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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

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

When pressure tracking or pressure regulation is required, electro-pneumatic continuous pressure
control valves can be used to track a variable set point with low tracking error or to maintain the
pressure of the gas at an approximately constant level.

These control valves continuously modulate the pneumatic pressure of a system in response to a

con

It i
con

muous electrical Input signdl and lnkKtne electricdal Input value to a proportional press

5 therefore necessary to know some performance characteristics of these eléctro
finuous pressure control valves in order to determine their suitability.

re value.

pneumatic
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INTERNATIONAL STANDARD ISO 10094-1:2021(E)

Pneumatic fluid power — Electro-pneumatic pressure
control valves —

Part 1:
Main characteristics to include in the supplier's literature

1 (Scope

Thif document specifies which characteristics of electro-pneumatic continuous pressure conjtrol valves
arelto be included in the supplier's literature.

In afccordance with ISO 5598, these control valves include:

— |electrically modulated pneumatic proportional pressure valves,

— |proportional pressure control valves without electronic pressape feedback, and
— |proportional pressure control valves with electronic pressure feedback.

Thif document is limited to the characterization of components with an exhaust port to the afmosphere.

NOTE1  The characteristics of non-electrically modulated pneumatic pressure control valves are|specified in
[SOH953-1.

NOTE 2  The characteristics of electro-pneumatic.continuous flow control valves are specified in IO 10041-1.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this‘document. For dated references, only the edition cited gpplies. For
undated references, the latest.edition of the referenced document (including any amendments) applies.

[SO|5598, Fluid power systems and components — Vocabulary

[SO|6953-1, Pneumatic fluid power — Compressed air pressure regulators and filter-regulators — Part 1:
Maip characteristics’to be included in literature from suppliers and product-marking requiremepts

[S0|10094-2:2021, Pneumatic fluid power — Electro-pneumatic pressure control valves — Part 2: Test
methods todetermine main characteristics to include in the supplier’s literature

faal L Y T
3 ICTIILS AITIU UCIIIIUUIID

For the purposes of this document, the terms and definitions given in ISO 5598, ISO 6853-1, ISO 10094-2
and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2021 - All rights reserved 1
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3.1

characteristic line
straight line drawn to represent the actual performance of a proportional pressure regulator passing

by the mea
3.2

n regulated pressure readings of 5 % and 95 % of the full-scale

electro-pneumatic continuous pressure control valve
control valve which continuously modulates the pneumatic power of a system in response to a
continuous electrical input signal and which links the electrical input quantity to a pressure value

3.3

inlet press
pressure a

[SOURCE: ]

3.4

electrical
set signal
electrical s

3.5
control sig
graphical 1
signal on it

3.6
minimum
pressure a

3.7

flow/pres
graphical 1
or the relig

3.8
pressure 1
variation (

variation, fneasured for a defined\flow

39
maximum
deviation f

p, above afd below¢the characteristic line

ure
' the inlet port of a component, piping or system

SO 5598:2020, 3.2.397]

control signal

ignal applied to a control device

fnal/pressure characteristic curve

s full scale while the forward flow rate or the relief flow.rdte is null, at constant inlet presg

regulated pressure
[ the first point of the control signal/pressure gharacteristic curve

sure characteristic curve
epresentation of the relationship betiveen the regulated pressure and the forward flow
f flow rate while the control signaliand the inlet pressure are maintained constant

egulation characteristie
f the regulated pressufe,for a given control signal, under the effect of an inlet press

deviation
rom the chardcteristic line to the total of the maximum excursions of the regulated presg

ols

epresentation of the relationship between the regulatedpressure and the electrical conitrol

ure

rate

ure

ure

4 Symb

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

Table 1 — Symbols and units

Description Symbol Units
b
Maximum sonic conductance at the inlet Ctmax m3(s-Pa) (ANR)
b
Sonic conductance at the exhaust C, m3(s-Pa) (ANR)

a

As described in ISO 11727.

The reference atmosphere is defined in ISO 8778, i.e.: T, = 293,15 K, p, = 100 kPa
(1 bar) and a relative humidity of 65 %.

b

© IS0 2021 - All rights reserved
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Table 1 (continued)
Description Symbol Units
Hysteresis H % FS
Linearity L % FS
Pa/V, Pa/mA
PP or
Sensitivity m Pa/numerical
signal
Offset 0 %
Total relative pressure at the inlet port? Py Pa
Total relative pressure at the outlet port?2 123 Pa
Repeatability r % FS
Resolution S %.ES
Maximal difference of the linearity Ap; 1 max Pa
a  Asdescribed in ISO 11727.
b The reference atmosphere is defined in ISO 8778, i.e.: Ty = 293,45.K) p, = 100 kPa
(1 bar) and a relative humidity of 65 %.
5 [Characteristics
5.1 General
Descriptive literature covering electro-pneumatic ¢ontinuous pressure control valves shall fnclude the
chafacteristics given in 5.2 to 5.4.
The data provided by the supplier shall assist' the user in selecting the best-suited electroipneumatic
conftinuous pressure control valve for the particular application.
5.2 Electric characteristics
The required minimum voltagg;the required minimum current and the required minimum power of
thepower supply shall be given.
5.3 Static charactéristics
5.3]11 Controksighal/pressure characteristics at null forward flow rate or relief flow rate
5.3]1.1 €haracteristic curve
Thd regulated pressure, p,, at null forward or relief flow rate shall be indicated on a graph gs shown in
Figlre==

This characteristic straight line shall be plotted in accordance with ISO 10094-2, for a given inlet
pressure, p4, indicated as a relative value as shown in Figure 1.

The test shall be performed in accordance with ISO 10094-2:2021, 7.2.1.

The offset value and the sensitivity of the characteristic straight line shall be indicated on the graph as
shown in Figure 1.

5.3.1.2 Linearity

The linearity, L, expressed as a percentage of the regulated pressure full-scale, shall be calculated in
accordance with ISO 10094-2:2021, Formula (1).
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The obtained value gives the maximum difference between the regulated pressure mean values and the
characteristic straight line shown in Figure 1.

5.3.1.3 Control signal/pressure hysteresis

The hysteresis, H, expressed as a percentage of the regulated pressure full-scale, shall be calculated in
accordance with ISO 10094-2:2021, Formula (2).

The obtained value gives the maximum difference between the regulated pressure values measured
with both an increasing and decreasing control signal.

The hystergsis can also be expressed as an absolute value.
YA pi___ kPa
S
| b
| | |
0 100 % X
a

Key
X elecfrieal control signal, % a  Offset.
Y regulated pressure p,, in kPa b Sensitivity.
P1 inlet pressure ¢ Pzmax

characteristic line

Figure 1 — Control signal/pressure characteristic curve at null forward flow rate or relief flow
rate

5.3.1.4 Minimum regulated pressure

The test shall be performed in accordance with ISO 10094-2:2021, 7.2.2.

4 © IS0 2021 - All rights reserved
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The minimum regulated pressure corresponds to the pressure at the first point which is within the
allowable limits of linearity of the control signal/pressure characteristic curve determined in 5.3.1.2,
as shown in Figure 2.

The minimum regulated pressure, expressed as a percentage of the regulated pressure full-scale, shall
be determined in accordance with ISO 10094-2:2021, 7.3.4.

The measured points corresponding to the test of ISO 10094-2:2021, 7.2.2, the minimum regulated
pressure, as well as the offset, shall be indicated on a graph as shown in Figure 2.

Y
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— ri C
.rf.'f\ ¢ ‘
— f’-’f:};
Iy
B b ’;‘f’( ff
/
LAy
L L
iy x'{
L X/ ‘7
7
X A0 L L

0 5 10 X
Key]
X electrical control signal, % a  Offset. d Maximum deviation.
Y regulated pressure’p,, inkPa b Minimum regulated pressure.
1 characteristic line ¢ ApZ,L,max'

Figure 2'=— Definition of the minimum regulated pressure and of the offset on the ¢ontrol
signal/pressure characteristic curve at null flow rate

5.3.1.5 Resolution

The resolution, S, corresponds to the minimal difference between two control signal values for which
there is a difference in the corresponding regulated pressure values.

The test shall be performed in accordance with ISO 10094-2:2021, 7.2.3.

The resolution, S, expressed in percentage of the control signal full-scale, shall be determined in
accordance with ISO 10094-2:2021, 7.3.5.

© IS0 2021 - All rights reserved 5
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5.3.1.6 Repeatability

The repeatability, r, corresponds to the maximal dispersion in regulated pressure, for a given electrical
control signal.

The test sh

all be performed in accordance with ISO 10094-2:2021, 7.2.4.

The repeatability, r, expressed as a percentage of the regulated pressure full-scale, shall be determined
in accordance with ISO 10094-2:2021, 7.3.6.

5.3.1.7 Sensitivity

The sensiti
ratio betw
variations.

The sensiti

53.1.8 (

The offset
characterij

The test sh|

The offset,
5.3.2 Fld

5.3.2.1 (

The regula
curve desc
inlet press

This graph
and the tes

Each curvg
value of fl
decreasing

vity, m, expressed as Pa/V, Pa/mA or Pa/numerical signal, corresponds to the characteri
ben the variation of the output signal and the variation of the control signal forarbitrg

vity, m, shall be calculated in accordance with ISO 10094-2:2021, Formula(5).

)ffset

0, expressed as a percentage of the control signal full-scale, is”the intersection of
tic straight line with the abscissa axis.

a1l be performed in accordance with ISO 10094-2:2021, 7-2.0.
0, shall be calculated in accordance with I[SO 10094:2:2021, Formula (6).

w/pressure characteristics

haracteristic curves

ted pressure shall be indicated by curves according to the graph shown in Figure 3. H
ribes the regulated pressure versus-the forward flow rate and the relief flow rate fora g
ire indicated as a relative value ‘as'shown in Figure 3.

shall have five curves diffefing by the settings of the electrical control signal. These sett
t procedure shall be performed in accordance with ISO 10094-2:2021, 8.3.

shown in Figure 3-is plotted in accordance with ISO 10094-2:2021, 8.4.1, taking, for ¢
pbw rate, the median value of two pressures measured with respectively increasing
flow rates.

stic
rily

the

ach
ven

ngs

ach
and
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2—-3 1-2

2
- b ey il
X1 0 X2
Key
X1 [relief flow rate, in dm3/s (ANR) 1 4stquadrant
X2 forward flow rate, in dm3/s (ANR) 2.'02nd quadrant
Y fegulated pressure p,, in kPa P, inlet pressure

Figure 3 — Flow/pressure characteristic curves

5.3{2.2 Flow/pressure hysteresis

The hysteresis, H, expressed aswa percentage of the regulated pressure full-scale, shall be cqlculated in
accordance with ISO 10094-2:2021, 8.4.2.

Thd obtained value giyés the maximum difference between the regulated pressure value§ measured
with respectively incteasing and decreasing flow rate.

5.3]2.3 Maximum forward sonic conductance

Thg maximum forward sonic conductance, Cg ., is calculated in accordance with ISO 10094-2:2021,
8.4.B.

5.3.24— Maximum reitef sSonic conauctance

The maximum relief sonic conductance, C, is calculated in accordance with ISO 10094-2:2021, 8.4.4.

5.3.3 Pressure regulation characteristics

The effects of the inlet pressure, p;, on the regulated pressure, p,, shall be indicated by curves on a
graph as shown in Figure 4. Each curve describes the variation of the regulated pressure versus the
inlet pressure for a nearly steady flow rate.

The test shall be performed in accordance with ISO 10094-2:2021, Clause 9, and shall be performed for
the same control signal settings as those used in 5.3.2.1.

©1S0 2021 - All rights reserved 7
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Key
X inletpr
Y regulat

5.3.4 Mgd

The maxinpum leakage flow rate indieates the maximum air consumption when the component ur

test is clos

The leakag
with incre:

The test sh|

The maxinj

< ¥

pssure p,, in kPa
pd pressure p,, in kPa

Figure 4 — Pressure regulation characteristic curves

Iximum leakage flow rate at nulVforward flow rate or relief flow rate

bd (i.e. leakage at null forward flow rate or relief flow rate).

e rate shall be measured at the inlet port versus the electrical control signal on its full-sg
ising electrical control signals, for a given inlet pressure.

all be performed in accordance with ISO 10094-2:2021, 10.2.

um value.of the leakage rate is determined in accordance with ISO 10094-2:2021, 10.3.

hmic characteristics

54 Dyn

54.1 Ge

neral

der

ale,

The dynamic tests proposed in this subclause with different tanks correspond to a global dynamic
characterization of the pressure control valve and the tank. It is usually used because it gives to the
user an order of magnitude of the global time response for different tank volumes.

5.4.2 Charge characteristics

The time evolutions of the pressure, during the charge of four volumes, by the component under test
shall be indicated by curves on a graph, for a given inlet pressure indicated as a relative value as shown
in Figure 5. Note that the pressure response can oscillate only for some volume values over the four

under test.

© IS0 2021 - All rights reserved
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Key
X [fime, ins

Y ank pressure, in kPa

The choice of the tanks and the test procedure are-performed in accordance with ISO 10(

11.2.

p, inlet pressure

2 PressureSensor directly connected.

Figure 5 — Dynamic characteristics of charge

The values of the tank volumes shall be noted, as in Figure 5.

The characteristic curves shown in Figure 5 are plotted in accordance with ISO 10094-2:202

For|each charge test, the shifting tine, the response time, the settling time and the possiblg
are|determined in accordance with ISO 10094-2:2021, 11.3.3 and reported as stated in Table

Table 2 — Charge and discharge characteristics

94-2:2021,

1,11.3.1.

overshoot
2.

Type of
dynamic tests

Dynamic
characteristics

Volume 0 Volume 1

Tank

Volume 2

plume 3

Step 1: 0 % to 100 %

Shifting time (s)

Response time (s)

Chdrge‘test - -
Settling time (s)
Overshoot (%)
Shifting time (s)

Discharge test Response time (s)

Settling time (s)

Step2:25%to75%

Charge test

Shifting time (s)

Response time (s)

Settling time (s)

Overshoot (%)

© IS0 2021 - All rights reserved
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Table 2 (continued)

Type of Dynamic Tank
dynamic tests characteristics Volume 0 Volume 1 Volume 2 Volume 3

Shifting time (s)
Response time (s)

Discharge test - -
Settling time (s)
Undershoot (%)
Step 3: 45 % to 55 %
Shifting time (s)
Charge tes{ Response time (s)

Settling time (s)
Overshoot (%)
Shifting time (s)

Response time (s)

Discharge tlest - -
Settling time (s)

Undershoot (%)

5.4.3 Discharge characteristics

The time epolutions of the pressure during the discharge of four:velumes by the component under fest
shall be indlicated by curves on a graph, for a given inlet pressutreé-indicated as a relative value as sh¢wn
in Figure €. Note that the pressure response can oscillate only for some volume values among the four
under test,

Key

X time,ins

Y tank pressure, in kPa

p; inlet pressure

a  Pressure sensor directly connected.

Figure 6 — Dynamic characteristics of discharge

10 © IS0 2021 - All rights reserved
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The choice of the tanks and the test procedure are performed in accordance with ISO 10094-2:2021,
11.2.

The values of the tank volumes shall be noted, as in Figure 6.

The characteristic curves shown on Figure 6 are plotted in accordance with ISO 10094-2:2021, 11.3.2.

For each discharge test, the shifting time, the response time, the settling time and the possible
undershoot (for intermediary steps) are determined in accordance with ISO 10094-2:2021, 11.3.4 and
reported as stated in Table 2.

5.4

5.4

For
relg
the
ont

Thi
pre

The
pro

Thd

4 Frequency responses (optional)

4.1 Characteristics curves

a given tank volume, V, the variations of the amplitude and phase-lag of the-tank pressu
tion to the electrical control signal shall be indicated according to the Bode'diagrams, de
frequency, as shown in Figure 7. The tank volume, as well as the given inlet pressure, shz
he characteristic figure as shown in Figure 7.

5 graph shall include at least three different electrical control¢signal amplitudes for a
csure indicated as a relative value as shown in Figure 7.

choice of the tank volume, the selection of the electrical-control signal amplitudes a
bram shall be performed in accordance with ISO 10094-2:2021, A.2.

se values of the amplitudes shall be indicated, as shewn on Figure 7. If 1 Hz is too high, th

valye of the abscissa may be given as 10-1Hz.

Eac

h curve shown on Figure 7 shall be plotted:-ifaccordance with ISO 10094-2:2021, A.3.

e signal in
pending on
11 be noted

given inlet

hd the test

b minimum

© IS0 2021 - All rights reserved

11


https://standardsiso.com/api/?name=4a277ca376e3f56f0772acb5382397c9

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols 
	5 Characteristics 
	5.1 General 
	5.2 Electric characteristics 
	5.3 Static characteristics 
	5.3.1 Control signal/pressure characteristics at null forward flow rate or relief flow rate 
	5.3.2 Flow/pressure characteristics 
	5.3.3 Pressure regulation characteristics 
	5.3.4 Maximum leakage flow rate at null forward flow rate or relief flow rate 

	5.4 Dynamic characteristics 
	5.4.1 General 
	5.4.2 Charge characteristics 
	5.4.3 Discharge characteristics 
	5.4.4 Frequency responses (optional) 


	6 Identification statement (reference to this document) 
	Bibliography 



