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reword

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.
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main changes are as follows
Addition of definitions for-response time, settling time, and shifting time in Clause 3;

Revision of the precedure for the repeatability test: addition of 15 % and 85 % of th
control signal fullsseale to tested values (in addition to 50 %) in 7.2.4;

Addition of ftwoe’subclauses relating to Sensitivity (7.3.7) and Offset (7.3.8) respectively;
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Deletion of the no tank test version and test circuit from the test practices in Clause 11

| related to

dynamicC characteristics;

The former subclause 11.2, frequency characteristics, has been made an informative annex

(Annex A).

Alist of all parts in the ISO 10094 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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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
continuougelectrical mput signat and MK the efectrical IMput vatue to a proportionat pressure vaite.

It is therdfore necessary to know some performance characteristics of these electro-pnieumfatic
continuouq pressure control valves in order to determine their suitability.
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Scope

5 document specifies the test procedures and a method of presenting“results cond
hmeters which define the main characteristics to be included in the.supplier's litera
tro-pneumatic continuous pressure control valves, conforming to [SO\10094-1.

purpose of this document is:

to facilitate comparison by standardizing the test methods@and the presentation of the 4
and

to assist in the proper application of these components'in compressed air systems.

specified tests are intended to allow comparison between the different types of
Esure control valves; these are not production tests to be carried out on each manufactur

tests described in this document are for ceimponents with an exhaust port vented to the a

E1 The tests related to non-electrically modulated pneumatic continuous pressure contro
ified in ISO 6953-2.

E2  The tests related to electro-pneumatic continuous flow control valves are specified in ISO

E3 ISO 6953-3 provides an alternate dynamic test method for flow-rate characteristi
hermal tank instead of a flow meter. However, this method measures only the decreasing flow rat
eresis curve of the for{vard flow and relief flow characteristics.

Normativereferences

followingydocuments are referred to in the text in such a way that some or all of th
Stitutes-réquirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

ISO'5

erning the
ure of the

est results,
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ed product.
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| valves are

10041-2.
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ISO 6358-1, Pneumatic fluid power — Determination of flow-rate characteristics of components using
compressible fluids — Part 1: General rules and test methods for steady-state flow

ISO 6953-1, Pneumatic fluid power — Compressed air pressure regulators and filter-regulators — Part 1:
Main characteristics to be included in literature from suppliers and product-marking requirements

ISO 10094-1:2021, Pneumatic fluid power — Electro-pneumatic pressure control valves — Part 1: Main
characteristics to include in the supplier’s literature

©IS

02021 - All rights reserved


https://standardsiso.com/api/?name=549837239e8f74b4eaf9c88877e49e42

ISO 10094-2:2021(E)

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 5598, ISO 6953-1 and

ISO 10094-

1 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.or

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

3.1
response {ime
time from [initial electrical signal change to an observed output pressure equal to 90 % of(the tptal
change in pressure
3.2
settling tine
time lapse [from initial change to the time from which the observed output pressuice’ remains between
95 % and 105 % of its total change in pressure
3.3
shifting time
time from [initial electrical signal change to an observed output pressure equal to 10 % of the tptal
change in pressure
4 Symbols and units
Table 1 — Symbols and units

Description Symbol Units
Maximum donic conductance at the inlet Ct max m3/(s-Pa) (ANR)P
Sonic cond{ictance at the exhaust C, m3/(s-Pa) (ANR)P
Hysteresis H % FS
Linearity L % FS
Sensitivity m Pa/V,Pa/mA or Pa/numeri-

cal signal

Offset 0 %
Atmospherfc pressure Patm Pa
Reference gressure Po Pa
Total relatiye pressiire’at the inlet port? P1 Pa
Total relatiye pressure at the outlet port?2 Py Pa
Maximum inle€bpressure P1.max Pa
Maximum regulated pressure P2 max Pa
Volume flow rate at standard reference atmosphere qy m3/s (ANR)b
Maximum volume flow rate at the inlet qyfmax m3/s (ANR)P
Volume flow rate at the outlet Qy; m3/s (ANR)P
Repeatability r % FS
Resolution S % FS
Reference temperature T, K

a

b
of 65 %.

As described in ISO 11727.
The reference atmosphere is defined in ISO 8778, i.e.: Ty = 293,15 K, p, = 100 kPa (1 bar) and a relative humidity
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Table 1 (continued)
Description Symbol Units
Temperature at the inlet port? T, K
Temperature at the outlet port? T, K
Electrical control signal w V, mA or numerical signal
Pressure difference Ap Pa
Maximal difference of hysteresis AP; homax Pa
Maximal difference of the linearity Ap; 1 max Pa
3 |As described in ISO 11727.
b IThe reference atmosphere is defined in ISO 8778, i.e: T, = 293,15 K, p, = 100 kPa (1 bar) and a relative Humidity
of 65 %.

5.1

Unl
sha

5.2

Thd
dur]

5.3

5.3
The

5.3
The

5.3
The

Test conditions

Gas supply

bss otherwise specified, testing shall be conducted with compfessed air. If another gas
1 be noted in the test report.

Temperature

ambient, fluid and the component-under-test temperatures shall be maintained at 23
ing all the tests.

Pressures

1 General

specified pressures shall be maintained within 2 %.

2 Inlet pressure
inlet pressure used foy testing shall be the lower of the following pressures:
the maximum régulated pressure, p, ..., plus 200 kPa (2 bar); and

the specified’'maximum inlet pressure, p; ;...

3 Testpressures

preferential test pressures are chosen as approximately equal to 20 %, 40 %, 60 %, 80 %

is used, it

°C £ 10 °C

and 100 %

of t

. el - 1
1T T4 XTITTUIIT O ULIIE SCULLITE PIESSUlc SLdlc.

5.3.4 Checking

It shall be periodically verified that no pressure bleed of measuring instruments is obstructed by solid
or liquid particles.

5.4

Electrical supplies

The tests shall be carried out under nominal electrical conditions.
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6 Test procedures

6.1 Test

The compo

6.2

conditions

nent under test shall be used according to the manufacturer's application instructions.

Inlet pressure

During every measurement concerning the static or dynamic tests described in Clauses 7 to 11, the
inlet pressure, p;, shall be constant (within 10 % FS).

In the case
the inlet pr

6.3 Stat

During evg
the steady
shall be re
to prevent

NOTE1
to operate ¢
protection &
responsible

NOTE 2
[SO 1219-1.

’

of the dynamic tests as described in Clause 11, a tank buffer shall be used in order tored
essure, pq, fluctuations, as indicated in Figure 10.

c tests

ry measurement series concerning static tests described in Clauses 7, 8,'9%and 10, as soo
conditions are reached, every series of results obtained with related specified test condit
forded. When these measurements are performed step by step, slo#ly'modify the condit
instability.

igures 1, 7,9 and 10 represent typical circuits that do not show the&lectrical supply circuit neces
lectrically modulated pneumatic valves and that do not contaih.all the necessary safety device

for conducting the tests take into account the necessity to.protect personnel and property.

'he symbols used in the circuit diagrams shown inFigures 1, 7, 9 and 10 are in accordance 3

uce

1 as
ons
ons

bary
for

gainst hazards that can be caused by the failure of a component or piping. It is important that those

vith

7 Control signal/pressure static-characteristics test at null forward or relief flow

rate
7.1 Test

711 Te

Figure 1 re
This test if

described 1

installation

5t circuit

presents a typicald@est circuit for the control signal/pressure static characteristics test
conducted withtno forward flow and with the relief port open to atmosphere. For all t
n 7.2, apply the inlet pressure chosen according to 5.3.2.

ing.
psts
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Key

7.1

The
con|
sen

7.2

7.2

Using a signal generatof to create a triangular signal to explore the control signal full-sc:

100
of a

The
dyn
the

2 Pressure measurement

hector in accordance with ISO 6358-1. The.régulated pressure sensor is an external me
sor, even if the component under test/has an internal pressure sensor. The regulate
trapsducer shall be connected as close as pessible to the outlet port.

recomnieénded ramp speed.

supply pressure regulator 6 inlet temperature T; measuring-elemen
shut off valve 7  inlet pressure p, transducer

inlet volume or optional pressure measuring tube 8  regulated pressure p,‘transducer
with transition connector

component under test 9  signal generatof
plug 10 datarecordet:

Figure 1 — Typical test circuit for control signal/pressure characterization

inlet pressure sensor is connected to the .wolume or pressure-measuring tube with

Test procedures

1 Control signal/pressure static characteristic test

T

transition
asurement
l pressure

le (0 % to

%), record the electrical control signal, w, in the X-axis and the regulated pressure, p,, ifp the Y-axis

recorder so astoZ@btain a hysteresis curve.

triangular-glectrical control signal shall evolve with a sufficiently low ramp speed so
amic effects and influence the regulated pressure measurements: 0,5 % of full-scale pe

hs to avoid
r second is

7.2

2 ~ Minimum regulated pressure test

Leave the component under test pressurized with the minimum control signal (0 %) at rest for at least
5 min.

From the minimum electrical control signal (0 %), measure the regulated pressure, p, for the following
control signal values. This defines response to the lower portion of the signal:

0 %, 0,5 %, 1 % of the control signal full-scale;

then every 1 % up to 5 % of the control signal full-scale.

Every measurement is made after a rest time of 10 s at each stage. The measurements shall always be
made by increasing the control signal.

© IS0 2021 - All rights reserved
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7.2.3 Resolution test

7.2.3.1 From the minimal electrical control signal (0 %), gradually modify the electrical control
signal value by increasing values only, until reaching the value corresponding to 15 % of the regulated
pressure full-scale.

7.2.3.2 Note this electrical control signal value, w and record the pressure evolution as a function

. ) stop’
of the electrical signal.

for which the regulated pressure, p,, starts re-increasing.

aintain this state fc ote
al control signal, wg,, .,

7.2.3.3
the electrig

\

7.2.3.4 Repeat the operations described in 7.2.3.2 and 7.2.3.3 for the electrical control signal values

nal generator to create a stepped signal between 0 % to 15 %; 15% to 50 % and 50 % to
85 % of th¢ electrical control signal full-scale, according to Figure 2, recotd the regulated pressure} p,,

ncy of the electrical control signal shall be sufficiently:low so as to have a good stabilization
lated pressure at 15 %, 50 % and 85 % of the electricabcontrol signal full-scale.

The frequ
of the reg

At each pdriod indicated by the index j = 1, .., 20, whef*the regulated pressure is stabilized| for
15 %, 50 % and 85 % of the electrical control signal fullsscale (hereinafter referred to as x), note|the
correspondling regulated pressure, P2,x

6 © IS0 2021 - All rights reserved
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85 |----- R RREEEEEEEEES AR '

] |

15 fe :

Key
time in seconds
electrical control signal in %

measuring point for repeatability

" < X

Figure 2 — Repeatability test

7.3 Calculation of characteristics

7.3.1 Characteristic curve

For each value of the control signal, calculate the mean value of the two corresponding pressures
measured according to the procedure described in 7.2.1, respectively with an increasing and a
decreasing control signal.

©1S0 2021 - All rights reserved 7
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Plot the mean pressure curve as a function of the control signal as represented in Figure 3.

The characteristic line is the straight line passing by the mean regulated pressure values of 5 % and
95 % of the regulated pressure full-scale according to Figure 3.

The offset of the straight line shall be determined by the intersection of the straight line with the
abscissa axis (regulated pressure, p,, equal to 0 kPa) as shown in Figure 3 and Figure 6.

The sensitivity and the offset of the straight line shall be indicated on the graph, as represented in
Figure 3.
Y

0 \\ 00 X
d f

Key
X elecfrical control signal; %% 5 % of Py max-
Y regylated pressure)pyin kPa Offset.
characteristic ling Sensitivity.
____ medn pressure’curve Control value w(p, 5 ,) for 5% of p; ...
a pZ,r}x' & Control value w(p; g5 9,) for 95 % of py ;o
b 95 % of'n

T Z5Tax

Figure 3 — Determination of the characteristic curve

7.3.2 Linearity

For each control signal value corresponding to regulated pressure value between 5 % and 95 % of the
regulated pressure full-scale, calculate, in absolute value, the difference between the mean regulated
pressure value calculated in 7Z.3.1 and the corresponding value on the characteristic straight line
plotted in 7.3.1.

8 © IS0 2021 - All rights reserved
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Determine the maximal difference, Apz‘l‘max, according to Figure 4, and calculate the linearity value, L
expressed as a percentage of the regulated pressure full-scale using Formula (1):

Ap
L= M 100 (1)
P2,max
Y
d
O = I,
g ?,;_
et
. s
Ny
7 .
7
7
/o
s
¢ - s
\ Ry At
0 100 X
Key]
X |electrical control signal, % characteristic line 2 Pomax
Y |regulated pressure p,, in kPa ______ Mmean pressure curve b 95% of pj e
........... maximum linearity limits ¢ 5%o0fp;fax
d
ApZ,l,max'
Figure 4 — Representation of the maximal scattering of linearity
7.3{3 Centrol signal/pressure hysteresis
For|each control 51gna1 value correspondmg to regulated pressure value between 5 % and 95 % of the
reg

Values 12 measured respectlvely W1th an 1ncreasmg and a decreasing control 51gnal These values are
obtained according to the procedure described in 7.2.1.

Determine the maximal difference, Ap, .., according to Figure 5. Calculate the hysteresis
characteristic value, H, evaluating this difference in percentage of the regulated pressure full-scale

according to Formula (2):

|Ap 2,h,max |

H= 100 (2)

pZ,maX

© IS0 2021 - All rights reserved 9
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Key

X electricdl control signal, %

Y regulatdd pressure p,, in kPa

7.3.4 Mi
With the d
first point
control sig

This regu

nimum regulated pressure

hal /pressuré characteristic curve, as shown in Figure 6.

correspondls to the minimum regulated pressure value.

10

100

X

characteristic line measured with increasing signal 2

characteristic line fiieasured with decreasing signal P

C

d

pZ,max'
95 % of p, |

5 % of py mat-

Ap 2,h,max

Figure 5 — Representation of the maximal scattering of hysteresis difference

nta measured according to the procedure described in 7.2.2, determine the pressure at
from which allsubsequent data points fall within the allowable limits of linearity of|

ated pressure value, expressed as a percentage of the regulated pressure full-sg

pXx"

the
the

ale,
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Y
| ! .Z/ c
,/// - ¢
. / //
b 6‘/ /
/Ry
- /7
/7y
- .7/
/
//
| /7 / //
7 /
X /77 | | | | | | |
0 5 10 X
a

Key
X electrical control signal, % a”  Offset.
Y regulated pressure p,, in kPa b Minimum regulated pressure.
__ 1 characteristic line c Apz_l,max.

Figure 6 — Graphic determination-.of the minimum regulated pressure value and of the offset

7.3/5 Resolution

7.3]5.1 For each of thethree tests performed according to 7.2.3, for electrical control signal values
corfesponding to 15%; 50 % and 85 % of the regulated pressure full-scale, calculate the corfesponding
res¢lution, expressed as a percentage of the control signal full-scale, using Formula (3):

w W
= staft stop 100 (3)

W, Whin

max

7.3

7.3.6 Repeatability

Using the stabilized regulated pressures values, p, , ;, obtained according to the procedure described
in 7.2.4, calculate the repeatability value, r,, expressed as a percentage of the regulated pressure full-

scale, using Formula (4):

r, = P2 x, max ~ P2,x,min 100 (4)
pZ,max

© IS0 2021 - All rights reserved 11
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where

p 2,x,max

pZ,x,min

series for the percentage x (x = 15 %, 50 % or 85 %) of the regulated full-scale pressure;

is the maximum value of the 20 repeat measurements p, , ; (j=1...20) from the measurement

and

is the minimum value of the 20 repeat measurements p, , ; (j=1...20) from the measurement
series for the percentage x (x =15 %, 50 % or 85 %) of the regulated full-scale pressure.

The value r for the repeatability shall be the highest value from the calculated values rys ¢, rsq o, and

g5 o

7.3.7 Se

hsitivity

With the njean regulated pressure values of 5 % (p; 5 ¢,) and 95 % (p; g5 ;) of regulated pressure

scale, meag
characteris
is calculatg

ured respectively with electrical control signal w(p, s ¢,) and w(p; 95 ¢,) and used to plot

d using Formula (5):

P2959% ~P25%

m=
w(

7.3.8 Of

The offset,

0=

m

8 Flow,

8.1 Test

A suitable

-100
P2,95% )~ W(P259)
set
expressed in percentage, shall be calculated using Formula (6):
PP25%)~P25% 4,
‘(Wimax = Wmin )

[pressure static characteristics test

circuit for flow rate measurement

test circuit, as shown in Figiire'7, shall be used for measuring forward or relief flow r3

This test circuit combines:

a) thein-
comp
(used

b) the ex

o

ine test circuit, as deseribed in ISO 6358-1 for characterizing, in steady state conditions
ents with upstredmand downstream pressure-measuring tubes and transition connec
r forward flow(rate measurements), and

haust-to-atmdSphere test circuit, as described in ISO 6358-1 for characterizing, in ste

state
meas

onditions;ythe components exhausting directly to atmosphere (used for relief flow
ements):

This test cireuit shall be used for:

|

full
the

tic line in paragraph 7.3.1, the sensitivity, expressed as Pa/V, Pa/mA or Pa/numerical signal,

(5)

(6)

tes.

the
for's

ady
rate

— the flow-pressure static characteristics measurements, and

— the pressure regulation characteristics measurements.

12
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—

—
n
-‘
[>_< >—" >
1 6 1 8
Key
1 |shut-off valve 10 inlet pressure/p, transducer
2 |supply pressure regulator 11 regulatedypressure p, transducer
3 |pressure measuring tube with transition connector 12 tempgrature T, measuring element
4 |component under test 13 _ pressure regulator (for relief flow rafes)
5 [pressure measuring tube with transition connector 14\ yelief flow meter
6 |solenoid valve 15 solenoid valve
7 |forward flow meter 16 signal generator
8 |flow control valve (for forward flow rates) 17 data acquisition system (optional)
9 |inlet temperature T; measuring element
NOTE If the component under test already operates with an external sensor, place it at the same|place as the
regiilated pressure sensor.
Figure 7 — Test circuit for\flow rate/pressure characterization and pressure regulation
8.2| General requirements
8.2{1 The component under test shall be located in the test circuit so as to connect its inlet{port to the
upsfkream transition connector and pressure-measuring tube, and its exhaust port to the afmosphere.
Its |outlet port is connected to a transition connector and a pressure-measuring tubg enabling
megsurement of the regulated pressure, p,.
8.212 < Pressure-measuring tubes and transition connectors shall be in accordance with 1ISQ 6358-1.

8.2.3 Components 1, 2, 3, 9 and 10 in Figure 7 correspond to the upstream part of the test circuit
used for forward flow rates measurements. These components shall be also used 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.

8.2.4 Components 5, 6, 7, 8, 11, and 12 in Figure 7 correspond to the downstream part of the test
circuit used for forward flow rates measurements.

8.2.5 The sonic conductances of the supply pressure regulator 2 and of the solenoid valve 6 should be
at least twice the forward sonic conductance of the component under test.

© IS0 2021 - All rights reserved 13
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8.2.6 Components 5, 11, 12, 13, 14, and 15 in Figure 7 correspond to the upstream part of the test
circuit used for relief flow rate measurements.

8.2.7 The sonic conductances of the pressure regulator 13 and of the solenoid valve, 15, should be at
least twice the relief sonic conductance of the component under test.

8.2.8 The flow-meters shall always be located at the outlet port in order to measure the actual
forward or relief flow rate.

8.3 Testprocedures

8.3.1 Initial test procedure

8.3.1.1 Install the electro-pneumatic continuous pressure control valve according to Figure 7, witQout
flow, with $hut-off valve, solenoid valves and flow control valve closed.

8.3.1.2 (pen shut-off valve, 1, and set the pressure regulator, 2, to apply the ifilet pressure, p;, chqsen
according fo 5.3.2.

8.3.1.3 From the minimal electrical control signal (0 %), gradually’ modify the control signal by
increasing|values only, until reaching the regulated pressure value;'p,, corresponding to 20 % offthe
regulated pressure full-scale.

8.3.1.4 Fpllow successively the procedure described in.8.3.2 for forward flow rates and then|the
procedure described in 8.3.3 for relief flow rates.

8.3.2 Forward flow rate/pressure characteristics test

8.3.2.1 (pen the solenoid valve 6. By using.the flow rate control valve 8, let the air pass through|the
component under test.

8.3.2.2 When the flow is steadyy measure the forward flow rate using the flow meter, 7, |the
correspondling regulated pressure| p,, using the pressure transducer, and the inlet temperature, T;.

8.3.2.3 ntinue the meastirements by gradually modifying the flow value, by increasing values ¢nly
until reaching the maximal-flow rate in the test circuit. Measure the additional data for a decreaging
forward flpw rate until/zero. During the variations of the forward flow (increasing and decreasing),
keep the inflet pressure, p;, constant.

8.3.3 Reliefdlow rate/pressure characteristics test

8.3.3.1 Set the pressure regulator, 13, at the same pressure value as the regulated pressure value of
the component under test obtained without flow at the end of the procedure described in 8.3.2.3. Close
the solenoid valve, 6, and open the solenoid valve, 15, to apply this pressure on the outlet side of the
component under test.

8.3.3.2 Increase the regulated pressure using the pressure regulator, 13. When the flow is steady,
measure the relief flow using the flow meter 14, the corresponding regulated pressure, p,, using the
pressure transducer and the temperature, T,, since the air passes through the exhaust port of the
component under test.

8.3.3.3 Continue the measurements by gradually increasing the flow rate by increasing the pressure
using the pressure regulator until the pressure reaches a level of the maximum regulated pressure
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plus 200 kPa (2 bar). Measure the additional data for decreasing pressure until the flow rate reaches
zero. During the variations of the relief flow (increasing and decreasing), keep the inlet pressure, p;,
constant. Close the solenoid valve, 15.

8.3.4 Procedure for other control signal values

Repeat the above procedures described in 8.3.1.4 for control signal values corresponding to about 40 %,
60 %, 80 % and 100 % of the regulated pressure full-scale. Without flow, gradually modify the control

signal, by increasing values only, until reaching these values.

8.4

8.4

8.4

approximately to about 20 % of the regulated pressure full scale, for each~ferward flow

cald
pro

Plof
int

8.4

approximately to about 20 % of the regulated pressure full’scale, for each relief flow rate valu

Calculation of characteristics
1 Characteristic curves

1.1 From the measurements obtained for the electrical controlOsignal corl

ulate the mean value of the two corresponding regulated pressures, p,, " measured accor
redure described in 8.3.2, respectively with increasing and decreasing forward flow ratg

in a graph the mean regulated pressure values, as a function of the forward flow rate, as r
he first quadrant of Figure 8.

1.2 From the measurements obtained for thex electrical control signal corl

responding
rate value,
ding to the
S.

bpresented

‘esponding

, calculate

the mean value of the two corresponding regulated préssures, p,, measured according to the procedure
desfribed in 8.3.3, respectively with increasing andidecreasing relief flow rates.

Plot in a graph the mean regulated pressure valles, as a function of the relief flow rate, as rgpresented
in the second quadrant of Figure 8.

8.4]1.3 Repeat the calculation proc¢edure and layout for the four other control signal values
corfesponding to 40 %, 60 %, 80 %'and 100 % of the regulated pressure full-scale.

8.4]2 Flow rate/pressure hysteresis

For|each forward flow rate or relief flow rate value, calculate the difference between the¢ regulated
prepsure values measured, respectively with increasing and decreasing flow rates. These|values are
megsured accordingto the procedures described in 8.3.2 and 8.3.3.

Detprmine the maximal difference, Ap,} .., and, using Formula (2), calculate the |hysteresis

cha

8.4

Facteristicvalue, expressed as a percentage of the regulated pressure full-scale.

3_““Maximum forward sonic conductance

8.4.3.1 Graphically determine the maximum forward flow rate, ., as the intersection of an
extension line of forward flow rate-pressure characteristic curves obtained in 8.4.1.1 with the abscissa
axis (regulated pressure is null in relative value), according to Figure 8.

8.4.3.2 C(alculate the value of the maximal forward sonic conductance, C¢,,,, by dividing this flow
rate value by the inlet pressure in accordance with ISO 6358-1, using Formula (7):

qy fmax
P1 + Patm

Ty

T (7)

Cf, max —

NOTE The square root is necessary to take into account the test upstream temperature T; deviation from
the reference temperature, T, as described in ISO 8778.
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f nax

X2 0 K
Key
X; forward flow rate, in dm3/s (ANR) 1 1st quadrant
X, relief flow rate, in dm3/s (ANR) 2 2nd quadrant
Y regulafed pressure, p,, in kPa p; inlet(pressure, in kPa

a Asymptote.

Figure 8 — Graphic determination of the necessary values for calculation of the sonic
conductances

8.4.4 Mgximum relief sonic conductance

8.4.4.1 (hoose graphically 5 points’all over the asymptote of the relief flow rate/pressure cugves
obtained inp 8.4.1.2 according to/Figure 8. Each one of them is defined by a relief flow rate value, Qyp and
aregulated pressure value, pJx«

8.4.4.2 Fpr each one)of these points, calculate the corresponding sonic conductance value| C,
by dividing the flow tate value by the regulated pressure in accordance with ISO 6358-1 (upstr¢am
pressure in this case)) using Formula (8):

q T
C,=kr /E (8)

27T Patm TO

NOTE The squared root is necessary to take into account the test upstream temperature, T,, deviation from
the reference temperature, T, as described in ISO 8778.

8.4.4.3 Calculate the maximal relief sonic conductance by determining the average value of these
five values.
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Pressure regulation characteristics test

Test circuit

The same test circuit as shown in Figure 7 shall be used for the pressure regulation test. Only the part
of the circuit for measuring forward flow rate shall be used.

The general requirements 8.2.1 to 8.2.5 and 8.2.8 concerning the measurement of forward flow rates
shall be respected.

9.2

9.2
flov

9.2
it w

testled, without exceeding the inlet capacity of the component under test.

9.2
incr
sca

9.2
10
rea

9.2
the
allo

9.2]6 Repeat the procedures 9.2:1 to 9.2.5 for control signal values corresponding to al

60
sign

10

10.

lest procedure

1 Install the electro-pneumatic continuous pressure control valve according td Figursg
U, with shut-off valve, solenoid valves and flow control valve closed.

2 Open shut-off valve, 1, and set the pressure regulator, 2, to apply aninlet pressure,
ill be very much higher than the setting range of the component under'test and shall be

3 From the minimal electrical control signal (0 %) gradtally modify the contro
easing values only, until reaching the value corresponding.to 20 % of the regulated pr¢
e.

4 Open the solenoid valve, 6. By using the flow rate control valve, set the forward f
o of the maximal flow rate, qvmax determined, j\8.4.3.1. Set the inlet pressure, p;, oncg
Ch the initial value determined in 9.2.2.

5 Reduce the inlet pressure, p;, and meéasure the corresponding regulated pressur
pressure transducer, 11, while maintaiwiing the flow rate constant, up to the lowest inlg
wing the chosen flow rate to be maintained.

0, 80 % and 100 % of the regulated pressure full-scale. Without flow, increase gradually
al until reaching these yalues.

Leakage at null forward flow rate or relief flow rate characteristic test

1 Test circuit

| 7, without

p4, such as
Feasonably

signal by
bssure full-

ow rate to
again to

e, Dy, using
bt pressure

bout 40 %,
the control

religf flew rate. This figure uses the upstream part of the test circuit for the in-line test, a

described

FigFre 9.represents a typical test circuit for characterizing the leakage at null forward f{)w rate or

in 1S@.6358-1, for characterizing in steady state conditions the components with upskream and

downstream pressure-measuring tubes, adding the following indications:

— the connector at the outlet port is plugged to guarantee a null forward flow rate or relief flow rate.
The regulated pressure transducer shall be connected as close as possible to the outlet port;

©IS

the flow meter is placed upstream in the supply line.
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supply pressure regulator

inlet pressure p; transducer

shut-off valve regulated pressure p, transduéex

signal generator

O 0 N O

compoment under test

1

2

3 leakagd flow meter
4 data acquisition system“(optional)
5

plug

Figure 9 — Typical test circuit for leakage characterization

10.2 Testjprocedure
Apply the iplet pressure, p;, chosen according to 5.3.2.

Measure the leakage flow at the inlet pressure asiescribed in 5.3.2 and steady-state conditions yith
set pressutes of 0 %, 15 %, 50 %, 85 % and 100, % of FS.

The measurements shall be made only by increasing the control signal.

10.3 Calculation of characteristie

For each value of the control signal"'described in 10.2, determine the leakage value. The characteristic
leakage value is indicated as the“maximum value of the inlet leakage flow rate of these control signal
values.

11 Dynamic characteristics - Step responses

11.1 Test{Installation

Figure 10 represents a typical test circuit for the dynamic characterization of electro-pneumatic
continuous pressure control valves.

11.1.2 The portof every test tank at which the component under test is connected shall have a diameter
at least equal to the one of the outlet port of the component under test.

11.1.3 Maintain as short as possible the length of the piping between the outlet port of the component
under test and the tank.

11.1.4 The buffer tank, 2, used to limit inlet pressure fluctuations shall be as close as possible to the
inlet port of the component under test.

18 © IS0 2021 - All rights reserved
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11.1.5 The pressure sensor, 9, is an external sensor installed on one of the ports of the test tank
situated perpendicularly to the inlet port of the tank as shown in Figure 10.

NOTE If the component under test already operates with an external sensor, place it at the same place as the
measurement sensor.

11.1.6 Use an oscilloscope or other appropriate electronic equipment to record the time dependent
electrical control and pressure signals.

NOTE For procedures that can be used for determining a frequency response, see Annex A.

10 ] .11 ]

>
Key]
1 |supply pressure regulator 7 *shut off valve
2 |buffer tank 8\~ inlet pressure p, transducer
3 [shut-off valves 9  regulated pressure p, transducer
4 |inlet volume or optional pressure measuring tube’ 10 signal generator

with transition connection 11 data recorder

vl

component under test
6 |outlet volume as specified in Table 2" (test tank)

Figure 10 —-Test circuit for dynamic characterization with a tank

11.2 Test procedures

11.2.1 Accordingto the port size of the pressure control valve under test, choose a tank whpse volume
corresponds,to/one of those in Table 2.

11.2.2 «InStall the electro-pneumatic continuous pressure control valve according to Figure [0, without
floy.@pply the inlet pressure, p;, chosen according to 5.3.2.

11.2.3 From the minimal electrical control signal (0 %) generate a control signal step with amplitude
of 100 % of its full scale. Simultaneously record the evolution of the control signal and the evolution of
the measured pressure at tank level throughout the tank charge until the pressure becomes steady in
the tank.

11.2.4 From the maximal electrical control signal (100 %) generate a control signal step up to 0 % of its
full scale. Simultaneously record the evolution of the control signal and the evolution of the measured
pressure at tank level throughout the tank discharge until the pressure becomes steady in the tank.

11.2.5 Repeat test procedures 11.2.3 and 11.2.4 for the following control signal steps:

— 25%to 75 %j;

©1S0 2021 - All rights reserved 19
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— 45 % to 55 %.

11.2.6 Repeattest procedures 11.2.2 to 11.2.5 for the three other test tank volume values of Table 2.

Table 2 — Volume values of the test tanks depending on the control valve port size

Port size Test tank volume (dm3)
V.0 V1 V.2 V_3
Pressure sensor
M3 directly connect- 0,02 0,05 0,1
ed
Pressure sensor
M5 directly connect- 0,05 0,1 0,2
ed
Pressure sensor
M7 directly connect- 0,1 0,2 0,5
ed
Pressure sensor
G1/8 directly connect- 0,1 0,5 1
ed
Pressure sensor
G1/4 directly connect- 0,5 1 2
G3/8
ed
Pressure sensor
G1/2 directly connect- 1 2 10
G3/4
ed
Pressure sensor
> Gl directly connect- 2 10 20
ed
11.3 Calculation of characteristics

11.3.1 Chprge characteristic curves

For each of{the three control steps,with the same time scale for the four volume values, plot in the s
graph the time responses of the\pressure evolution in the tank during the charge of the four volume
shown in I$0 10094-1:2021, Figure 5.

Use, as a rdference for the'time scale, the time of the initiation of the control signal steps.

graph the tlime
as shown in ISO 10094-1: 2021 Figure 6.

Use, as a reference for the time scale, the time of the initiation of the control signal steps.

11.3.3 Charge characteristics

hme
E, as

hme

1mes

From the charge characteristics curves obtained in 11.3.1, determine for each control step and for each
of the four volumes, the shifting time, the response time, the settling time and the overshoot, as defined

in Figure 11.
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Y Z
C
b
a —
/ ; d 105
S 100
95
90
e
10
0
0 X
Key]
X |time, ins &, Shifting time.
outlet tank pressure change, in kPa b Response time.

Z |change in pressure, in % of total change in pressure ¢  Settling time.
d  Overshoot, in % of total change in prepsure.

¢ Total change in pressure, in kPa.
Figure 11 — Determination of charge characteristics from pressure responsg

Replort these values corresponding to charge tests as shown in ISO 10094-1:2021, Table 2.

11.8.4 Discharge characteristics

From the discharge)characteristics curves obtained in 11.3.2, determine for each control step and for
each of the four volumes, the shifting time, the response time, the settling time and the undershoot for
intdgrmediary steps as defined in Figure 12.
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Y
C
b
a
0
10
e
90
\_/ I S 105
) Z
0 X
Key
X  time,ins a  Shifting time.
Y outlet thnk pressure change, in kPa b Response time.
Z  changelin pressure, in % of total change in pressure .S, Settling time.

Report the

12 Prese

12.1 Gen

Data from
compared

bral

Ke values correspondingtoe-discharge tests as shown in SO 10094-1:2021, Table 2.

ntation of testresults

d" Overshoot, in % of total change in pressure.

¢ Total change in pressure, in kPa.

Figure 12 — Determination of discharge characteristics

which the performances of the electro-pneumatic continuous pressure control valve cap be
thall be presented as described in the following subclauses.

12.2 Control signal/pressure static characteristics

The static control-pressure characteristics, determined according to 7.3, shall be presented as follows:

— adata graph in accordance with ISO 10094-1:2021, Figure 1;

— the value of the linearity obtained according to Formula (1);

— the hysteresis value obtained according to Formula (2);

— the minimum regulated pressure value obtained according to 7.3.4;

— the resolution value obtained according to 7.3.5;

22
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the repeatability value obtained according to Formula (4);
the sensitivity value obtained according to Formula (5);
the offset value obtained according to Formula (6).

12.3 Flow rate/pressure characteristics

The static flow rate/pressure characteristics, determined according to 8.3, shall be presented as
follows:

12,

Thd
foll

12,

Thd
acc

12.
Thd

NOT

a data graph 1n accordance with ISO 10094-1:2021, Figure 3;
the hysteresis value obtained according to 8.4.2;
the value of the maximum forward sonic conductance according to Formula (7);

the value of the maximum relief sonic conductance according to 8.4.4.

4 Pressure regulation characteristics

static pressure regulation characteristics, determined according to Clause 9, shall be pj
WS:

a data graph in accordance with ISO 10094-1:2021, Figure 4.

5 Leakage characteristic

static characteristic of the leakage at nulliforward flow rate or relief flow rate, ¢
rding to Clause 10, shall be presented as follows:

the maximal value of the leakage, accor'ding to 10.3.

6 Dynamic characteristics
dynamic characteristics, determined according to Clause 11, shall be presented as folloy

a graph of time dependent curves of the evolution of the pressure in the volume during
of the tanks, in accotdance with ISO 10094-1:2021, Figure 5;

a graph of time dependent curves of the evolution of the pressure in the volume during th
of the tankssin.accordance with ISO 10094-1:2021, Figure 6;

a table af charge and discharge characteristic values, in accordance with ISO 10094-1:20

E For presentation of test results of frequency characteristics, see A.5.

esented as

etermined

VS:

the charge

e discharge

D1, Table 2.

©IS
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A.1 Tes

Annex A
(informative)

Frequency responses

installation

The test ciy
Itis built a

The test ta

A.2 Test

A.2.1  Acq
that correg

A.2.2 Ing
inlet press

TITO COITOI T U IT

cuit for frequency characterization is the same as for step responses. It is shown in Figure

ccording to the recommendations of 11.1.

hk volumes are chosen from Table 2.

procedure

ording to the port size of the pressure control valve under test, €choose a tank with a volime

ponds to one of those of Table 2.

tall the continuous pressure control valve according.to Figure 10, without flow. Apply
ire, p1, chosen according to 5.3.2.

the

A.2.3 Generate a sinusoidal control signal around 50 % 0fthe maximum regulated pressure with an

amplitude
Simultaneq
tanklevel.
between ty

lower valug.

A.2.4 De
of the pres
illustrates
sometimesg|

A.2.5 Prq
constant.

A.2.6 Foi
versus the

of 10 % of its full scale (thus varying from 45'% to 55 %), with a low frequency of 0,1
usly record the evolution of the control siginal and the evolution of the measured pressuf
fnecessary, adjust the value of the control signal central value to obtain pressure oscillat
vo constant values. If 0,1 Hz is too high, the initial value of frequency may be reduced

h

ermine the amplitude characteristic in decibels and the phase lag characteristic in degi
bure signal at tank level compared to the set point signal given by the control signal. Ann¢
way to read these data‘and describes the calculation method because response curves
be to fairly non-linear.

gressively inerease the frequency of the control signal, while maintaining its amplif]

each frequency, record the amplitude characteristic of the tank pressure and its phasq
control signal. Record especially for the frequencies corresponding respectively to:

Hz.
e at
ons
o a

ees
px B
can

ude

—

ag

an attenuation of 3 dB (amplitude ratio equalto U,/ ], and

— aphaselag of 90°.

A.2.7 Repeattest procedures A.2.5 and A.2.6 for around 15 different frequencies until an attenuation
of 15 dB is reached (amplitude ratio equal to 0,18).

A.2.8 Repeat procedures A.2.4 to A.2.7 for sinusoidal control signals around 50 % of the maximum
regulated pressure with amplitudes of 50 % (25 % to 75 %) and 90 % (5 % to 95 %) from a low
frequency of 0,1 Hz. If necessary, adjust the value of the control signal central value in order to obtain
pressure oscillations between two constant values.

A.2.9 Repeat procedures A.2.2 to A.2.8 for the three other test tank volume values of Table 2.
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