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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.
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Introduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure
circulating within a circuit. In some applications, the designer of a fluid power system needs to know
the time required to cause the valving elements in a pneumatic directional control valve to move and to
generate an output signal.
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Pneumatic fluid power — Directional control valves —
Measurement of shifting time

1 Scope

This document specifies test procedures for measuring the shifting times of electrically or pneumatically

oper

It is
funct

teddiTectiomat comtrotr vatves:

hpplicable to monostable and bistable pneumatic directional control valves, with, 2 d
ions.

2 Normative references

The
cons
undg

ISO §

ISO ]
Grap

ISO §

ISO ¢
comy

3
Fort
ISO 4
— 1
— 1

following documents are referred to in the text in such a way thatsome or all of t
[itutes requirements of this document. For dated references, énly the edition cited
ted references, the latest edition of the referenced documeny (in¢luding any amendme

0000-1, Quantities and units — Part 1: General

| 219-1, Fluid power systems and components — Graphical symbols and circuit diagran|
hical symbols for conventional use and data-processing applications

598, Fluid power systems and components — Vecabulary

b358-1, Pneumatic fluid power — Determination of flow-rate characteristics of comp
ressible fluids — Part 1: General rules and’test methods for steady-state flow

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 5598 and the foll
nd IEC maintain terminology databases for use in standardization at the following adc

SO Online browsing-platform: available at https://www.iso.org/obp

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

31

time|lapse' measured from a change in the control signal (electrical or pneumatic) until

r 3 position

heir content
applies. For
hts) applies.

s — Part 1:

bnents using

bwing apply.

Iresses:

the time at

shiftli‘ng time

whichthe pressure in the associated outlet port changes by a specified amount

Note 1 to entry: Depending on the type of valve, shifting on-time or shifting off-time can mean shifting into
exhausting or non-exhausting positions. For ISO 12238 the terms "shifting time (exhaust)" and "shifting time
(fil)" are therefore used as well as the phrase "shifting time into non-exhausting positions". Depending on the
valve type, the corresponding shifting on-time or shifting off-time is then obtained for the specifications in the
catalog.

3.2

shifting on-time

shifting time when the control signal is applied

3.3

shifting off-time
shifting time when the control signal is removed
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shifting time (exhaust)
shifting time for shifts into a position where the working port is exhausting, obtained for a change of
10 % in the outlet pressure

3.5

shifting time (fill)
shifting time for shifts into a position where the working port is filling a connected component or
system, obtained for a change of 10 % in the outlet pressure

3.6

Shlfting time (uuu cz\hauat;us)

shifting tim

4 Symbg

4.1 The sy
be in accord

e for shifts into a position where the working port is closed

)ls and abbreviated terms

rmbols and units for parameters used in this document shall be as given in Table 1 and
ance with ISO 80000-1.

Table 1 — Symbols and units

shall

Symbol Parameter Unit
to base for time measurement ms
tg shifting time (exhaust) ms
tp shifting time (fill) ms

tNE shifting time (non-exhausting) ms

4.2 Graphlic symbols used in this document shalkéonform to the requirements of ISO 1219-1.

5 Test eq

5.1 Basidg
The basic te

When shifti
of a pressurj
2/2 or 5/3 (
key 10 in Fig

Juipment
test setup
5t equipment shall bé as’'shown in Figures 1 and 2.

hg into a non-exhausting valve position, the shifting time cannot be measured due to §
e drop. For measuring the shifting time of shifts into non-exhausting valve positions
losed centre-position), a throttle valve and a flow sensor shall be used (also see key ¢
pures 1 and 2).

lack

(e.g.
) and
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For ¢
contj
(key
pilot

pressure transducers

pressure measuring tube in accordance with ISO 6358-1

flow sensor (only for non-exhausting valve positions)

w bb————-

ontrol signal

utput recording device(s)
alve under test

hut-off valve (optional)

hermometer

upply reservoir

hrottle valve (only for non-exhausting.valve positions)

Figure I'—Test equipment for electrically-operated valves

neumatically operated valves (Figure 2), the sonic conductance C, as defined in ISO 6
‘ol valve (key 1)shall be larger than the sonic conductance C of the pilot port of the valy
4). The conneetion between control valve (key 1) and the pressure measuring tube (1
port of the'valve under test should be as short as possible.

B58-1, of the
e under test
key 5) at the
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Key
control valve (to generate control signal)
pressure| transducers
output r¢cording device(s)
valve ungler test

1
2
3
4
5  pressurg measuring tube in accordance with ISO 6358-1
6  shut-off yalve (optional)

7  thermonpeter

8  supply r¢servoir

9 throttle yalve (only for noncexhausting valve positions)

10 flow sensor (only for nen-exhausting valve positions)

Figure 2 — Test equipment for pneumatically-operated valves

5.2 Pressuremeastt iug titbes

5.2.1 A straight pressure measuring tube should be threaded into the valve inlet port, as well as into
the valve pilot port when applicable, and shall be made in accordance with ISO 6358-1.

The test setup from ISO 6358-1 requires transition connectors for the flow measurement. These reduce
the speed of the flow in the measuring tube. This is not necessary for shifting time measurement and
the transition connectors are not required for this test. Nevertheless, the transition connectors from
[SO 6358-1 may be used for the tests according to ISO 12238.

5.2.2 Select and attach pressure measuring tubes to the test valve whose threads correspond to each
port size of the valve flow path, and to the valve pilot port when applicable.

4 © IS0 2023 - All rights reserved
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5.3 Pressure transducers

5.3.1 Install a pressure transducer into the inlet pressure measuring tube. Also install a pressure
transducer directly into each outlet port to be tested, to have an outlet volume as small as possible. All
untested outlet ports shall be plugged.

5.3.2 When a pneumatically-operated valve is tested, mount an additional control pressure
transducer into the pilot pressure measuring tube.

5.4 Supply reservoir

5.4.1 Use a supply reservoir of sufficient capacity so that the pressure drop causedbyithe piping and
meagured in the pressure measuring tube at the inlet port during the test does not exceefl 3 % of the
supply pressure. A larger pressure drop is permissible but will increase the shifting timp and result
in a |ess favourable rating for the product under test. Connections from the, 'supply resefvoir should
be s¢veral times larger than the pressure measuring tube and as short as\péssible, to njinimize the
pressure drop.

5.4.2 Use a supply reservoir that allows for measurement of the“internal air temperature of the
reservoir. Maintain the supply reservoir temperature between 18/°C and 30 °C.

5.4.3 Locate the optional shut-off valve, and the control valve when applicable, as close ap possible to
the reservoir outlet. Use a valve with a sonic conductancé.€larger than that of the pressurg measuring
tube| because a smaller valve can restrict the flow and-ificrease the shifting time.

5.5 | Control signal

5.5.1 For solenoid pilot-operated valves or pneumatically-operated valves, maintain the external
pilot|{supply pressure at either the test:pressure supplied to the valve or the maximum permitted pilot
supply pressure, whichever is less.

5.5.2 For AC solenoid-operated‘valves, generate the control signal with a trigger device set to trigger
at the zero-voltage crossovef point. Maintain voltage to within +2 % of the rated voltage.

5.5.3 For DC solenpid-operated valves, maintain steady-state voltage to within *2 % pf the rated
voltdge.

5.5.4 Changes'in the shifting time caused by limitation of the negative voltage peaks dule to the test
equipment should not exceed 0,1 ms.

5.5. For bistable valves, add a pause of non-operation between control signals to ensjre that the
pilot control volumes are completely exhausted, before measuring the shifting time in the opposite
condition.

5.6 Datarecording system

5.6.1 Use pressure transducers, amplifiers and recording devices that together have a system
frequency response of within -3,0 dB at minimum 2 000 Hz and a resolution of less than 0,1 ms. For
shifting times smaller than 5 ms, a system frequency response of within -3,0 dB at minimum 5 000 Hz
shall be used.

© IS0 2023 - All rights reserved 5
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5.6.2 During a test run, record the control signal (AC, DC or pilot pressure) and pressure-time
diagram for all transducers in the system. Figure 3 gives examples of how data can look.
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Key
1  control signal — DC solenoid (V)
2 control signal — AC solenoid (V)
3 control signal — pressure pilot (kPa (bar))
4  pressure-time diagram (example, 5/2 monostable valve)
5 pressure-time diagram (example, 2/2 normally closed valve, non-exhausting)
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6  typical inlet pressure

a inlet pressure p;

b 3 % maximum recommended drop

c fill test

d exhausttest

e exhaust test with small leakage

f  exhaust test without small leakage

g  pressure drop caused by small leakage

t, time base (start of shifting time measurement)

tp shifting jime (fill)

tyg shifting fime (non-exhausting)

Figure 3 — Typical data-time recordings

6 Testag¢curacy

Test conditipns shall be maintained and data obtained within the accuracy limits given in Table 2.

Table 2 — Test accuracy parameters

Parameter of measuring instrument Permissible systematic error
Pressure 10 kPa (20,1 bar)
Temperature +2°C
Time 5%

7 Test procedure
7.1 An overview of test procedures is givéen in Tables 3 and 4

Table 3 ~~'Test procedures for shifting on-test

Shifting on (control signal is applied) | Test procedure
Valve |Type Fill Exhaust

Port 2 Port 4 Port 2 Port4 |Clause

NC (normally‘closed) Monostable 12 — — — 75

2/2 |NO (normally open) Monostable — — (10)2 — 7.7
--- Bistable 12 — (10)2 — 75,77

NC (normally closed) Monostable 12 — — — 7.5

3/2 |NO (normally open) Monostable — — 10 — 7.6
--- Bistable 12 — 10 — 7.5,7.6
4/2 Monostable — 14 14 — 7.5,7.6
5/2 Bistable 12 14 14 12 75,76
Pressurized centre position| Monostable 12 14 14 12 7.5,7.6
5/3 |Exhausted centre position | Monostable 12 14 14 12 75,7.6
Closed centre position Monostable 12 14 14 12 7.5,7.6

(oW

a2  Control mechanism values in parentheses show shifting positions where exhaust is not possible (closed position).

NOTE Designation of valve types and control mechanisms in accordance with ISO 11727 and ISO 5598

8 © IS0 2023 - All rights reserved
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Table 4 — Test procedures for shifting off-test

Shifting off (control signal isre- |Test procedure
moved)
Valve Type Fill Exhaust
Port 2 Port 4 Port 2 Port4 |[Clause
NC (normally closed) Monostable — — (12) 2 — 7.7
2/2 |NO (normally open) Monostable 10 — — — 7.5
--- Bistable — — — — ---b
NC (mormally closed) Monostable — — 12 — 7.6
3/2 |NO (normally open) Monostable 10 — — — 7.5
--- Bistable — — — — |-
4/% Monostable 14 — — 14 75, 7.6
5/ Bistable — — — —= ---b
Pressurized centre Monostable 14 12 — S 75
position
5/B |Exhausted centre posi- | Monostable — — 12 14 7.6
tion
Closed centre position Monostable — — (12)a (14)a |77
a2 (ontrol mechanism values in parentheses show shifting positions where exhaust is not possible (closed position).
b For bistable valves in general the removal of the control signal doesynot lead to a change of the valve positipn. Therefore,
a detprmination of a shifting off-time is not possible for these kinds of valves.
NOTE  Designation of valve types and control mechanisms ifaccordance with ISO 11727 and ISO 5598

7.2

specified in Clause 5.

7.3

capapilities of the valve, either by a shifting on-time test or a shifting off-time test. The fo
shallbe recorded:

fill time from inlet to eachjoutlet port and

eéxhaust time from, éach outlet to exhaust port.

Testg to measure exhaust and fill times may be combined to run in sequence.

74

path

A test shall always include three single test runs, which shall be done individually f

Set up the test circuit as shown in Figurél or, when appropriate, Figure 2, with components as

The fill and exhaust shifting times-for each outlet port shall be measured based on the operation

lowing data

br each flow

7.4.1 A qinglp test run shall consist of several prplimin;n"y shifts directly followed hy the

the valve according to the type of test (see 7.5.3, 7.6.2 or 7.7.3 and also Figure 3).

peration of

7.4.2 The preliminary valve shifts shall be conducted by energizing and de-energizing the solenoid
on electrically-operated valves, or by operating the control valve to pressurize and de-pressurize the
pilot control mechanism of a pneumatically-operated valve. They shall be done with a frequency that
ensures the complete exhausting and pressurizing of the flow path under test.

7.4.3 Each test run shall be conducted after a waiting time of at least 1 min, to ensure temperature
stabilization. Maintain the supply reservoir temperature between 18 °C and 30 °C.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e347458d1fd4feb7629ef852be513f3a

ISO 12238

7.5 Forsh
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ifting into filling positions, the shifting time (fill) shall be determined as follows:

7.5.1 Maintain supply reservoir pressure at a pressure of 630 kPa (6,3 barl) or at the maximum
working pressure at the inlet pressure transducer, whichever is less.

7.5.2 Vent the outlet port under test to atmosphere.

7.5.3 Perform a test according to 7.4, venting the outlet port each time and then shifting into the

filling positi

on.

7.6 For sh|ifting into exhausting positions, the shifting time (exhaust) shall be determined as follows:

7.6.1 Cha
pressure at

7.6.2 Perf
exhausting |

7.7 Forsh
the shifting

NOTE
shifting time

7.7.1 Maii

'ge the outlet port under test to a pressure of 630 kPa (6,3 bar) or to the maximum wo
Lhe outlet pressure transducer, whichever is less.

prm a test according to 7.4, pressurizing the outlet port each time and.then shifting int
bosition.

fifting into non-exhausting positions (e.g. 2/2 closed position and-5/3 closed centre posi
time (non-exhausting) shall be determined as follows:

Although it is actually shifted into a non-exhausting position, from a technical point of viey

is regarded as shifting time (exhaust).

itain supply reservoir pressure at a pressure of 630 kPa (6,3 bar) or at the maxi

rated pressiire at the inlet pressure transducer, whicheyer is less. Shift the valve into the pressu

position. Se
present and|
shall be detg

NOTE S
closetother

7.7.2
to. 7.4.2. DU
determinati

7.7.3  Perf]
non-exhaus

8 Datac

C the throttle valve so that a small leakage in the range of 1,0 I/min to 1,5 1/min (AN
measured with the flow sensor while«the outlet port is pressurized. A pressure deci
bctable when the valve is shifted intgthe non-exhausting position.

hall leakage in the range of 1,0 I/min-to 1,5 1/min (ANR) ensures that the measurement is cond
pference test pressure of 6,3 batsothat the shifting characteristic is not influenced.

With the throttle valve set@s described in 7.7.1, perform several preliminary shifts accot

ring the waiting timeé ‘according to 7.4.3, the inlet ports shall be pressurized to {
pon of the fluctuatioriband of pressure and electrical signal noise.

prm a test aéeording to 7.4, pressurizing the outlet port each time and then shifting int
ing positien.

alculations

rking

o the

fion),

v, the

mum
rized
R) is
rease

Licted

rding
h[low

o the

8.1 Forelectrically-operated valves, establish the time base, ¢, as the point at which a definite change
in the voltage is noted (see Figure 3).

8.2 For pneumatically-operated valves, establish the time base, ¢, as the point at which a 10 % change
in pilot pressure is noted (see Figure 3).

8.3 Forshiftinginto filling positions, measure the time to fill from ¢, to the point at which the pressure
reaches 10 % of its supply reservoir pressure value for each test run of an outlet port. Determine the
average of the data from the test runs defined in 7.5 for each outlet port; this is the shifting time (fill)
for each outlet port (see Table A.1 for an example of test data).

1) 1bar=0,1 MPa=10%Pa; 1 MPa=1N/mm?

10 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e347458d1fd4feb7629ef852be513f3a

IS0 12238:2023(E)

8.4 For shifting into exhausting positions, measure the time to exhaust from ¢, to the point at which
the pressure reaches 90 % of its supply reservoir pressure value for each test run of an outlet port.
Determine the average of the data from the test runs defined in 7.6 for each outlet port; this is the
shifting time (exhaust) for each outlet port (see Table A.1 for an example of test data).

8.5 For shifting into non-exhausting positions, measure the time to exhaust by throttle for non-
exhausting shifting positions from ¢, to the point at the start of the pressure decrease for each test run
of an outlet port. This shall be the point at which the pressure changes and remains below the initial
value, also taking into consideration the fluctuation band of pressure and electric signal noise (for an
example of the determination of the fluctuation band also see Annex B). Determine the average of the
data from the test runs defined in 77 for each outlet port; this is the shifting time (mon-exhausting) for

each|outlet port.

NOTH For the data calculations, the rate of the pressure drop caused by the small ledkage is|not relevant.
Only the time at the beginning of the pressure drop is relevant.

9 Reporting of test data

9.1 | Report the average shifting time for each flow path in the valve; see the column titlegl “Each flow
pathl in Table A.1 for an example of this type of reporting.

9.2 | As an alternative to 9.1, report the average of shifting time for all flow paths in a valve; see the
column titled “Valve as a whole” in Table A.1 for an example of this type of reporting.

10 ldentification statement (reference to,this document)

It is $trongly recommended that manufacturersiuise the following statement in test reportg, catalogues
and gales literature when electing to comply‘with this document:

“Shiftting time of pneumatic directional.eontrol valves or moving part logic devices was ﬂ:leasured in
accordance with IS0 12238:2023, Pneuinatic fluid power — Directional control valves — Measurement of
shifting time.”

©1S0 2023 - All rights reserved 11
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Annex A
(informative)

Example of generated test data and values to be reported

Table A.1 — Example of shifting time test data generated from testing a 5/2 monostable valve

andualuactiahbha ranartad
oItV o Co—to-o T po

T—Totr

. . Average shifting times to be report-
Description of flow path | Shifting time data ed
Shifting time in accordance with from each test run
1SO 11727 ms ms
each flow path vdlve as a whple
17
Fill with ports 1 to 4 18 18
Shifting-¢n 19 17
(energizefd) 15
Exhaust with ports 2 to 3 16 16
17
35
Fill with ports 1 to 2 36 36
Shifting-qff 37 35
(de-energiged) 33
Exhaust with ports 4 to 5 34 34
35

12 © IS0 2023 - All rights reserved
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(informative)
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Measurement of shifting time into non-exhausting positions

B.1 General

The
valve
diffe

The
diffe

B.2

Test

burpose of this annex is to help users in understanding the measurement of the shiftj

with a non-exhausting position (e.g. 2/2 closed position and 5/3 closed centye pos
s from the other measuring procedures due to the construction of this type of valves.
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Figure B.1 — Test procedure for shifting time (non-exhausting)
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