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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

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

International Standard ISO 10767-3 was prepared by Technical Committee ISO/TC 131, Fluid power systems,
Subcommittee SC 8, Product testing.

ISO 10767 consists of the following parts, under the general title Hydraulic fluid power — Determination of pressure
ripple levels generated in systems and components:

 Part 1: Precision method for pumps

 Part 2: Simplified method for pumps

 Part 3: Method for motors

Annexes A and B form a normative part of this part of ISO 10767. Annex C is given for information only.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure within an
enclosed circuit. Positive displacement motors are components that convert hydraulic fluid power into rotary
mechanical power. During the process of converting hydraulic power into rotary power, flow and pressure
fluctuations and structure-borne vibrations are generated.

These fluid-borne and structure-borne vibrations, which are generated by the unsteady flow drawn in by the motor
are transmitted through the system at levels depending upon the characteristics of the motor and the circuit. Thus,
the determination of the pressure ripple generated by a motor is complicated by the interaction between the motor
and the circuit. The method adopted to measure the pressure ripple levels of a motor should, therefore, be such as
to eliminate this interaction.

The measurement technique described in this part of ISO 10767 isolates the motor flow and/or pressure ripple from
the effects of such circuit interactions, by mathematical processing of pressure ripple measurements (see
references [1] to [8] in the Bibliography). A figure of merit for the motor is obtained which allows motors of different
types and manufacture to be compared as pressure ripple generators. This will enable the motor designer to
evaluate the effect of design modifications on the pressure ripple levels produced by the motor in service. It will also
enable the hydraulic system designer to avoid selecting motors having high pressure ripple levels.

The method is based upon the application of plane wave transmission line theory to the analysis of pressure
fluctuations in hydraulic systems[9]. By evaluating the impedance characteristics of the circuit into which the motor is
installed and the impedance of the motor itself, it is possible to isolate the source flow ripple and/or pressure ripple
of the motor from the interactions of the circuit. The impedance characteristics of the circuit can be evaluated by
analysis of pressure ripple measurements at two or more positions along a pipe, where the pipe is connected to the
inlet port of the motor. However, to characterize the impedance of the system completely, it is not sufficient to
measure the pressure ripple generated by the motor alone, as insufficient information is available for the impedance
of the motor to be evaluated. The secondary-source method uses another source of pressure ripple at the opposite
end of the supply line. The measurement of this pressure ripple enables the motor source impedance to be
evaluated. Sufficient information is then available to evaluate the source flow ripple and pressure ripple of the motor.

Because of the complexity of the analysis, data processing is preferably carried out using a digital computer.
Suitable software packages are available from two sources (see annex C).
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Hydraulic fluid power — Determination of pressure ripple levels
generated in systems and components —

Part 3:
Method for motors

1 Scope

This part of ISO 10767 specifies a procedure for the determination of a rating of the source flow ripple, source
impedance and pressure ripple levels generated by positive-displacement hydraulic motors, including bi-directional
motors. Ratings are obtained as the following:

a) the source flow ripple amplitude, in cubic metres per second, over ten individual harmonics of motoring
frequency;

b) the source impedance amplitude, in newton seconds per metre to the power of five [(N⋅s)/m5], and phase, in
degrees, over ten individual harmonics of motoring frequency;

c) the anechoic pressure ripple amplitude, in pascals, over ten harmonics of motoring frequency;

d) the overall root mean square (r.m.s.) anechoic pressure ripple, in pascals;

e) the blocked acoustic pressure ripple amplitude, in pascals, over ten harmonics of motoring frequency;

f) the overall root mean square (r.m.s.) blocked acoustic pressure ripple, in pascals.

This part of ISO 10767 is applicable to all types of positive-displacement motor operating under steady-state
conditions, irrespective of size, provided that the motoring frequency is in the range from 50 Hz to 400 Hz.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
part of ISO 10767. For dated references, subsequent amendments to, or revisions of, any of these publications do not
apply. However, parties to agreements based on this part of ISO 10767 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated references, the latest
edition of the normative document referred to applies. Members of ISO and IEC maintain registers of currently valid
International Standards.

ISO 1219-1:1991, Fluid power systems and components — Graphic symbols and circuit diagrams — Part 1:
Graphic symbols.

ISO 5598:1985, Fluid power systems and components — Vocabulary.
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3 Terms and definitions

For the purposes of this part of ISO 10767, the terms and definitions given in ISO 5598 and the following terms and
definitions apply.

3.1
source flow ripple
fluctuating component of flowrate produced by the motor which is independent of the characteristics of the
connected circuit

3.2
flow ripple
fluctuating component of flowrate in the hydraulic fluid, caused by interaction of the source flow ripple with the
system

3.3
pressure ripple
fluctuating component of pressure in the hydraulic fluid, caused by interaction of the source flow ripple with the
system

3.4
anechoic pressure ripple
pressure ripple that would be generated at the motor inlet port when supplied by an infinitely long rigid pipe of the
same internal diameter as the motor inlet port

3.5
blocked acoustic pressure ripple
pressure ripple that would be generated at the motor inlet port when supplied via a circuit of infinite impedance

3.6
impedance
complex ratio of the pressure ripple to the flow ripple occurring at a given point in a hydraulic system and at a given
frequency

3.7
source impedance
impedance of a motor at the inlet port

3.8
harmonic
sinusoidal component of the pressure ripple or flow ripple occurring at an integral multiple of the motoring frequency

NOTE  A harmonic may be represented by its amplitude and phase, or alternatively by its real and imaginary components.

3.9
motoring frequency
frequency, expressed in hertz, given by the product of shaft rotational frequency and the number of motoring
elements on that shaft

3.10
shaft rotational frequency
frequency, expressed in hertz, given by the shaft rotational speed, expressed in revolutions per minute, divided
by 60
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4 Instrumentation

4.1 Static measurements

The instruments used to measure

a) mean fluid flow,

b) mean fluid pressure,

c) shaft rotational speed, and

d) fluid temperature,

shall meet the requirements of “industrial class” accuracy of measurement, i.e. class C given in annex A.

4.2 Dynamic measurements

The instruments used to measure pressure ripple shall have the following characteristics:

a) resonant frequency > 30 kHz;

b) linearity , ± 1 %.

The instruments need not respond to steady-state pressure, and it may be advantageous to filter out any steady-
state signal component using a high-pass filter. This filter shall not introduce an additional amplitude or phase error
exceeding 1 % or 2 %, respectively, over the frequency range from 50 Hz to 4 000 Hz.

4.3 Frequency analysis of pressure ripple

A suitable instrument shall be used to measure the amplitude and phase of the pressure ripple, for at least ten
harmonics of the motoring frequency.

The instrument shall be capable of measuring the pressure ripple from two or three pressure transducers (7.7) such
that, for a particular harmonic, the measurements from each transducer are synchronized in time with respect to
each other. This may be achieved by sampling the pressure ripple from each pressure transducer simultaneously,
or by sampling each pressure separately but with respect to a trigger signal obtained from a fixed reference on the
motor shaft or secondary source drive, as appropriate.

The instruments shall have an accuracy and resolution for harmonic measurements as follows, over the frequency
range from 50 Hz to 4 000 Hz:

a) amplitude within ± 1 %;

b) phase within ± 1°;

c) frequency within ± 0,5 %.

Compliance with the above tolerances will result in an uncertainty in the overall r.m.s. pressure ripple rating of within
± 10 %.

5 Motor installation

5.1 General

The motor shall be installed in the attitude recommended by the manufacturer and mounted in such a manner that
the response of the mounting-to-motor vibration is minimized.

5.2 Drive vibration

If necessary, the motor and the loading system shall be decoupled to minimize vibration generated by the load.
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5.3 Reference signal

A means of producing a reference signal relative to the motor shaft rotation shall be included. The signal shall be an
electrical pulse occurring once per revolution, with sharply defined rising and falling edges. This signal is used as a
measure of the shaft rotational speed and may be used, if necessary, to provide a trigger signal and/or phase
reference for the pressure ripple analysis instrument.

6 Test conditions

6.1 General

The required operating conditions shall be maintained throughout each test within the limits specified in Table 1.

6.2 Fluid temperature

The temperature of the fluid shall be that measured at the motor outlet.

6.3 Fluid density and viscosity

The density and viscosity of the fluid shall be known to an accuracy within the limits specified in Table 2.

6.4 Fluid bulk modulus

The isentropic tangent bulk modulus of the fluid shall be known to an accuracy within the limits specified in Table 2.
As this is not always feasible, B.4.2 details a method by which the bulk modulus may be evaluated with a sufficiently
high accuracy.

Table 1 — Permissible variations in test conditions

Property Required accuracy

Mean flow ± 2 %

Mean pressure ± 2 %

Motor shaft rotational frequency ± 1 %

Temperature ± 2 °C

Table 2 — Required accuracy of fluid property data

Property Required accuracy

Densitya ± 2 %

Viscositya ± 5 %

Isentropic tangent bulk modulusb ± 5 %

a See reference [10].
b See reference [11].

7 Test rig

7.1 General

A hydraulic test circuit similar to that shown in Figure 1 should be used (graphic symbols, in accordance with
ISO 1219-1). The test rig shall include all fluid filters, fluid coolers, reservoirs, loading system and any ancillary
pumps required to meet the motor hydraulic operating conditions. Specific features are described in 7.2 to 7.13.

For bidirection motors there may be some asymmetry in the behaviour according to the direction of rotation.
Accordingly tests shall be performed in both directions of rotation.
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Key

1 Electric motor 6 Straight rigid pipe (see Figure 2)

2 Pump 7 Loading system

3 Pressure gauge 8 Motor under test

4 Point “A” 9 Temperature indicator

5 Secondary source 10 Flowmeter

Figure 1 — Circuit diagram for secondary-source test rig

7.2 Test fluid

The type of test hydraulic fluid and the quality of filtration shall be in accordance with the motor manufacturer’s
recommendations.

7.3 Motor

The motor shall be installed in the “as-delivered” condition.

7.4 Supply pump

The motor shall be supplied from a positive displacement pump. If the motor is to be tested at different speeds
either a variable capacity pump or a variable speed prime mover shall be used.

7.5 Use of supply pump as a secondary source

It may be possible to use the supply pump to act as secondary source of pressure ripple (7.11). If this is the case,
the pump shall be connected as close as possible to point “A” on Figure 1.

7.6 Motor inlet port connection

The adaptor connecting the motor inlet port to the supply pipe shall have an internal diameter which does not differ
from the supply pipe diameter by more than 10 % at any point. Any such variations in internal diameter shall occur
over a length not exceeding twice the internal diameter of the pipe. The adaptor shall be arranged in order to
prevent the formation of air pockets in it. The supply pipe shall be mounted in line with the motor inlet port without
any changes in direction.
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7.7 Motor supply line

The supply pipe shall be a uniform, rigid, straight metal pipe. Pressure transducers shall be mounted along its
length, as shown in Figure 2. The internal diameter of the pipe shall be between 80 % and 120 % of the diameter of
the motor inlet port. The pipe shall be supported in such a manner that pipe vibration is minimized.

The pressure transducers shall be mounted such that their diaphragms are flush with the inner wall of the pipe to
within ± 0,5 mm. No valves, pressure gauges or flexible hoses shall be installed between the motor inlet port and
point “A” as shown in Figure 1.

Two alternative specifications for the motor supply line are given, depending on whether the isentropic tangent bulk
modulus of the fluid is known within the limits specified in Table 2. These alternatives are henceforth known as
“method 1” and “method 2”. Method 1 is acceptable for use in all situations. However, if the isentropic tangent bulk
modulus is known within the limits specified in Table 2, economies can be made by using method 2.

If method 1 is used, set up the motor supply line as specified in 7.7.1. If method 2 is used, set it up as specified in
7.7.2.

7.7.1 Method 1

Three pressure transducers are required for this method, set up as shown in Figure 2. The dimensions of the supply
pipe shall be selected according to the motoring frequency. When the series of tests includes a range of motor
speeds, the dimensions shall be selected in relation to the minimum motoring frequency, f0,min, in that series. The
overall length of the supply pipe, l, and the distance of the pressure transducers from the motor, x1, x2 and x3, are
specified in Table 3.

Table 3 — Pipe length and transducer positions

Pipe length and transducer Minimum motoring frequency,  Hz

positions 50 < f0,min < 100 100 , f0,min < 400

x1 0,15 m ± 1 % 0,1 m ± 1 %

x2 0,85 m ± 1 % 0,43 m ± 1 %

x3 1,85 m ± 1 % 0,9 m ± 1 %

l at least 2 m at least 1 m

7.7.2 Method 2

Two pressure transducers are required for this method, set up as shown in Figure 2. The length of the supply pipe
and the positions of the pressure transducers shall be selected according to the motoring frequency. When the
series of tests includes a range of pumping frequencies, the dimensions shall be selected in relation to the
maximum motoring frequency in that series. The ratio of maximum to minimum speed for a selected transducer
spacing shall not exceed 4:1. If the speed range of a test series exceeds this limit, different transducer spacings will
be required.
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