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Foreword

ISO (the International QOrganization for Standardization} is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through 1SO
tachnical 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 lizison with ISO, also take part in the work. ISO
collaborates closely with the International Elsctrotechnical Commission
(tEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Internationat
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 43982-3 was prepared by Technical Committee
ISO/TC 131, Fluid power systems, Sub-Commitiee SC 8, Product testing
and contamination conirol.

ISO 4392 consists of the following parts, under the general title Hydraulic
fluid power — Detarmination of characteristics of motors:

— Part 1. At constant low speed and at constant pressure
— Part 2: Startability
— Fart 3: At constant flow and at constant torque

Annexes A and B form an integral part of this part of 1ISO 4392.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled
through a fluid under pressure within an enclosed circuit,

Hydraulic motors are units which transform hydraulic energy into mech-
anical energy, usually with a rotary output.
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Hydraulic fluid power — Determination of
characteristics of motors —

Part 3:
At constant flow and at constant torque

1 Scope

This part of SO 4392 describes a method of determining the fow-speed characteristics of positive-displacement
rotary fluid power motors under constant flow and constant torque conditions. Motors may be of sither the fixed
or variable-displacement type.

The method involves testing at slow speeds, which may generate frequencies having a significant influence upon
the steady continuous torque output of the mator and affect the system to which the motor would be connected.

The accuracy of measurement is divided into three classes, A, B and C, which are explained in annex A.

2 Normative references

The following standards contain provisions which, through reference in this text, constituts provisions of this part
of IS0 4392. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of 1SO 4392 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards,

ISO 1218-1:1891, Fiuid power systems and components — Graphic symbols and circuit diagrams — Part 1:
Graphic symbols.

ISO 3448:1982, Industrial liquid lubricants — ISO viscosity classification.

ISO 4391:1983, Hydraulic fluid powsr — Pumps, motors and integral transmissions — Parameter definitions and
letter symbols.

ISO 4409:1986, Hydraulic fluid power — Positive displacement pumps, motors and integral transmissions — De-
termination of steady-state perfermance,

SO 5b88:1985, Fluid power systems and components — Vocabulary,

I1SO 8426:1988, Hydraulic fluid power — Positive displacement pumps and motors — Determination of derived
capacity,
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3 Definitions

For the purposes of this part of 13S0 4392, the definitions given in 1SO 4391 and {SO 5598 and the following defi-
nition apply.

3.1 complete motor cycle: The total angular movement of the motor output shaft needed to achieve a repetitive
leakage andfor torque recording. In most motors this will be 360°; however, in some, such as gear mators, it may

be several shaft revolutions.

4 Symbols

4.1 The physical quantity letter symbols and their suffixes used in this part of SO 4392 are in accordance with

SO 4391. Units are given in table 1.

4.2 The graphical symbols used in figure 1 are in accordance with iSO 12181,

Table 1 — Symbols and units

Quantity Symbol Dimension™ S| unit?
Rotational speed n T rfmin
Pressure, differential pressure P, Ap ML T2 Pa
Flowrate g cr m>/min
Torque T MLZT 2 N-m
Time t T 5
Swept volume v L2 m°
Temperature a 2] “C
1) M = mass; L = length; T = time; & = temperature.
2 TheBpracticaI units which may be used for the presentation of results are given in
annex B.

5 Test installation

5.1 Hydraulic test circuit
5.1.1 A hydraulic test circuit similar to that shown in figure 1 shall be used.

WARNING — The basic circuit shown in figure 1 does not incorporate all the safety devices necessary to
protect against damage in the event of component failure. It is important that those responsible for car-
rylng out these tests give due consideration to safeguarding both staff and equipment.

5.1.2 A fid-conditioning circuit (figure 1) together with shut-off valve 5 and relief valve 7 shall be installed. Valve
5 may be opened to facilitate operation at high speed in order 10 reach the test operating temperature rapidly {see
8.2). Valve 5 shall be closed during the test.

5.1.3 A fluid-conditioning circuit shall be installed which provides the filtration necessary to protect the test motor
and the other circuit components and which wili maintain the fiuid temperatures specified in clause 7.

5.1.4 A constant motor supply flowrate is obtained by a flow control valve with viscosity and pressure compen-
sation,

5.1.5 Constant torque load can be obtained using a positive-displacement pumg and a flow control valve with a
torque signal electric feedback (or a magnetic power brake or any other suitable system).
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| _____Fludconditioning circuit |
Key *
1 Motor under test
2 Constant torgue load {positive-displacement pump}
3 Torque, rotational speed and rotational angle meter
4,7 Relief valves
5 Shut-off valve
6 Constant flow device
8.9 Displacement pumps
10,11,12  Torquse control devices
13 Flowmeter
14,15 Prassure indicators
16 Temperature indicator

Figure 1 — Typical hydraulic test circuit
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5.2 Test apparatus

5.2.1 A test rig shall be set up which makes use of the test circuit specified in 5.1 and which provides the
equipment shown in figure 1.

5.2.2 A positive-locking device shall be provided on continucusly variable displacement motors to prevent the
displacement inadvertently changing during the pertinent portion of each test.

5.3 Instrumentation

5.3.1 Measuring instruments shall be selected and installed to measure the following test motor data:
a) inlst flow;

b} inlet temperature {see ISC 4409 for guidance on location of the tapping point);

¢) inlet and outlet pressures (see ISO 4409 for guidance on location of tapping points);

d) output torque;

e) speed and angular position of the motor shaft.

8.3.2 The systematic errors of the measuring instruments shall be consistent with the chosen class of meas-
urement accuracy (see annex A).

5.3.3 Appropriate recording instruments shall be selected and installed which are capable of resolving signals at
frequencies greater than 10 times the highest expected fundamental data frequency.

5.3.4 The test measurements should be taken at equal increments of shaft angle, and their number shouid be
a minimum of ten times the number of displacement pulses per revolution as obtained under 6.1 b).

6 Protest data

6.1 Using the motor manufacturer's data and other known facts, gather the pretest data as follows.

a) Caleulate the rated (geomatric or theoretical) torque of the motor {T,, or 7} based upon its geometric or
theoretical displacement at rated pressure, using the formula

Ap, x Vg
Tﬂ.n = n
or
_Ap 1Y,
T2
where

Ap, is the rated differential pressure;

Ve

V. is the derived swept volume (see 1SO 84286).

is the georetric swept volume;

b} Determine the number of displacement pulses per revolution of the motor shaft, taking into account any
gearing which would influence the frequency.




- T

IS¢ 4392 PTx3 93 MM 4p51903 0551936 7270 WA

IS0 4392-3:1993(E)

c) Calculate the fundamental data frequency, £, in hertz, using the formula

i My

=50 * number of displacement pulses

where n, is the test spesed, in revolutions per minute {r/min). The number of displacement pulses is taken from
6.1b}.

6.2 Using the motor manufacturer's recommended value for rated speed, n, calculate the ideal {geometric or
theorstical) flow at rated speed, v, OF 4v: using the formula

qvg_n =My X Vg
or
v, = M X V;
6.3 Determine the fluid viscosity in accordance with 15O 3448,

6.4 Estimate the maximum output torque expected to be produced by the motor during the test using the rated
torque, Ty, or T , [as determined in 6.1a)].

6.5 The moment of inertia of all the rotating components connected to the motorshaft and the volume between
the fiow-control valve and the mator inlet port should be kept to a minimum.

7 Test conditions
The following test conditions shall apply:
a) fluid temperature, 8, at motor inlet: sither 50 °C or 80 °C;

b} use a hydraulic fluid of & type and viscosity approved by the hydraulic motor manufacturer, appropriate to the
test temperature selected;

c) carry out tests at 50 % and 100 % of the motor rated torgue;

d} for the two torque conditions given in clause 7 ¢}, establish the minimum iniet flow; the lowest possible flow
is that which causes the motor to stop rotating;

e) for variable-displacement motors, select the minimum and maximum displacements recommended by the
manufacturer; then test at these minimum and maximum displacements;

f) for reversible motors, carry out the test in both directions of rotation.
8 Test procedure

8.1 Connect the instrumentation and recording apparatus to record the motor test data as listed in 5.3.1 and
shown in figure 1.

NOTE 1  Before starting the test, fill the motor case with fluid, it necessary.
8.2 Operate the test circuit before taking measurements, in order to stabilize the system temperature.

8.3 Hold the torque as constant as possible, while peak-to-peak torque variations should be at least within 4 %
of the rnean value. The requirement specified in 5.3.3 shall be taken into considsration.

8.4 Hold the flow as constant as possible, and record it. Instantanecus flow variation shall be kept to within
4 % of the mean value in accordance with the specifications given in 5.3.3.

8.5 Maintain the measured inlet fluid temperature constant to within + 2 °C for the duration of a recording.
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8.8 Make simultanecus recardings of the variables listed in 5.3.1 for the required test conditions.
8.7 Extend the recording to as many revolutions as are ne¢essary to achieve one complete motor cycle.

8.8 When using digital data acquisition techniques, select a sample interval which provides 95 % confidence that
the maximum and minimum values of speed and pressure have been determined by pretesting.

9 Expression of results

NOTE 2 Refer to clause 4 for an explanation of symbols and suffixes.

8.1 Determine the speed r, for equally distributed positions over one complete motor cycle.

Calculate the mean speed over ons complete motarcycle, a,:

nw1+n02+np3+. ' .+ﬂw,
T

where
the suffixes g1, 92, @3 ... @z, are the respective selected shaft positions;

z 1 the number of readings per complete motor cycle, in compliance with 5.3.4.

9.2 Calculate the speed irregularity at each selected shaft position An,, using the fellowing formula;

9.3 (alculate the mean speed irregularity over cna complete motor cycle, Ang,!

Ahgy + Ak Anga+. .+ An,,
z

AR =

9.4 Determine the speed irregularity index, iIr,, using the following formula:

Ir _ &nn'la
nT Mg
or
Ir = |nma-nqe'||+l"ma_nw2|+|"‘i+|nma-nwz
L Ra it hgat.. . +n,

9.5 Calculate the average volumetric efficiency, n, ma Tor at least one complete motor cycle using the following
formula: '

Vi,ma"ﬁ‘na
Mvma = T
where
Vima I8 the average derived swept volume (see I1SO B8426:1888, B.2),
f.. 5 the mean rotational speed;

v is the volume flowrats.
-]

9.6 Calculate the relative peak-to-peak variation in speed 8r, using the following formula:

- Mrnax ~ Mmin

&
" g
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9.7 Determine the effective differential pressure, Ap, .., for the selected positions over one shaft revolution:
APy =P1p = P2y
where
o, is the inlet pressure;
P is the outlet pressure.
?.8 (Ilalculate the mean effective differential pressure, Ap, .., over one complete motor cycle using the following
ormula:

Apg o1t Ape.w:! +...+Aap,
APy e = = =

9.9 Calculate the pressure irregularity, A(Ap,), for each selected shaft position using the following formula:
A(AP, o) = 18Py ma — AP ol

9.10 Calculate the mean differential pressure irregularity, A(Ap, ns), Over one complete motor cycle using the
following formula:

A A Lot A
A(Apa’ma} - (Apa,qﬂ)"' (Ape.qf) + + (Ape.vz)

9.11 Dstermine the differential pressure irregularity index, Iry,, using the following formula:

4p APy ma
Qr
Ir = |Apa,ma - Ape,pll + |Apa,ma - Ape,w2] +.o ]+ |APe.rna - ﬁPg,wI
ap =

apa.qﬂ +apﬂ.w2 +...+ Apa,qnz

9.12 Calculate the average hydraulic mechanical efficiency, ;. ma USIng the following formula:
T,

Ahrn,ma = ;
1,ma

APema X —5

9.13 Calculate the relative peak-to-peak variations of differential pressure, 8Ap, using the following formula:

_ APy max — A.pe,mir'n
APoma

SAp

10 Test report

10.1 General

The relevant test data using the test torque and flow conditions and the infarmation listed in 10.3 shall be recorded
in a test report.

10.2 Presentation of test data

All test measurements and the results of the calculations derived from the measurements shall be presented in
tabular form and, where appropriate, graphically.
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10.3 Test data

10.3.1 General

The following data shall be included in the test report:

a)
b
¢}
d)

e)

a description of the motor,

the class of measurement accuracy used (see annex A);
a description of the hydraulic test circuit and components;
a description of the test fluid;

the fluid viscosity (see 6.3).

10.3.2 Test results

The target values of torque and flew under which the tests were performed shall be recorded, together with the
following information:

a)
b}

cl

d)
e)
£
gl
h}
i)
)
k)
]

the fluid temperature, 8 [see clause 7a)];
the speed as a function of rotational angle at constant flow, constant torque and censtant temperature;

the differential pressure as a function of the rotational angle at constant flow, constant torque and constant
temperature;

the gecmetric swept volume, V,, or derived swept volums, V;;

the mean rotational speed over one complete motor cycle, n, {see 9.1);

the mean speed irregularity over one complete motor cycle, An,,, {see 9.3);

the speed irregularity index, Ir, (see 8.4);

the average volumetric efficiency, n, o, (see 9.5}

the relative peak-to-peak value of speed, 5n (see 9.6);

the mean effective differential pressure over cne complete motor cycle, Ap, ., (see 9.8};

the mean differential pressure irregularity over one complete motor cycle, A(Apg ma) (s€8 8.10);

the differential pressure irregularity index, Ir,, (see 9.11);

m) the average hydraulic mechanical efficiency, iy ms (S2€ 9.12);

n}

the relative peak-to-peak value of differential pressure, Ap (see 9.13).
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Annex A
{(normative}

Classes of measurement accuracy

NOTE 3 The contents of this annex are under review and may be subject to amendmeant in the future.

A.1 Classes of measurement accuracy

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

NOTES
4 Classes A and B are intended for special cases when there is a need ta have the perfarmance more pracissly defined.

5 Attention is drawn to the fact that class A and B tests require more accurate apparatus and methods, which increase the
costs of such tests.

A.2 Errors

Any device or method shall be used which by calibration or comparison with International Standards has been
demonstrated to be capable of measuring with systematic errors not exceeding the limits given in table A.1.

NOTE 8 The limits given in table A.1 are percentage limits for speed, output torgue, total input flow and inletfoutput pressure
and are based on the value of the quantity being measured and nat on the maximum scale reading of the instrument. Tha limits
for terperature are in degrees Celsius and are not percentage limits.

Table A1 — Permissible systematic errors of measuring instruments as
determined during calibration

Permissible systematic errors for classes of
Parameter of measuring measuremant accuracy

i t

nstrumen A 8 c
Speed, n,, % +05 +1 +2
Output torque, Ty, % +15 +3 5
Total input flow, W % +2 4 +6
Inletfoutlet pressure, py , and pog, % + 08 + 1.5 +3
Inlet temperature, 8, ,, °C + 0.6 +1 +2
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Annex B
(normative)

Use of practical units

The results of tests, given either in tabular or graphical form, may be presented using the practical units given in
table B.1.

Table B.1 — Practical units

Quantity Symbol Sl unit Practical
Rotational speed n rimin rfmin
Pressure, differential pressure P Ap Pa bar}
Flowrate g mjs dm®/s 2
Torgque T N-m N‘m
Time t s s, Mms
Swapt volume 1% m® dm?
Temperature ] =C °C
1) 1 bar =10°Pa = 10 N/m’ = 0,1 MPa
2) 1dm? = 1 litre

10
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