
parameters which describe valve performance will necessarily be provided with each valve.
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12.2 Test reports

12.2.1 All test reports

All test reports shall contain the following data:

a) the

manufacturer;

b) the valve type and serial number where applicable;

c) the
d) the
e) the
f) the
g) the
h) the
i) the
j) the
k) the
[) the
m) the
n) the
0) the
p) the

q) the

rated flow at rated valve pressure drop;

valve pressure drop;

supply pressure;

return pressure;

fluid type;

fluid temperature;

fluid viscosity according to ISO 3448;

rated input signal;

coil connection where applicabléfi.e. series, parallel, etc.);
dither waveform, amplitude.and frequency, if used,;
Felevant polarity;

allowable test limits for each test parameter;

date of test;

hame,of test operator.

12.2.2 Test reports for production acceptance tests

These reports shall include the following information:

a) the

insulation test (see 7.4);

b) the supply proof pressure (see 8.1.2.2);

c) the

return proof pressure (see 8.1.2.3);

amplifier type and serial number where applicable (if an external amplifier is used);

N
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d) the maximum internal leakage (see 8.1.3);

e) the output flow versus input signal (see 8.1.4);

f) the polarity from the output flow versus input signal curve (see 8.1.4.5);

g) the hysteresis from the output flow versus input signal curve (see 8.1.4.5);

h) the flow gain K,, and the pressure used in determining the gain (see 8.1.4.5);

i) the flaw linearity (see 8.1.4.5);

j) the ndll zone characteristics (see 8.1.4.5);
k) the prgssure gain (see 8.1.9);

[) the threshold (see 8.1.5);

m) fail-safe function test where applicable (see 8.1.10).

NOTE — Additional tests can include: null shift with supply pressure (two'ar more datum points), and symmaetry.

12.2.3 Tast reports for type test

These reports shall include the following information:
a) the prpduction acceptance test data (see 12.2.2);
b) the cdil resistance (see 7.2);

c) the cdil inductance (see 7.3);

d) the odtput flow versus fluid temperature (see 8.1.8);
e) the linmiting powertest data (see 8.1.7);

f) the oltput flow versus pressure drop data (see 8.1.6);

g) the enddrancetestrestits (acc clatse 9),
h) the pressure impulse test results (see clause 10);
i) the environmental test results (see clause 11);

j) the details of any physical degradation following disassembly and visual inspection of piece
parts.
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13 Identification statement

It is strongly recommended that manufacturers use the following statement in test reports,
catalogues and sales literature when electing to comply with this part of ISO 10770.

“Tested in accordance with the methods described in IS0 10770-2:1998, Hydraulic fluid power —
Electrically modulated hydraulic control valves — Part 2: Test methods for three-way directional

flow control valves.”
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Oscilloscope

Power supply o

Auta/manual
controller

#LI

7

Pressure
readout
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A

|

ignpal conditioning |
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2
s

140
2> n
& ———

A Ll

15
Key
1 Hydrgulic power,seurce 9 Leakage flow transducer
2 Filter 10 Temperature indicator
3 Presspre relief-valve 11 Flow transducer
4 Accurpulator 12 Optional by pass
5 Tempgrature sensor 13 Loading valve
6 Pressure gauge 14 Non-return valve
7 Pressure transducer or differential pressure transducer 15 Hydraulic pilot power source
8 Valve under test 16 Electrical pressure transducer
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P: Supply port
T: Return port
A: Control port
x and y: Pilot ports

a to j: Positive shut-off valves

Figure 1 — Typical steady-state test circuit
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Adjustablelamplitude

Redording oscilloscope
and frequefcy signal

Frequency 6r ofhef dynamic
generator response analyser recordipg device
a. €. signal I
L
Valve amplifier /[
Output signal

metering differential

Low friction, low inertia \
cylinder (see note 2) T

o
3. c. bias

P Velocity l\\,

transducer

n Spool positign transducer
|—7—r \ and signal cqnditioner
[T valve amplif{er
Y T
== Test valve
L
On

W

[ L | | |

NOTES
1 Shut-¢ff valves are.not shown on this circuit diagram.

2 It may|be necessary to incorporate a low gain position feedback loop to correct for drift of the metering cylinder.

Figure 2 — Typical dynamic test circuit
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Oscillator
- Valve coil
> Resistance R,
Inductance
J_— ST
External resistor R
R . )
o (non-inductive type)
>

a) Inductance test

UR UD[

AC

Where

U, is thewoltage drop due fo valve apparent coil inductance;

Upg is Rk voltage drop due fo coil resistance;

UacNis 'The additional in phase volfage drop associated with back e.m.f.
effects.

b) Voltage vector diagram

Figure 3 — Valve coil inductance
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Current/mpximum current

0.3

0.2
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]

Figure 4 — Valve coil step reSponse

Time

—+ Typical characteristic for
an underlapped valve

Internal leakage flow’ Zmin

Input signal

Figure 5 — Internal leakage versus input signal
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