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

pdition of ISO 10770-1 together with 1SO\10770-2 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 1:
Test methods for four-way directional flow control valves

1 Scope

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

2 Nornjative references

The foljowing standards contain provisions, which, throtdgh 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-maintain registers of currently valid International

Standards.

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

— Part|1: Graphic symbols.

ISO 3448:1992, Industrial liquid-tibricants — ISO viscosity classification.

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

solid particles.
ISO 5598:1985, Fluid 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
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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

Interna| leakage
Supply|pressure
Return|pressure

Load pfessure

Valve gressure drop

Pressure gain

Load pfessure difference

Rated yalve pressure drop

q

Pp

bt

Ra OF P

PL = Pa = Pg O Pg —~ Pa
Py=Pp—P1t—PL

PN

S, = (dp /8l or dp 1dV)

Parameter Symbol Unit
Coil impedance Z Q
Coil inductance L H
Coil registance R Q
Insulatipn resistance R; Q
Dither amplitude — % of max-nput signal
Dither quuency fy Hz
Input signal lor U AoV
Rated gignal Iy or Uy AorV
Output[flow q I/min
Rated flow an I/min
Flow gain K, = (8g/d/ or 6q/5U) I/min/input signal unit
Hystergsis — % of max. input signal

I/min

MPa (bar)

MPa (bar)

MPa (bar)

MPa (bar)

MPa (bar)

MPa (bar)

MPa (bar)/input signal

Threshpld — % of max. input signal
Amplityde — dB

Phase lag 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
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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

6 Test

6.1 Ge

A test installation/shall be provided which complies with 6.2 and 6.3 and which is g
the permissible limits of error stated in annex A. General guidance on cond

meeting
tests is

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 accordance 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 accaorfance with 1ISO 3448

Supply pressure

In accordance with felevant 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

nstallation

heral

given’in annex B.

apable of
Licting 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

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

a) recording flow as a function of input signal;

b) recording pressure as a function of input signal;

C) recor ing flow,as a function of valve pressure rlrnp;

d) recording flow as a function of load pressure difference;

e) recording flow as a function of temperature.

6.3 Dynamic tests

A typical ftest circuit is shown in figure 2. This installation utilizes_much of the circuit shown in
figure 1. This installation allows

a) frequgncy response tests;

b) step response tests.

7 Electrigal tests
7.1 Gengral
The testq described in 7.2 to.7.4, as appropriate, shall be carried out on all valves|without
integrated electronics before'\proceeding to subsequent tests.
7.2 Coil rpsistance

The test ghall be performed with the coil at the specified ambient temperature. Using an glectrical

test instrbment with an accuracy better than £2 % of the measured value, measpre the
resistancebetweenthetwoteads of eachcoitimthe valtve:

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 coll), fill the valve with hydraulic fluid before carrying out this fest.

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 extelnal pulse width modulating amplifier is used, record the modulation frequency, the dither
frequency}, and the amplitude.

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 te amplifier and not directly to the\valve.

8.1 Steady state tests
8.1.1 General

When corjducting-these tests, care should be taken to exclude dynamic effects.

Test a) shallbe performed prior to carrying out any other tests.

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) Floys across lands versus input signal in accordance with 8.1.6.
e) Output flow versus load pressure difference in accordance with 8.1.7.
f) Output flow versus valve pressure drop in accordance with 8.1.8.
g) Limjting output flow versus valve pressure drop in accordancewith 8.1.9.
h) Output flow versus fluid temperature in accordance with¢8.1.10.
i) Pregsure difference versus fluid temperature in aceordance with 8.1.11.
J) Pregsure gain versus input signal in accordance with 8.1.12.
k) Pressure null shift in accordance with 8.3.13

[) Failtsafe function test in accordance with 8.1.14

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 simplffied*high pressure test rig may be used for these tests in place of that shown in fijgure 1.

8.1.2.2 Supply proof pressure

In the test, a proof pressure is supplied to the pressure and control ports of the valve with the
return port open. 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 g and j open and all other valves
closed.
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8.1.2.2.2

Set up

©1SO

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

8.1.2.2.3

Maintain t

For apprnvimnfnl\l half of this neriod annhs the mavimum nositive innut _sianal and
XHnateh—naH —his—perHoG—appiy—the—Mmeaximum—posiv ApUt—sighatr—ahna

Procedure

he supply pressure for a minimum of 30 s.

for the

remainde

Examine 1

8.1.23 R

In the tes
the valve.

8.1.2.3.1

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.

For appre
remainde

There sha

of the test apply the maximum negative input signal.

he valve for evidence of external leakage or permanent deformation during the t

eturn port proof pressure

I, a proof pressure is supplied to the pressure port, control\ports and the returr]
The test shall be carried out as follows.

[est circuit

> hydraulic test circuit shown in figure 1, with valves c, e and h open and all othe

Setup
valve supply pressure to achieve 1,3 times the maximum return port pressure.

Procedure

pximately half cof-this period apply the maximum positive input signal and
of the test apply the maximum negative input signal.

Il be ne'external leakage or permanent deformation during the test.

pSt.

port of

r valves

for the

8.1.3 Intermaiteakage test(controiports biocked)

8.131 G

eneral

Before commencing the test, any mechanical/electrical adjustments necessary shall be made,
such as nulling the valve, and then the test shall be carried out to determine the total internal
leakage, including any pilot control flow, in the following manner.
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8.1.3.2

ISO 10770

Test circuit

-1:1998(E)

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

8.1.3.3

Set up

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

8.1.3.4

Procee

a) Immediately before the leakage measurements are to be taken, opéerate the valve G

iInpL

b) Reg
ma

These
pressur

NOTE —

determin

8.14 (
(openc
8.14.1
The teg
steady-

8.1.4.2

Procedure

| as follows:

t signal range several times.

ord the leakage flow from the T and y ports over a range from maximum f
imum negative input signal (see figure 5).

ests may, if required, be repeated at additional pressures up to the maximt
e of the valve under test.

For spools with special features, it may be necessary to determine the pilot flow independ
b the rate of leakage between the ports. See 8.1.6.

utput flow versus input signalcharacteristics at constant valve pressure drop
pntrol ports)

General

t shall be carried’out to obtain the flow versus input signal curve and to dg

State valve characteristics.

Test.Circuit

ver its full

hositive to

m supply

bntly and to

bduce the

a) a pressure compensator inserted between the valve and the test manifold, or

b) using a loading valve as shown in figure 1, to load the valve under test, which operates under

ope

n or closed loop conditions, to maintain constant valve pressure drop.

8.1.4.2.2 Set up the hydraulic test circuit shown in figure 1, with valves a, b, c, d, g, j open and all
other valves closed.
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8.1.4.3 Setup

©1SO

8.1.4.3.1 Set the total valve pressure drop to 1 MPa (10 bar), 7 MPa (70 bar) or 1/3 of the
maximum supply pressure, as appropriate.

8.1.4.3.2 For multi-stage valves with separate pilot supply, adjust the pilot supply pressure to
10 MPa (100 bar).

8.1.4.3.3 For multi-stage valves with integral pilot supply, adjust the supply pressure to 10 MPa

(100 bar),unless-othennise-specified-by the manufacturer

8.1.4.4 Pfocedure

Proceed 3s 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 (see figure 6).

c) Set the automatic signal generator to produce a triangular wave form with an ampljtude to
reach|plus and minus the maximum input signal.

d) Allow [the input signal to be continuously cycled; ensuring that 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, aytomatic
contrgl of valve pressure drop will be“hecessary. Also ensure that the valve pressyre drop
remains constant within 5 % duringcthe complete signal cycle.

e) With the continuously varying-Signal still applied, continuously record the characteristjcs over
one cpmplete signal cycle.

Use procedure 8.1.4.4 a) to7) to determine the following characteristics:

1) output flow at rated-signal;

2) flow gpin;

3) linearity;

4) hysteresis;

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

6) symmetry;

7) polarity;

8) limiting power (see 8.1.9).

10
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The above tests may, if required, be repeated at additional pressures up to the maximum supply
pressure of the valve under test.

For cases where it is impracticable to monitor output flow, spool position can be monitored as an

alternat

ive to flow in order to establish

1) spool position at rated signal;

2) hysteresis;

3) polarity.

8.1.5 Threshold

8.1.5.1 |General

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

8.1.5.2 |Test circuit

Set up the hydraulic test circuit shown in figure 1, withrwvalves a, b, c, d, g, j open an

valves ¢losed.

8.1.5.3(Set up

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

8.1.5.4 |Procedure

Repeat|the procedure 8.1.4.4 a) and b) and then proceed as follows:

a) apply a signal causing 25 % of the rated flow and then reduce the applied signal t
reddiction of flow.:-Reduce the signal slowly to eliminate dynamic effects;

b) rec

rd thesinput signal at which the flow starts to decrease;

difference of the two signal values recorded;

d) repeat steps a) to c) at 75 % of the rated flow;

e) repeat steps a) to d) with the opposite signal applied;

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

gnal.

] all other

D cause a

algebraic

NOTE — When conducting these tests, the sensitivity of the recorder may require adjusting. See figure 7 for a
representative recording plot, an alternative signal level may be used for a production acceptance test.

11
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8.1.6 Metering tests

8.16.1 G

eneral

©1SO

The objective of this test is to determine the characteristics of each land of the main spool in order
to establish the valve capacity to cope with various loading conditions. Record flow, using flow
transducer 11, across one land versus input signal (see figure 8).

NOTE — Low flow measurements may be influenced by build-up of contaminants at the metering edges.

8.16.2 F

8.1.6.2.1

Set up the
closed.

8.1.6.2.2
Repeat th

8.1.6.2.3

Lower the
obtainap

8.1.6.3 F

8.1.6.3.1

Set up the
closed.

8.1.6.3.2

Repeat th

8.1.6.3.3

ow from supply port P to control port A

Test circuit

b hydraulic test circuit shown in figure 1, with valves a, b, e, g, j open and all othe

Setup

e setupin8.1.4.3.1,8.1.4.3.2 and 8.1.4.3.3.

Procedure

plotter pen and slowly increase the inputsignal from null to rated positive S
lot of flow from the supply port P to control port A (see figure 8).
ow from control port A to return:port T

Test circuit

e hydraulic test circuit-shown in figure 1 with valves a, e, f, i, ] open and all othe

Setup

e set upiin 8.1.4.3.1, 8.1.4.3.2 and 8.1.4.3.3.

Rroecedure

r valves

ignal to

r valves

Lower the plotter pen and slowly increase the input signal from null to rated negative signal to
obtain a plot (see figure 8).

8.1.6.4 Flow from supply port P to control port B

8.1.64.1

Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves c, d, f, g, j open and all other valves

closed.

12
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8.1.6.4.2 Setup
Repeat the set up in 8.1.4.3.1, 8.1.4.3.2 and 8.1.4.3.3.
8.1.6.4.3 Procedure

Lower the plotter pen and slowly increase the input signal from null to rated negative signal to
obtain a plot (see figure 8).

8.1.6.5 |Flow from control port B to return port T

8.1.6.5[l Test circuit

Set up the hydraulic test circuit shown in figure 1, with valves d, e, f, h, j opén and all other valves
closed.

8.1.6.5. Setup
Repeat|the set up in 8.1.4.3.1, 8.1.4.3.2 and 8.1.4.3.3.

8.1.6.5.8 Procedure

Lower the plotter pen and slowly increase the input~signal from null to rated positivg signal to
obtain g plot (see figure 8).

NOTE — For closed centre valves, tests 8.1.6.2 to 8.1.6.5 may be repeated using a high sensitivity flow tfansducer to
record the leakage pattern around the null condition.

8.1.7 Qutput flow versus load pressure difference test (open control ports)
8.1.7.1|General

Carry out the following steps to determine the nature of the variation of output flow versus load
pressure difference.

8.1.7.2 | Testeircuit

Set up the hydraatic testTircuit Showr i figure L, Wit vailves &, 1, T, d, g, j and toading valve 13
open, and all other valves closed.

8.1.7.3 Set up

Adjust the valve supply pressure to achieve maximum supply pressure, compensating for any
return pressure, if necessary. Ensure that the set supply pressure remains constant throughout
the test. A drop of supply pressure indicates insufficient flow capacity of the hydraulic power
source.

13
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8.1.7.4 Procedure

Proceed as follows:

©1SO

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

b) Establish an X-Y plotter configuration to record output flow on the Y-axis and load pressure

difference-on-the X-axis [enp figl e 9 ::1)]

c) Set the input signal to 25 % of the rated positive value.

d) Lowel the plotter pen and slowly close loading valve 13 (see figure 1) to gbtain a cor|
plot of output flow versus load pressure difference (valve pressure drop) for a rated
input gignal.

e) Repeatc) and d) over the range of 100 %, 75 %, and 50 % of\the rated input sig
figure|9 a)].

f) Repedat the steps outlined in c) to e) for negative input signal [see figure 9 a)].

g) For ver/lves with integral pressure compensation, cafry out the above tests to detern

effecti
figure

eness of the load compensating device and record the results in the manner s
10 a).

8.1.8 Oufput flow versus valve pressure.drop tests (open control ports)

8.1.81 G
Carry out
pressure
8182 T

Set up thg
open and

eneral

the following steps ta_determine the nature of the variation of output flow versy
irop.

2st circuit

e hydraulic test circuit shown in figure 1, with valves a, b, c, d, g, j and loading \
alL.other valves closed.

tinuous
positive

nal [see

nine the
hown in

IS valve

alve 13

8.1.8.3 Setup

Adjust the valve supply pressure to achieve maximum supply pressure, compensating for any
return pressure, if necessary. Ensure that the set supply pressure remains constant throughout
the test. A drop of supply pressure indicates insufficient flow capacity of the hydraulic power

source.

14
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8.1.8.4

ISO 10770

Procedure

Proceed as follows:

-1:1998(E)

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

b) Establish an X-Y plotter configuration to record output flow on the Y-axis and valve pressure
drop on the X-axis [see figure 9 b)].

c) Set
d) Clos
figu
pos

e) Req
figu

f) Reg
g) For

effe

figu
819 L
8.19.1
At high
This is
should

8.1.9.2

Set up

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

se the loading valve 13, lower the plotter pen and slowly open the loading val\
e 1) to obtain a continuous plot of output flow versus valve presstre drop f
tive input signal.

eat c) and d) over the range of 75 %, 50 %, and 25 % of.the rated input s
re 9 b)].

eat the steps outlined in c) to e) for negative input signal [see figure 9 b)].
valves with integral pressure compensation, carry out the above tests to dete
ctiveness of the load compensating device and record the results in the mannel
e 10 b).

miting power test (open control ports)

General

valve pressure drops the flow forces on the spool may limit the flow through
especially the case for single stage valves. To determine this effect, the follg
pe carried out.

Test circuit

he hydraulic test circuit shown in figure 1 with valves a, b, c, d, g, j open and v

e 13 (see
Dr a rated

gnal [see

rmine the
shown in

the valve.
pwing test

hlves, e, f,

h, i clos

ed.

8.1.9.3

Adjust t

Setup

he supply pressure to give a valve pressure drop of 10 % of the rated pressure.

15
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8.1.9.4 Procedure

©1SO

Establish an X-Y plotter configuration to record output flow on the Y-axis and valve pressure drop
on the X-axis to get a continuous plot of output flow versus valve pressure drop. For valves with
spool position feedback, establish a second X-Y plotter configuration to record input signal versus
spool position.

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

signal

at a low frequency, typically 0,2 Hz to 0,4 Hz.

b) Lowel

c) Slowly
valve
or the

the plotter pen.

increase the valve supply pressure to obtain a continuous plot of output flow
pressure drop. Stop increasing the supply pressure when the sinusoidal motion
flow decreases suddenly, and mark the point.

d) Repeat this procedure for other positive input signal amplitudes, e.g. 75 %, 50 % and

the ral

e) Conng

ed flow.

bt together the marked points to give the limiting power.curve (see figure 11).

f) Repeat steps a) to e) for negative input signals.

8.1.10 Ol
8.1.10.1
The folloy

versus fiu
temperaty

8.1.10.2 ]

Set up th
valves clo

8.1.10.3

itput flow or spool position versus fluid temperature test (open control ports)
Seneral
ving test shall be carried out t0 determine the nature of the variation of out

id temperature. The valve' and amplifier should be exposed to a constant
re of 20 °C.

[est circuit

e hydraulic<test circuit shown in figure 1, with valves a, b, c, d, g, j open and ;
sed.

Sebup

Versus
ceases,

25 % of

but flow
ambient

il other

Repeat th

e set up described in 8.1.4.3.

8.1.10.4 Procedure

Proceed as follows:

a) Using a continuous plotting/recording method, establish a suitable range using the X-axis to
record the oil temperature and the Y-axis to record the output flow and/or spool position [see

figure

16

12 a)].
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b) Apply an input signal corresponding to 10 % of the rated output flow.

c) Record output flow or spool position versus fluid temperature [see figure 12 a)].

-1:1998(E)

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
selected temperature range.

8.1.11

8.1.11.]

The fol

Pressure difference versus temperature test (blocked control ports)
. General

owing test shall be carried out to determine the variation of differential pressy

temperature. The valve and amplifier should be exposed to a constant ambient temp

20 °C.
8.1.11.7

Set up
closed.

8.1.11.3
Adjust t
8.1.11.4

Procee

P Test circuit

the hydraulic test circuit shown in figure 1 with.valves g and j open and all ot

b Set up
he supply pressure to the maximum.supply pressure for the valve under test.
| Procedure

| as follows:

a) Using a continuous pletting/recording method, establish a suitable range using the

recq

prd the oil temperature and the Y-axis to record pressure difference [see figure 13

b) Adjlist input sighal to give zero pressure difference.

c) Reqg

ord, pressure difference versus fluid temperature [see figure 12 b)].

re versus
erature of

er valves

X-axis to

b b)].

d) Repeatatdifferentinputsigrmatsand-suppty pressuresas required:

8.1.12 Pressure gain versus input signal test (blocked control ports)

8.1.12.1 General

The objective of this test is to determine the pressure gain of the control ports A and B versus the
input signal. This test is not relevant to valves with overlapped spools.

17
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8.1.12.2 Test circuit

©1SO

Set up the hydraulic test circuit shown in figure 1 with valves g and j open and all other valves

closed.

8.1.12.3 Setup

Adjust the supply pressure to the maximum supply pressure for the valve under test.

8.1.12.4

Proceed &

Selec
to effg

a)

b)

c)

Using

Slowly
press

[«

N

NOTE —
require seve

d) Produ
pair of

e) Produ

8.1.13 Pr
8.1.13.1

Proceed &

a) With the system pressure at 10 MPa (100 bar), adjust input signal such that pres

ports

Procedure
1S follows:

the input signal so that the spool passes through the valve centre'with sufficie
ctively reach supply pressure amplitude at both control ports.

vary the input signal over the range established in@) while recording the block
ires at ports A and B.

bince this test is affected by the valve leakage characteristics and the volume of fluid under pressy
ral minutes to make one sweep.

ce graphs of the pressures at ports Aahd B versus input signal (see figure 13)
axes. Clearly label each trace as tocits associated port.

ce a plot of load pressure difference versus input signal (see figure 14).

essure null shift
Procedure

1S follows:

A\ and B are equal. Record value of the input signal.

a continuous plotting/recording method establish suitable ranges and deflections.

nt travel

ed port

re, it may

on one

bures at

b) Repeat a) above with supply pressure set at 5 MPa (50 bar).

c) Repeat a) above with supply pressure set at 20 MPa (200 bar).

8.1.13.2 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.

18
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8.1.14 Fail-safe function test

Proceed as follows:

-1:1998(E)

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) Req

8.2 Dy
8.2.1 T
8.2.1.1
8.2.1.2
8.2.1.3

8214
is the lo

8.2.15
that will
signal.

8.2.1.6

a) Useg
exc
gre
ret

b) Inv

eat, if necessary, for various selected input signal conditions.

namic tests (open control ports)

St circuit and set up

Set up the test circuit similar to that shown in figure 2.

Keep line lengths from ports A and B to the actuator as short as possible.
Keep the accumulator as close to the valve P port as possible.

Provide constant hydraulic pressure at 10:MPa (100 bar), or the rated pressure
wer and measure the maximum output-flow.

Use a frequency response analyzer, oscilloscope or other suitable electronic ¢
measure the amplitude of the\return signal as well as its phase shift relative tc
Obtain the return signal-by one of the following methods:

the output from ‘awvelocity transducer driven by a low friction [having a pressurs
beding 0,3 MPa(3 bar)] low inertia actuator (having a band width which is at leg
ter than thé:maximum test frequency including the effects of trapped fluid volur

rn signak-When this method is not practicable use method b) or c).

alves which are equipped with integral spool position transducers, and, whig

equipped with integral pressure compensated flow controllers, use the spool positiorn

Wwhichever
pquipment

the input

e drop not
st 3 times
ne) as the

h are not

signal as

the

return signal.

c) In valves which are not equipped with spool position transducers, and which are not equipped
with integral pressure compensated flow controllers, it will be necessary for them to be fitted
with an external spool position transducer and appropriate signal conditioning electronics. Use
that signal as the return signal, provided the addition of the transducer does not alter the

freq

uency response of the valve.

Methods a), b) and c) will not yield equivalent results. The data as reported shall therefore identify

the test

method used.

19


https://standardsiso.com/api/?name=c8afd925e14ab3ed7cabb5409293375f

ISO 10770-1:1998(E)

8.2.2 Frequency response — Test procedure

©1SO

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 15). Include freq
corresponding to 45°, 90° and higher phase lags, as required.

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

uencies

a) Use g centred input signal, such that the output flow alternates about zero through
and B, of amplitude sufficient to cause a peak output flow of approximately,*'59
maximum steady state output. For overlapped valves, conduct this test with~the de;
eliminptor activated.

b) For oyerlapped valves repeat a), but with the dead-band eliminator de-activated.

c) For oyerlapped valves without dead-band eliminator, use a biased input signal, in w
d.c. blas and input signal are adjusted so that the flow output is always in one directi
i.e. the spool cycles totally on one side of centre. Replace the linear actuator with
sensor of adequate bandwidth. Use a small signal, i.e..an input signal amplitude whig
sufficiently near 0 Hz, causes a change in output signal from approximately 5 % to
maximum steady output signal at that supply pressure. Repeat in the opposite directiol

d) Repeat the tests in a) and b) or c) as appropriate under the conditions shown in table

Table 3 — Sinusoidal signal function

Test dC-bias Superimposed sinusoidal input

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

% of flow displacement

5

+10
+25
+50
75

8:22.2 a)

cNeoNoNeoNe]

ports A
of the
hd-band

hich the
pn only,
a flow
h, at or
15 % of

—

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

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

20
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8.2.3 Step response — Test procedures
8.2.3.1 Response to step input signal demand

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

ISO 10770-1:1998(E)

Trigger the step function generator and the recording instrument to provide dynamic traces of the
input and monitored valve output S|gnal for each of the step conditions selected from table 4. See

figure 16-¢

Table 4 — Input step functions

Starting condition
% of rated flow

Fnding condition
% of rated flow

8.2.3.2 Response to load changes (valves with load pressure compensation)

0 + 10
0 - 10
0 + 25
0 - 25
0 *50
0 =50
0 +75
0 - 75
0 + 90
0 -90
+10 0
-10 0
+25 0
-25 0
+ 50 0
-50 0
+75 0
- 75 0
+ 90 0
-90 0
-10 + 10
-25 + 25
-50 + 50
- 90 + 90
+ 25 +75
+75 + 25

Record the flow response for step changes of load pressure of 0 % to 50 % and 50 % to 100 % of
the specified maximum load pressure at a signal amplitude of 50 % rated input [and other signal
amplitudes if required; see figure 16 b)].

21
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9 Endura

9.1 Gene

nce test

ral

©1SO

Endurance tests shall be carried out at a supply pressure equal to the maximum supply pressure
of the valve under test and with ports A and B blocked.

9.2 Set-u

p

Cycle the
maximum|
ports risey

9.3 Test

Operate t

9.4 After
ascertain

9.5 Reco

10 Press

10.1 For
to its inte
sequenti

a) Rangg
0,35 N
care t
press

electrical input signal sinusoidally from one polarity maximum to the reverse
. Select the frequency of the electrical input signal such that the pressure in-the
5 to at least 90 % of the supply pressure at the crest of each cycle.

brocedure

ne valve for not less than 10 x 10° cycles at the frequency selected at 9.2.

completion of the endurance tests, subject the valve to a production acceptanc
the degree of performance degradation.

Fd the total number of cycles and the degree of performance degradation.

Lre impulse test

a minimum duration of 20°x 10° cycles, apply pressure impulses to each port aq
ded fatigue pressure rating. Tests on each port may be conducted concurrently
ly in order to test integrity of all parts of the body.

e the amplitude, of the pressure impulse between the return pressure [but not mg
IPa (3,5 bar)] and (100 + 5) % of the maximum pressure for the port under tes
D limit thie rate of pressure rise to avoid overshoots and cavitation. Maintain thg
ire fortat least 50 % of each cycle time.

polarity
blocked

e test to

cording
and/or

bre than
, taking
e supply

b) Apply

negative

polarity for the remainder of the test.

and at a

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

10.3 Rec

22

ord the number of cycles and the degree of performance degradation.


https://standardsiso.com/api/?name=c8afd925e14ab3ed7cabb5409293375f

©1SO

11 Environmental tests

ISO 10770-1:1998(E)

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 several 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.

Environ

a)
b)
c)
d)
e)

)

the

the

vibr
sho
acc
exp
fire

corf
vac
env
trop

wat

mental testing may take account of

range of ambient temperature;
range of fluid temperature;
Ation;

CK;

bleration;

osion resistance;
resistance;

osion resistance;

um;

ronmental pressure;

ical exposure;

Br immersion;

hunidity;

eled

tricat-susceptibility;

airb

EMC (electromagnetic compatibility);

P | + alclict
Imic guost alrfd uirg,

contamination sensitivity.
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12 Presentation of results

12.1 General

The results obtained from testing a valve shall be presented either
a) in tabular form, or

b) for convenience in graphical form, where applicable.

NOTE — Sincethe-scopeoftesting;particutarty-withregard-todifferentsystempressures—and-input-sigrattevels, will
depend on whether the testing is for development work, production or specific customer information, qoblall of the
parameters|which describe valve performance will necessarily be provided with each valve.

12.2 Testreports

12.2.1 Al| test reports

All test reports shall contain the following data:

a) the manufacturer,;

b) the valve type and serial number, where applicable;
c) the amplifier type and serial number, where applicable (if an external amplifier is used)
d) the rajed flow at rated valve pressure drop;

e) the valve pressure drop;

f) the supply pressure;

g) the refurn pressure;

h) the fluid type;

i) the fluid temperature;

j) the fluid viscesity according to ISO 3448;

k) the rated input signal,

[) the coil connection, where applicable (i.e. series, parallel, etc.);
m) the dither waveform, amplitude and frequency, if used,;

n) the relevant polarity;

o) the allowable test limits for each test parameter;

p) the date of test;

q) the name of test operator.
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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);

-1:1998(E)

d) the
e) the
f) the
g) the
h) the
i) the
j) the
k) the
) the
m) fail-

NOTE —
(see 8.1.

12.2.3

These 1

maximum internal leakage (see 8.1.3);

putput flow versus input signal (see 8.1.4);

polarity from the output flow versus input signal curve (see 8.1.4.4);
hysteresis from the output flow versus input signal curve (see 8.1.4.4);

flow gain K|, and the pressure used in determining the gain (see 8.1.4.4);

flow linearity (see 8.1.4.4);

hull zone characteristics (see 8.1.4.4);
pressure gain (see 8.1.12.4);
threshold (see 8.1.5);

safe function test, where applicable (see 8.1.14).

Additional tests may include® null shift with supply pressure (two or more datum points), an
| 3).

Test reports for type test

eports shall include the following information:

d symmetry

a) the

production acceptance test data (see 12.2.2);

b) the coil resistance (see 7.2);

c) the

coil inductance (see 7.3);

d) the output flow versus fluid temperature (see 8.1.10);

e) pressure difference versus temperature (see 8.1.11);

f) the

limiting power test data (see 8.1.9);

25
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g) the metering test data (see 8.1.6);

h) the output flow versus load pressure difference (see 8.1.7);
1) output flow versus valve pressure drop (see 8.1.8);

j) the dynamic characteristics (see 8.2);

k) the endurance test results (see clause 9);

[) the prgssure impulse test results (see clause 10);
m) the environmental test results (see clause 11);

n) the details of any physical degradation following disassembly and visual inspection of piece
parts.

13 Identification statement (Reference to this part of ISO 10770)

It is stropgly recommended that manufacturers use the-following statement in test [reports,
catalogues and sales literature when electing to complyowith this part of ISO 10770.

“Tested ir] accordance with the methods described:in ISO 10770-1:1998, Hydraulic fluid power —
Electrically modulated hydraulic control valves-~— Part 1: Test methods for four-way ditectional
flow contrpl valves.”
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Signal
generator
Power supply

Auta/manual
cantroller

ISO 10770-1:1998(E)

Plotter Recorder
XY uv

L.
—

—o0

Auto/manual
contraoller

-

Pressure
readout

—

Signal conditioning |

#LI

7

10

i
e

Key

O~NO O WNPE

™M

140
2 - n
k\
& ———
A L1
15
HyHraulic power 'Source 9 Leakage flow transducer
Filter 10 Temperature indicator
Prgssuretrelief valve 11 Flow transducer
Acgumutator 12 Optional by pass
Tempetature sensor 13 Loading valve
Pressure gauge 14 Non-return valve
Pressure transducer or differential pressure transducer 15 Hydraulic pilot power source
Valve under test 16 Electrical pressure transducer

P: Supply port
T: Return port

A and B: Control ports

x and y: Pi

lot ports

a to k: Positive shut-off valves

Figure 1 — Typical steady-state test circuit

Oscilloscope
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©1SO

Adjustable amfj
and frequency
generator

Litude
ignal

Frequency
response analyser

a. c. signal

™

Valve amplifier

Recording

orether dy
reeording d

scillascape
amic
pvice

r

Low friction, low inertia
metering cylinder (see note 2)

o
a. c. bias

Velocity l\\,
transducer

X

T Test valve

W

L1

NOTES
1 Shutt-off
2 It may bg

valves are~not shown on this circuit diagram.

necessary to incorporate a low gain position feedback loop to correct for drift of the metering cylin

Figure 2 — Typical dynamic test circuit

L

Output signal

Spool position

and signal condi
valve amplifier

ansducer
ioner

der.
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Oscillator
- Valve coil
> Resistance R
Inductante’l
J_— ST
3 External resistor R

o (non-inductive type)
)

a) Inductance test

UR UD[ UA[

Where

U, is-the'voltage drop due to valve apparent coil inductance;

Upgris the voltage drop due to coil resistance;

U,c TS the additional in phase voltage drop associated with back e.m.f.
effects.

b} Voltage vector diagram

Figure 3 — Valve coil inductance

29


https://standardsiso.com/api/?name=c8afd925e14ab3ed7cabb5409293375f

ISO 10770-1:1998(E)

1.0
0,9
0,8
0.7

0,637
0,6

N

0.5

0,4

Current/maxijmum current

0.3

0,2

0.1

\\\

t 2t 3t Lt 51 6t

Time

Figure 4 — Valve coil step response

- Typical characteristic for
an underlapped valve

Internal leakage flowAA/min

Input signal

Figure 5 — Internal leakage versus input signal
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Flow
—
2
[an]
& Overlapped spool
<
2
(a8
Underlapped (with circular orifide)
or zero lapped spool
- Input signal )
—
2
<
o
&
2]
2
(a8
Underlapped spool
(rectangulamnbrifice)

Figure 6 — Output flow versus input sighal at constant valve pressure drop

- v

2

[aa}

o

[

mn

<

2

a i
I I I I
T T T T
75 25 25 75 % of input signal

—

(@]

<

p=)

c

v

o

°
Z/ &

Figure 7 — Threshold characteristics
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Figure 9 — Output flow without integral pressure compensation
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Figure 10 — Output flow with integral pressure compensation
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