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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure within a
circuit.

Electro-pneumatic continuous flow control valves continuously modulate the pneumatic power of a system in
resgonse 10 a conunuous electrical control signal an y tive section
h restriction

depends on the downstream and upstream pressures and the type of gas.

When control of position or force, including position- or force-tracking of a pneumatic-cylinder, fis required,
eledtro-pneumatic continuous flow control valves can be used to precisely modulate the masg flow rates
entering or exiting each cylinder chamber, resulting in a precise positioning. It istherefore necesspry to know
sonje performance characteristics of these electro-pneumatic continuous flow control valves [in order to
determine their suitability for a particular application.

© 1SO 2010 — All rights reserved Vv
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Scope
part of ISO 10041 specifies the test procedures and a method of presenting the results con
inuous flow control valves, in accordance with ISO 10041-1.
part of ISO 10041 is intended to

facilitate the comparison of these types of valves by standardizing test methods and the pre
test results, and

assist in the proper application of these valvesgn*pneumatic systems.
specified tests are not production tests te.be carried out on each valve manufactured.
E1 Tests related to electro-pneumatic.continuous pressure control valves are specified in ISO 100944

E2  Tests described in this part of ISO 10041 are performed on valves with exhaust port(s) conr
sphere except for two-port valves;

Normative references

following referenced documents are indispensable for the application of this document,
rences, only,..the edition cited applies. For undated references, the latest edition of the
iment (inCluding any amendments) applies.

12491, Fluid power systems and components — Graphic symbols and circuit diagram
phio symbols for conventional use and data-processing applications

cerning the
-pneumatic

sentation of

2.

ected to the

For dated
referenced

5 — Part 1:

ISO

5598, Fluid power system and components — Vocabulary

ISO 6358-11), Pneumatic fluid power — Determination of flow-rate characteristics of components — Part 1:
General rules and test methods for steady-state flow

ISO 10041-1:2010, Pneumatic fluid power — Electro-pneumatic continuous flow control valves — Part 1: Main
characteristics to include in the supplier's literature

1) To be published.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598 and ISO 10041-1 apply.

4 Symbols and units

For the purposes of this document, the symbols and units listed in Table 1 apply.

Table 1 — Symbols and units

¢ Reference atmosphere is defined in ISO 87782, i.e.: To = 293,15 K, py = 100 kPa (1 bar) and relative humidity of 65 %.

Description Symbol Sl Unit
Critical bacK-pressure ratio? b —
Sonic condyctance C m3/(s‘Pa) (ANR)
Subsonic inglex m —
Atmospheri¢ pressure Patm Pa
Reference gressure® Po Pa
Inlet port stdgnation gauge pressure® )21 Pa
Working port stagnation gauge pressure® P2, 4 Pa
Air exhaust port stagnation gauge pressure® V3 P5 Pa
Cracking préssure Ap, Pa
Hysteresis H %
Maximum hysteresis difference A3 h max Pa
Linearity L %
Maximum linearity difference Ap2 | max Pa
Volume flow rate at standard reference atmosphene qy m3/s (ANR)®
Volume flow rate related to the relief flow rate qvr m3/s (ANR)®
Maximum volume flow rate related to the forward flow rate qyfmax m3/s (ANR)?2
Repeatability r %
Reference temperature To K
Inlet port terpperature? T4 K
Working port temperature? T K
Electrical control signal w (Wstart, Wstop) V, mA or digital sighal
Resolution S %
a8  Defined in ISO 6358-T.
b SeelSO 1172714,

The graphic symbols used in Figures 1 to 4 and in Figures 6 to 8 are in accordance with ISO 1219-1.

© 1SO 2010 — All rights reserved
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Test conditions

Gas supply

-2:2010(E)

Unless otherwise specified, testing shall be conducted with compressed air. If another gas is used, it shall be
noted in the test report.

5.2

Temperature

The ambient, fluid and the control valve temperatures shall be maintained at 23 °C + 10 °C during all the tests.

5.3| Pressures

5.3. General

The| specified pressures shall be maintained within = 2 %.

5.3.2 Inlet pressure

If ppssible, testing should be conducted at an inlet pressure of 630 kPa* (6,3 bar). If this is not p
inlef pressure shall be selected from the values given in ISO 2944,

5.3.8 \Verification

It shall be periodically verified that no pressure bleed of measuring instruments is obstructed by s
partjcles.

5.4| Electrical supply

The]tests shall be carried out under nominal-electrical conditions.

6

6.1

The)
inst

6.2

Dur
con

Test procedure

Test conditions

valve under test-shall be installed and operated in accordance with the manufacturer's
uctions.

Inlet pressure

ng-he static and dynamic tests specified in Clauses 7 to 11, the inlet pressure shall be
stant.

ossible, the

blid or liquid

application

maintained

During the dynamic tests specified in Clause 11, a tank buffer as indicated in Figure 8 shall be used in order to
reduce fluctuations in the inlet pressure.

6.3

Static tests

During the static tests specified in Clauses 7 to 10, as soon as steady-state conditions are reached, every
series of measurements obtained under related specified test conditions shall be recorded. When these
measurements are performed in a step-by-step manner, the test conditions shall be modified slowly to prevent
instability.

© 1SO 2010 — All rights reserved
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NOTE

Figures 1 to 4 and Figures 6 to 8 represent typical circuits that do not show the electrical supply circuit

necessary to operate electrically modulated pneumatic valves and that do not contain all the necessary safety devices for
protection against hazards that may be caused by the failure of a component or piping. It is important that those
responsible for conducting the tests take into account the necessity to protect personnel and property.

7 Tests

71 Test

711 Tes
7111

of a three-|
circuit sped
atmospherg

the val
transiti

the flov

port, in
pressu

items 1
conned

71.1.2

working port that is not being evaluated connected to atmosphere.

NOTE
connected to

7113
the compor

to determine control signal-flow rate characteristics
circuits

t circuit with working port connected to the atmosphere

Figure 1 represents a typical test circuit for measuring the control signal-flow rate characteri
ort valve when the working port is connected to atmosphere. This circuit diagram uses-the
fied in ISO 6358-1 for testing under steady-state conditions components that exhaust direct
, with the following additional requirements:

ve under test shall be located in the circuit so that the inlet port is connected to the upstr
bn connector and pressure-measuring tube;

vmeter shall be located downstream of the valve under test, at the working port and not at the
order to measure the actual operating flow rate, using downstream transition connector
re-measuring tube;

1 and 12 are not required when using component under testfor which the exhaust port canng
ted.

The test circuit for five-port control valves is the same as the one shown in Figure 1, with

\Vhen possible, in the case of five-port valves, bath working ports can be evaluated simultaneously v
the atmosphere using two flowmeters located.downstream of the valve under test at both working ports.

The test circuit for two-port controlvalves is the same as the one shown in Figure 1, except
ent under test does not have any exhaust port.

1 2 3 45 67
\%\‘7-1 P
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J
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stics
test
y to

nlet
and
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the

hen

that

val
10

supply pressure regulator

shut-off valve

pressure-measuring tubes

sensor to measure inlet temperature 7,

pressure gauge or transducer to measure inlet pressure p,
transition connectors

ve under test

flowmeter to measure operating mass flow rate

Figure 1 — Test circuit for determining control signal-flow rate characteristics with the working port

that is being evaluated connected to atmosphere
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7.1.2 Test circuit to measure relief flow rate and forward flow rate

71.21

-2:2010(E)

The test circuit to measure relief flow rate and forward flow rate shall be used to measure:

the control signal-flow rate characteristic when the operating pressure is equal to the inlet pressure,

the control signal-flow rate characteristic when the working port being evaluated is subjected to an

intermediate pressure between the inlet and exhaust pressures,

pressure-relief flow rate global characteristics,

— | pressure-forward flow rate global characteristics.

71.p.2 Figure 2 represents a typical circuit for testing a three-port flow control valve. This cir¢uit diagram

combines:

— |the test circuit for in-line test described in ISO 6358-1 for testing undery steady-state] conditions
components with upstream and downstream pressure-measuring tubes Nused for forward flow rates
measurements), and

— |the exhaust-to-atmosphere test circuit specified in 1ISO 6358-1 for ‘testing under steady stat¢ conditions
components that exhaust directly to atmosphere (used for relief flow'rates measurements).

71..3 The test circuit for five-port control valves is the same as the one shown in Figurg 2, with the

working port that is being evaluated connected to the testi¢ircuit and the working port that is not being

evaluated connected to atmosphere.

7124 For testing two-port control valves (no exhaust port), the test circuit shown in Figune 2 is used

only to measure forward flow rates.

© 1SO 2010 — All rights reserved 5
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Key
1 inlet shut-off valve
2 inlg¢t pressure regulator
3,9,20 prgssure-measuring tubes
4 sefnsor to measure inlet temperature 7,
5 prgssure gauge or transducer to measure inlet pressure p,
6, 8, 18 trapsition connectors
7 valve under test
10 prgssure gauge or transducer for measuring operating pressure p,
11,16  solenoid valves
12 flovmeter to measure forward flow rate
13 floy control valve to regulate forward flow rates
14 operating pressure regulator for relief flow rates
15 floyvmeter to measure relief flow rate
17 sefnsor to measure temperature T,-forrelief flow rates
19 prgssure gauge or transducer to measure relief pressure py
Figure 2 — Test-circuit for measuring relief flow rate and forward flow rate
7.1.3 Gerleral requirements
— The cgmponentiunder test shall be located in the test circuit so as to connect all ports to the trans
connedtors and pressure-measuring tubes. Iltems 18, 19 and 20 are not required when using compo

under trst for'which the exhaust port cannot be connected.

tion
hent

— Transition connectors 6, 8 and 18 and pressure-measuring tubes 3, 9 and 20 shall be in accordance with

ISO 63

58-1.

— Components 1 to 6 correspond to the upstream part of the test circuit used for forward flow rates
measurements. These components shall be used also for relief flow rate measurements as the inlet port
of the component under test shall be connected to the supply circuit, following the normal use of the
component.

— Components 8 to 13 correspond to the downstream part of the test circuit used for forward flow rates
measurements.
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The sonic conductances of the inlet pressure regulator and of the solenoid valve 11 should
twice the forward sonic conductance of the component under test.

be at least

Components 8, 9, 10, 14, 15, 16 and 17 correspond to the upstream part of the test circuit used for relief

flow rates measurements.

The sonic conductances of the pressure regulator of the relief flow rate use and of the solenoid valve 16

should be at least twice the relief sonic conductance of the component under test.

The flow-meters 12 and 15 shall always be located at the working port in order to measure the actual

forward or relief flow rate

7.2

7.2,

7.2.
eled
vari

7.2.
test
proq
beg

7.2.

Test procedures

1 General

1.1 During the procedures specified in 7.2.2 to 7.2.4, measure the flow fate’' at a sufficien
bd throughout its full scale.

1.2 The procedures specified in 7.2.2 to 7.2.4 are written for testing three-port valves; w
five-port valves, these same procedures apply to the testihg of the valve's port 2. Hg

edures for testing port 4 of five-port valves are different;;’and these modifications are g
nning of each procedure. Procedure 7.2.3 does not apply to two-port valves.

P Test to determine control signal-flow rate characteristics with working port connecte

atmosphere

7.2.
that
5.3.

7.2.
spe
7.2.
is, &
to it

7.2,
mej

7.2.

7.2,
me4

R.1 Install the valve under test in accordafce with the test circuit specified in 7.1.1 and
the flow rate at the working port being eyvaluated can be measured. Apply the inlet pressur
P to the inlet port, and maintain it within the-tolerance specified in 5.3.1 during the test.

R.2 To test a three-port valve{ a‘two-port valve or port 2 of a five-port valve, conduct the
cified in 7.2.2.3 t0 7.2.2.6. To test port 4 of a five-port valve, conduct the procedures specified

P 6 but reverse the application.of the electrical control signal indicated in 7.2.2.3, 7.2.2.4 and

pply the minimum electrical control signal and increase it to its maximum value and then decre
5 minimum.

R.3
sure the operating-flow rate, which in this case would be equal to the forward flow rate.
R.4 Gradually decrease the electrical control signal.

R.5 For each electrical control signal value, after the flow rate reaches a steady-stat
suré.the operating flow rate.

t number of

trical control signal values to identify any possible non-linearities when_the electrical contfol signal is

nen used to
wever, the
iven at the

d to the

Figure 1 so
e chosen in

procedures
n7.223to
y.2.2.6, that
base it back

Apply the-maximum electrical control signal. When the flow rate reaches a steady-state condition,

D
e

condition,

7.2.2.6

Repeat the procedures described in 7.2.2.4 and in 7.2.2.5 until the minimum value of the

electrical control signal is reached or until the flow rate is null. Then increase the electrical control signal and
measure the flow rate at the same electrical control signal values used during the decreasing of the electrical
control signal, until the maximum value of the electrical control signal is reached.

7.2.3 Test to determine control signal-flow rate characteristics for the inlet pressure

7.23.1

Install the valve under test in accordance with the test circuit specified in 7.1.2 and

Figure 2 so

that the flow rate at the working port being evaluated can be measured. During the installation, shut-off valve 1,
solenoid valves 11 and 16 shall be closed.
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7.2.3.2 Open shut-off valve 1 and solenoid valve 16 and set the pressure regulators 2 and 14 to apply the
inlet pressure chosen in 5.3.2 to the inlet port and working port being evaluated and maintain it within the
tolerance specified in 5.3.1 during the test.

7.23.3 To test a three-port valve or port 2 of a five-port valve, conduct the procedures specified in 7.2.3.4
to 7.2.3.7. To test port 4 of a five-port valve, conduct the procedures specified in 7.2.3.4 to 7.2.3.7 but reverse
the application of the electrical control signal indicated in 7.2.3.4, 7.2.3.5 and 7.2.3.7, that is, apply the
minimum electrical control signal and increase it to its maximum value and then decrease it back to its

minimum.

7.2.3.4

Apply the maximum electrical control signal. When the flow rate reaches a steady-state condition,

measure th

7.2.3.5
so that the

7.2.3.6
measure th

7.2.3.7

control sign
electrical cq
value of the

724 Tes

7.2.41 |
7.24.1.1

that the floy
solenoid va

7.2.4.1.2
pressure re
maintain it

7.24.1.3
another val
procedures

7242 1
7.24.21

72422 10
72427 b
7.2.4.2.6, th

b operating flow rate, which in this case would be equal to the relief flow rate.

Gradually decrease the electrical control signal. Readjust, if necessary, the pressure regulato
bressure at the working port (upstream pressure) remains constant.

For each electrical control signal value, after the flow rate reaches a steady:state condi
b operating flow rate.

Repeat the procedures specified in 7.2.3.5 and in 7.2.3.6 until the minimum value of the elect

al is reached. Then increase the electrical control signal and measure-the flow rate at the s
ntrol signal values used during the decreasing of the electrical conirol signal, until the maxin
electrical control signal is reached.

l to determine control signal-flow rate characteristics at.iintermediate operating pressure|

nitial test procedure

Install the valve under test in accordance with:the test circuit specified in 7.1.2 and Figure }
rate at the working port being evaluated can'be measured. During the installation, shut-off val
ves 11 and 16, and flow control valve 13.shall be closed.

Open shut-off valve 1 and while the.flow control valve is closed so that there is no flow, sef
gulator 2 to apply the inlet pressure chosen in 5.3.2 to the inlet port (upstream pressure),
vithin the tolerance specified iny5.3.1 during the test.

To test a two-port valve,(€onduct the procedures specified in 7.2.4.4 for forward flow rates. To
ve, conduct successively.the procedures specified in 7.2.4.2 for forward flow rates and then
specified in 7.2.4.3 for relief flow rates.

est to determine control signal-forward flow rate characteristics

To test<@)three-port valve or port 2 of a five-port valve, conduct the procedures specifie
7.2.4.2.7. To test port 4 of a five-port valve, conduct the procedures specified in 7.2.4.2.
it réverse the application of the electrical control signal indicated in 7.2.4.2.2, 7.2.4.2.3
at-is, apply the maximum electrical control signal and decrease it to its minimum value and

r 14

ion,

rical
hme
hum

P SO
ve 1,

the
and

test
the

d in
P to
and
hen

increase it back until the flow rate reaches null.

7.24.2.2

Open the solenoid valve 11. While maintaining the flow control valve closed, apply the minimum

electrical control signal and then gradually increase it so that the operating pressure (that is, the pressure
measured in the downstream pressure-measuring tube) reaches the inlet pressure, p,, minus 100 kPa (1 bar).
It is important to reach this value during the increase in the electrical control signal. Record the corresponding
electrical control signal value.

7.2.4.2.3 Slightly increase the electrical control signal.

7.24.2.4 Adjust the flow control valve to set the operating pressure of the valve under test so that this
value remains constant at 100 kPa (1 bar) lower than the inlet pressure.
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7.2.4.25 When the flow rate reaches a steady-state condition, measure the operating flow rate (forward
flow rate) using the flowmeter. Report the corresponding value of the electrical control signal.

7.2.4.2.6 Repeat the procedures specified in 7.2.4.2.3 and in 7.2.4.2.5 by gradually increasing the electrical
control signal until its maximum value is reached. Then decrease the electrical control signal and measure the
flow rate at the same electrical control signal values used during the increasing of the electrical control signal,
until it reaches null. Report the corresponding electrical control signal value.

7.2.4.2.7 Without modifying the electrical control signal value, close solenoid valve 11 and conduct the
procedures specified in 7.2.4.3.

7243 Test to determine control signal-relief flow rate characteristics

7.24.31 To test a three-port valve or port 2 of a five-port valve, conduct the procedures gpecified in
7.24.3.2 to 7.2.4.3.5. To test port 4 of a five-port valve, conduct the procedures specified in [7.2.4.3.2 to
7.2.4.3.5 but reverse the application of the electrical control signal indicated in 7.2.4,3'3 and in 7.2.4.3.5, that
is, increase the electrical control signal to its maximum value and then decrease it back until flow rpte reaches
null

7.24.3.2 Open solenoid valve 16 and set the pressure regulator 14 _to-apply to the working port being
evaluated the inlet pressure minus 100 kPa (1 bar) and maintain it within the tolerance specifljed in 5.3.1
duripg the test.

7.24.3.3 Slightly decrease the electrical control signal and{using the pressure regulator 14,| readjust, if
necgssary, the operating pressure of the control valve (upstream pressure) so that its value remains constant
at a|value equal to the inlet pressure minus 100 kPa (1 bar):

7.24.3.4 When the flow rate reaches steady-state ¢onditions, measure the operating flow ratg (relief flow
rate) with the flowmeter. Report the corresponding value of the electrical control signal.

7.24.3.5 Repeat the operations describedyin 7.2.4.3.3 and in 7.2.4.3.4 by gradually decfeasing the
eledtrical control signal until its minimum.value is reached. Then increase the electrical control signal and
measure the flow rate at the same electri€al control signal values used during the decreasing of the electrical
confrol signal, until flow rate reaches null.

7.24.4 Test to determine control signal-forward flow rate characteristics for a two-port vglve

7.24.41 Open the solenoid valve 11 and maintaining the flow control valve closed, apply the maximum
eledtrical control signal.

7.24.4.2 Adjustihe flow control valve 13 to set the operating pressure of the valve under test|so that this
valye remains constant at 100 kPa (1 bar) lower than the inlet pressure.

7.24.4.3 <When the flow rate reaches a steady-state condition, measure the operating flow rate (forward
flow] rate)‘using the flowmeter. Report the corresponding value of the electrical control signal.

7.2 444—SSlightty decreasetheetectricatcontrotsigmat———————————————————————————————

7.24.45 Repeat the procedures specified in 7.2.44.2 and in 7.2.4.4.4 by gradually decreasing the
electrical control signal until its minimum value is reached. Then increase the electrical control signal and
measure the flow rate at the same electrical control signal values used during the decreasing of the electrical
control signal, until its maximum value is reached.

7.2.5 Test to determine resolution
7.2.51 The resolution test is done with the working port connected to atmosphere. Due to the significant

time response of the flowmeter, the electrical control signal used for the resolution test is the position signal of
the valving element of the valve under test, that is, a displacement of the valving element will induce a change
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in the operating flow rate. If the control valve includes an internal valving element position sensor, that signal
shall be used. Otherwise, it is necessary to add an external valving element position sensor.

7.25.2 Use X-Y recorder or another appropriate electronic equipment to record the electrical control
signal in the X-axis and the position signal in the Y-axis as shown in Figure 3.

4

1 23 (] 6 78910
\\”C><> JV'

oyt /
> @ e = S |18

/
12 11
14
Key |
1 supply pressure regulator
2 shyit-off valve
3,9,12 prgssure-measuring tube
4 sensor to measure inlet temperature T
5 prgssure gauge or transducer to measure inlet pressure p4
6, 8, 11 trapsition connector
7 valve under test
10 flovmeter to measure operating mass flow rate
13 signal generator
14 position sensor
15 redorder

Figure' 3 — Circuit for resolution test

7.2.5.3 When evaluating a (five-port valve, the procedures specified in 7.2.5.4 to 7.2.5.8 shall be
conducted ¢nly on working port‘2:

7.254 Install the valye under test in accordance with the test circuit shown in Figure 3 so that the flow
rate at the|working port being evaluated can be measured. Apply the inlet pressure chosen in 5.3.2 [and
maintain it yithin the<tolerance specified in 5.3.1.

7.25.5 Apply. the minimum electrical control signal, and gradually increase it until it reaches a value
correspond|ngto 15 % of the maximum flow rate determined in 7.2.2. Record the value of the electrical control
signal at this POt @S Wgiqp-

7.2.5.6 Stop the increase in the electrical control signal, and record the change in the position of the
valving element as a function of the electrical signal.

7.2.5.7 Maintain this state for at least 10 s and gradually increase the electrical control signal. Record the
value of the electrical control signal at which the valving element starts to move again as wg,.

7.2.5.8 Repeat the procedures specified in 7.2.5.6 and in 7.2.5.7 for the electrical control signal values

corresponding to 50 % and 85 % of the maximum flow rate determined in 7.2.2 by gradually increasing the
electrical control signal until these flow rates are reached.

10 © 1SO 2010 — All rights reserved
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7.2.6 Test to determine repeatability

7.2.6.1

7.2.6.2

1ISO 10041-2:2010(E)

The repeatability test shall be conducted with the working port connected to atmosphere.

Use an oscilloscope or another appropriate electronic equipment to record the time-dependent
electrical control and flow rate signals as shown in Figure 4.

4 5 13
123 (D®) 6 78 9 10
\ -’r'1 p1 \ / /
| \!__—}\&4—4 \ n /
I s > = A - 15
§\> <—| /, |
12 11
14
Key|
1 supply pressure regulator
2 shut-off valve
3,9]12 pressure-measuring tube
4 sensor to measure inlet temperature 7
5 pressure gauge or transducer to measure inlet pressure p4
6, 811 transition connector
7 valve under test
10 flowmeter to measure operating mass flowrate
13 signal generator
14 position sensor
15 recorder
Figure 4 — Circuit for repeatability test
7.26.3 When evaluating a five-port valve, the procedures specified in 7.2.6.4 to 7.2.6|6 shall be
conflucted only on working port 2.
7.26.4 Usingyassignal generator to create a square signal between 0 % and 50 % of the full pcale of the
eledtrical controlssignal, record the flow rate as a function of time for at least 20 cycles.
7.26.5 The frequency of the electrical control signal shall be sufficiently low to allow the flow rate to
stahjilise\at 0 % and 50 % of the full scale of the electrical control signal.

7.2.6.6

At each cycle indicated by the index j =1, ..., 20, when the flow rate stabilises at 50 % of the full
scale of the electrical control signal, record the corresponding flow rate as ¢, ..

© 1SO 2010 — All rights reserved
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7.3 Calc

7.31
7.3.11
specified in
7.3.1.2

rates) mea

ulation of characteristics

Characteristic curves

To create characteristic curves for a three-port valve or a two-port valve, follow the procedures
specified in 7.3.1.2 to 7.3.1.4. To create characteristic curves for a five-port valve, follow the procedures

7.3.1.2 to 7.3.1.4 for each working port evaluated.

For characteristics in cases where operating pressure equals the exhaust pressure, calculate for
each electrical control signal value the mean value of two corresponding operating flow rates (forward flow

sured_in accordance with 722 with resnectively the electrical control sianal decreasing
T ™ PA J J

and

increasing.

7.3.1.3

operati

operati
operati
flow ra

7.31.4
7.3.1.3 as
account the

forwargq

relief fl

7.3.2 Con

7.3.21
obtained fo

pressures i the case of a two-port valve).

7.3.2.2

signal valu
absolute va
decreasing

shall be usgd. In the case of a two-port valve, apply this procedure for only two operating pressures (pm,

pq— 100 kP

7.3.2.3
valve. Calc
with Equati

the opérating pressure equals the inlet pressure (except for a two-port valve), using the correspon

Repeat the calculation procedure for cases where:

ng flow rates (relief flow rates) measured in accordance with 7.2.3, and

ng pressure equals the inlet pressure minus 100 kPa (1 bar), using the corresponding value
ng flow rate measured in accordance with 7.2.4 (forward flow rates fér,a two-port valve, fory
es and relief flow rates for an other valve).

For each operating pressure value, graph the mean flow rate~values calculated in 7.3.1.2 an
a function of the electrical control signal as shown in ISQ10041-1:2010, Figure 1, taking
following rules:

flow rates are shown as positive values in the first and’second quadrants;

bw rates are shown as negative values in the third and fourth quadrants.

trol signal-flow rate hysteresis

The control signal-flow rate hysteresis shall be calculated using the control signal-flow rate
r three different operating pressures as specified in 7.2.2 to 7.2.4 (for two different opers

For each operating pressure value (p,,,, p1— 100 kPa, and p4) and for each electrical co
between -95 % and ™95 % of the full scale of the electrical control signal, calculate as
lue, the difference between the flow rate values ¢;,, measured at, respectively, increasing
electrical control Sighal. In the case of a five-port valve, the flow rate data from tests of both p

)
=

a).

Determine the maximum hysteresis difference, Aqy p, max, @s shown in Figure 5 for a three
Ilate the hysteresis characteristic value, H, as a percentage of the flow rate range in accordg
DL ):

ding

s of
vard

d in
into

Hata
ting

htrol

an
and
orts
and

port
nce

H =

|A‘IV,h,max| %100

9y fmax T 97 rmax

12

(1)
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Y |

v, t, max

/// p, = pq- 100 kPa
=~
,
0

Key

X

electrical control signal, in %
Y |operating flow rate, in dm3/s (ANR)

increasing signal
2 |decreasing signal

Figure 5 — Representation of the maximum hysteresis difference

7.3.8 Resolution

7.3.81 For each of the/three tests conducted in accordance with 7.2.5, for electrical control s|gnal values
corresponding to 15 %,\50 % and 85 % of the maximum flow rate, calculate the corresponding r¢solution, S,
expfessed as a percentage of the full scale of the electrical control signal, using Equation (2):

g Wstaft ™% Wstop %100 2)

Wmax ~ Wmin

7.3..2 Report the maximum of the three values calculated in 7.3.3.1 as the resolution.

7.3.4 Repeatability

Using the stabilised flow rate values, g, ;, obtained in accordance with 7.2.6, calculate the repeatability, r,
value expressed as a percentage of the maximum flow rate obtained in 7.2.2, using Equation (3):

o qy,jmax ~ 47, jmin

x 100 (3)

qy max
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8 Test to determine flow rate characteristics

8.1 Test

circuit

To measure the flow rate characteristics of valves, a circuit conforming to the requirements specified in 7.1.2
and in Figure 2 shall be used.

8.2 Test

8.21

8.2.1.1
evaluated ¢
valve 13 sh

8.2.1.2
pressure rg
maintain it

8.2.1.3
(+100 %) of

Test to determine pressure-forward flow rate global characteristics

procedures

Install the valve under test in the test circuit so that the flow rate at the working part.b
an be measured. During the installation, shut-off valve, solenoid valves 11 and 16, and flow co
bl be closed.

Open shut-off valve 1 and while the flow control valve is closed so that there s no flow, sef
gulator 2 to apply the inlet pressure chosen in 5.3.2 to the inlet port (upstream pressure),
vithin the tolerance specified in 5.3.1 during the test.

To test a two-port valve, a three-port valve or port 2 of a five-port valve, apply the maximum v
the electrical control signal. To test port 4 of a five-port valve, apply the minimum value (-10

of the electrical control signal.

8.2.1.4
under test i
measuring

8.21.5

+60 %

Open solenoid valve 11 and determine the steady-state.flow rate characteristics of the v
h accordance with ISO 6358-1, using the procedure that\requires upstream and downstream
ubes, using the flow control valve.

Repeat 8.2.1.4 at electrical control signals equalito

and +20 % of the electrical control signalywhen testing a two-port valve, a three-port valv

working port 2 of a five-port valve, et

—60 %

8.2.2 Tes

8.2.2.1
can be me
shall be clo

8.2.2.2
pressure re
maintain it

8.2.2.3

and —20 % of the electrical control'sighal when testing working port 4 of a five-port valve.

l to determine pressure-relief flow rate global characteristics

Install the valve undertest in the circuit so that the flow rate at the working port being evalu
bsured. During the.installation, shut-off valve, solenoid valves 11 and 16, and flow control v
5ed.

Open shut-off valve and while the flow control valve is closed so that there is no flow, set
gulator 2{te'apply the inlet pressure chosen in 5.3.2 to the inlet port (upstream pressure),
vithin the-tolerance specified in 5.3.1 during the test.

Ping
htrol

the
and

alue
%)

alve
flow

e or

hted
alve

the
and

Toytest a three-port valve or working port 2 of a five-port valve, apply the minimum value (—10(p %)

of the electrical control signal. To test working port 4 of a five-port valve, apply the maximum value (+100 %)
of the electrical control signal.

8.2.2.4

14

Open solenoid valve 16 and set the pressure regulator 14 to the working port being evaluated to
apply the inlet pressure chosen in 5.3. Determine the steady-state flow rate characteristics of the valve under
test in accordance with ISO 6358-1, using the procedure for components that exhaust directly to atmosphere,
with the value of upstream pressure (operating pressure) being adjusted by the pressure regulator 14.
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8.2.25 Repeat 8.2.2.3 for electrical control values equal to

— —60 % and —20 % of the electrical control signal when testing a three-port valve or working port 2 of a
five-port valve, and

— 460 % and +20 % of the electrical control signal when testing working port 4 of a five-port valve.
8.3 Calculation of global characteristics

8.3.1 Calculation of flow rate global characteristics

8.3/1.1 Forward flow rate global characteristics

From the results obtained in accordance with 8.2.1, calculate the forward flow rate characteristigs using the
calqulation method specified in ISO 6358-1 for components tested with upstream and’déwnstrean) measuring
tubgs. These forward flow rate characteristics shall include the sonic conductance”€ and the ctitical back-
pregsure ratio, b. When appropriate, the subsonic index, m, or the cracking prgssure, Ap., or both, shall also

be determined. These characteristics shall be calculated

— |for the maximum electrical control signal value in the case of a two-port valve or of a three-port valve or of
the working port 2 of a five-port valve, and

— |for the minimum electrical control signal value in the case of.thé working port 4 of a five-port valve.

8.3.1.2 Relief flow rate global characteristics

From the results obtained in accordance with 8.2.2) calculate the relief flow rate characteristics using the
calqulation method specified in ISO 6358-1 for components that exhaust directly to atmosphere. [These relief
flow] rate characteristics shall include the sonic conductance, C, and the critical back-pressure rafio, 5. When
appfopriate, the subsonic index, m, or the craeking pressure, Ap., or both, shall also be determined. These

chafacteristics shall be calculated

— |for the minimum electrical control signal value, in the case of a three-port valve or of working port 2 of a
five-port valve, and

— |for the maximum electrical’control signal, in the case of working port 4 of a five-port valve.
8.3.2 Pressure-flow rate global characteristic curves

8.3.p.1 Two-port valves

For|each_electrical control signal value, plot in a graph the values of the operating flow rates |obtained in
accprdance with 8.2.1 as a function of the pressure ratio (py + paim)/ (1 + Pam), @S representeq in the first
quagdrant of ISO 10041-1:2010, Figure 2 a).

8.3.2.2 Three-port valves

For each electrical control signal value higher than the median value, plot in a graph the values of the
operating flow rates obtained in accordance with 8.2.1 as a function of the pressure ratio (p5 + p4im)(P1 + Patm):
as represented in the first quadrant of ISO 10041-1:2010, Figure 2 b).

For each electrical control signal value lower than the median value, plot in a graph the values of the operating
flow rates obtained in accordance with 8.2.2 as a function of the pressure ratio (p3+ paim)/ (P2 + Patm), 8S
represented in the fourth quadrant of ISO 10041-1:2010, Figure 2 b).
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8.3.2.3 Five-port valves

8.3.2.3.1

Symmetrical valve

If the valve is symmetric, apply the procedure described in 8.3.2.2 for three-port valves for the values of the
operating flow rates obtained for working port 2.

8.3.2.3.2

Non symmetrical valve

— For each electrical control signal value higher than the median value:

— plg
8.2

the first quadrant of ISO 10041-1:2010, Figure 3 a);

—  plg
8.

fourth quadrant of ISO 10041-1:2010, Figure 3 a).

— Forea

—  plg
8.2

foyrrth quadrant of ISO 10041-1:2010, Figure 3 b);

— plg
8.2

the first quadrant of ISO 10041-1:2010, Figure 3 b).

9 Test {o determine pressure gain characteristics

t in a graph the values of the operating flow rates at working port 2 obtained in accordance
.1 (forward flow rate) as a function of the pressure ratio (py + paim)/(P1 + Patm)> @S représents

t in a graph the values of the operating flow rates at working port 4, obtained invaccordance
.2 (relief flow rate), as a function of the pressure ratio (p5 + p4y ) (P4 + Patm), @S-Tepresented in
th electrical control signal value lower than the median value:

t in a graph the values of the operating flow rates at working port 2, obtained in accordance

.2 (relief flow rate), as function of the pressure ratio (p3 + paf ) (P2 + Patm), @s represented in

t in a graph the values of the operating flow rates at working port 4, obtained in accordance
.1 (forward flow rate), as a function of the pressuregatio (p4 + p4im)(P1 + Patm) » @S represents

9.1 Gen

The purpo

the electrical control signal at null operating flow rate(s).

9.2 Test

Figure 6 re
operating fl
The conneg
The length

For five-po

ral

of the test is to determine-the pressure gain characteristics at the working port(s) in relatio

circuit

presents a typical test circuit for determining the pressure gain of a three-port valve at
pw rate. Figuré 6 uses the upstream part of the test circuit for in-line test described in 1ISO 635
tor, which “measures the operating pressure, is plugged to guarantee a null operating flow
volume)-of this connector with pressure-measuring tap shall be as short (small) as possible.

t Gontrol valves, the test circuit is similar; however, both connectors that measure the opera

with
d in

with

the

with

the

with
din

null
8-1.
ate.

ting

pressures p

16

> and p, are piugged 1o guarantee nuttoperating ffow rates:
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supply pressure regulator

shut-off valve

pressure-measuring tube

inlet temperature T4y measuring-element
inlet pressure p4 gauge or transducer
transition connector

component under test

connector with pressure-measuring tap
plug

operating pressure p, gauge or transducer
signal generator

X-Y recorder

Figure 6 — Typical test circuit for determining pressure gain characteristic

Test procedure

Apply the inlet pressure chosen in 5.3.2, and maintain it within the tolerance specified in

Using a signal"generator to create a triangular signal that allows the full scale of the elect
al (—100 % to~+100 %) to be explored, record the electrical control signal on the X-axis and th
sure, p,, incthe Y-axis of a X-Y recorder to obtain an hysteresis curve. In the case of a fivg
rd operating pressure, Pa, either simultaneously or successively.

Jhe triangular electrical control signal shall evolve with a sufficiently low ramp speed so
dynamic effects that might influence the operating pressure measurements: 0,5 % of full scale

b.3.1 during

rical control
e operating
-port valve,

as to avoid

per second

is the recommended ramp speed.

9.4 Characteristic curve of pressure gain at null operating flow rate

Plot on a graph the hysteresis curve(s) of operating pressure values versus the electrical control signal

measured in 9.3 as shown in ISO 10041-1:2010, Figure 4.
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10 Test to determine leakage at null operating flow rate characteristics

10.1 Test circuit

Figure 7 represents a typical test circuit for determining the leakage characteristic of a three-port continuous
flow control valve at null operating flow rate. Figure 7 uses the upstream part of the test circuit for in-line test
specified in ISO 6358-1, with the addition of the following requirements

— for a three-port valve, the connector for measuring operating pressure is plugged to guarantee a null
operating flow rate. The length (volume) of this connector with pressure-measuring tap shall be as short

(sma”) as nossible. For a five-nort valve both such connectors are nluaaed and
™ ™ Y P oY Y

— the flowmeter is placed upstream in the supply line.

1 2
[
)

4 5
3 6 7 g 9
I \___ Ty P \\xﬂ)v
L%, —
\g\‘ / P2
13 12

11 10

P
()
<

supply pressure regulator
shyit-off valve

-
N

prgssure-measuring tube

inlgt temperature 74y measuring-element
inlg¢t pressure p4 gauge or transducer
trapsition connector

=N
=N

component under test

cofnector with pressure-measuring tap
plug
operating pressure p, gauge of. transducer

© 00N O 0o b~ WN -~

-
w o

floyv meter

Figure 7 —L-Typical test circuit for determining leakage characteristics

10.2 Test|procedure

10.2.1 Apply theinlet pressure, p4, chosen in 5.3.2, and maintain it within the tolerance specified in §.3.1
during the test:

10.2.2 Increase the electrical control signal from its minimum to its maximum, and measure the leakage flow
rate. Then decrease the electrical control signal from its maximum to its minimum and continue measuring the
leakage flow rate, to obtain a hysteresis curve. Make additional measurements when the leakage variations
are significant.

10.3 Calculation of characteristic

10.3.1 For each value of the electrical control signal, calculate the mean value of the two corresponding
leakage flow rates measured in 10.2 while the electrical control signal was being, respectively, increased and
decreased.

10.3.2 Report the largest calculated value as the inlet leakage at null operating flow rate characteristic.
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11 Test to determine dynamic characteristics

11.1 Test installation

11.1.1 Figure 8 represents a typical test circuit for determining the dynamic characteristics of three-port
valves. The test circuit for five-port control valves is similar, except that both working ports are at atmosphere.
The test circuit for two-port control valves is the same, except that the component under test has any exhaust
port.

11.1.2 The buffer tank used to limit fluctuations in inlet pressure shall be as close as possible to the inlet port

of the-valve-tndertest
11.1.3 The output signal is the position signal of the moving element of the valve under(test. (If the valve
under test has an internal position sensor, that signal shall be used. Otherwise, it is necessary to add an
extgrnal position sensor, but it shall be verified that the addition of such a sensor does not'modify the dynamic
chafacteristics of the valve under test.
11.1.4 Use an oscilloscope or other appropriate electronic equipment to record\the time-dependgnt electrical
control and position signals.
4 5 13
1 2 3 6 7 8
Ty P
NN
| 10 3 s /
L/ > 15
= I 7
12 11
14
Key,|
1 supply pressure regulator.
2 shut-off valve
3,9/12 pressure-measuring-tube
4 sensor to measure inlet temperature 7
5 pressure gauge or transducer to measure inlet pressure p4
6, 811 transition.connector
7 valve.wunder test
10 buffer tank
13 signal generator
14 IJUD;tiUII SCITTSUI
15 recorder

Figure 8 — Test circuit for determining dynamic characteristics

11.2 Test to determine frequency response

11.2.1 Test procedure

11.211 Install the valve under test as shown in Figure 8. Apply the inlet pressure p, chosen in 5.3.2, and
maintain it within the tolerance specified in 5.3.1 during the test.
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