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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 within
a circuit. Components that make up such a circuit are inherently resistive to the flow of the gas and it is
necessary, therefore, to define and determine the flow-rate characteristics that describe their performance.

[S0 6358:1989 was developed to determine the flow-rate characteristics of pneumatic valves, based upon
a model of converging nozzles. The method included two characteristic parameters: sonic conductance,
C, and critical pressure ratio, b, used in a proposed mathematical approximation of the flow behaviour.
The result described flow performance of a pneumatic valve from choked flow to subsonic flow, based

on swmmmmm. ;
of flpw velocity on the measurement of pressures.
Exp4
that
appl
requ
and

brience has demonstrated that many pneumatic valves have converging-diverging chg
do not fit the ISO 6358:1989 model very well. Furthermore, new developments have
jcation of this method to additional components beyond pneumatic valves. Howevg
ires the use of four parameters (C, b, m, and Ap¢) to define the flow performance in both
subsonic flow regions.

This|part of ISO 6358 describes a set of four flow-rate characteristic.parameters determing
resullts. These parameters are described as follows and are listed in.decreasing order of pri

The sonic conductance, C, corresponding to the maximumyflow rate (choked) is the mog
parameter. This parameter is defined by the upstream:stagnation conditions.

Che critical back-pressure ratio, b, representing,the boundary between choked ar
flow is second in importance. Its definition difféxs here from the one in ISO 6358:198
Corresponds to the ratio of downstream to upstream stagnation pressures.

The subsonicindex, m, is used if necessaryte represent more accurately the subsonic floy
For components with a fixed flow path,#nis distributed around 0,5. In these cases, only
Characteristic parameters € and b arenecessary. For many other components, m varig
these cases, it is necessary to determine C, b, and m.

The parameter Ap. is the cra¢king pressure. This parameter is used only for pneumatic (
that open with increasing upstream pressure, such as non-return (check) valves or of]
control valves.

ral changes to thé-test equipment were made to overcome apparent violations of
pmpressible fluid)flow. This includes expanded inlet pressure-measuring tubes to
mptions of negligible inlet velocity to the item under test and to allow the inlet stagnati

ne influence

racteristics
nllowed the
r, this now
the choked

d from test
brity:
t important

)1d subsonic
D because it

Uy behaviour.
he first two
s widely. In

omponents
le-way flow

the theory
satisfy the
bn pressure

stagnation

uce energy

consumption, It 1s desirable to apply the methods speciile
and a charge test as alternative test methods.

scharge test

ISO 6358-3 can be used to calculate without measurements an estimate of the overall flow-rate
characteristics of an assembly of components and piping, using the characteristics of each component
and piping determined in accordance with this part of ISO 6358 or ISO 6358-2.

It should be noted that performance characteristics measured in accordance with this edition of ISO 6358
differ from those measured in accordance with ISO 6358:1989.

© IS0 2013 - All rights reserved
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INTERNATIONAL STANDARD

ISO 6358-1:2013(E)

Pneumatic fluid power — Determination of flow-rate
characteristics of components using compressible fluids —

Part 1:

General rules and test methods for steady-state flow

1 Bcope

This|part of ISO 6358 specifies a steady-state method for testing pneumatic fluid power components that
use ¢ompressible fluids, i.e. gases, and that have internal flow paths that can be'€ither fixed or variable
in sigze, to determine their flow-rate characteristics. However, this part of 1S9-6358 does ot apply to
components whose flow coefficient is unstable during use, i.e. components that exhibit remarkable
hysteretic behaviour (because they can contain flexible parts that deferm/under the flow) ¢r that have
an ifjternal feedback phenomenon (such as regulators). In addition, it de€s not apply to components that
exchlange energy with the fluid during flow-rate measurement, e,g. Cylinders, accumulators| etc.

Tablk 1 provides a summary of which parts of ISO 6358 can beapplied to various componernts.

Table 1 — Application of ISO 6358 téest'methods to components

Constant Variable
upstream pressure test upstream pressfire test
Components [SO 6358-1 ISO 6_358-1 _
constant ISO 6358-2 variable [SO|6358-2 dis-
upstream charge test |upstream pres-| charge test
pressure test sure test

Group 1  |Directional control valves yes yes yes yes
Flow control valves yes yes yes yes
Connectors yes yes yes yes
Valve manifolds yes yes yes yes
Group of components yes yes yes yes
Groyp 2  |Filters-and lubricators yes no no no
Non-return (check) valves yes no no no
Tubes and hoses yes no no no

Group 3™\ Y{Silencers and exhaust
o no no yes yes

T oil mist separators

Blow nozzles no no yes yes
Quick-exhaust valves no no yes yes
Cylinder end heads no no yes yes

This part of ISO 6358 specifies requirements for the test installation, the test procedure, and the
presentation of results for the steady-state method.

This part of ISO 6358 includes several test procedures, including the one described in Annex A, which
is from ISO 6358:1989. Flowmeter calibration is described in Annex B. Evaluation of measurement
uncertainties is described in Annex C. Observations of the error in the test results are described in
Annex D. Equations and graphical representations of flow-rate characteristics are given in Annex E.
Guidance on the use of practical units for the presentation of results is given in Annex F. Test results

© IS0 2013 - All rights reserved
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using commercially available pneumatic components are given in Annex G. Guidance on calculating the
flow-rate characteristics is given in Annex H.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 228-1, Pipe threads where pressure-tight joints are not made on the threads — Part 1: Dimensions,
tolerances

o ; £
[rr Mcdlgllublull

[SO 12191, re 1:

Graphical s)

Fluid power systems and components — Graphical symbols and circuit diagrams ="Pd
mbols for conventional use and data-processing applications

[SO 5598, Fluid power systems and components — Vocabulary

ISO 8778, Pheumatic fluid power — Standard reference atmosphere

ISO 14743:2004, Pneumatic fluid power — Push-in connectors for thermoplastic‘tubes

ISO 16030, Pneumatic fluid power — Connections — Ports and stud ends

3 Terms and definitions

For the pur
The terms §
meaning. T}

boses of this document, the terms and definitions giyen in ISO 5598 and the following a
nd definitions given in 3.1 through 3.3 are those for which it seems useful to emphasiz
e terms and definitions in 3.4 and 3.5 are givén for the purposes of this part of ISO 635

pply.
b the
8.

3.1 Terms and definitions related to pressures

3.1.1
static pres
pressure m

sure
pasured perpendicularly to the flow direction without influence of disturbances

Note 1 to erftry: Static pressure can permeasured by connecting a pressure-measuring device to a presgure-

tapping moupting in a wall.

3.1.2
stagnation|
pressure th

pressure

it would existina flowing gas stream if the stream were brought to rest by an isentropic prqcess

Note 1 to entry: In this part of ISO 6358, the static pressure measured in the pressure-measuring tubes is

effectively the stagnation pressure within 6 %.

c1nd dafinitionc ralatad to-tamnaeraturae
O O e I I OO T It et totCmp e raturc

3.2 Term

3.21
static temperature
temperature that would be measured by a device that moves with the flowing gas at its velocity

3.2.2

stagnation temperature

temperature that would exist in a flowing gas stream if the stream were brought to rest by an
isentropic process

Note 1 to entry: In this part of ISO 6358, the temperature measured in the pressure-measuring tubes with

either an immersed temperature probe or a probe in the side wall of the tube is effectively the stagnation
temperature within 1 %.

© ISO 2013 - All rights reserved
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3.3 Terms and definitions related to flow

3.31

choked flow

flow whose velocity is equal to the local speed of sound in at least one section of the component, which
means that the Mach number equals 1

Note 1 to entry: In this condition, the mass flow rate of the gas is proportional to the upstream pressure, p1, and
independent of the downstream pressure, p3.

3.3.2

subgsenicflow
flow] whose velocity is lower than the local speed of sound, that is, whose Mach number is|below 1, in
everly section of the component

Notell to entry: In this condition, the mass flow rate of the gas is dependent on the upstream and dewnstregm pressures.

3.4 | Terms and definitions related to flow-rate characteristics

3.4.1
condluctance, C,
meagpure of the ability of a pneumatic component or piping to conduet gas flow

Notel] 1 to entry: The conductance of a pneumatic¢)cemponent can be determpined from
the |amount of flow at conditions of standard reference atmosphere, from the| stagnation
pressure and stagnation temperature ratio generating.othe flow, as described by the formula:

b e B aw [T
e
pi\To pPor1\To
D

3.4.2
sonic conductance, C
conductance in the choked flow region

3.4.
condluctance ratio
ratiq of the conductance to .the sonic conductance

Note|1 to entry: The conduetance ratio, Ce/C, is less than or equal to 1.

34.4
critical back-pressure ratio, b
ratiq of the dewnstream stagnation pressure to the upstream stagnation pressure when the mass flow
rate|of the.gas through the component or piping just reaches the choked flow region of the flow-rate or
conductance curve

3.4.

subsonic index, m

exponential index for expressing the characteristic function of the mass flow rate in the subsonic flow
region of the flow-rate or conductance curve

3.4.6

cracking pressure, Ap,

differential pressure between upstream and downstream pressures required for the mass flow rate to
be greater than the lowest practical ratio of qgm/qm*

© IS0 2013 - All rights reserved 3
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3.4.7

pressure dependence coefficient, K
ratio by which sonic conductance is affected by upstream pressure

Note 1 to ent

ry: See Formula (3).

3.5 Miscellaneous terms and definitions

3.5.1

pressure-measuring tube
tube with a defined inside diameter and with pressure-tapping holes for measuring the pressure

perpendicu

3.5.2

transition
connector ¥
measuring

3.5.3

ar to the direction of flow

connector

ube

variable infternal flow path

vith tapered passage for connecting the ports of the component under test-tfo a presg

ure-

flow path whose size depends on the pressure difference between the component’s inlet port and ojitlet
port (e.g. thpt caused by a spring-loaded poppet seal)
4 Symbols and units
4.1 The symbols and units used throughout this part of ISO(6358 shall be in accordance with Tablg 2.
Table 2 — Symbols-and units
Reference| Description Symbol Dimensiona SI unitb
34.3 Critical back-pressure ratio b pure number -
3.4.2 Conductance Ce L4TM-1 m3/(s-Pa)(ANR)
3.4.2 Sonic conductance c L4ATM-1 m3/(s-Pa)(ANR)
3.4.4 Subsonic index m pure number -
- Absolute stagnation'pressure p ML-1T-2 Pac
- Mass flow rate qm MT-1 kg/s
- Volume flow)rate at standard reference atmos- qv L3T-1 m3/s(ANR)
phere
- Gas constant (for a perfect gas) R L2T-20-1 J/(kgK)
- Absolute stagnation temperature T 0 K
3.4.5 Gracking pressure Ap. |[ML-1T-2 Pac
3.4.7 Pressure dependence coefficient Kp M-1LT?2 Pa-1
- Mass density p ML-3 kg/m3
a M =nmass; L=Ilength; T =time; ©® = temperature.
b The use of practical units for the presentation of results is described in Annex F.
¢ 1Pa=1N/m2.

4.2 The numerals used as subscripts and the asterisk (*) used as a superscript to the symbols listed in

Table 2 sha

1l be used as specified in Table 3.

© ISO 2013 - All rights reserved
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Table 3 — Subscripts and superscripts

Superscript Subscript Meaning

T0=293,15K

p0 =100 kPa (1 bara)
p0=1,185 kg/m3

65 % relative humidity

0 Conditions of standard reference atmosphere defined in ISO 8778, i.e.:

1 Upstream conditions

2 Downstream conditions

*

Conditions during choked flow tests

| bar = 100 kPa = 0,1 MPa; 1 Pa=1N/m2.

4.3

5

CAU
devi

The graphic symbols used in Figures 1 and 2 are in accordance with 1SOy¥219-1.

Test installation

TION — Figures 1 and 2 illustrate basic circuits thatido not incorporate all
ces necessary to protect against damage in the event of component failure. It is

that] those responsible for carrying out the test give:due consideration to safegua

pers

5.1

5.1.
com

onnel and equipment.

Test circuit for constant upstream pressure test

1 If pressure-measuring tubes can beceonnected on the upstream and downstream

pbonent under test, a suitable test circuit'as shown in Figure 1 shall be used.

1 2 3451167 8 12’9 12 10 13 4

BT
] £ &R

s

14

the safety
important
rding both

sides of the

NOTE See Table 4 for the key to test circuit components.

Figure 1 — Test circuit for constant upstream pressure test

5.1.2 An alternative to this test circuit is shown in Figure A.1.

© IS0 2013 - All rights reserved
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5.2 Test circuit for variable upstream pressure test

If the component under test has a connecting port on its downstream side, a suitable test circuit as
shown in Figure 2 shall be used. If the component does not have a connecting port on its downstream
side (such as a silencer), see 5.3.4 for more information.

3451167 8 12’9 12 10 4

e

1
w ? I>4-( - \L|\x ‘\ /| J/ J_(::__f:._[>
=

14

J

~ -

NOTE S¢e Table 4 for the key to test circuit components.

Figure 2 — Test circuit for variable upstream pressure test

Table 4 — Key to test circuit components'shown in Figures 1 and 2

Key item Relevant - Additional recommendations
subclause or Description -
number and requirements
paragraph
1 5.3.2 Compressed gas source and filter
2 - Adjustable pressure regulator
3 - Shut-off valve Preferably with a straight flow path
4 - Flow-rate measuring device May also be placed in position 4’ [i.e.
downstream of the downstream pref-
sure-measuring tube (item 10)]
5 - Temperature-measuring instrument Sensor located on axis of the upstredm
pressure-measuring tube (item 6). See
5.4.2 and 5.4.3.
5.4 Upstream pressure-measuring tube
5.5 Upstream transition connector Attached to the pressure-measuring
tube and component under test
- Component under test
5.5 Downstream transition connector Attached to the pressure-measuring
tube and component under test
10 5.4 Downstream pressure-measuring tube
11 - Upstream pressure gauge or transducer
12 - Downstream pressure gauge or trans- |A differential pressure gauge or trans-
ducer ducer, 12’, may be used as an alternative.

a  Asan option, a set of push-in connectors may also be used.

6 © IS0 2013 - All rights reserved
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Table 4 (continued)
Key item Relevant I Additional recommendations
subclause or Description .
number and requirements
paragraph
13 - Flow control valve The sonic conductance of this flow
control valve shall be about four times
larger than that of the component under
test.
14 - Barometer
15 5() 3 Niyy}ca Not ohuvv Y Flg tres—+ aud :; see Flg'
ure
16 5.6.3 Close nipplea Not shown in Figures-hand %; see Fig-
ure 7.
a  Asan option, a set of push-in connectors may also be used.

5.3 | General requirements

5.3.1 The component under test shall be installed and operated inZthe test circuit in acco
the manufacturer’s operating instructions.

5.3.
the Jomponent under test.

5.3.3 A test setup shall be constructed from the items listed in Table 4, except that ite
required for the variable upstream pressure test.

5.3.4 Items9, 10, and 12 are not requiredfor the variable upstream pressure test when the|
undé¢r test does not have a downstream port.

5.3.
trapped or retained; a drain may<be provided at any locations where liquid collects.

5.3.
dist

The inlet connectorof the upstream pressure-measuring tube shall have a gradual pra
rbance of the flow,

5.3.7 Calibrate(th€¢ flowmeter (see Annex B for information) before conducting the te{
conducted to determine or verify catalogue data, the flowmeter shall have been calibrated in
with| the best.practices of the laboratory.

rdance with

A filter shall be installed which provides a standard.ef filtration specified by the manjufacturer of

m 13 is not

component

All connections for pressure.measurement shall be arranged so that entrained liquid cannot be

file to avoid

t. For tests
accordance

\1y.

5.3.13 Perform a dead weight test of the pressure measuring instrumentation at least annusg

5.3.9 Instrumentation in a circuit should not be located where vibration can affect its accuracy.

5.4 Pressure-measuring tubes (items 6 and 10)

5.4.1 Pressure-measuring tubes that conform to Figure 3 shall be used. Typical dimensions of the

pressure-measuring tubes are also specified in Table 5. The tube shall be straight, with a smo

oth, circular

internal surface, and a constant diameter throughout its length. The longitudinal centreline of the tube
shall intersect with the centreline of the holes, and the centreline of the holes shall be normal to the
longitudinal centreline. The junction of the hole with the internal surface of the tube shall have a sharp

edge and be free from burrs. There shall be no obstruction or branch connection other than tho

© IS0 2013 - All rights reserved
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1T o e tos
“ i 4
8 T H_;—lszd4s1,5 ——————— 3é/— — 3| 3| ¥
K
L, \ L,
L | 3lY L
ZZdl ! L3
} 6,5d,
' 134,

Key
end thaf] connects to transition connector
pressurg¢-tapping hole

optional temperature-tapping hole (may be deleted for the downstream pressure-measuring tube, or if a
differenf upstream location is used)

Figure 3 — Pressure-measuring tube

Table 5 — Typical dimensions of pressure-measuring tubes

Dimensions in millimetres

Tpa di dyb ds¢ Lib Lob L3

min. nom. tol. nom. tol. nom. to|.
G1/8 6 14 8 | Toore | 55 | oz 1 75 | o
G1/4 9 18,5 1| Toees | 65 | o4 15 95 | _J,
G3/8 155 225 | 145 | 0008 | 75 | _oa | 15 05 | _J,
G1/2 16 26,5 18 | Tooes | 0 | Loa | 15 2 |,
G 3/4 22 32,5 24 | 0% | 05 | 0, | 15 135 | o,
G1 28 39 30| o | s | o, | 15 5 | o,
G11/4 36 49 38 | ol | 165 | 04 | 25 215 | g,
G11/2 42 55 aas | T00n | 175 | g4 | 25 225 | g4

a  Gthreadsin accordance with ISO 228-1.
b Gthread length L1 and dimensions dz and Ly in accordance with ISO 16030.

¢ Limit deviations of tolerance class dg in accordance with ISO 286-2.

8 © IS0 2013 - All rights reserved
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Table 5 (continued)
dq dzc L) L3
Tpa dqb Lab
min. nom. tol. nom. tol. nom. tol.
-0,100 0 0
G2 53 68 56 To17a | 195 | o4 2,5 245 | o4
-0,100 0 0
G21/2 68 80 72 0174 23 | o4 3 29 04
-0,120 0 0
G3 81 91 845 | 0207 | 255 | g4 3 315 | 6
a (i threadsin accordance with ISO 228-1.
b ; thread length L1 and dimensions dp and Ly in accordance with ISO 16030.
c Limit deviations of tolerance class dg in accordance with ISO 286-2.
5.4.2 One temperature-tapping hole may be provided on the upstream pressure-measuifing tube, in
accordance with Figure 3, for a temperature-measuring sensor that does notpretrude into the flow stream.
5.4. Because the location of the temperature sensor does not have'a significant impact on the test
results, the temperature sensor can be located in a convenient lgcation upstream from the|component
undér test. Alternate locations of the temperature sensor should*be in a large-diameter selction of the
supply system piping, away from any areas of sudden expansien.
5.4.4 When connecting pressure-measuring instruments, the dead volume shall be limited as much as
posdible to avoid long response time.
5.5 | Transition connectors (items 7 and9)
5.5.1 Transition connectors should be-made of stainless steel or carbon steel for maChiI:E structural
use. [Maximum torque values should be-twice the torque value given in ISO 16030 (i.e. maxifnum torque
valugs for M3, M5, and M7 size connectors should be, respectively, 0,6 N-m, 1,6 N-m, and 4 N-mn.)
5.5.2 Components under testthat have female ports shall be connected to a type 1 transitioh connector,
as shown in Figure 4. Typieal'dimensions of type 1 transition connectors are given in Table 6
Ly
L
/ e -
S L
) :?D Ly L L
o~
/3A,2 /3A,2 / 32 J\
T T 9N NNV § RPN i N S A p— ANZY =
1355 3 77 %A1 o35 2
S
T, , &
T
Key
1  end that connects to the pressure-measuring tube
2 end that connects to the component under test

Figure 4 — Type 1 transition connector (threaded connection)

© IS0 2013 - All rights reserved
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Table 6 — Typical dimensions of type 1 transition connectors

Dimensions in millimetres

Size Lqa Ly L3 Lg Lsa | Lga | Ly dy dy d3a dgc ds | dg? T1b Tob
nom. | tol. nom.| tol. nom. | tol. | min. nom. | tol.
M3 x1/8 3 55 [+0,2| 5 75 |+0,4| 1 0,5 39 1,5 |+0,1 6 6,5 8 [+0,058| 9,9 15 M3 G1/8
0 0 0 0
M5 x1/8 4 55 |+0,2| 6 75 |+0,4| 1 0,5| 39 2,7 [+0,1 6 8,5 8 |+0,058| 9,9 15 M5 G1/8
0 0 0 0
M7x1/4 | 55|65 [+04| 75|95 |+0,4]| 1 1 48 4 +0,1 9 11,5| 11 |[+0,070| 13,4 | 19 M7 G1/4
0 0 0 0
1/8x3/8 | 35| 75 [+0,4| 75 |10,5|+0,4| 1 1 59 6 +0,2| 12,5 | 14,5 | 14,5 [+0,070| 169 | 23 | G1/8 " ¢3/8
0 0 0 0
1/4x1/2 | 45 9 |+0,4| 95 | 12 |+0,4| 1,5 1 63 9 +0,2| 16 |18,5| 18 [+0,070| 21,2 | 27 | Gl/4 | G1/2
0 0 0 0
3/8x3/4 | 45 |10,5(+0,4(10,5(13,5|+0,4| 1,5 1 75 13 [+0,2| 22 |22,5| 24 |+0,084| 26,6433 | G3/8 | (3/4
0 0 0 0
1/2x1 D [(11,5|+0,4| 12 |14,5|+0,4| 1,5 1 92 16 [+0,2| 28 |26,5| 30 |+0,084733,7 | 40 | G1/2 G1
0 0 0 0
3/4x11/4119,5|16,5|+0,4(13,5(21.5|+0,4|1,5| 2 112 22 |+0,2| 36 |[32,5| 38 [%0,100|43,2| 50 | G3/4 |G]L1/4
0 0 0 0
1x11/2 |11,5|175(+0,4| 15 [22.5|+0,4| 1,5 2 120 28 |+0,2| 42 39 (24,5 (+0,100| 49,7 | 56 G1 GL1/2
0 0 0 0
11/4x2 (1¢,5|19,5|+0,4| 21 |24,5[+0,4| 2,5 2 138 36 |+0,3| 53 49 56 [+0,120| 62,7 | 69 G1 G2
0 0 0 0 1/4
11/2x2 |17,5| 23 [+0,4| 22 29 (+0,4(2,5| 2,5| 185 43 [ +0,3 68 55 72 [+0,120| 79,4 | 81 G1 Gp1/2
1/2 0 0 0 0 1/2
2x3 19,5(25,5|+0,4| 24 |31,5|+0,6| 2,5 | 2,5 | 204 53 . |#+0;3| 81 68 | 84,5 (+0,140| 92,1 | 92 G2 G3
0 0 0 0
a  Thread lepigth L1 and dimensions Ls, Le, d3,and dg are in accordance with ISO 16030.
b M threadd are in accordance with ISO 261; G threads are ji‘accordance with ISO 228-1.
c Limit dev{ations of tolerance class H10 in accordancé with ISO 286-2.
5.5.3 Conpponentsunder testthathayeports for push-in connections shall be connected to a type 2 transfition
connector ag shown in Figure 5. Typicaldimensions of type 2 transition connectors are given in Table 7.
L =
5 L,
o o L L3
S S Ly
Ly
?
/I 0. 3@
S To W ——
1 Slssl T e e — NG S E

Key

1 end that connects to the pressure-measuring tube

2 end that connects to the component under test
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Figure 5 — Type 2 transition connector (push-in connection)
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Table 7 — Typical dimensions of type 2 transition connectors

Dimensions in millimetres

Size |Lq2 Ly L3 Ly Lsb| Lg |di| d> dzd daf ds | dgb| Tae
nom. | tol. nom. | tol. min. | nom. | tol. |nom.| tol.
+0,2 +0,4 +0,058 G
3x1/8 |16 | 5,5 0 18 7,5 0 0,5| 51 6 3 1+0,08| 8 0 99 | 15 1/8
+0,2 +0,4 +0,058 G
4x1/8 |18 | 5,5 0 20 7,5 0 0,5| 50 6 4 10,08 8 0 99 | 15 1/8
6x[7ATTOT 65 422 o5 T 163 T z008 1T > @Ep | 19 .0
ol » | R *0, 0 1/4
C
gxp/8 20| 75 | *%*|235] 105 *0%| 1 | 75 12,5| 8 |+0,08] 14,5 |T"¥ Y 16| 23 |G
0 0 0] 3/8
+0,4 +0,4 +0,070 G
1041/2| 24 9 0 27,5| 12 0 1 | 88 16 10 |+0,08| 18 0 212 | 27 1/2
1243/4] 25 | 105 | 0% 2855 13,5 | Y04 ] 1 | 112 22 | 12 | 01t 24 |*008% 26k | 33| .
0 0 0 3/4
a Dimension L1 is in accordance with ISO 14743.
b Dimensions Ls and dg are in accordance with ISO 16030.
¢ Dimension dy shall be equal to the inside diameter of the connectingtuhbe.
d Dimension d3 is in accordance with Annex A of ISO 14743:2004.
e [} threads are in accordance with ISO 228-1.
f Limit deviations of tolerance class H10 in accordance withJS0 286-2.

5.5.4
as sH

Key
1
2

Ly

Ly
Ly AL,
o
S S
52
\O| L) < ! | TZ
< =S 5 =4
[NE PO ] Q

end that connects to the pressure-measuring tube

end that connects to the component under test
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Figure 6 — Type 3 transition connector

L Components under test that have male ports shall be connected to a type 3 transitiop connector
own in Figure 6. Typical dimensions of type 3 transition connectors are given in Table 8
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Table 8 — Typical dimensions of type 3 transition connectors

Dimensions in millimetres

Size L1 Ly L3 Lg Lsa| Lga | Ly d1 dy d3 dyc ds |dea|d7a| Tib T,b
nom.| tol. nom. | tol. nom. | tol. | min. nom.| tol.
M3x1/8 | 3 |55 +g'2 5 |75 +8'4 05(05| 39 | 1,5 +8'1 6 | 3| 8 +8'058 99 15| 7 | M3 | G1/8
Msx1/8 | 4 |55 |07 6 |75 |*"0*o5(05] 39 |27 "0 6 | 5 | 8 *8'058 99 (15| 9 | M5 |G1/8
M7x1/4 |55 |65 "0 75 |95 [P os| 1 |48 | 4 [P o | 7 | 11 |30 134] 19| 12| M7 |G
1/8x3/8 | 35 | 75 |*0* | 75 |105|*" 0% 05| 1| 59 | 6 ["0?|125] 99 [145 (70070169 |23 | 15 | c1/8 [ 3/8
1/4x1/2 | g5 | 9 |*0F o5 |12 [0 1| 1] 63| 9 ["0F] 16 [134] 18 [0070212| 27 | 19 6/a | 172
3/8x3/4 | 45 | 10,5 +g'4 10,5 | 13,5 +8'4 11175 13 +8'2 22 |169| 24 +8'084 26,6 | 337 D23 | G3/8 | ¢3/4
1/2x1 | b |115 +8'4 12 | 14,5 +8’4 111]92]16 +8'2 28 21,2 30 +8'084 13,7040 (27| G61/2 ] [61
3/ax11/4|19,5]16,5 | %% [ 13,5 (21,5 70| 1 | 2 | 112] 22 [*0?] 36 |26,6| 38 |*2201432| 50 [33 | 34 | [0}
0 0 0 0 1/4
1x11/2 |11,5]175 [T9% | 15 |225]7%%| 1| 2 [ 120 28 |*O?| 42 |33,7 445" %1% 49,7 | 56 |40 | 1 | [0}
0 0 0 0 /2
11/4x2 [16,5[195*0%| 21 [245[79% | 2 | 2 138 36 |*O3| 53 |432] 56 [T01%0062,7|69 [ 50| G | |62
0 0 0 0 1/4
11/2x2 |} +0,4 +0,4 +0,3 +0,120 G1 | [c2
12 15| 23 |77 22 | 29 || 2 (25| 185 | 43 |7 7|88 (497 | 72 |7 7948156 | 1 | b/
2x3  [19,5]255 +8'4 24 31,5 +8’6 2 |2,5|204]| 53 *8'3 81 |62,7 (84,5 +8'140 9219269 G2 | [G3
a Dimensiofs Ls, Lg, dg, and d7 are in accordance with ISO 16030,
b M threadd are in accordance with ISO 261; G threads are ji‘accordance with ISO 228-1.
c Limit dev{ations of tolerance class H10 in accordancgé with ISO 286-2.
5.6 Specjal requirements
5.6.1 When the inlet and outlet)ports of the component under test are different in structure or|size
from those described above, or‘dre different from each other, pressure-measuring tubes and transftion
connectors fhat are suitedto-the relevant ports shall be used, but they shall conform in principle t¢ the
dimensions|shown in 5.5,
5.6.2 Pregsure-measuring tubes and transition connectors may be joined or welded together by means
other than shown™if all internal dimensions in the flow path are maintained and the pilot fit is psed
between thé¢m-

5.6.3 When a transition connector interferes with the body of the component under test, or an adjacent
connector, the variable upstream pressure test shall be performed. In this case, a transition connector (item
7) shall be used with a nipple (item 15) or short tube connected to the upstream port. A close nipple (item
16) shall also be installed to the downstream port, as shown in Figure 7. The inside diameter of the nipple
and close nipple (items 15 and 16) should be equal to the inside diameter, d1, of the transition connector.

12
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NOTE See Table 4 for the key to identify circuit components.

Figure 7 — Test arrangement for component with ports that are close to eachdther

5.6.4 All special requirements shall be recorded in the test report.

6 [lest procedures
6.1 | Test conditions
6.1.]1 Test fluid
6.1.1.1 Air should be used as the test fluid. If a different fluid is used, it shall be stated in thq test report.

6.1.1.2 The gas shall be filtered and conditioned to comply with the recommendatjons of the
manpufacturer of the component under test.

6.1.2 Checks

Peripdically check that the pressure-tapping holes are not blocked by liquids or solid particles.
6.1.3 Test measurements

6.1.3.1 Each set of testreadings shall be recorded after steady-state conditions have been reached. The
varigtions of pressures)temperature, and flow rate indications shall not exceed the limits given in the
column “Allowed teéstConditions variation” in Table 9.

6.1.3.2 Pressure, temperature, and flow rate shall be measured within the measurement accuracy
spedified in<Table 9.

Fable 9 — Measurement accuracy and allowed test condition variation of paranieters

Allowed test condition varia-
Parameter Measurement accuracy tion
Temperature 1K 2K
Pressure +0,5% +1%
Flow rate +2 % +4 %

NOTE See ISO/IEC Guide 98-3:2008 and the Guide to the expression of uncertainty in measurement (GUM:2008 from
1SO/IEC/BIPM).

6.1.3.3 Flow conditions in each flow path shall be maintained constant within the component while
taking measurements to ensure there is no inadvertent movement of component parts.

© IS0 2013 - All rights reserved 13
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6.2 Measuring procedures

6.2.1 Req

uirements for testing to publish catalogue ratings

If data are to be used for publishing ratings in a catalogue, a sample consisting of a minimum of five test
units selected from a random production lot shall be tested in accordance with the following procedures.

6.2.2 Selection of measuring procedure

Eitherthe procedure describedin 6.2.3 or the procedure descrlbed in 6. 2 4 shall be selected in accordance

with the scepe

described i1

NOTE f

[—

6.2.3 Med

6.2.3.1 M
higher. Adjy
the test for

6.2.3.2 Dq{
valve (item
upstream t

pressure, p1*.

6.2.3.3 Pc
choked flow
for the systg

6.2.3.4 Cc
equally spa
temperatur
decreasing

6.2.3.5 If
measureme
(item 13) to
measure the

6.2.3.6 Tg
hysteresis, |

6.2.3 shall be selected with the pressures ad]usted as descrlbed in A 3 and A. 4

the variable upstream pressure testis used, it is not possible to determine the cracking pressure
psuring procedures for discharge test (See Figure 1)

hintain a constant upstream pressure, p1, of not less than 500 kPa((5 bar) and prefej
st the pressure regulator (item 2) as required to maintain pp at a constant value throug|
bach measured point. Measure the atmospheric pressure using thie barometer (item 14).

ecrease the downstream pressure, pa, to its smallest possiblgwalue by opening the flow co
13) to its maximum flow rate. In these conditions, most'‘components are choked. Mea

bmperature, T7*, upstream pressure, p1* choked mass flow rate, g,,*, and downsty
*

region. Record the same additional data as,in 6.2.3.2. Allow sufficient time between set
m to stabilize because the data cannot:be'recorded when the flow rate varies continuall}

ntinue closing the flow control valve'(item 13) step by step to obtain at least five approxim
red data points in the subsonic flow region. For each point, measure and record the upstj
e, T1, upstream pressure, pg mass flow rate, gy, and downstream pressure, pz. This
low rate test.

it can be assumed>that the component has a cracking pressure, the following addit
ht shall be performed to obtain the cracking pressure. Continue to close the flow control {
reduce the mass flow rate, g, to the lowest ratio of qm/gm™ that is practically obtainable
mass flow rate, qm, upstream temperature, 71, upstream pressure, p1, and cracking pressure

dure

Ape.

ably
hout

ntrol
sure
eam

rtly close the flow control valve (item 13) step*by step to obtain two more data points in the

ings
V.

htely
eam
is a

onal
alve
and

Ape.

over the sul
region. This

is an increasing flow rate test.

or

bartly ‘open the flow control valve (item 13) step by step to measure five points spread out

cheekswhether the conductance curve of the component under test has dispersio
psonic flow region of pressure ratio p2/p1 poi p ‘

and three points spread out over the choked [flow

For each point in the subsonic flow region, measure and record the upstream temperature, T1, upstream
pressure, p1, mass flow rate, g, and downstream pressure, py.

For each point in the choked flow region, measure and record the upstream temperature, T1* upstream
pressure, p1*, choked mass flow rate, q,* and downstream pressure, p2*.

6.2.3.7 Using the data from above, make a plot as shown in Figure 8. Calculate the back-pressure ratio
for each data point as the ratio of the downstream to upstream measured pressure. Using the formula in
3.4.1, plot the corresponding conductance, Ce, for each back-pressure ratio.

14
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Key

X  pack-pressure ratio, p2/p1
Y fonductance, Ce

a  rhoked flow region

b  pubsonic flow region

1 Increasing mass flow rate
2 fecreasing mass flow rate

Figure 8 — Plot of conductance, Ce, versus back-pressure ratio

6.2.3.8 If the difference between the conductance values of the increasing and decreasing flow rates is
greafer than 5 % of Ce fotthe decreasing flow rate at the boundary of the choked flow region| then either
the Rysteresis curves ot no information shall be reported.

6.2.3.9 This-allows a first trial of the flow rate curve and an observation of the transition afea between
choled and-subsonic flow. If the choked flow region illustrated in Figure 8 does not appeaf, repeat the
prodedure/using a higher value for the upstream pressure, p1.

6.2.4 Measuring procedures for charge test (See Figure 2)

6.2.4.1 Setthe upstream pressure, p1, to approximately 500 kPa (5 bar) to ensure that the flow in the
component under test is choked. Measure the downstream pressure, p». If the downstream transition
connector cannot connect to the component under test, measure the atmospheric pressure as py.

6.2.4.2 Measure the choked mass flow rate, gn,*, upstream temperature, T1*, upstream pressure, p1*,
and downstream pressure, p2*.

6.2.4.3 Adjust the pressure regulator (item 2) to reduce step by step the upstream pressure, p1, to
obtain two more data points in the choked flow region. Record the same additional data, as in 6.2.4.2.

© IS0 2013 - All rights reserved 15
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Allow sufficient time between settings for the system to stabilize because the data cannot be recorded
when the flow rate varies continually.

6.2.4.4 Continue adjusting the pressure regulator (item 2) step by step to obtain at least five
approximately equally spaced data points in the subsonic flow region. For each data point, measure
and record the upstream temperature, T1, upstream pressure, p1, mass flow rate, qgn,, and downstream
pressure, pz. This is a decreasing flow rate test.

6.2.4.5 To check whether the conductance curve of the component under test has dispersion or
hysteresis, adjust the pressure regulator (item 2) to increase step by step the upstream pressure, p1,

to measure
points spre:

For each po
pressure, p

For each po
pressure, p

6.2.4.6 If

greater than 5 % of Ce for the decreasing flow rate at the boundary of the/choked flow region, then e

the hysteres

6.2.4.7 Us
for each daf]

3.4.1, plot the corresponding conductance, Ce, for each back*pressure ratio.

6.24.8 If
exhibit pre
upper limit

6.3 Calculation of characteristics

6.3.1 Sonfic conductance, C

6.3.1.1 Cc
using data f}

15
C==
2

five points spread out over the subsonic {low region of back-pressure ratio pz/pi and 1t
id out over the choked flow region. This is an increasing flow rate test.

ntin the subsonic flow region, measure and record the upstream temperature, F1,upstr
, mass flow rate, g, and downstream pressure, py.

nt in the choked flow region, measure and record the upstream temperature, T1* upsty
* choked mass flow rate, gn,*, and downstream pressure, p2*.

the difference between conductance values of the increasing and decreasing flow rat

is curves or no information shall be reported.

ing the data from above, make a plot as shown in Figupne 8. Calculate the back-pressure
a point as the ratio of the downstream to upstreamzmeasured pressure. Using the formu

the Ce vary significantly in the choked fla region, the component could be considerg
sure dependence. In this case, first repeat the procedure in 6.2.4.1 through 6.2.4.5 a
bf the pressure range of the component, then determine the K, and Cin accordance with 6

lculate the value of‘the sonic conductance, C, using Formula (1). Values of C; shall be calcul

Fom a componentWwhose back-pressure ratio is in the choked flow region shown in Figuy
* T*
C; where (;=-Tmi_|'1i
pop1i V To

and i is eac}r data point from 1 to n in the choked flow region.

nree

eam

eam

es is
ther

ratio
lain

d to
- the

ated
e 8:

ey

6.3.1.2 When the increasing and decreasing flow test are performed, C is determined by the mean value
of each respective test. If the difference exceeds 5 %, report the values from both the increasing and
decreasing flow tests.

6.3.1.3

If the component exhibits pressure dependence, use 6.3.3 to determine the coefficient K.

6.3.2 (Critical back-pressure ratio, b, and subsonic index, m

6.3.2.1 Using data from decreasing flow rate in the subsonic flow region

Calculate the critical back-pressure ratio, b, and subsonic index, m, using Formula (2) by the least-square
method using all sets of back-pressure ratios and conductance ratios (Ce/C) in the subsonic flow region,

16
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as well as the cracking pressure, Apc, determined in 6.2.3.5. Characteristics b and m shall be calculated
with Apc = 0 in Formula (2) for the variable upstream pressure test. See Annex H for the calculation.

2 m
P2_p
Ce 141
el AL 2)
¢ 1-APe _y,
Py

6.3.2.2 Using data from the increasing and decreasing flow tests

Whdn the increasing and decreasing ilow tests are pertormed, b, m, and Ap. are determjined by the
meah value of the increasing and decreasing flow tests. If the two values of b or the twe'[values of m
diffdr by 0,1 or more, or the two values of Ap. differ by 50 kPa (0,5 bar) or more, theycharafteristics of
both increasing and decreasing flow tests, respectively, should be reported, or the e¢haracterfistics curve
shoyld be reported instead of the numerical values.

6.3.2.3 Value of m

If the value of the subsonic index, m, calculated in 6.3.2.1 is betweegn. 0,48 and 0,52, its vdlue may be
corrected to 0,5 to reduce the number of characteristic parameters. In this case, recdlculate the
corrpsponding critical back-pressure ratio, b, in accordance withi6.3.2.1, with m = 0,5.

6.3. Pressure dependence coefficient, Kp

Takipg Cmaxasthevalue of conductance for the maximumaupstream pressure, plot the pressure dependence
as shown in Figure 9 using the test result stated in 6.2.4.8, then find the correlative line in the range of
the qonductance ratio close to 1. The plot on this lifie can be considered to define the choked flow region.
The flope of this line is the value of the pressure dépendence coefficient, K,. When selecting a qgonductance
ratiq and upstream pressure at two positions-on this line, Kj, can be calculated by using Formjula (3).

1-— ClOW

K, =— Cmax (3)

p
P1max ~Pllow

where p11ow is the lower upstregam pressure of the linear dependence.

© IS0 2013 - All rights reserved 17
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~
)
<

correlatjve line
test resylts

O T 9 A W N R < X

upstrea

upstreain pressure, p1

conducthnce ratio, Ce/Cmax

first datp point, taken at maximum upstream pressure
second point on the line

conducthnce ratio, Clow/Cmax

upstreaI: pressure, p1low
pressure, P1max

Figure 9 —Plot of conductance ratio versus upstream pressure

7 Presentation’of test results

7.1 All m¢astirements, including the inside diameter of the pressure-measuring tube, and the resu

calculationd shall be tabulated by the testing laboratory.

ts of

7.2 If data are to be used for publishing ratings in a catalogue, the average of results from the test units
for each characteristic listed in 7.3 shall be reported.

7.3 The following performance characteristics related to flow-rate capacity, which are calculated in
accordance with 6.3, shall be stated:

a) sonic conductance,

C [see item €) below],

b) critical back-pressure ratio, b,

c) subsonicindex, m, and

18
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cracking pressure, Ap, if its value is not zero,

if necessary, pressure dependence coefficient, K, and upstream pressure, pimax, at the sonic
conductance, Crax, and sonic conductance, Cpay, at the upstream pressure value, p1max-

From these characteristics, the performance of the component can be predicted using Formulae (E.1)
and (E.2) of Annex E and compared.

7.4

8
Use

The record of the calibration of measuring devices shall be available.

rdemtificati ot et i SO 6358

with this International Standard:

“Flow-rate characteristics of pneumatic components determined in accordance with

Pnet

and

test methods for steady-state flow.”

the following statement in test reports, catalogues, and sales literature when electing to comply

SO 6358-1,

matic fluid power — Determination of flow-rate characteristics of compopents — Part 1: General rules

© IS0 2013 - All rights reserved
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A.1 General

Annex A
(normative)

Alternative test procedure

This alternative test procedure

applies|only to the constant upstream pressure test and components that reach choked flow,

does noft apply to the variable upstream pressure test or components that do not reachrchoked flow} and

allows the use of the pressure-measuring tubes specified in ISO 6358:1989;-however, the new| test

circuitd and components defined in Clause 5 should be used in the future.

A.2 Test|circuit for alternative test procedure

A.2.1 Theltest circuit for this alternative test procedure is shownin Figure A.1. This test circuit differs

from the tegt circuit in Figure 1 in that it does not use transition connectors.

1 2 3 4 5 6 9 7 108 un |3

———

Dd3=3d1
Js
e

NOTE S¢e Table A.1 for thekey of the test circuit components.

Figure A.1 — Alternative test circuit

Table A.1 — Key to test circuit components

Key number Relevant Description Comments
subclause
1 - Adjustable pressure regulator
2 - Shut-off valve Preferably with straight flow
path
3,3 - Flowmeter May also be placed in position 3’
4 - Temperature-measuring tube See Figure A.1 for dimensions.
5 - Temperature-measuring instrument
6 5.4 Upstream pressure-measuring tube
7 - Component under test
20
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Key number Relevant Description Comments
subclause
5.4 Downstream pressure-measuring tube
- Upstream pressure gauge or transducer
10 - Downstream pressure gauge or trans- A differential pressure gauge or
ducer transducer 10’ may be used as
an alternative.
11 - Flow control valve With a flow-rate capacity

greater than the cenjponent
under test

A.2.2 The pressure-measuring tube shown in Figure A.2 is the one specified in [SO\6358:1P89, but the

pressure-measuring tube defined in 5.4 can also be used in the alternative test eircuit.

10d 3d

|
X

B _____H_____ 1<ed, <150 T8 5
b L] I 2 -~ ! 222d, L] b

Key
Flow direction

bressure tapping(s)

a  [hread to suit compoenent under test.

b Thread length td suit component under test.

c Actual inside-diameter of tube.

Figure A.2 — Pressure-measuring tube

>d,/2

A.3 Measuring procedure for alternative test procedure

Follow the constant upstream pressure test procedure specified in 6.2.3. However, using the test circuit
in accordance with A.2 measures static pressure, ps, instead of stagnation pressure, pt. Therefore, it is
necessary to calculate stagnation pressure, pt, from the measured static pressure, ps, using Formula (A.1).
For each measurement, adjust the value of p1 to keep constant the upstream stagnation pressure, pt1.

In order for the data to be considered valid, it is necessary that back-pressure ratios in the choked flow
region are less than the value of b calculated from the data. If this is not achieved, repeat the test at
higher inlet pressures.

© IS0 2013 - All rights reserved
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A.4 Calculation of stagnation pressure

Calculate stagnation pressure, ptx, from the measured static pressure, psx, using Formula (A.1):

1 |y-1 G
Ptx = Psx §+\/’Y2_,Y Tt[pi—rzxj +Z (A1)
where
A isthe cross-sectional area of the inside diameter of the pressure-measuring tube in mm?2,
R i the individual gas constant [at air = 287 ]J/(kg-K]],
T id the measured air temperature in the temperature-measuring tube in K,
vi igthe ratio of specific heat capacities (for air = 1,4), and

subscript x indicates the location of pressure measurement, i.e. upstream‘ep downstream.

22 © IS0 2013 - All rights reserved
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The
havd

a)

b)

B.2
Criti
stan

geor

The
Vent

ISO
of Cl

B.3
B.3.
B.3.

B.3.

two levels of calibration:

Curve associated with a measurement uncertainty. From this, a calibration table or a set
s used for corrections to the flowmeter readings when used in a laboratory.

be made frequently and quickly and can use reference deviees-such as fixed orifice or
Venturi nozzles.

Reference devices

hetric design, straightforward application,\and well-understood physics.

uri nozzles.

D300 specifies the geometry and method of use (installation in a system and operating
FVN used to determine the mass flow rate of a gas flowing through a system.

Flowmeter calibration checking procedure

|l A typical setupfor a calibration is shown in Figure B.1, but other arrangements are p

13-

Recaord)the barometric pressure.

B _“As'flow passes through the system, record the pressures and temperatures.

flowmeter is a delicate measuring instrument and shall be checked frequently. A flowwmeter may

A primary calibration, performed in accordance with legal metrology rules, nestulting in 4 calibration

bf functions

A secondary calibration checking performed by comparison to a“primary device, whiich permits
verifying that precision and bias continue to be under adequate control. These verifijcations can

preferably,

cal flow Venturi nozzles (CFVN) are widely used as flowmeters, check standards, and transfer
dards. The popularity of these devices is a result of their excellent long-term reproduciljility, simple

flowmeter calibration check in this annex compares the flowmeter readings to those of the reference

conditions)

pssible.

B.3.4 Compare the flowmeter readings to those of the reference device.

B.3.5 Prepare correction factors to apply to the flowmeter readings for use during testing.

© IS0 2013 - All rights reserved
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U s W N

air suppiy
flowmeter being calibrated
referende Venturi nozzle

flow control valve

exhaust

to atmosphere

Figure B.1 — Circuit for flowmeter calibration

B.4 Application to test data

Apply the ¢
results as tlhe final data.

24

brrection factors to the flow measurements made during a test run, and use the corrected
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[SO guide on uncertainty in measurement (GUM:2000) provides the current. iy
ensus method for estimating measurement uncertainty. There are different possibilities

ther pragmatic methods that are in conformity with GUM can be used. The‘most impoq
t and expenditure for determination of uncertainties should be clearly guided by the q
urpose”, that is, it should be good enough to meet the requirements of the user of the m
but it should not be overdone in light of the application. This annex ‘uses this principle.

groups uncertainty components into type A and type B according to the way data wel
A components are calculated by statistical means from repeated measurements, w
bonents are taken from other sources, e.g. reference material, calibration certificatg
bs of constants, resolution, instability, environmental conditions.

often, as it is impossible to estimate each uncertainty individually. In this case, tyq
with reference materials and quality control materials to avoid some systematic meas
single uncertainties are combined applyingthe law of propagation of uncertainty.
rtainty estimate is an estimate derived from the statistical analysis of experimental daf]
certainty evaluation is preferred when the value of a measurand will be the average of
ts or is in relation with non-independent variables.

Evaluation of measurement uncertainty of the sonic conductance, C, us

. Measurand sonic'conductance, C

rding to this part of ISO 6358, the most important flow-rate characteristic parameter of
ponent is the somri¢ conductance, C. The equation relating measurand C, i.e. the quantit]
surement, and input quantities is:

*

_ 9m
RoP1

*

T
Ty

L

C=f(amp1Ti)

ternational
to estimate

surement uncertainty; the strict mathematical way is described most extensively in the GUM, but

tant rule is:
rinciple “fit
basurement

'e obtained.
hile type B
s, accepted

Factice, however, a combined approach is the mogst suitable. This combined approach will apply

e B will be
uring error.
The type A
a. This type
several test

ngtype B

h pneumatic
y subject to

(C.1)

Identification of uncertainty of input quantities

According to Formula (C.1), the input quantities subject to measurement are:

a)

© IS0 2013 - All rights reserved

qm™ — mass flow rate in the choked flow region

Aq

qm

<2%

Uncertainty follows the accuracy of measuring instrument:

All measurement instability is included in the previous limits of uncertainty. If it is not, the reality

in this range of instability must be added at the previous Agm™.

For some kind of flowmeters, additional uncertainty can appear, in particular the value of flow
measurement depends on pressure in the conduit. This kind of deviation shall be evaluated and
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added at the previous Aqn*. It is preferable to locate the flowmeter upstream, before the upstream
pressure measuring tube, because this part is not subject to significant pressure variations.

b) p1* - upstream stagnation pressure

*
Uncertainty follows the accuracy of measuring instrument: # <0,5%
P1

A
Method of measurement of stagnation pressure (wall tapping): S +0,75%
P1

All measurement instability is included in the previous limits of uncertainty. If it is not, the reality
in this tange of instability must be added at the previous Ap1.

c) T1* - upstream stagnation temperature
Uncertginty follows the accuracy of measuring instrument: AT; <1K

It shallf be noted here that all measurement instabilities are included in the. previous limifs of
uncertgdinty. If it is not, the reality in this range of instability needs to be added at the previous AT1*.

These inpuf quantities are independent variables and the sensitivity can be¢calculated.

C.2.3 Sersitivity coefficient

Sensitivity ¢oefficients are obtained from partial derivatives of theimodel function, f, with respect tp the
input quantities. For the sonic conductance:

8]: :-1—* h_ C* for the input q:n C.2)
m  Mop1\VTo qm

af* —"q—TZ h_ _E for the input p; C.3)
op1 pp1 VTo by

8f* -] *qm . _1 C* for input Ty C.4)
oTy 2 P0P1\/T0T1 2T

C.2.4 Expression of absolute’standard uncertainty

The absolutle standard ungertainty for the measured sonic conductance is given by:

AC = |Aq,, - af_+(Ap1+ASp1)a_f+ATla_f -
Yy, 9 aT,
If the relatiyelor percentage standard uncertainty is desired, it is given by:
AC %= 100% (C.6)
with £:|A‘{Fm|+|4111|+|ﬂp1|+0’5 ATy |
¢ ‘ m ‘ ‘ p1 b1 T,

in accordance with Formulae (C.2) to (C.5) and C.2.2.
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C.3 Evaluation of measurement uncertainty of the sonic conductance, C, using type A

C.3.1 Measurand sonic conductance, C

According to this part of ISO 6358, the mostimportant flow-rate characteristic parameter of a pneumatic
component is the sonic conductance, C. See Formula (C.1).

The conductance, C, values can be plotted over the back-pressure ratio, pz/p1; see Figure C.1. This curve
is independent of the temperature or upstream pressure variations (in the case of variable upstream
pressure test) and shows clearly the variation in flow-rate characteristics.

Yy} a b
C — O—T—o
(o)
(o)
(o)
O
-
0 1 X

Key

X  pack-pressure ratio, p2/p1
Y tonductance, Ce

a  fhoked flow region

b kubsonic flow region

O measurement

Figure'C.1 — Graphical representation of conductance, Ce, versus back-pressure{ratio
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C.3.2 Expression of standard uncertainty

If measurement points in the choked flow region are considered, an estimate of the measurand is
obtained that is the average of several measurement points, as follows:

1 1=n
C= ;ZC,- (C.7)
=1
where

n isthe number of measurement points in the choked flow region,

C; isthe measurement result of data ati.

The experimental standard deviation, s, characterizes the variability of observed values, C;, in] the
choked flow region (up to the experimental critical point), as follows:

4 2

L (Ci=C)

Sc L (n>1) C.8)
This experjmental standard deviation of the sonic conductance measurement can be taken as an
estimate offjuncertainty (type A).

C.4 Evalpation of measurement uncertainty of the critical back-pressure ratio, b,
and subsonic index, m, using type B
C.4.1 Mepsurands
According to this part of ISO 6358, the second:most important flow-rate characteristic parametei of a
pneumatic fomponent is the critical back-pressure ratio, b. The subsonic index, m, is eventually pised
to represegr the subsonic flow behaviouis The equation relating measurands b and m, i.e. the quantity
subject to njeasurement, and input guantities is:
2
P2_p

Ce _JqL| PL__ (C.9)

C 1-b
This equatipn is solved by the non linear-least square (NLLSQ) method with the variables as follows:

C A
.yi —_€ Lu.lO)
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The difference between an observed value and the value given by the model is:
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(C.11)

(C.12)

ility of band m

qua
of th
asso
dete)

Fron
valu

cons

1

C.5

A simple method for basing uncertainty estimates on repeatability and reproducibility c
Latistical means from repeated measurements. This method has a great advantage i

by s

Identification and expression of uncertainty

entioned in C.4.1, the functional relationship between the measurands bdnd m and t
tities is an arduous task. In this paragraph, two calculations focus on the-upper and
ese characteristics. The uncertainty of these flow-rate characteristics’is defined he
ciated with the NLLSQ calculation results from the maximum apd-minimum sonic d
rmined in the choked flow region. In these conditions:

C—sc}—NLLSQ —[bm],. .
C+sc}—NLLSQ—[bm].

h these calculation results, the maximum absolute differences between these limits 4
bs attributable to these measurands are the two values: |Ab|maX and |Am|maX . These val

idered as the uncertainty of the result of ameasurement, which is expressed as:

)i|Ab| for the critical back-pressure ratio
max

i i|Am| for the subsonic index
max

Repeatability and reproducibility

testi

nglaboratories are already acquamted w1th repeatablllty and reproduc1b111ty experlme

b

e influence
wer limits
re as limits
onductance

(C.13)

(C.14)

nd the best
lles are now

(C.15)

(C.16)

hn be made
h that most
nts, but this
minated or

compensated for by the apphcatlon of sultable corrections.

For complete details, see ISO 5725 (in particular ISO 5725-2) and ISO 21748.

The results of the test may be presented in either tabular or graphical form using the practical units
given in Table F.1.

© IS0 2013 - All rights reserved
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Annex D
(informative)

Observations on error in test results

D.1 Error related to flow-rate measurement

Flowmeterg available in the market are calibrated to a reference standard, such as a critical flow VelLturi

nozzle specfified by ISO 9300 to measure air flow rate indirectly, and always have an inherent’err

shown in F
scale, but it
The second
on the pres

Aq(FM-

where x in the expression FM-x designates the specific flowmeter.

The Agj in Figure D.1 shows a random scatter (depending on the-flowmeter type) and becomes 1

larger than
lower than

are difficulf to obtain. For this reason, the results of the constant upstream pressure test and var

upstream p

ure D.1. Normally, the error is expressed as a maximum error by a percentage of the
should be possible to quantify the error Aq (FM-x) of the flowmeter by usingFormula (|
term in Formula (D.1) shows the slope (Kfm) shown in Figure D.1, whichrappears to dej
sure in the measurement of a component.

k)% = Aq; + K p1 %

the value of the second term. It is well known that'the reliability of a flowmeter for ¢
the one for liquids, and the characteristics of théflowmeter used at each test labor3

Fessure test conducted in accordance with 1SO:6358-1 are largely scattered.

YA

DI as

full
D.1).
bend

D.1)

nuch
ir is
tory
able

measured value of Aq

Key

X  true value of Aq
Y

1 ideal

2 flowmeter 1

3  flowmeter 2

30

Figure D.1 — Characteristic of flowmeter
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Care should be taken if several flowmeters are used to measure different ranges of the flow rate during
a test. For example, as shown in Figure D.2, if Cis calculated based on the values measured in the choked
flow region using the flowmeter 1 (FM-1) and b and m are calculated based on the values measured in
the subsonic flow region using the flowmeter 2 (FM-2), the calculated value of b can be smaller or larger
due to the instrumental errors of the two flowmeters. Careful attention should be paid especially in the
variable upstream pressure test, which has a broader flow-rate measurement range.

Key

w N R =< X

D.2

D.2

The
For

1
YA 3

=<V

back-pressure ratio

Flow rate

Flowmeter 1

flowmeter 2

Calculated characteristics

Figure'D.2 — Measurement using multiple flowmeters

Error related to temperature

1 Stagnation temperature

meadsured upstream temperature, T1, can be converted to the stagnation conditions,

hula (l') 7) The error created here is related to the Mach number Mg _of flow in the

TstG, using
area of the

temperature measuring instrument and is estimated by Formula (D.3). The slope, Ktemp, is determined
in a way similar to that shown in Figure D.1. The error of using T1 instead of T'stg is 1,25 % if the Mach
number of the flow does not exceed 0,25 in the temperature measuring area. In Formula (D.2), y is the
ratio of specific heat at constant pressure to the specific heat at constant volume.

Tstg 1 2
ISTG _ 14 Z(y—1)M
T, +57—1)Ma

AT, (STG) % = K yempb1 % <1,25%

© IS0 2013 - All rights reserved
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D.2.2 Temperature measurement

The error caused by the characteristics or mounting method of a temperature-measuring instrument
should be recognized as a random error at each test laboratory.

D.3 Erro

r related to pressure

D.3.1 Stagnation pressure

In the round robin testing conducted to support the development of this part of ISO 6358 (see Annex G),

upstream p
larger than
static press
the stagnat

When pres;
in almost a
result base
Ma, of flow
slope, Kpres

Pste _
p1

Apy (ST

D.3.2 Pre

The error c{
the random

D.3.3 Pre

As describe
types of flg

upstream piressure. This pressuie€ dependence appears in the sonic conductance but rarely appea

the critical

ressure, p1, was measured 1n a pressure-measuring tube with an inside diameter two

the port size of the component. The fluid velocity was low, but not zero, and so the meas
ure was slightly smaller than the actual stagnation pressure, pstg. According te1SO 9
on conditions are converted by Formula (D.4).

ure-measuring tubes in accordance with 5.4 are used, the error in using/ptis 1 % or

l on the actual stagnation pressure. The error created here is relatédyto the Mach nun
in the area of the pressure-measuring instrument and is estimated by Formula (D.5),
, is determined in a way similar to that shown in Figure D.1.

v
1+%(y—1)Maz}y_1

3)% =K pressp1 % <1%

ssure measurement

used by the characteristics or mounting method of pressure gauges should be recognizg
error at each test laboratory.

ssure dependence coefficient

d above, many factors depend on the upstream pressure. Furthermore, there are va
w behaviour in pneumatic components, so the flow-rate characteristics are influence

pack-pressure ratio, b, and subsonic index, m.

bizes
ired
300,

less

| cases. This means that the calculated sonic conductance, C, is about 1-% greater than the

ber,
The

D.4)

D.5)

bd as

ious
d by
s in
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Therefore, a combination of these factors can be seen in the test results for the sonic conductance, as
expressed in Formula (D.6).

AC%=K,p1 % (D.6)
Figure D.3 shows examples of the test results. Error of C is calculated using Formula (D.7):

c-C
Error of C :waO% (D.7)

Cmean

E afbhic coloilorand o o Do 1o (Y O
I'rofr-otois-—c€arcaratee OSTITg T OTIIrara (D707,

Error of b=b—b0an (D.8)

Errdr of m is calculated using Formula (D.9):

Error of m=m-mp o (D.9)

The [, of spool type directional control valves with G1/8 to G1/2 size is.approximately 0,5 %/kPa (bar).
The |Kp of components whose flow behaviour is close to that of a nozzle does not exceed, fpr the most
part} 1 %/kPa (bar). The Kj, of silencers with flow passing throughporous material made from resin, and
tubgs with flow that experiences friction loss, is approximatety 2'%/kPa (bar). Also, K, of ope-way flow
contfrol valves in free flow with a fully closed metering vale and lip type non-return valve|mounted is
apptjoximately 5 %/kPa (bar).

© IS0 2013 - All rights reserved 33
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Y, errorofb

Y3 errorofm
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tube
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flow control valve

ISO 6358-1:2013(E)

For the variable upstream pressure test, C also varies slightly in the choked-flow region
depgndence on pressure as shown previously in Figure D.3. In addition, it shallbe recognizg
datal point obtained from that test is on a separate flow curve, as shown jma detailed way in
becguse theinlet pressureis different for each data point. Here again, some human error can b

in talking these different measurements.

Y A

p:1=900kPa

700

300

200

Figure D.3 — Error due to upstream pressure

p1=900kPa
p1=700kPa
p1=500kPa
p1=300kPa

<1

due to the
bd that each

Figure D.4,
e generated

Key

X  back-pressure ratio, p2/p1

Y conductance, Ce

1 b from constant upstream pressure test
2 b from variable upstream pressure test
3 constant upstream pressure test

4  variable upstream pressure test

Figure D.4 — Choked flow region of the variable upstream pressure test
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D.4 Total amount of error

The error distribution of the results of the round robin test on solenoid valves is shown in Figure D.5. Also,
the error distribution of each laboratory is shown in Figure D.6. The error of the sonic conductance, C, from
constant upstream pressure test is the largest, and that of the charge test (see ISO 6358-2) is the smallest.

The reason why the error of C from the discharge test (see ISO 6358-2) is smaller than that of the constant
upstream pressure test and variable upstream pressure test can be attributed to the dependence on
pressure and temperature. The reason why the error of € from the charge test is the smallest would
be attributed to the dependence on pressure under the condition where the upstream pressure is the
atmospheric pressure.

The differerlce between the largest error of b obtained by the charge test as well as the constant upstijeam
pressure tept and the smallest error of b obtained by the variable upstream pressure test is.about {,08.
The differefnce between the largest error of m and smallest error of m is 0,02.
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Y, errorofb o laboratory b
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b  variable upstream pressure test

c discharfge test

d chargefest

Figure D.5 — Error distributions for each test method
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Key
Y1 error of C (%) O constant upstream pressure test
Y, error ofb e variable upstream pressure test
Y3 error of m o discharge test
a laboratory a m charge test
b laboratory b

laboratory c

Eigure D.6 — Error distributions for each laboratory
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Equations and graphical representations of flow-rate
characteristics

E.1| General

This|annex describes the application of the technology developed in this part of ISQ 6358.

E.2| Equations

E.2.1 Flow-rate characteristics of a pneumatic component can be approximated by Formulae (E.1) to
(E.3]. These equations show an irrecoverable pressure energy loss cdused by the turbulent flow through
a component. They use four characteristic parameters C, b, m, and’Ape.

— For choked flow, i.e. when py/p1 < b,

T

4m =CP1P0, |3 (E1)
T
: : _Aps
For subsonic flow, i.e. when b<p, /p; < ,
P1
2
P2y
T,
Im =CP1PO1/T—O 1- pAlT (E.2)
1 1- 2Py
P1

)
For the case when: 1C2P¢ p2/p1<1,then,qn=0
P1

(E.3)

E.2.2 Asan'eption, the pressure dependency of sonic conductance expressed by upstream pgressure can
be approximated by using Formula (E.4):

=1=8p{P1max —P1) (E.4)

C

max
where Cpax is the sonic conductance for the maximum upstream pressure, p1max-
E.3 Priority order of the characteristic parameters in practical use

E.3.1 Sonic conductance, C

The use of sonic conductance, C, is the first priority. If the maximum flow rate of a component needs to
be identified, only C may be used.
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E.3.2 Sonic conductance, C, and critical back-pressure ratio, b

The use of sonic conductance, C, with critical back-pressure ratio, b, is the second priority. As shown
in Figure G.3, some components (such as solenoid valves and blow nozzles) have a subsonic index, m,
close to 0,5, and cracking pressure Ap¢ = 0. In these cases, only C and b may be applied. Formula (E.2) is
expressed as follows:

(E.5)

Inthe case v
0,5,as sho
0,05t0 0,1

Using the c

4y
Po

The influen

C

e

Key
X back-prg
Y conduct

rhere mis actually differentthan 0,5,an errorin the value of b occurs if mis still assumed
nin Figure G.5. For example, when a componentwhose m= 0,55, b is smaller by approxim

if m is assumed to be 0,5). Therefore, the ability of the component is underestimated.
nductance ratio defined in Formula (2) in 6.3.2.1, and assuming Ap. = 0.and m = 0,5,
h [T
01\ To
Ce of parameter b is demonstrated in Figure E.1.
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Figure E.1 — Typical graphical representation of conductance ratio versus back-pressure ratio
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E.3.3 Sonic conductance, C, critical back-pressure ratio, b, and subsonic index, m

The use of sonic conductance, C, with critical back-pressure ratio, b, and subsonic index, m, is the third
priority. These parameters are applied to a component whose cracking pressure, Ap., can be considered
as 0. In this case, Formula (E.2) becomes Formula (E.7) and is expressed as follows:

2 m

Pa_p
G =Cp1po, |2 {1 BL— (E7)
T, 1-b

X 7]
FiguLe E.2 shows the influence of the subsonic index m on the form of the subsonic flowregion of the
conductance curve when the sonic conductance is the same, Ap is 0, for two differentvalues|of the back-
pressure ratio b. In this graph, when m is 0,5, an ellipse can approximate the curvepand when m is 1,0, it
is agproximated by a parabola.

YA YA
1 m=0,3 1 m=,3
8:3 m=2 b \\\x\ m=0,4 g:z m=2 )\Qk Nxn0,4
o m=15 £ \} A \\ o m%1,5 A
= RN =177\
e OGN ON NN I n077 O
0'4 m_0’5 /\ \\\\\ 0'4 m_O'S \ \\\
0,3 [—b=0,2 \\\ \ 0,3 —b=0,5 \ \
02 —24p.=0 \Q\Q 02 —A4p.=0 \ §|
0,1 0,1
0 ' 0
o 01020304 0506 07 08 091 X o o102 03040506 070809 1 X

Key
X  pack-pressure ratio, p2/p1
Y fonductance ratio, Ce/C

Figure E.2 — Typical graphical representation of conductance ratio versus back-pregsure ratio
for a given'value of b and Ap. = 0 showing the influence of subsonic index, m

E.3.# Sonic.conductance, C, critical back-pressure ratio, b, subsonic index, m, and crack-
ing pressure; Ap.

The[usevof C, b, m, and Ap. is the fourth priority. When a component has cracking pressure
characteristics,as shown in Figure E 4 _the flow-rate characteristics can be properly apbroximated
using Formulae (E.1) to (E.3).

When flow starts and stops passing through some components, such as a non-return (check) valve,
cracking pressure becomes zero or more. In order to present flow-rate characteristics when cracking
occurs, cracking pressure, Apg, is used as shown in Figure E.3 for fixed values of b and m to demonstrate
its influence on the conductance curve for the same sonic conductance.
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Figure E.3(— Typical graphical representation of conductance ratio versus back-pressure ratio
with variable Ap. for given values of b;m, and p4

E.4 Flow-rate characteristics in subsonic flow
An exampldq of a one-way flow control valve in free flow (with the metering valve fully closed) is given
in Figure E.¢. Plotted points are the measured results when upstream pressure, p1, is 600 kPa, which is
obtained infaccordance with Clause 6 of ISO 6358:1989. When calculating the characteristics using the
measured results in accordance with the cliaracteristic calculation procedure in 6.3 of ISO 6358:1989,
a sonic congluctance, C, of 1,12 dm3/(s.bar)(ANR) (see Annex F for practical units) and a critical hack-
pressure ratio, b, of -1,5 are obtainedSSubstituting these values for € and b into the basic theoretical
equations described in Annex C of-ISO 6358:1989, a characteristic curve plotted as a broken lihe is
obtained ar]d appears to drastically.deviate from the measured results.
Using this part of ISO 6358,-derived Ap. = 36kPa, m = 0,88, and b = 0,30 are obtained, assuming|that
the data wauld have come/from the pressure-measuring tubes and transition connectors in accordpnce
with this pgrt of ISO 6358-From these values, the curve is plotted in Figure E.4 as a bold solid line. If the
value of m 0,5 is used (the value called for in ISO 6358:1989), the light solid line results. It is obyjious
that the chgracteristics in subsonic flow do not fit the elliptical curve.
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Figure E.4 — Data example of:a.one-way flow control valve
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Annex F
(informative)

Use of practical units

The results of the test may be presented in either tabular or graphical form using the practical units

given in Ta

le F.1.

Table F.1 — Practical units

Quantity Symbol Practical unit
Critical back-pressure ratio b -
Sonic conduftance C dm3/(s-kPa)(ANR) o¥.dm3/(s-bar) (ANR)a
Subsonic index m -
Pressure dependence coefficient Kp %/bar
Absolute stdgnation pressure p MPa, kPasor bar
Mass flow rate qm g/s arkg/s
Volume flow| rate at standard reference atmos- qv dm3/s (ANR) or dm3/min (ANR)
phere
Gas constang R ]/ (kg-K)
Absolute tethperature T K
Cracking pré¢ssure Apc MPa, kPa or bar
Mass density p g/dm3

a lbar=1

0 kPa = 0.1 MPa =105 Pa = 105 N/m?2
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Annex G
(informative)

Results of testing performed on commercially available
pneumatic components
G.1| Example of test result
Examples of tests done on various types of components made by multiple manufactureis are given
belopw. Figure G.1 shows results of tests performed on two-port, three-port, and five-pgrt solenoid
valves in terms of subsonic index, m, and critical back-pressure ratio, b. Criticakback-pressure ratio, b, is
widgly distributed; its average is 0,31, and its standard deviation is 0,110. Subsonic index, m,|is narrowly
distributed; its average is 0,52, and its standard deviation is 0,034. Figure G.2 shows restlts of tests
perfprmed on a silencer in a correlation of m and b. The average of critical back-pressure ratio, b, is 0,22
while the standard deviation is 0,147. Subsonic index, m, is widely distributed; its averagelis 0,78, and
its sfandard deviation is 0,306. Table G.1 shows a test result of a cracking pressure of a ofe-way flow
contfrol valve in free flow with the metering valve fully closed.The total average 4p is 22 kPa.
Y A

0,8

0,7

0,6

20 s o0 *°®
PY ([ ]
0.4 |
0 0,2 04 0,6 0,8 1 X
Key
X  friticabback-pressure ratio, b
Y bubsonic index, m
Figure G.1 — Subsonic index, m, and critical back-pressure ratio, b, of a solenoid valve
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gure G.2 — Subsonic index, m, and critical back-pressure ratio, b, of a silencer

Table G.1 — Cracking pressure, 4p, of a one-way flow-control valve in free flow (with the¢
metering valve fully\closed)

Type of check valve Average Standard deviation
Poppet and spring 17 kPa 15 kPa
Lip packing 26 kPa 9 kPa
Total 22 kPa 13 kPa
NOTE Upstream pressure p:=\600 kPa.

G.2 Distribution of flow characteristics for various types of component

More than [200 tests were.performed on five types of components made by seven manufactufers.
The data are summarizéd.in Figure G.3. Plotted points specify the averages of the components. Areas
enclosed with lines indicate ranges of standard deviations. For the solenoid valve and blow nozzlg, the
data form afcurve_close to an elliptical curve whose m is 0,5. For the silencer and one-way flow coptrol
valve (in free flaw>with the metering valve fully closed), the data largely deviate from the elliptical

curve and :jre also widely distributed. For the resin tube, as its length becomes longer, b decreaseq and
m increasedfram 0 5t0 06
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