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BS 4062 : Part 2 : 1990

National foreword

This revised British Standard, prepared under the direction of the Machinery and Components Standards Policy Committee,
concerns the testing of valves used in hydraulic fluid power systems and supersedes BS 4062 : 1982, which is withdrawn.

This Part of BS 4062 describes methods for determining the performance of valves under steady-state and dynamic
conditions; they are identical with the methods described in 1SO 6403 : 1988 ‘Hydraulic fluid power — Valves controlling
flow and pressure — Test methods’, published by the International Organization for Standardization (ISO). The standard
is published in two Parts, Part 1 of which describes a method for determining the pressure differential/flow character-
istics of valves under steady-state conditions.

Three classes of measurement accuracy, A, B and C are associated with the tests and are related in appendix A. The class
of measurement accuracy should be agreed between manufacturer and user. The methods of measurement used for testing
the majority of valves will be those included in class C, those in class B may be employed where a higher degree of
accuracy Is required. Class A methods of measurement will necessitate laboratory conditions, and may be employed
exceptionally on tests where the attainment of high accuracy is held to justify the greatly increased time and cost
expended. ’

It is intended that the standard will unify testing methods and enable the performance of different types of valve to be
more readily compared.

This revised edition of 1ISO 6403 : 1988 corrects inaccuracies in 9.3 of the first edition and also incorporates other
improvements.

Cross-references

International standard Corrasponding British Standard

1ISO 1219 : 1976 BS 2917 : 1977 Specification for graphical symbols used on diagrams for fluid power

systems and components
(ldentical)

1ISO 4411 : 1986 BS 4062 Valves for hydraulic fluid power systems
Part 1 : 1982 Methods for determining pressure differential/flow characteristics
(ldentical}

IEC Publication 85 (1984) BS 2757 : 1986 Method for determining the thermal classification of electrical insulation
(ldentical)

The Technical Committee has reviewed the provisions of ISO 5598, to which reference is made in the text, and has
decided that they are acceptable for use in conjunction with this standard.

Additional information. For the purposes of this British Standard, the identification statement in clause 13 should be
read as foliows:

‘Tests for determining steady-state and dynamic performance conform to the appropriate methods described in
BS 4062 : Part 2 : 1989.’

Compliance with a British Standard does not of itself confer immunity from legal obligations.



1T . ‘l - s -
L 2 S 3 kS 2 &% 5 o] kK
~ BN > 0 fred
~ <3 = P 2 i=
I = - -
~N - 2
® S 8 & = o4 =4 =
mm i 33 Mw L E 52 5 <] mw
< © g = 03 £ . £8 £ S &
! PE °2 8= 8 o e
AL v (o] - . o ¢ >
M_o 2 3 @ @ c 2 nE o ® 5 (]
< < S © & - ® re - = = £
¢ b Q & © - 5 P o [ (=] ™m
S s b £ Lt 3 ] ®
Q ] _ S g S5 £gf = 8 5
" S o S & e 2 o &2 L
- N [ ~ © |ﬂw [ =) Y m S [
Q S 9 S < £33 G e o > 2, @
@ g © g we  E£E2T £ - E i
B e [ s ® 2g2 2 s g T
S . 3 § 521 5 £ %
2] W 9 o > = Lo K- =1 e S
N o8 2 () © 2 5 = £ £
V2 £ = Q o} Q
(5] 2 q S ~ cs= [ =Sel c % o g =
% o< = ] T i Qc ] P -
S Q © @ mu 3] uw m ; O ¢ 5@ u"
@ B ) . =% 2ED 298 (= b4
b 3 .0 [ K 0o O o= 3 L <=5 c
S ER 09 ~ g2 x£g9° et © = b
3 o = , ) 55w 5 6 w =
o 8 €8 8 g 5. <« S 6 <tz G
Q 2 3w Q @ o o o gL @ -~ B P
i a S = 0 g -- (U " =
0 X L) K} c R O {7 - = o 5 = -
s S Ty S s 2 @ i 525 g & o5 e
vl Ly =0 - Q. v = Y Q )
S TE © TR 8o 22 L£E xE  E
~ ] ~ Q-3 o) o == v}
D 4 £ 3 0= 0 o = 3 S
% g Te & 23 al eT. oL @, 3§
88 §5 ] =] o.& B8P ESQ =
JERS 3 o a s a £5% 23 2 S
IS 2 : 3 = § £ 5 £ =
S B¢ 95 92 55 wmed oqe ®mf «
N Ly g Vs w3 on LD ms 2 mE ™ °
] P e £ 25 @ £
@ 0.2 © O < = =
L b d Ed e - ]
O% O @ B - ® 2 2 c
.Mw o “w £ 38 . 80 b W
e 8 B2 G B 2 3 2
Eof5 8 B8 £ . £ o
- C 0T 2.8 T 6 'S @
m G528 %25 > - @ -2
- i == — @
c o 3 c ] o O £ 2
o PEs® £ 8= £ G S ] =
@ = s T e o . Qc o @
L e w3 ET o >C D 3 . =9 @ o
\ = 5 = c £ = B c W O o s
e o) w0 332 Tu s o & c 2 ] -
2 @ 50« £6 o T - Eo = s
Q Sal oo Ewnow 5 & b= £
- (@] T-_. o8& E0.0 38 m" @ T g
-— 5 o A . 1
< cL “E8¥ . 888 52 = &8 & 2
Q g, 382 T§,y 28 o 9. @ 2
2 o §583%8 5% 85 & &8 5 - 5
- Bt P " E8g g @ 9 @ = 5 @
< o 1 L3>£R wa® o - T = - 2
- e b} g C £ o = £ 4 ” . B
- ».g & i+ g = (o] oo [Cl
® & = TEgy 252 8 85 % _
L[~ TR o 2 o © & = E-3 S c T [ c m
Mm - z.Z 0 g3 m 8% - = % &5 . S
2 o w £ Sogc2 Tt £ s wEed B . 5
Z 7 § 8°88¢ .%% £ = PEL£5 3 5
L L] - - e [ " —
nv - f n— - T O o 2 “W Rt 53 Q. E d” T @ - P
e @ © 2358: S8 3 € SalE 8 2
- - , =23<® 3QE 2 &« S£¢%5 c
= e A , o "
< (48] T oEH .= E£A46 2 o SBewft 2 :
- [ r s ] w— o c @ c - 3 L O ——
3 T e 522 ~m ® 8 §°&8 gSphay -E8
- o] E 88T ok cCET = o focS EEP23 »Ee8 .
Jﬂ— ' . = == - © n c = Qo © [+ 1 c O S Em
w p £ V0030 o . o © SS55¢g B 858 ©. 8
- S~ - - ZTEDRE T HroH ¢ 0w Bag SLEe®» 35O m %
F : Z 5 @5 r£E2 88 B al
= I © csE2s BE2E 2 2985 §Fsge, 8TlE
- " e LSo0¢ad LIFev - - FREZ60 EECcHH <(cO6

s determined by the vaiue of the

which i

yaraulic Circuit,

h
circuit.

™ ©

national Standard.



ISO 6403 : 1988 (E)
4 Symbols and units

4.1 The units and symbols used throughout this International
Standard are as shown in table 1.

Table 1 — Symbols and units

Symbol

Quantity Dimension? | Sl unit2
Nominal diameter D L m
of valve :

Force F MLT -2 N
Control element — L L
linear displacement
Control element — B - rad
angular displacement
Volume flow rate ay 371 m3/s
Internal diameter d .. L m
of pipe
Pressure, differential p.Ap ML-1T-2 Pa
pressure
Time- t T s
Mass density of fluid 0 ML-3 kg/m3
Kinematic viscosity v L2T-1 m2/s
Temperature 0 @ °C
{customary)
Isentropic bulk K, ML-1T-2 Pa
modulus

'} Volume . 4 L3 m3

1} M = mass; L = length; T = time; ® = temperature

2) The practical units which may be used for the presentation of
results are tabulated in annex B.

4.2 The graphical symbols used in the figures depicting test
circuits are in accordance with ISO 1219,

5 Test installation — General requirements
5.1 Teét circuit

6.1.1 A test circuit similar to those shown in figure 1 and
figures 5 to 13 and suitable for the type of valve being tested in
accordance with the relevant clauses in this international Stan-
dard shall be used.

NOTES

1 Although figure 1 and figures 5 to 13 illustrate basic circuits which
are spacific to one or more tests and which utilize the minimum number
of components, it is acceptable to use an integrated test circuit which
embraces two or more test conditions.

2 The figures in this International Standard showing basic test cir-
cuits do not incorporate all the safety devices necessary to protect
against damage in the event of component failure. It is important that
those responsible for conducting these tests give due consideration to
safeguarding both personnel and equipment.

5.1.2 A fluid supply with a controllable flow which has a
higher maximum than the rated flow of the valve being tested
shall be used.

6.1.3 A pressure control valve in the supply line shall be
installed to protect the circuit from excess pressure.

Further control valves, as necessary, shall be installed to
regulate the flow or pressure, as required, in various parts of
the circuit. ' :

5.1.4 The inside diameters of pipes and fittirigs that interface
with the test valve, and which include pressure tapping points,
shall be consistent with the diameters of the ports,

5.1.5 Drain ports shall be connected to a reservoir.

5.2 Pressure- and temperature-sensing points

5.2,1 Location of pressure tappings

NOTE — In the case of measurements to class C standard of accuracy
(see annex A), pressure readings taken for expediency at other points
other than those described in this sub-sub-clause will give sufficient
accuracy providing that, where appropriate, correction is made for pipe
losses.

Pressure tappings shall be provided both upstream and
downstream of the valve being tested and, if required, at other
points.

5.2.1.1 The inlet pressure tapping point shall be

a) not less than 10d downstream of any perturbation-
producing element, such as a valve or a bend, and

b) not less than 5d upstream of the test valve.

5.2.1.2 The outlet pressure tapping point shall be not less
than 10d downstream of the test valve.

5.2.1.3 The measured data for pipe losses shall be corrected
using the method described in ISO 4411. -

5.2,2 Pressure tappings

6.2.2.1 The tappings shall have diameters equal to or less
than 0,1d but not less than 1 mm nor greater than 6 mm.

5.2.2.2 The internal pipe surface at the tapping shall be
deburred without the sharp edge of the tapping hole being
removed.

6.2.2.3 The length of the tapping hole shall be not less than
twice the diameter. ’

5.2.24 The bore of the pipe containing the tapping shall be
clean and smooth,

6.2.2.6 The instrument-connecting pipes shall have bores not
less than 3 mm.
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When selecting temperatures, due consideration shall



1SO 6403 : 1988 (E)

7 Test procedure for directional control
valves

7.1 Test circuit

A test circuit similar to that shown in figure 1 shall be used.

- 7.2 Steady-state pressure differential/flow
characteristics

At stated control element positions, determine the pressure dif-
ferential/flow characteristics in accordance with the relevant
clauses in ISO 4411.

7.3 Internal leakage

7.3.1 Immediately before conducting the test, operate the
valve over the full range of movement at least 10 times in quick
succession.

7.3.2 In order to determine the rate of leakage between the
ports, apply agreed pressures to each port at which these tests
are to be made.

7.4 Switching envelope

7.4.1 General

The purpose of these tests is to determine the operating
threshold, i.e. the maximum pressure and associated maximum
flow values at which the control element can be operated over
the full range of its displacement in both directions of travel
(see figure 2).

The movement of the control element shall be monitored by
displacement transducers.

The test methods specified in 7.4.2 to 7.4.5 for valves in which
the control element is displaced by an electrical solenoid, pilot
pressure or force, and with or without spring return, respect-
ively, shall be complied with.

In order to avoid inconsistencies due to silting, complete each
set of measurements within 60 s of setting the control element
position.

7.4.2 Direct-operated solenoid valves

7.4.2.1 Tests shall be carried out at the maximum stable
temperature for the solenoid; this temperature shall be within
the limits recommended in |IEC Publication 85 for the class of
insulation used for the coil winding.

7.4.2.2 Determine the temperature of the continuously
energized winding at its nominal operating voltage under the
condition of zero flow with the complete valve soaked in an
ambient temperature equal to the temperature agreed for the
test fluid by following the procedure outlined in 7.4.2.2.1 to
7.4.2.2.4, The mean winding temperature is calculated from the
change in resistance of the winding after various periods of
energization. '

7.4.2.21 Measure the basic resistance after the de-energized
valve has soaked for not less than 4 h at the agreed ambient
temperature.

7.4.2.2.2 Energize the solenoid for 1 h. At the end of this
period, measure the resistance 15 s after de-energization and at
each 15 s interval thereafter over 90 s.

7:4.2.2.3 Repeat the step outlined in 7.4.2.2.2 as often as is
necessary until the temperature has stabilized.

7.4.2.2.4 Determine the temperature at the instant of de-ener-
gization by regression analysis; this temperature is the con-
tinuously energized winding temperature.

7.4.2.3 All subsequent tests shall be carried out after a period
of energization which is sufficient to ensure that the tempera-
ture has stabilized.

7.4.2.4 The operating thresholds of the valve shall be de-
termined at a voltage 10 % below the nominal rating, unless
other values are agreed.

7.4.25 The tests shall be carried out over the agreed ranges
of pressure and flow to determine the limiting conditions at
which the control element just fails to complete its full displace-
ment under the force produced by the solenoid and/or under
the return force exerted by the spring or reverse direction
solenoid.

7.4.2.6 From this data obtained over an agreed number of
tests, which shall be not less than six in total, determine the
limiting values at which operation is consistently satisfactory.

7.4.2.7 In order to demonstrate that the voltage has been
maintained at the intended value at all current levels, record
time-based readings of the current taken by the solenoid and
the voltage at the terminals of the coil.

7.4.3 Solenoid-controlled two-stage valves

7.4.3.1 Tests shall be carried out to determine the pilot
pressure at which the final control element just fails to com-
plete its full displacement.

7.4.3.2 The test shall be carried out over the agreed ranges of
pressure and flow and the ranges used shall be stated in the
test report.

7.4.3.3 The solenoid voltage shall be set at 10 % below the
nominal rating, unless other values are agreed.

7.4.3.4 From this data obtained over an agreed number of
tests, which shall be not less than six in total, determine the
limiting values at which operation is consistently satisfactory.

7.43.5 In order to demonstrate that the voltage has been
maintained at the intended value at all current levels, record
time-based readings of the current taken by the solenoid and
the voltage at the terminals of the coil.



7.4.4 Pilot-pressure-operated valves

7.4.4.1 Tests shall be carried out to determine the minimum
pilot pressure at which the final control element just fails to
complete its full disnlacement under the force exerted by the
pilot and/or the return spring, or the reverse direction piiot
ot e
19wV

a) eith v a gradually increasing pilot pressure at a
rate not ex‘ceeulﬁg 2 % of the maximum rated piiot pressure

cj foiiow both procedures outiined in aj and bj.
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8.3.4 With the system parameters p, as low as possible and
pp and gy under steady-state conditions, lower the pilot
pressure, py, at least until the valve closes.

8.3.5 Record the pilot pressure, py, and flow, gy, on a
suitable recording instrument and from the reading determine
the maximum pilot pressure, px giosed. t0 permit the valve to
close,

8.4 Leakage

The leakage tests outlined in 8.4.1 and 8.4.2 shall be carried out
for periods of 5 min and the quantities measured shall be
recorded.

8.4.1 Direct acting valves

Measure the leakage from port A with the agreed range of
pressure applied to port B and with port A at atmospheric
pressure,

8.4.2 Pilot-pressure-operated valves

Measure the leakage from port A with the agreed range of
pressure applied to port B and with ports A and X at
atmospheric pressure; in addition, where applicable, measure
the leakage from drain port Y.

9 Test procedure for valves controlling
pressure

9.1 Test circuits

9.1.1 Test circuits for pressure-relief and pressure-reducing
valves similar to those shown in figures 8 and 9 respectively
shall be used,

9.1.2 The amplitude of the pressure ripple measured in the
supply circuit shall not exceed =+ 0,5 MPa (5 bar).

9.1.3 The volumetric stiffness of the relevant parts of the test
valve and circuit shall be such that the rate of change of
pressure, with the maximum agreed input flow, lies within the
limits of one agreed range selected from the following :

— 3 000 to 4 000 MPa/s (30 000 to 40 000 bar/s)
— 600to 800 MPa/s{ 6000 to 8 000 bar/s)
— 120toc 160 MPa/s { 1200 to 1 400 bar/s)

9.2 Control setting

9.2.1 [Immediately before the measurements specified in 9.2.2
are taken, operate the valve over the full cycle of its range of
adjustment at least 10 times in quick succession.

9.2.2 Measure the torque, force, pressure or electrical input
necessary to change the control setting position throughout
the pressure range from minimum to maximum and back to

minimum over the agreed range of flows through the valve.
Record these values in the test report.

9.2.3 In order to avoid inconsistencies due to silting, com-
plete each set of measurements within 60 s of setting the
control element position.

9.3 Pressure-relief valves
9.3.1 Steady-state pressure/flow characteristics

9.3.1.1 Measure the inlet pressure p,, as recorded by instru-
ment Ba of figure 8, for the range of flows from zero to the
agreed maximum for both increasing flow and decreasing flow,
at an agreed number of settings of the control element of the
test valve, including the minimum and maximum adjustments
provided on the valve. ‘

9.3.1.2 The pressure py, in the return line, as recorded by
instrument Bb, at the outlet of the test valve in figure 8 shall be
adjusted, by operating valve 8 so that it remains constant at
agreed level(s),

9.3.2 Transient characteristics

9.3.21 Measure the transient pressure p, for any given
setting of the control valve at agreed values of flow, by using
valve 3a (as shown in figure 8), which, when in the unloaded
condition, shall reduce the pressure at the inlet of the test valve
to not more than 20 % of the required operating pressure. The
pressure p, is indicated by instrument 5a of figure 8.

9.3.2.2 During pressure transient characteristic tests, the
restrictor 8 in figure 8 shall be fully open.

9.3.2.3 Record the pressure/time curve and deduce or record
the rate of change of pressure. Record the mean linear rise
value, in megapascals per second (MPa/s) [bars per second
(bar/s)], over the portion from the operation of valve 3a to the
point of discontinuity, i.e. the point at which the valve starts to
lift, as indicated in figure 17. Verify that, at the maximum
agreed flow, this linearized rate falls within the selected range
specified in 9.1.3.

9.3.2.4 The operating time of valve 3a in figure 8 shall not
exceed 10 % of the linearized portion of the pressure/time
curve as described in 9.3.2.3.

9.3.25 The instrument used to measure the pressure gradient
due to oil compressibility, as calculated from the expression
d K

—d-‘ltl = qu S, where V is the volume of fluid between test
valve 6 and valves 3a and 3b, shall have a response capability at
least 10 times the measured gradient.

NOTE — The response time and transient recovery time of the valve
being tested are defined in figure 17.
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10.4.3 The pressure gradient due to fluid compressibility, as

. d K
calculated from the expression d_I: = qVV S

volume of fluid between test valve b and valves 8a and 8b, shall
be at least 10 times the measured gradient.

, where V is the

10.4.4 The procedure outlined in 10.4.4.1 to 10.4,4.2 shall be
followed.

10.4.4.1 Establish steady-state flow gy, by setting valve 5,

and pressure drop Ap,, by setting valve 8a with valve 9 closed.

10.4.4.2 Establish pressure drop Ap;,, by setting valve 8b with
valve 9 open.

10.4.4.3 Introduce a load step by either of the following
methods:

a} Preferred method 1 (using a high frequency response
flow transducer)

Operate two-way valve 9 and monitor the transient flow dv,

NOTE — A check on the adequacy of the response of the flow
transducer can be obtained by simultaneously recording the tran-
slent pressure p, and observing that the flow and pressure oscil-
lations are in phase.

b) Alternative method 2 (using a pressure transducer)

Operate two-way valve 9, monitor the pressure drop Ap and
derive the corresponding transient characteristics from the
initial flow and transient flow which are calculated from the
following expressions:

— Initial flow, gy, = k/Ap,
— Transient flow, gy, = k/Ap

where

.k is the loading valve coefficient determined from
the expression

dy
Apy

k=

where Ap, is the pressure drop at the end of the test;

Ap s the differential pressure across the loading
valves measured by the pressure indicators 4a
and 4b (see figures 10 to 12);

Ap, is the pressure drop at the beginning of the
test.

NOTE — The response time and the transient recovery time of the
valve are as defined in figure 19.

11 Test procedure for flow-dividing valves
11.1 Test circuit

11.1.1 A test circuit similar to that shown in figure 13 shall be
used. -

11.1.2 The amplitude of the pressure ripple, measured in the
supply circuit, shall not exceed + 0,6 MPa (5 bar).

11.2 Steady-state flow/pressure characteristics )

11.2.1 Measure the input pressure and each output flow over
an agreed range of input flows for an agreed range of output
pressures selected from the conditions specified in table 3 for
each agreed setting of the ratio control element, if such a
setting is provided.

Table 3 — Output pressure conditions

Output pressure conditions at port
Sequence

B1 B2
1 Pnin Pmin = Pmax = Prmin
2 Prin = Pmax —* Pmin Pmin
3 Pmax Prin = Pmax = Prin
4 Prin = Pmax — Pmin Pmax
5 Prin = Pmax ™ Pmin Prin = Pmax = Pmin

11.2.2 insequence 5, the pressure at ports B1 and B2 shall be
equal.

11.3 Transient tests

11.3.1 Measure the flows from each output port over an
agreed range of input flows for an agreed range output
pressure selected from the conditions specified in table 3 for
each agreed setting of the ratio control element, if such a
setting is provided.

11.3.2 Measure the steady-state flows Qyg, and qyg, with
valve 7a set at the highest value of the pressure loading p; and
with valve 6a closed,

11.3.3 Record the pressure p, indicated by 4d.,

11.3.4 Establish the lower pressure loading p; by setting valve
7b with valve 6a open and record the pressure p, indicated
by 4d.

11.3.6 Repeat this procedure for the loading system for port
B2 to determine pressures pg, pg, p7 and pg, respectively.

11.3.6 Calculate the pressure drops across loading valves 6a
and 6b using the following expressions:

Apy g1 = P1— P2

Api,81 = P3 — P4
and

Apzp2 = Ps — De

Apig2 = P71 - P
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d) forces for mechanically operated valves (see 7.4.4);

e) any special features, e.g. constraints on mounting
attitude.

12.2.3 Additional data for non-return {check) valves

The following additional data pertinent to non-return {check)
valves shall be included in the test report:

a) minimum and maximum operating pressures for pilot-
pressure-operated valves, if appropriate (see 8.3);

b) any special features, e.g. constraints on mounting
attitudes.

12.2.4 Additional data for valves controlling pressure

The following additional data pertinent to valves controlling
pressure shall be included in the test report:

a) the pressure range (see 9.1.3);

b) the minimum pressure setting (see 9.2);

c) the method used for control setting (see 9.2);
d) any special features, e.g. venting (see 9.5);

e) the selected range of rate of change of pressure {see 9.1
and 9.3.2).

12.2.6 Additional data for flow control valves

The following additional data pertinent to flow control valves
shall be included in the test report:

a) the minimum flow (see 10.2, 10.3 and 10.4);

b) the method used for control setting {see 10.3).

12.2.6 Additional data for flow-dividing valves

The following additional data pertinent to flow-dividing valves
shall be included in the test report:

a) the minimum flow (see 11.2);

b) the range of ratio adjustment, if appropriate {see 11.2).

12.3 Test results

All test measurements, including these outlined in 12.3.1 to
12.3.6, shall be tabulated and presented graphically, if
appropriate, in the test report.

12.3.1 For all valves, as regards the proof pressure test,
details of the test conditions at point of failure, if appropriate
(see 6.4), shall be included.

12.3.2 For directional control valves, the following details
shall be included:

a) the pressure/flow characteristics (see figure3 in
1SO 4411) (see also 7.2);

1"

b) internal leakage, i.e. between specified ports at the
agreed differential pressures (see 7.3);

¢) the switching envelope, i.e. the working range (see
figure 2 and 7.4); .

d) the operating effort, i.e. torque, force, pressure or elec-
trical input, as appropriate (see 7.4);

e) the response time, obtained from either
1) displacement/time relationships (see figure 3) (the
method used to measure the displacement shall be

stated), or

2) pressure/time relationships (see figure 4).

12.3.3 For non-return {check) valves, the following details
shall be included:

a) the pressure/flow characteristics for direct acting
valves, see figure 4 in 1SO 4411 and for pilot-pressure-
operated valves, see figure 14 in this International Standard
and figure 4 in ISO 4411;

b) the pilot pressure, py (see figure 15 and 8.3.4);

c) the leakage characteristics (see 8.4.}.

12.3.4 For valves controlling pressure, the following details
shall be included :

a) the control setting effort over operating range (see 9.2);
b) the steady-state pressure/flow characteristics, in-
cluding pilot flow, where appropriate (see figure 16 and
9.3.1);

c) the dynamic characteristics for each flow and pressure
setting {see figure 17 and 9.3.2), i.e.

1) the rate of change of pressure in the blocked-off
circuit,

2) the pressure/time recording,
3) the response time,

4) the ratio of maximum pressure overshoot to final
steady-state pressure.

12.3.5 For flow control valves, the following details shall be
included:

a) the steady-state flow/pressure characteristics over the
agreed range of settings (see figure 18 and 10.2);

b) the control setting effort, i.e. torque, force, pressure or
lectrical input, as appropriate (see 10.3);
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Figure 3 — Transient characteristics for operation of directional control vaives —
Relationship between displacement and time

4 —— & % of step
] .
90 % of step . —— 90 % of step
Al

S

g

% f_’ - /{, 5 % of step

«

fs A
_.1._.4_ ot —— - .
On On Voltage
| Off

| _d
Time, ¢

Figure 4 — Transient characteristics for operation of directional control valves —
i Relationship between pressure and time

T N\ 16




a—

&

¢
¢
Q

]

9

A
\JVV‘V
for
1
[N
u/\
MY e

O

dic
emperature indicator

v

al
alve being tested
indi

s
&b o &%
Bl
— 2 &5

Do ET¢

!
(=]
g8 i T — EE?>aCn
|
L

-refief valve
e

§
1]

low source
re
Shut-off vaive
b

F
P

£
u>

N L . T N : J
A.'\v > ” M ﬂ /.-vv ——— > 2
e

() :
X ~ameioon~ X N e ©

Figure 6 — T



1SO 6403 : 1988 (E)

S5c

I

r-—-—i

!
i 2 L

Key
1 Flow source

2a, 2b, 2¢  Pressure-relief valves
3a, 3b Shut-off valves

4 Valve being tested
6a, b, 5c  Pressure indicators

6 Temperature indicator
7 Flowmeter

8 Pilot flow source

Figure 7 — Test circuit for pilot-pressure-operated non-return valves
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3a.3b By-pass valves
4 Temperature indicator
Ba. 6b Pressure indicators
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8 Variable orifice
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NOTE — The requirements for tapping point positions are given in 5.2.
Figure 8 — Test circuit for pressure-relief vaives
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Key

1a, 1b’
2a, 2b
3a, 3b
4

Ba, 6b, 6¢
6
7a,7b,7¢
8

9

10a, 10b

NOTES

1 Items 1b and 2b are not required for two-port reducing valves.

Flow sources
Pressure-relief valves
By-pass valves
Temperature indicator
Pressure indicators
Valve being tested
Flowmeters

Variable orifice
Two-way valve
Shut-off valves

4 Sa 5b 5C
L |
"S- T
;B ®
-Y—J«————; 7 8
X ; I
I [ | !
r— : |
I 2a 3a 1 3p L 74
| L
— r % | {HE - =
I
1
|

Yoo
<<(;>7a

2 The circuit between test valve 6 and loading valve 8 should be assembled from rigid piping and the oil volume should be kept as small as

possible.

3 The requirements for tapping point positions are given in clause 5.2.

Figure 9 — Test circuit for pressure-reducing valves
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Key

1 Flow source

2 Pressure-relief valve

3 Temperature indicator
4a, 4b, 4c Pressure indicators

-] Valve being tested

6 Accumulator

7a,7b ‘Flowmeters

8a, 8b Variable sharp-edge orifices
9 Two-way valve
NOTES

1 The circuit between test valve § and loading valve 8a and 8b should be assembled from rigid piping and the fluid volume should be kept as
small as possible.

2 The requirements for tapping point positions are given in clause 5.2.

Figure 10 — Test circuit for flow control valves (meter-in and three-way bleed-off)
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Key

1 Flow source

2 Pressure-relief valve

3 Temperature indicator
4a, 4b, 4¢ Pressure indicators

5 Valve being tested

6 Accumulator

7 Flowmeter

8a, 8b Varlable sharp-edge orifices
9 Two-way valves
NOTES

1 The circuit between test valve 5 and loading valves 8a and 8b should be assembled from rigid piping and the fiuid volume should be kept as small
as possible.

2 The requirements for tapping point positions are given in clause 5.2.

Figure 11 — Test circuit for flow control valves (meter-out) -
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Key

1 Flow source

2 Pressure-relief valve

3 Temperature indicator
4atode Pressure indicators

5 Valve being tested

6a, 6b Two-way valves
7ato7b Variable sharp-edge orifices
8a, 8b Flowmeter

Figure 13 — Test circuit for flow-dividln_g valves
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‘ Maximum setting

Minimum setting

Differential pressure, pp — Pg

Volumetric flow rate, g,

Figure 16 — Graphical representation of steady-state pressure/flow characteristics
for pressure-relief valves
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Maximum setting

Minimum setting

Volume flow rate, gy

Differential pressure, Ap

Figure 18 — Graphical representation of steady-state flow characteristics
of a flow control valve
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Annex A
Classes of measurement accuracy

{This annex forms part of this Standard.) -

NOTE — The contents of this annex are under review and may be subject to amendment in the future.

A.1 Classes of measurement accuracy

Depending on the accuracy required, the tests shall be carried
out to one of three classes of measurement accuracy, A, B or
C, as agreed by the parties concerned.

NOTES
1 Classes A and B are intended for special cases when there is a need

NOTE — The percentage limits given in table 4 are of the value of the
quantity being measured and not of the maximum values of the test or
the maximum reading of the instrument,

Table 4 — Permissible systematic errors of measuring
instruments as determined during calibration

Permissible systematic errors for
d d. .
to have the performance more precisely define Param.eter of measuring | clagses of monsurement aceuracy
2 Attention is drawn to the fact that class A and B tests require more instrument A B c
accurate apparatus and methods, which increase the costs of such tests.
Flow rate, % +0,5 +1,5 +25
Pressures where +2x108 | £6x108 | £10x 108
A.2 Errors p < 200 kPa gauge, kPa
Any d’eyice or_method sh_all be used which by calibration or Pressures where +1 +3 +5
comparison with International Standards has been demon- P > 200 kPa gauge, %
strated to be capable of measuring with systematic errors not
P . . +
exceeding the limits given in table 4. Temperature, K 105 1 £2
Annex B
Use for practical units
(This annex does not form part of this Standard.)
The results of the tests, either in tabular or graphical form, may be presented using practical units as shown in table 5.
Table 6 — Practical units
Quantit Symbol §1 unit as given Practical unit
4 in table 1

Nominal diameter of valve D m mm

Force F N N

Control element — linear displacement L m mm

Control element — angular displacement B rad degree

Volumetric flow rate qy m3/s {/min®

Internal diameter of pipe d m mm

Pressure, differential pressure p.Ap Pa MPa (bar)2)

Time t s s, ms, min, h

Mass density of fluid o kg/m3 kg/1M

Kinematic viscosity v m2/s mm2/s (cSt)

Temperature ' 7} °C °C

Isentropic bulk modulus K, Pa N/mm2

Volume 14 m3 dm3 (i.e. litre)

1) 11=1dm3
2} 1bar = 105Pa = 105 N/m2
Publications referred to

_ See national foreword.
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