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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

Electrotechn

International

ical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting. Publication as an

adopted by
Internationa

Attention is fgrawn to the possibility that some of the elements of this document may be thefsubject of p

rights. ISO s

ISO 6953-3
Control prod

ISO 6953 ¢
pressure reg

— Part 1:
—  Part 2:
— Part 3:

Standard requires approval by at least 75 % of the member bodies casting a vote.

hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 131, Fluid power systemsy Subcommittee §
ucts and components.

pnsists of the following parts, under the general title Pneumatie, fluid power — Compresse
ulators and filter-regulators:

lain characteristics to be included in literature from supplieérs and product-marking requirem
fest methods to determine the main characteristics totbe included in literature from supplier

\lternative test methods for measuring the flow-rate characteristics of pressure regulators

ards

htent

C 5,

d air

ents
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Introduction

This part of ISO 6953 defines alternative test methods for flow-rate characteristics of pneumatic pressure
control valves. These alternative test methods do not use a flow meter but, instead, use an isothermal tank.

These methods measure the forward flow-rate characteristics by passing compressed air from a charged
tank through the regulator under test, into an isothermal tank. Relief flow-rate characteristics are obtained by
passing compressed air from an isothermal tank, through the regulator under test, and out to the atmosphere.

The test methods specified in this part of ISO 6953 have the following advantages over test methods specified
in ISQO 6953-2:

a) pn air source with a large flow-rate capacity is not required;
b) pomponents with larger flow-rate capacity can be tested more easily;
c) pir consumption is minimized; and

d) festtime is shortened.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 6953-3:2012(E)

Pneumatic fluid power — Compressed air pressure regulators
and filter-regulators —

Part 3:
Alternative test methods for measuring the flow-rate
ch isti ulators

This [part of ISO 6953 specifies alternative test methods for testing pneumatic fluid power compongnts that use

hystgresis curve of forward flow and relief flow characteristics. This method can be applied when

— [he pressure regulation dynamics of a component under test is rapid ehough to be negligible, compared to
he response of pressure changes during charge and discharge tests;

— [he pressure response does not show any overshoot or any oscillating behaviour.

This|part of ISO 6953 specifies requirements for the test installation, the test procedure and the presentation
of repults.

Examples of test results are given, as well as various data processing methods, and visualization of data
procgssing procedures. lllustrations of overshoot andundershoot on regulated pressure responge and large
varigtions on inlet pressure are also given.

This [part of ISO 6953 applies to the following components:

— fpompressed air pressure regulators and filter-regulators according to ISO 6953-1;
— Electro-pneumatic pressure control valves according to ISO 10094;

— pther components such ds relief valves.

NOTE If pressure regudlation characteristics are needed, ISO 6953-2 is applicable.

2 Normative‘references

The [following.\referenced documents are indispensable for the application of this documen{. For dated
referencesyonly the edition cited applies. For undated references, the latest edition of the referencéd document
(incllrding any amendments) applies.

ISO 5598, Fluid power systems and components — Vocabulary

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

ISO 6358-2, Pneumatic fluid power — Determination of flow-rate characteristics of components — Part 2:
Alternative test methods"

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

1) To be published.

© 1S0O 2012 — All rights reserved 1
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ISO 6953-2, Pneumatic fluid power — Compressed air pressure regulators and filter-requlators — Part 2: Test
methods to determine the main characteristics to be included in literature from suppliers

ISO 10094-2, Pneumatic fluid power — Electro-pneumatic pressure control valves — Part 2: Test methods to
determine main characteristics to include in the supplier’s literature

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598, ISO 6358-1, ISO 6953-1 and

ISO 10094-1

apply.

4 Symbogls and units

41 Thes

mbols and units shall be in accordance with ISO 6358-1 and ISO 6358-2, except-for-the presgure,
p, given as the gauge stagnation pressure in this part of ISO 6953.

4.2 The subscripts to the symbols shall be in accordance with ISO 6358-1 and ISO 6358-2, except as

given in Tab

4.3 The glaphical symbols.uSed in Figure 1 are in accordance with ISO 1219-1.

5 Testin

e 1.

Table 1 — Subscripts

Subscript

Meaning

1

Inlet conditions

Outlet conditions

Isothermal tankceonditions

Relief conditions

Atmospheric conditions

Upstream conditions

Downstream conditions

- Q| C (O [ ~[W[|N

Forward flow conditions

—

Relief flow conditions

stallation

5.1 Test ¢ircuit

A suitable test circuit as shown in Figure 1 shall be used. The key of Figure 1 defines the test circuit components.

NOTE Figure 1 illustrates the basic circuit which does not incorporate all of the safety devices necessary to protect
against damage in the event of component failure. It is important that those responsible for carrying out the test give due
consideration to safeguarding both personnel and equipment.

© 1SO 2012 — All rights reserved
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Key
1 compressed gas source and filter 24 tank
2 adjustable pressure regulator 25 adjustable pressure regylator
3 shut-off valve 26,27 solenoid valve, or manugl valve
4,5 isothermal tank, in accordance with ISO 6358-2 28,29 exhaust valve
6,7 temperature-measuring instrument
8,9, 10 pressure-measuring tube, in accordance with P1 inlet pressure
ISO 6358-1
11 component under test p2 outlet pressure
12, 1B, 14, 15,16  pressure transducer p3 pressure in the isotherm
17 digital recorder pa relief pressure
18 barometer Pu supply pressure
19, 2D solenoid valve, bi-directional:flow type shall be used 73 temperature in the isothgrmal tank
21, 2R, 23 transition connector, imascordance with ISO 6358-1
Figure 1 — Test circuit

5.2 | General requirements
5.2.1 The compénent under test shall be installed and operated in the test circuit in accorda
manyfacturer$ operating instructions.
5.2.4 _‘Afilter shall be installed which provides a standard of filtration specified by the manufa
component under test.
5.2.3 The test circuit of Figure 1 shall be constructed from the items listed in the key of Figure 1. ltems 1, 2,

3,4,6,8,9,11,12,13,15,17, 18, 19, 21, 22, 24, 25, 26 and 28 inclusive are essential, and the remaining items
5,7,10, 14, 16, 20, 23, 27 and 29 can be chosen in accordance with 5.2.4 and 5.2.13.

5.24

the mounting is not possible.

Items 10, 14, 23 are not required for a component under test that does not have a relief port, or when

5.2.5 The sonic conductance of solenoid valve 19 shall be about four times as large as that of the
component under test.

© 1SO 2012 — All rights reserved
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5.2.6 The sonic conductance of adjustable pressure regulator 2 shall be at least twice as large as the forward
sonic conductance of the component under test. The upstream regulator 2 must be chosen to keep the inlet

pressure, p1

, in the range of £1 % of the pressure specified in 6.1.4.1. See 6.3.3 and Annex D.2.

5.2.7 Thedistance between pressure-measuring tube 9 and isothermal tanks 4 and 5 shall be as short as possible.

5.2.8

Pressure-measuring tubes 8, 9 and 10, and transition connectors 21, 22 and 23, shall be made in

accordance with ISO 6358-1. It is not necessary to have a temperature-measuring connection in the pressure-
measuring tubes because, in this test method, the temperature is measured in the isothermal tank.

5.2.9 Pres

5.2.10 Preqg

5.2.11 Preqg

5.2.12 sole
starts after g

5.2.13 Whqg

27 should brﬁ

least four ti

5.2.14 The

following relgtion.

VU
V4

P
Pu

where
"u
Vd

Pu

pP1

P2max

5.2.15 For

sure transducer 12 shall be connected to the pressure tap of pressure-measuring tube 8.
sure transducer 13 shall be connected to the pressure tap of pressure-measuring tubg|9:
sure transducer 14 shall be connected to the pressure tap of pressure-measurifig-tube 10.

hoid valves 19 and 20 shall each have a rapid shifting time that ensures$ that test data colle
plenoid valves 19 and 20 each shift.

n the relief capacity of the component under test is very small,-thie size of components 5, 2(
small in order to shorten the testing time. The sonic conductance of solenoid valve 20 shall
es as large as the relief sonic conductance of the componentunder test.

volume of the tank 24, or supply pressure from an aitésource should be determined to satisf]

max
— P1

s the volume of tank 24 (m3);
s the volume of tank 4 (m3);
s the supply pressure'(Pa);

s the inlet pressure) (Pa);

s the maximum value of regulated pressure (Pa).

he-places where liquid is collected, installation of a drain valve is preferred.

iction

and
be at

y the

(1)

5.3

Isothermal tank (items 4 and 5)

The structure, stuffed material and volume shall be in accordance with ISO 6358-2.

5.4 Speci

al requirements

The special requirements shall be in accordance with ISO 6358-1 and ISO 6358-2.

© 1SO 2012 — All rights reserved
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6 Test procedures

6.1

6.1.1

Test conditions

Gas supply

ISO 6953-3:2012(E)

The gas supply shall conform to the requirements of ISO 6358-1.

6.1.2 Checks

The

6.1.3

6.1.3
isoth

6.1.3
test

Test measurements

condition variation.

CNEeCKS shall De 1IN accordance with 19U 659006-1.

.1 Measurement shall be started only after steady-state conditions of temperature and prg
ermal tank have been reached.

.2 Measurements shall be in conformance with Table 2 for the measurement accuracy and foj

Parameter Measurement accuracy, |\ Allowed test condition variation
Volume +1 % -
Time +1 % -
Inlet pressure +0,5.% +1 %
Tank pressure +0,5% -

0 % overshoot for charge test
Regulated pressure +0,5 %
0 % undershoot for discharge test

Temperature +1 K +3 K

Inlet and set pressures

hHe~specified maximum inlet pressure.

.3.3 The phase lag between p1 and p3 shall be smaller than two sampling periods.

.1 The inletpressure used for testing shall be the lower of

he maximum regulated pressure plus 200 kPa (2 bar), and

ssure in the

I the allowed

Table 2 — Measurement accuracy and allowed test condition variation of parameters

6.1.4.2 The set pressure shall be in accordance with ISO 6953-2.

6.1.4.3 The flow-rate data shall be obtained while the inlet pressure, p1, is held within +1 %.

6.2

6.2.1

Measuring procedures

General

According to the design of the component under test, either or both of the procedures specified in 6.2.2 and
6.2.3 shall be followed.

© 1SO 2012 — All rights reserved
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6.2.2 Forward flow characteristics test

6.2.2.1 Close shut-off valve 3 and the solenoid valves 19 and 20 and install the component under test according
to Figure 1 (make sure that its outlet pressure setting is at zero). Close solenoid valve 26 and open exhaust
valve 28 and leave the isothermal tank 4 as it is until temperature and pressure in the tank reach steady-state
conditions, then close exhaust valve 28.

6.2.2.2 Open shut-off valve 3 and set the inlet pressure, p1, using adjustable pressure regulator 2. Then adjust
the component under test at the set pressure for the test. Measure the initial temperature, T3, using temperature
measuring instrument 6 in isothermal tank 4 and the atmospheric pressure, pa, using barometer 18.

6.2.2.3 O;ien solenoid valve 19 and allow compressed air to pass through the component underitest into
isothermal tank 4. Continuously record pressures for inlet (p1) outlet (p2), and isothermal tank (p3)yduring this
flow, using pressure transducers 12, 13 and 15 with digital recorder 17. Figure 2 is an idealized example of|data
recorded from a test run.

6.2.2.4 The temperature should be recorded to verify that the temperature variations are acceptable for an
isothermal pfocess during the charge test, using temperature measuring instrument-6.with digital recorden 17.

6.2.2.5 If the outlet pressure in Figure 2 shows an overshoot (see Annex D), the’test data shall not be usgd to
obtain the fojward flow characteristics. The procedure of ISO 6953-2 shouldbe used instead.

51

0)"

Key
inlet presgure

outlet prepsure

pressure |n the isothermal tank
atmosphgrie’pressure
pressure scale

time scale

o Ok~ WN -

Figure 2 — Pressure response during charge

6.2.3 Relief flow characteristics test

6.2.3.1 Close solenoid valves 19, 20 and 27, open solenoid valve 26 and supply compressed air to isothermal
tank 4 from adjustable pressure regulator 25. The supply pressure regulated by 25 shall be higher than the
set pressure of the component under test by approximately 200 kPa. Leave isothermal tank 4 as it is until
temperature and pressure in the tank reach steady-state conditions.

6 © 1S0 2012 — All rights reserved
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6.2.3.2 Close solenoid valve 26 and measure the initial temperature, T3, using temperature measuring
instrument 6 in isothermal tank 4, and the atmospheric pressure, pa, using barometer 18.

6.2.3.3 Open solenoid valve 19 and allow compressed air to pass from the isothermal tank 4 through the
relief port of the component under test. Continuously record pressures for inlet (p1), outlet (p2), relief (pa), and
isothermal tank (p3) during this flow using pressure transducers 12, 13, 15 and 14 with digital recorder 17.
Figure 3 is an idealized example of data recorded from a test run.

6.2.3.4 The temperature should be recorded to verify that the temperature variations are acceptable for an
isothermal process during a discharge test using temperature measuring instrument 6 with digital recorder 17.

6.2.3.5 If the outlet pressure in Figure 3 shows an undershoot (see Annex D), the test data shall not be used
to oltain the relief flow characteristics. The procedure of ISO 6953-2 should be used instead:

6.2.3.6 When the relief capacity of the component under test is very small, items. 5, 7, 16, 2Q, 27 and 29
should be used instead of items 4, 6, 15, 19, 26 and 28.

6 A 3

Key

inlet pressure

utlet pressure

ressure in the isothermal tank
relief pressure

tmospheric pressure

ressure scale
time scale

N O o WODN -

Figure 3 — Pressure response during discharge

6.2.4 Other set pressures

Repeat the above procedures at other outlet pressure set points. These set points shall be adjusted at no flow
conditions, and should be made with an increase in the set pressure. If the set pressure is decreased, the
pressure must be lowered well below the desired set point; then increased to the desired setting.

— For test components with only forward flow capability (such as non-relieving pressure regulators), repeat
the procedures of 6.2.2 for other set pressures.

— For test components with only relief flow capability (such as relief valves), repeat the procedures of 6.2.3
for other set pressures.

© 1S0O 2012 — All rights reserved 7
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— For test components with both forward flow and relief flow capabilities (such as relieving pressure
regulators), repeat the procedures of 6.2.2 and 6.2.3 for other set pressures.

6.3 Calculation of characteristics

6.3.1 Calculation of flow rate

The characteristic curve is represented by the outlet pressure and flow rate, calculated from the pressure data
in the isothermal tank. Data processing procedures are described in Annex C.

6.3.1.1 Dataprocessing intervat

Calculate th¢ data processing interval for smoothing by the following equation:

w=+n 2)

where
n is the number of pressure response data points (square of an even number);

o is the data processing interval (even number).

6.3.1.2 Snfoothing of outlet pressure data

Calculate tolsmooth the regulated pressure with the following moving average and median processing:

O
1 ‘2

P T los1 prz(i) (3)
i=j—

” =|Median| »’ D ;oo 4

P o) Pz(k_g)”z(k_;+] Pz(k+g] @

D2() s the outlet pressure.(Pa) (i =1, 2, -, n—1, n)

p'2¢j) |s the outlet pressare after the moving average processing (Pa) (j = ©/2+1, ©/2+2, -+, n—af2-1,
—w/2)

p"2(k) |s the outletypressure after the median processing (Pa) (k = o1, w+2, -, n—w-1, n-o)

6.3.1.3 Snjocthing of flow-rate data

Calculate the flow rate using Formula (6) after smoothing the pressure in the isothermal tank with the moving
average using Formula (5) and smoothing the flow rate with median processing Formula (7).

o
: (N
P T aer 2, P00 ©
i=j—
v p’3(j+1)_p,3(j—1)
W) = poRT, 2A1 ©)

8 © 1S0 2012 — All rights reserved
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’

Ty(r) = Median qv(k_%j, qv(k_%rq,..., qv[k+9] (7)

p3G)  is the pressure in the tank [Pa] (i =1, 2, -+, n-1, n);

p'3(j) is the pressure in the tank after moving average processing [Pa] (j = /2+1, w/2+2, -, n—wl2-1,
n—wl2);

2w is the volumetric flow rate at standard reference atmosphere [m3/s(ANR)] (j = w/2+2, w/2+3, -,
n—wl2-2, n—wl2-1);

7'v(t) i the volumetric flow rate after median processing [M3/S(ANR)] (k = 0+2, w+3( ) n—g—2, n—a-1);

v is the sampling time for the pressure data [s];

) is the isothermal tank volume [m3];

R is the gas constant [287 J/(kg-K) for air];

'3 is the absolute temperature in the tank [K];

00 is the mass density of air at standard reference atmosphere [1,185 kg/m3].

6.3.4 Characteristic curve

The polumetric flow rate shall be indicated by curves«n a graph as shown in Figure 4. Each curye describes
the qutlet pressure versus volumetric flow rate for:given inlet pressure.

© 1S0O 2012 — All rights reserved 9
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1 0 3

Key

relief flow rate
2 oufjet pressure
3 foryvard flow rate
P1 inlgt pressure
p2 outjet pressure
qv flow rate
qv max majximum flow rate

NOTE These curves correspond to the upper flow of the hysteresis_characteristic curve of ISO 6953-1.
Figure 4 — Flow-rate characteristics

6.3.3 Forward sonic conductance

6.3.3.1 Graphically determine the maximum forward flow rate, ¢y max, @s the intersection of an extension line
of the forwafd flow characteristics curve obtained in 6.3.2 with the abscissa axis as shown in Figure 4.|If all
curves do ngt converge toward the_same point, select the maximum forward flow rate as gy max.

6.3.3.2 Cglculate the value~of‘forward sonic conductance, C;, by dividing this flow rate by the inlet presgure,
p1, used in the test, from the-following equation:

¥
C, = _dymax <58 (8)
f (P1+Pa) Ty

6.3.4 Relief sonic conductance

6.3.4.1 Choose three points along the asymptotic part of the several relief flow characteristics curves in
Figure 4. For each point, determine the pair of values for the flow rate, ¢y, and regulated pressure, po.

6.3.4.2 For each one of these points, calculate the corresponding relief sonic conductance, C;, value by
dividing the flow rate by pressure, p», according to ISO 6358-1, using the following equation:

Cr=q—" T_3 9
(p2+pa)\/; ©

6.3.4.3 Calculate relief sonic conductance by determining the average value of these three values.

10 © 1S0 2012 — All rights reserved
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7 Presentation of test results

7.1 Data graphs of forward flow and/or relief flow shall be presented in accordance with ISO 6953-1.

7.2 The following performance characteristics calculated in accordance with 6.3.3 and 6.3.4 shall be stated:
a) forward sonic conductance, Cy,

b) relief sonic conductance, C;.

73 ALl H | PAHH al 4l 4 4 baoll HA H ol Ll 4 4 ey
. AT SPTUIAar CUTTUTTIUTTS USTU TIT UITT TTo U SITaim T Ut atcu T e TSt TTPUTT.

8 Identification statement

Use [the following statement in test reports, catalogues and sales literature when electing to comply with this
part pf ISO 6953.

“Test for the determination of flow-rate characteristics conforms to ISO 6953-3, Pneumatic fl4id power —

Compressed air pressure requlators and filter-regulators — Part 3: Alternative test methods for measuring the
flowqrate characteristics of pressure regulators.”

© 1S0O 2012 — All rights reserved 1
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Annex A
(informative)

Examples of test results

A.1 Test result of component (A)

Figure A.1 shows the structure of direct operated regulator (A) of a body size of G1/2 with the relieving mechalLism.

Key

body
bonnet
valve asspmbly
diaphragm assembly
valve guigle assembly
in

N O o~ WN -

out
Figure A.1 — Component (A)

Figure A.2 shows the/pressure response when charging air to an isothermal tank of 134 dm3 by opening the
solenoid valye aftersetting inlet pressure at 0,63 MPa and regulated pressure at 0,5 MPa.

Since compprent (A) has an extremely small relief flow capacity without port, the circuit is switched tp the
bypass disc arge havilly antsothermat-tankof-46 Cl'lllq to-shorterrthre tcatillg time—The high-plcaawc aupp|y
line for relief is set at 0,75 MPa, and air is supplied to the small tank. The pressure response when discharging
air to the atmosphere from component (A) is shown in Figure A.3.

Figure A.4 shows the flow-rate characteristics obtained both from the pressure response when setting
component (A) at 0,16 MPa, 0,25 MPa, 0,4 MPa, and 0,5 MPa, and from the test results of the flow-rate
measurement based on ISO 6953-2. The characteristics curves obtained by calculating are in good agreement
with the results of the flow-rate measurement.

12 © 1S0 2012 — All rights reserved
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Key
X time [s]
Y dressure [MPa]

Figure A.2 — Pressure response during charge ~'component (A)
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A.2 Test result of component (B)

Figure A.5 shows the structure of the internal pilot type regulator (B) of a body size of G1/4 with a nozzle-flapper
type relieving mechanism.

w

Key

1  getting knob 8. main valve
2 diaphragm (A) 9 valve guide
3 dteel ball 10 damper

4  rlozzle 11 SUP(1)

5 diaphragm (B) 12 out

6 diaphragm (C) 13 bleed

7 gxhaust valve 14 exhaust

Figure A.5 — Component (B)

Figufe A.6 shows the.pressure response when charging air to an isothermal tank of 20 dm3 afteq setting inlet
presgure at 0,63 MPa‘and regulated pressure at 0,5 MPa.

Figufe A.7 shQws the pressure response when air is discharged to the atmosphere from test component (B)
withgut partafter the high-pressure supply line for relief is set at 0,92 MPa, and air is supplied to gn isothermal
tank of 4Q dm3.

Figure A-8shows the ffow-rate characteristics obtaimed both from the pressure response when setting regulator
(B) at 0,16 MPa, 0,25 MPa, 0,4 MPa, and 0,5 MPa, and from the results of the flow-rate measurement based
on ISO 6953-2. The characteristics curves for component (B) are in good agreement with the results of the
flow-rate measurement.
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Figure A.6 — Pressure response during charge — companent (B)
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A.3 Test result of component (C)

Figure A.9 shows the structure of the proportional solenoid type electro-pneumatic pressure control valve of a
body size of G1/4.

! 1 2 3
 — — /
11 4
)
10 A L |> 6
1YaR
9 7
8
Key
1 sleeve 7 bush
2 spool 8 sub-plate
3 spring 9 mold coil
4 body 10 \\thovable core assembly
5 endcove 14 solenoid cap assembly
6 set bushing

Figure A.9 — Component (C)

Figure A.10 shows the pressure response when charging air to an isothermal tank of 20 dm3 after setting|inlet
pressure at §,63 MPa and regulated/pressure at 0,5 MPa.

Figure A.11 shows the pressure’response when air is discharged to the atmosphere from component (C)[after
the high-prepsure supplydine’for relief is set at 0,92 MPa and air is supplied to an isothermal tank of 10 dm3.
Relief pressuire, ps, is measured at the pressure-measuring tube.

Figure A.12|shows the flow-rate characteristics obtained both from the pressure response when setting
component (C).at0,16 MPa, 0,25 MPa, 0,4 MPa, and 0,5 MPa, and from the results of the flow-rate measurement
based on ISP 6953-2. The characteristics curves for component (C) are in good agreement with the results of
the flow-rate measurement.
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Figure A.12 — Flow-rate Characteristics of component (C)
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Figure A.13 shows the structure of the external pilot type regulator of a body size of G1/4 with the external

pilot mechanism.
1

Key
1 Hody 7 shaft
2 regulation piston 8 poppet valve
3 Malve guide 9 (valve guide
4  fgoppet valve 1Q> inlet port
5 dpring 11 outlet port
6 dpring 12 relief port

Figure A.13 — Component (D)
Figufe A.14 shows the pressure résponse when charging air to an isothermal tank of 20 dm3 aftef setting inlet

pres

Figu
the h
Relig

Figu
com
base
the f

ow-rate measurement.

sure at 0,63 MPa and regulated pressure at 0,5 MPa.

e A.15 shows the pressure response when air is discharged to the atmosphere from component (D) after
igh-pressure supplyihe for relief is set at 0,92 MPa and air is supplied to an isothermal tapk of 20dm3.
f pressure, p4, iSs\measured at the pressure-measuring tube.

e A.16 shows the flow-rate characteristics obtained both from the pressure response When setting
bonent (B).at 0,16 MPa, 0,25 MPa, 0,4 MPa, and 0,5 MPa, and from the results of the flow-rate measurement
d on SO 6953-2. The characteristics curves for component (D) are in good agreement with {he results of
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Figure A.14 — Pressure response during charge — component (D)

1,0

P3

0,9

0,8
0,7

[ D1

0,6

D2

0,5

0,4
0,3

0,2
0,1

D4

MPa]

Figure A.15 — Pressure response during discharge — component (D)
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Figure A.16 — Flow-rate characteristics of component (D)
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A.5 Test result of component (E)

Figure A.17 shows the structure of direct operated filter-regulator (E) of a body size of G1/2 with the
relieving mechanism.

2
S

.Y

Key

body
bonnet
valve asspmbly

filter element
diaphragrmn assembly
bowl assgmbly

in

0 N o b WON -

out
Figure A.17 — Component (E)

Figure A.18 shows the pressur@response when charging air to an isothermal tank of 50 dm3 after setting|inlet
pressure at 0,63 MPa andregulated pressure at 0,5 MPa.

Figure A.19 shows the pressure response when discharging air to the atmosphere from component (E). $ince
component {E) hastan extremely small relief flow capacity without port, the circuit is switched to the bypass
discharge having &n isothermal tank of 10 dm3 to shorten the testing time. The high-pressure supply lirfe for
relief is set 4t'9;8 MPa, and air is supplied to the small tank.

Figure A.20 shows the flow-rate characteristics obtained both from the pressure response when setting
component (E) at 0,16 MPa, 0,25 MPa, 0,4 MPa, and 0,5 MPa, and from the results of the flow-rate measurement
based on ISO 6953-2. The characteristics curves for component (E) are in good agreement with the results of
the flow-rate measurement.
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Figure A.19 — Pressure response during discharge — component (E)
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Figure A.21 — Definitions of the characteristics parameters

Table A1 — Characteristics parameters of the regulators

Component
Parameter

(A) (B) (C) (D) (E)
Foryard sonic conductance C; dm3/(s-bar)(ANR) 17,8 1,92 2,49 3,7 121
Foryard slope K; (Gradient of regression Ly) kPa/dm3/min(ANR) -0,0065 | -0.020 | -0,063 | -0,014 | -0,039
Relief sonic conductance C; dm3/(s-bar)(ANR) 0,756 1,37 2,07 3,24 0,293
Relief slope K; (Gradient of regression L4) KRa/dm3/min(ANR) 1,08 0.0075 | 0,047 0,01p 1,13
Deald zone Py (Initial pressure difference between Ly and L4) kPa 78 3,5 4.6 4.4 25

The forward sonic conductance’and relief sonic conductance represent the flow capacity of the rg¢gulator. The
forward slope and relief slope represent the pressure regulating performance. The dead zone shgws the initial
pressure difference between the forward flow and relief flow. The components (A) and (E) are regulators for
gengral purpose, which-have extremely small relief flow capacity compared to the forward flow and have large
dead zones. The ¢omponent (B) is a regulator for a precision use, which has large relief capacity and extremely
small dead zope\

A.7| Energy saving

The total testing time and the energy consumption — which covers the mounting of the component under test
to the test installation, three repeated measurements, calculation, plotting, and removal of the component from
the test installation — were measured. Compared to the ISO 6953-2 flow-rate measurement test, this test takes
only one tenth the amount of time and consumes only one thirtieth the amount of air. It proves that this offers a
time- and energy-saving test method.
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Figure B.1 — Data processing example 1
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B.3 Component (B): Internal pilot type pressure regulator
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Figure B.5 — Data processing example 2
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B.4 Component (C): Electro-pneumatic pressure control valve
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