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i Pe H
Introduction

In hydraulic fluid power systems, power is transmitted gnd controlled

through a fluid under pressure within an enclosed circuit.

Hydraulic motors are units which transform hydraulic ener
anical energy, usually with a rotary output.

jy into mech-
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3 Definitions

For the purposes of this part of ISO 4392, the definitions given in ISO 4391 and ISO 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 and/or torque recording. In most motors this will be 360°; however, in some, such as gear motors, it may
be several shaft revolutions.

4 Symbols

4.1 The phypsical quantity letter symbols and their suffixes used in this part of ISO 4392 are in accordapce with
ISO 4391. Unjts are given in table 1.

4.2 The graphical syfbols used in figure 1 are in accordance with ISO 1219-1.

Table 1 — Symbols and units

Quantity Symbol Dimension? Sl unit2)
Rotational speed n T r/min
Pressure, differential pressare D, Ap ML™'T 2 Pa
Flowrate q L m®/min
Torque T ML2T 2 N-m
Time t T s
Swept volume 1% L3 m
Temperature 4 (c] °C

1) M = mass; L = length; T = time; ® = temperature.

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

5 Test installation

5.1 Hydraglic test circuit

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

protect against damage in the event of component failure. It is important that those responsible for car-

WARNING — The basic circuit shown in figure1 does not incorporate all the safety devices necessary to
rying out these tests give due consideration to safeguarding both staff and equipment. ;

5.1.2 A fluid-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 to 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 will maintain the fluid 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 pump 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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1 Motor under test

2 Constant torque 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

10,1112 Torauc—control-devices

13 Flowmeter

14,15 Pressure 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 sh

own in figure 1.

5.2.2 A positive-locking device shall be provided on continuously variable displacement motors to prevent the

displacement

5.3

inadvertently changing during the pertinent portion of each test.

Instrumentation

5.3.1 Measy
a) inlet flow;
b) inlet temp
c) inletand g
d) output tor

e) speed and

5.3.2 The sy
urement accu

5.3.3 Appropriate recording instruments shall be Selected and installed which are capable of resolving s

frequencies g

5.3.4 The te
a minimum of

fingsinstruments shall be selected and installed to measure the following test motor data:

prature (sée’ ISO 4409 for guidance on location of the tapping point);

utlet pressures{see ISO 4409 for guidance on location of tapping points);

ue;

angular position of the motor shaft.

stematic errors of the measuring instruments shall be consistent with the chosen class
racy (see annex A).

reater than 10 times the highest expectéd fundamental data frequency.

st measurements should be taken at equal ingrements of shaft angle, and their number s
ten times the number of displacement pulses ‘per,revolution as obtained under 6.1 b).

bf meas-

ignals at

hould be

hetric or

6 Pretest|data
6.1 Using the motor manufacturer's data and other known facts, gather the pretestdata as follows.
a) Calculate the rated (geometric or theoretical) torque of the motor (Ty, or T;,) based’upon its geor
theoretical displacement at rated pressure, using the formula
Ap, x 'V,
Ton = | 2Pn X Vg

: 2n
or

Ap, x V,

Tin= nZn '

where

Ap, is the rated differential pressure;

Ve

Vv

is the geometric swept volume;

is the derived swept volume (see ISO 8426).

b) Determine the number of displacement pulses per revolution of the motor shaft, taking into account any
gearing which would influence the frequency.
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c) Calculate the fundamental data frequency, f,, in hertz, using the formula
fo= -g% x number of displacement pulses

where n, is the test speed, 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
theoretical) flow at rated speed, Qy,, OF 4 using the formula

qvg'n

=n, x Vg

or

qv.

i,n

6.3 Determine theyfluid viscosity in accordance with ISO 3448.

6.4 Est
torque, T

6.5 Thd
the flowA

7 Tes]
The follo

a) fluid temperature, 6, at motor inlet: either 50 °C ©1 80 °C;

b) use a
test t

¢) carry

d) for th

= XY,

mate the maximum output torque expected to be produced by the motor during the test us
b OF T;, [@s determined in 6.1a)].

moment of inertia of all.the rotating components connected to the motorshaft and the volu
control valve and the motorinlet port should be kept to a minimum.

t conditions

ving test conditions shall apply:

hydraulic fluid of a type and viscosity approved by, the hydraulic motor manufacturer, appr
emperature selected;

out tests at 50 % and 100 % of the motor rated torque;

e two torque conditions given in clause 7 c), establish the minimum inlet flow; the lowest

is tha

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

f) for reyersible 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

which causes the motor to stop rotating;

ing the rated

me between

bpriate to the

possible flow

nded by the

in 5.3.1 and

shown infigure t:

NOTE 1

Before starting the test, fill the motor case with fluid, if 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 mean value. The requirement specified in 5.3.3 shall be taken into consideration.

8.4 Hold the flow as constant as possible, and record it. Instantaneous 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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8.6 Make simultaneous recordings of the variables listed in 5.3.1 for the required test conditions.

8.7 Extend the recording to as many revolutions as are necessary 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

NOTE2 Re

9.1 Determ

Calculate thg

er to clause 4 for an explanation of symbols and suffixes.

ing the speed n, for equally distributed positions over one complete motor cycle.

mean 'Speed over one complete motorcycle, n,:

1+ Mg + N H. .+ 1,

nma

where

V4

the suffixes o1, 92, 03 ... @z, are the respective selected shaft positions;

z is the humber 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 following formula:

An, = Mg — nq,l
9.3 Calculdte the mean speed irregularity over one complgte motor cycle, An,,:

Angq + Angy + Angz +. ..+ Ang,

An, = z

9.4 Deternine the speed irregularity index, Ir,, using the following férmula:
Antya

In=—ge

or
|”rra_ qz1|+|nma"n<p2|+| e |+|”ma_n¢z|
Ir, =
Ny + Mgy +. ..+ Ny,

9.5 Calculatte the average volumetric efficiency, 7, .., for at least one complete motor cycle-using the
formula:

" _ _/i,ma'nma

v,ma qu

where

Vime is the average derived swept volume (see ISO 8426:1988, B.2);

nma 1S the mean rotational speed;

gy, is the volume flowrate.

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

_ max = Mmin

5
" Mra

following
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9.7 Determine the effective differential pressure, Ap, ,, for the selected positions over one shaft revolution:
Apg o = D1, ~P2,p

where
py is the inlet pressure;
p, s the outlet pressure.

9.8 Calculate the mean effective differential pressure, Ap, s, Over one complete motor cycle using the following
formula:

Apem + prz +...+ Ape'w
Apg ha= z

9.9 Caltulate tHepressure irregularity, A(Ap,), for each selected shaft position using the following formula:
A(Ape,.p) = |Ape,ma T Ape'¢|

9.10 Calculate the mean differential pressure irregularity, A(Ap, ma). Over one complete motor cyfle using the
following| formula:

A(AP, 31) + A(DPg of) +» - - + A(ADg o)
A ( Ap,e,ma) - pe,<p1 pe,q;Z Pe,q>z

9.11 Determine the differential pressure ifregularity index, Ir,, using the following formula:

Ir L A(Ape,ma)
T APo ma
or
oL |APe,ma — APe,qn' +|APg,ma — Ape,qazl +|.. . |+ |Apgma? APe,q»z'
Ap T

Ape‘m + APe,wz +...+ Ape'w

9.12 Calculate the average hydraulic mechanical efficiency, #;,mmas Using the following formula:
Te

Nhm,mha = V.
i,ma

Ape ma X 7

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

N APg max = APe,min
APy ma

SAp

10 Test report

10.1 General

The relevant test data using the test torque and flow conditions and the information 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) a description of the motor;

b) the class of measurement accuracy used (see annex A);

¢) a description of the hydraulic test circuit and components;

d) a description of the test fluid;
e) the fluid yiscosity (see 6.3).
10.3.2 Test results

The target vglues of torque_and flow under which the tests were performed shall be recorded, together with the
following information:

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

¢) the differential pressure as a function of the rotational angle at constant flow, constant torque and|constant
temperatyre; '

d) the geometric swept volume, V,, or derived swept.volume, V;;

e) the mean| rotational speed over one complete motor cycle, n,, (see 9.1);

f) the mean| speed irregularity over one complete motor cycle;An,,, (see 9.3);

g) the speed irregularity index, Ir, (see 9.4);

h) the average volumetric efficiency, n, ,, (see 9.5);

i) the relatiye peak-to-peak value of speed, én (see 9.6);

j) the mean| effective differential pressure over one complete motor cycle, Ap, s (see 9.8);

k) the mean| differential pressure irregularity over one complete motor cycle, A(Ap, .)5(5ee 9.10);
) the differential pressure irregularity index, Ir,, (see 9.11);

m) the average hydraulic mechanical efficiency, 7, ma (€€ 9.12);

n) the relatiye peak-to-peak value of differential pressure, 5Ap (see 9.13).
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