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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 2.
The main task of technical committees is to prepare International Standards. 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.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15086-3 was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee SC 8,
Product testing.

ISO 15086 consists of the following parts, under the general title Hydraulic fluid power — Determination of the
fluid-borne noise characteristics of components and systems:

— Part 1: Introduction
— Part 2: Measurement of the speed of sound in a fluid in a pipe

— Part 3: Measurement of hydraulic impedance

© 1SO 2008 — All rights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 15086-3:2008(E)

Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure within a
closed circuit. During the process of converting mechanical power into fluid power, fluid-borne noise (flow
fluctuations and pressure fluctuations) is generated, which in turn leads to structure-borne noise and airborne
noise. The transmission of fluid-borne noise is influenced by the impedance of the components installed in the
hydraulic circuit.

This part of ISO 15086 adopts the concepts of ISO 15086-1 which describe the basis for the methods of
measurement that make it possible to determine the characteristics of fluid-borne noise emitted or transmitted
by hydraulic transmission systems.

Clause 6 of this part of ISO 15086 describes the method for measuring the hydraulic impedance of a single-
port component (local hydraulic impedance) and Clause 7 describes the method for measuring the hydraulic
impedance matrix of a two-port hydraulic component.
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Hydraulic fluid power — Determination of the fluid-borne noise
characteristics of components and systems —

Part 3:
Measurement of hydraulic impedance

1 Scope

This part of ISO 15086 describes the procedure for the determination of the impedance characteristics of
hydraulic components, by means of measurements from pressure transducers mounted in a pipe.

This part of ISO 15086 is applicable to passive components, irrespective of size, operating under steady-state
conditions, over a frequency range from 10 Hz to 3 kHz.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1000, S/ units and recommendations for the use of their multiples and of certain other units
ISO 5598, Fluid power systems and components — Vocabulary

ISO 1219-1, Fluid power systems and components — Graphic symbols and circuit diagrams — Part 1:
Graphic symbols for conventional use and data-processing applications

ISO 15086-1:2001, Hydraulic fluid power — Determination of the fluid-borne noise characteristics of
components and systems — Part 1: Introduction

ISO 15086-2: 2000, Hydraulic fluid power — Determination of the fluid-borne noise characteristics of
components and systems — Part 2: Measurement of the speed of sound in a fluid in a pipe

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.

31
flow ripple
fluctuating component of flow rate in hydraulic fluid

3.2
pressure ripple
fluctuating component of pressure in hydraulic fluid
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3.3

wide-band pulse generator

hydraulic component generating a periodic flow ripple and consequently pressure ripple in a circuit, or an
hydraulic component generating a pressure ripple and, consequently, a flow ripple in a circuit

3.4

fundamental frequency

lowest frequency of pressure ripple (or flow ripple) considered in a theoretical analysis or measured by an
instrument

EXAMPLE An hydraulic pump or motor with a shaft frequency of N revolutions per second can be taken to have a
fundamental frequency of N Hz. Alternatively, for a pump or motor with %k displacement elements, the fundamental
frequency can be taken to be Nk Hz, provided that the measured behaviour does not deviate significantly from cycle to
cycle.

3.5
harmonic
sinusoidal component of a signal that occurs at an integer multiple of the fundamental frequency

NOTE An harmonic can be represented by its amplitude and phase, or by its real and imaginary parts.

3.6

impedance

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
admittance
reciprocal of impedance

3.8
characteristic impedance
(of a pipeline) impedance of an infinitely long pipeline of constant cross-sectional area

3.9
hydro-acoustic energy
fluctuating part of the energy in a liquid

3.10
wide-band noise
hydro-acoustic energy distributed over the frequency spectrum

3.11

port-to-port symmetry

property of a two-port component in which the wave propagation characteristics remain the same when the
port connections to the circuit are reversed

n .
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4 Symbols

The symbols used in this part of ISO 15086 are defined as shown in Table 1.

Table 1 — Symbols

Symbol Description Unit

Ag Complex coefficient (term of admittance matrix between transducer m3.s~1.Pa"
PT3 and component 0)

A, Complex coefficient (term of admittance matrix between transducers m3.s~1.Pa-1
PTx and PT3)

4, Terms of admittance matrix (for x and y equal to 1 or 2) m3.s~1.Pa-1

Bg Complex coefficient (term of admittance matrix between transducer m3.s~1.Pa-1
PT3 and component 0)

B, Complex coefficient (term of admittance matrix between transducers m3.s~1.Pa-1
PTx and PT3)

c Speed of sound in the fluid m-s~1

fmin Minimum frequency Hz

fmax Maximum frequency Hz

H, 4 Transfer function between pressure ripples P, and P53 —

L Distance between transducers m

Pm Mean test pressure MPa

Py Fourier transform of pressure ripple at upstream port of component Pa

Py Fourier transform of pressure ripple at downstream port of component Pa

P, Fourier transform of pressure ripple at location x , where x is the Pa

number of the pressure transducer, equal to 1, 2 or 3, corresponding
to PT1, PT2 or PT3, respectively

Py, Py Fourier transform of pressure ripple at the location of pressure Pa
and P transducer 1 (PT1), pressure transducer 2 (PT2) and pressure
transducer 3 (PT3), respectively
Oc0 Fourier transform of flow ripple into upstream port of component (0) m3.s~1
Os 0 Fourier transform of flow ripple into downstream port of m3.s~1
component (0)
X Number of the pressure transducer, equal to 1, 2 or 3, corresponding —
to PT1, PT2 or PT3, respectively
Zg Impedance
% Kinematic viscosity cSt (1 cSt=106.m2s1)
0 Phase of harmonic component (pressure or flow ripple, as degree (°)
appropriate)
deo Phase precision of the Fourier analyser degree (°)

Units used in this part of ISO 15086 are in accordance with ISO 1000.

Graphical symbols are in accordance with ISO 1219-1 unless otherwise stated.
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5 Test conditions and accuracy of instrumentation
5.1 Test conditions (permissible variations)

5.1.1 General

The required operating conditions shall be maintained throughout each test within the limits specified in
Table 2.

Table 2 — Permissible variations in test conditions

Test parameter Permissible variation
Mean flow +2%
Mean pressure +2%
Temperature +2°C

5.1.2 Fluid temperature

The temperature of the fluid shall be that measured at the measuring pipe inlet.

5.1.3 Fluid density and viscosity

The density and viscosity of the fluid shall be known to an accuracy within the limits specified in Table 3.

Table 3 — Required accuracy of fluid property data

Property Required accuracy
%
Density +2
Viscosity +5

5.1.4 Mean fluid pressure

The mean fluid pressure of the fluid shall be that measured at the measuring pipe inlet.

5.1.5 Mean flow measurement

The mean flow measurement shall be measured downstream of the measuring pipe (e.g. in cases where the
mean flow influences the terms of the admittance or impedance matrix).

5.2 Instrumentation precision
5.2.1 Steady-state accuracy class
The accuracy required shall be in accordance with the values given in ISO 15086-1:2001, Annex A.

5.2.2 Dynamic-state accuracy class

The accuracy required shall be in accordance with the values given in ISO 15086-1:2001, Annex B.

© 1SO 2008 — All rights reserved
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6 Measurement of the impedance of a single-port passive component

6.1 Local impedance — Measurement principle

The hydraulic impedance, Z,, of a component with a single-port connection is defined by Equation (1) and
shown diagrammatically in Figure 1:

P,
Ze 50 = = (1)
e—0
where
Py is the Fourier transform of the pressure ripple at the component inlet;

Oq_,o is the Fourier transform of the flow ripple entering the component and regarded as positive when
entering the 0 component.

In the high-frequency ranges (> 10 Hz), no convenient systems exist to measure the flow Q,_,.

To enable a pulsating flow to be inferred, this test method requires the use of a rigid hydraulic pipe fitted with
dynamic pressure transducers having a sufficiently high bandwidth and with the distances between the
transducers selected according to the frequency range of interest.

Qe—)O
Pe

Key
1 component 0

Figure 1 — Key parameters in the measurement of impedance of a single-port component
6.2 Hydraulic impedance

6.2.1 Measurement principle

Figure 2 illustrates the principle for measuring the impedance, Z, at the inlet of the single-port component (0).

NOTE It is important to remember that a passive component is not itself a generator of hydro-acoustic energy.

Three dynamic pressure transducers (PT1 to PT3) are connected to the rigid pipe constituting the flow-ripple
measuring pipe at transducer PT3.

It is assumed that appropriate technical measures have been taken to ensure that the speed of sound in the
fluid between PT1 and PT3is uniform. This requires that the mean temperature of the fluid in the measuring
pipe be uniform to within 2 °C along its length.

The speed of the sound in the measuring pipes can be determined by means of the three pressure
transducers, PT1 to PT3, in accordance with the algorithm described in ISO 15086-2.
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@ @ @ Zeao=pe/Qe_>o
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\

1
Key
1 pulse generator
2 component 0

PT1, PT2, PT3  location of pressure transducers 1, 2 and 3, respectively

Figure 2 — Principle of measuring the impedance of a single port component

6.2.2 Simplified algorithm for determining the component of the local hydraulic impedance

The flow being determined at the upstream port of component (0) is O5_, .

A, and B, are the elements of the admittance matrix describing the pipe between PTx and PT3 where x is 1 or

2 depending on the transducers selected to determine the flows.

A, and B are the elements of the admittance matrix describing the pipe between the inlet of the single-port

component (0) and PT3.

By referring to ISO 15086-1, which provides the basic definitions, the algebraic relationships shown in

Equations (2) to (5) are obtained.
0350 =035 = _(AxP3 + BxPx)

A0 )
Qe»O:_ eB3ﬁo+(Ae_Be)P3
e

P, = O350 _AePs

B B

e e

Pe

Z

e—>0 =
Qe—>0

0350 —4eP3
2 2
(Ae _Be )PS - AeQ3»0

_(AXP3 +BxPx)_AeP3

(42 - B2) Py + g (4,P5 + B,P,)

Equation (6) for the measurement of the component hydraulic impedance, Z,
numerator and the denominator of Equation (5) by Px:

—0

()

®)

(4)

®)

is derived by dividing the

P,
—Ay —Ae — By —
Py
Zeso =——— 5 ®)
A§ —BS + AgA, + A B, —*
P3
where x is equal to 1 or 2 according to the frequency ranges being measured.
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The transfer function, P,/P53, can be directly measured by a suitable frequency-response analyser, but due
account shall be taken of the pressure-transducer calibration (see 6.3.3).

6.3 Factors influencing the accuracy of the impedance measurement

6.3.1 General

The various factors influencing the accuracy of the impedance measurement and the precautions to take as a
result are described in 6.3.2.

6.3.2 Pulse generator

It is necessary to have a device that is capable of producing a strong pressure ripple with a frequency and an
amplitude stable over the required frequency range. Suitable devices are

a) a piston pump or other pump with a broad-band pressure ripple,

b) a specially designed rotary valve that produces regular flow ripples,
c) an electrodynamic vibrator and actuator,

d) a high-frequency response servovalve,

e) a piezoelectric actuator.

Items c) to e€) can be excited using a swept-sinusoid, a periodic broad-band waveform or a random signal.

6.3.3 Pressure transfer function measured by the PTx/PT3 pressure transducers and the calibration
correction

An accurate measurement of the P /P; transfer function requires an initial calibration of the PTx/PT3
transducers.

Calibration shall be undertaken using the technique described in ISO 15086-2:2000, 8.5.

The transducers shall be calibrated under environmental conditions identical to those pertaining for the
impedance measurement (e.g. the same mean fluid pressure and same fluid temperature).

Settings of the analyser during calibration shall be identical to those during the impedance measurements (e.g.
the same measurement range, window shape, analysis band, signal averaging).

The coherence function obtained when measuring the transfer functions by means of the Fourier analyser is
an excellent indication of the validity of the measurements when the signal-to-noise ratio of the transducers is
adequate.

The pressure-excitation source level shall be such that the coherence function of the transfer functions
measured is greater than 0,95. By averaging a sufficiently large number of spectra, it can be possible to
improve the coherence for frequencies where the excitation is low.

The transfer-function measurements taken when measuring the impedances shall be corrected through the
use of the calibration transfer functions (see ISO 15086-2:2000, 8.5).
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6.3.4 Numerical value of terms 4 and B of the pipe section admittance matrix used for the indirect
determination of the pulsed flows

6.3.41 General

The admittance matrix terms 4 and B depend on five factors:
a) transducer spacing;

b) measuring pipe internal diameter;

c) speed of sound in the fluid in the measuring pipe;

d) fluid kinematic viscosity;

e) fluid density.
6.3.4.2 Transducer spacing

6.3.4.2.1 General

The distances between the transducers shall be suitable for the range of analysis frequencies selected and for
the upper and lower limits of this analysis band. Generally, one single spacing value is inadequate for carrying
out a measurement over a wide frequency range.

At high frequencies, the limitation is due to the fact that the analysis becomes indeterminate when the
distance between transducers is equal to half of the wavelength of the pressure ripples.

At very low frequencies, the limitation is due to the fact that the amplitude ratio approaches unity and the
phase shift between the transducers approaches zero. The analysis becomes inaccurate when the phase shift
between the transducers is less than 10 times the accuracy of the analyser's phase measurement capability.

The distances between the transducers should be measured with an accuracy of £ 1 mm.

6.3.4.2.2 Practical rules for establishing the transducer spacing

Firstly, using Equation (7), determine the distance, L, for an upper frequency limit, f. .., where L is the
distance between the transducers selected to measure the impedance between PT1 and PT3 or between PT2
and PT3.

0,95-¢
2'fmax

L <

@)

EXAMPLE 1 Substituting 1., = 1 600 Hz and ¢ = 1 300 m s~ " into Equation (7) gives

<0,95-1300m-s‘1
=~ 2-(1600 Hz)

L <0,386 m

With the distance, L, established, the lower limit of the frequency measurement, f,;,, can be estimated using
Equation (8):

dég-10

180 ©)

fmin :fmax ’

o - :
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EXAMPLE 2 If d6 of the analyser is 0,5°, then Equation (8) gives

1600-(0,5)-10
180

Smin = ~ 44 Hz

Thus a spacing of 0,386 m allows the correct transfer function measurement in a frequency range between an
Jmin €qual to 44 Hz and an f,,,,, equal to 1 600 Hz.

The distance between transducer PT3 and the upstream port of component (0) shall be between 0,1 L and
0,2L.

6.3.4.3 Speed of sound in the fluid in the measuring pipe

The speed of sound is used in the determination of the admittance matrix terms describing the measuring
pipes.

This parameter depends on the temperature and mean pressure of the fluid flowing in the measuring pipes;
these parameters shall, therefore, be set according to the desired test conditions and maintained within the
limits specified in Table 2 during the measurements.

6.3.4.4 Density of the fluid circulating in the measuring pipes
The density is used in the determination of the admittance matrix terms describing the measuring pipes.

This parameter depends on the temperature and mean pressure of the fluid flowing in the measuring pipes;
these parameters shall, therefore, be set according to the desired test conditions and maintained within the
limits specified in Table 2 during the measurements.

6.4 Measurement of local impedance
6.4.1 Test circuit

6.4.1.1 Simplified circuit

A simplified test circuit suitable for measuring the hydraulic impedance of a single-port component is shown in
Figure 3.

The test circuit is comprised of the following components:

a) hydraulic pump and electric motor, to ensure that the mean flow and mean pressure of the component
being tested are supplied; the pump shall be protected by means of a safety valve;

b) connecting hose, to connect the pump outlet to the test circuit; if the pump generates a pressure-ripple
level much greater than the pulse generator, it can be necessary to reduce the pressure-ripple level at the
pump outlet by means of this hose or another attenuating system; otherwise, the pressure-ripple level of :
the pump can saturate the dynamic pressure transducers PT1 to PT3, or can prevent accurate °
measurement of the harmonics of the pressure ripple from the pulse generator (see 6.4.1.2); :

c) rigid pipe, in which the pressure transducers are mounted as shown in Figure 3, with the distance
between the transducers suited to the band of frequencies used; '

d) three pressure transducers (PT1 to PT3) arranged on rigid pipes upstream and downstream of the
component (preferably miniature flush-membrane-type piezoelectric transducers), used to determine the
pressure ripple and flow ripple in the pipes and the speed of sound in the test fluid;

e) pulse generator, capable of generating pulses in the selected frequency band with an adequate level to
obtain the correct signal-to-noise ratio (see 6.3.2);
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f) adjustable restrictor, to allow adjustment of the mean pressure, p,, downstream of the test circuit
controlled by the pressure gauge;

g) cooler (heat exchanger), to ensure temperature regulation of the test fluid controlled by the thermometer;

h) optional mean flowmeter for use in case the mean flow rate in the component under test influences its
hydro-acoustic characteristics;

i) component under test;

i) precision transducer or pressure gauge used to monitor the mean pressure during the test.

= Ay ——————
| | - T

\/ 0
5 11
Key
1  pressure transducers 7  relief valve
2 Fourier analyser 8 pump
3 flexible hose and small-diameter metal pipe 9  mean pressure gauge
4  pulse generator 10 electric motor
5 metal pipes of the same diameter 11 component 0
6  adjustable restrictor

Figure 3 — Simplified test circuit for measuring the impedance of a single port component
6.4.1.2 Isolation of pump pressure ripple
Transmission to the pressure transducers of the pressure ripple produced by the pump should be minimized.

This can be achieved by using a flexible hose at least 1 m long, followed by a small-diameter rigid pipe,
(typically 0,5 to 0,75 times the diameter of the tube), at least 1 m long.

6.4.2 Test procedure

6.4.2.1 Calibration of the miniature pressure transducers PT1 to PT3

Before taking the measurements, calibrate the pressure transducers (see ISO 15086-2:2000, 8.5) in order to
obtain the calibration transfer functions.

1N :
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6.4.2.2 Adjustment and preliminary operations prior to measuring the impedance

Before carrying out the calibration operation described in 6.4.2.1, steps 6.4.2.2 a) to e) shall be performed.
a) Place the flush-mounted diaphragm pressure transducers in the measuring pipe.

b) Purge the circuit.

c) Adjust the mean test pressure, p,,,, by means of the adjustable restrictor.

d) Ensure that the excitation level of the pulse generator is adequate to obtain the correct transfer functions
(acceptable coherence criterion > 0,95).

e) If the pump generates a pressure ripple level much greater than the pulse generator, it can be necessary
to reduce the pressure-ripple level at the pump outlet by means of a hose or other attenuating system.
Otherwise, the pressure-ripple level of the pump can saturate the dynamic pressure transducers PT1 to

PT3, or can prevent accurate measurement of the harmonics of the pressure ripple from the pulse
generator.

6.4.2.3 Measurement procedure
For each mean pressure required, capture the inter-transducer transfer functions by signal averaging using a

multi-channel analyser allowing the simultaneous acquisition of the output from the three pressure transducers
and their transfer function relative to one of the other transducers.

6.4.2.4 Processing of measurements taken

6.4.2.4.1 Determination of the speed of sound in the measuring pipes

Determine the speed of sound in the fluid in accordance with the procedure described in ISO 15086-2, using
the measurements from the three pressure transducers PT1 to PT3.

Use the value of the speed of sound, ¢, to determine the values of the terms 4, and B, of the pipe sections
between transducers PT1 and PT3 and between PT2 and PT3.

6.4.2.4.2 Determination of the impedance of the component connected to the measuring point PT3
Carry out the following using the procedure described in 6.3.

a) Select the pairs of transducers (PT1 and PT3) or (PT2 and PT3) suitable for the analysis band at the
selected frequency.

b) Use the value of the speed of sound, ¢, as determined in 6.4.2.4.1 to calculate 44, B, or 45, B, and 4, B,
in accordance with the relationships defined in ISO 15086-1:2001, 5.3.

c) Calculate the transfer functions H,5 and H,, corrected according to the calibration transfer function.
d) Calculate the inlet hydraulic impedance of the component (at the location of PT3) using Equation (9):

_Ax _Ae _BxHx3

z )

e—0 ~ 2 2
AE —BE + Ag A, + AgB H 3
where x is either 1 or 2;
e) Repeat steps a) through d) for all frequencies at which the impedance is determined.
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6.4.2.5 Presentation of results
The hydraulic impedance measurements shall be presented in the form of curves as a function of frequency.

Because the impedance, Z,, is a complex variable, it is necessary to describe this variable by its real and
imaginary parts or by its amplitude and phase.

Examples of representative impedance curves are shown in Figure 4.

Y A
10°
1
—— 2
———3
108 —4
1 07 \\\
I~ ] T~ = ~
I~ ~ ~
106 \\‘ ~ ™~ ”-é
| == o e
— ~ e
~— ~J R 5 /
\\ » LA | 1 /
1 05 \‘ }( " / \ 2 \\ //
\\R ,I = 'I
N
10* -
10" 102 X
Key
X  frequency, expressed in hertz
Y  amplitude of complex impedance, Z,, expressed in pascal-seconds per cubic metre (Pa s m-3)
1 curve for p,, =4 MPa (40 bar)
2 curve for p =2 MPa (20 bar)
3 curve forp =1 MPa (10 bar)
4 curve forp_ =0,5MPa (5 bar)
a) Amplitude versus frequency
Figure 4 (continued)
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b) Phase angle versus frequency

Figure 4 — Impedance of a hydraulic accumulator at four mean pressures

7 Measurement of the admittance matrix and impedance matrix of a two-port
passive hydraulic component

7.1 Definitions and principles of measurement of the admittance matrix and impedance
matrix of a two-port passive hydraulic component

7.1.1 General
Figure 5 is a schematic diagram of a two-port passive hydraulic connecting component with pressure ripples
and flow ripples (P4, O1) and (P,, O5), respectively, at ports 1 and 2.

NOTE It is important to remember that a passive component is not itself a generator of hydro-acoustic energy.

13
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Qe—)o Qs—>0
Pe Ps

Key

1 component 0

Figure 5 — Key parameters for the measurement
of admittance matrix and impedance matrix of a two port component

The hydraulic admittance matrix of the component as shown in Figure 5 can be written as shown in
Equation (10):

Agq Aqp
Apq Apo

Fe

By

Q1—>O
0250

(10)

where 4, are the terms of the passive component hydraulic admittance matrix.
It should be remembered that the hydraulic admittance is the inverse of the hydraulic impedance.

7.1.2 Principle of the method of measuring the admittance matrix

The inlet and outlet of the component being measured are connected to pipes fitted with dynamic pressure
transducers, making it possible to measure indirectly the pressure ripples P, and Pg and the flow ripples

Qe_s0 and Qg_,q (see Figure 6).

3
1 2
v, ) .t
L PR
Qeﬁo QS%O
Pe Ps

Key

1 pipe in which the pressure ripple, P,, and the flow ripple, Q. _,, , are measured
2 pipe in which the pressure ripple, P, and the flow ripple, O, ., are measured
3  component 0

Figure 6 — Principle of measuring the admittance matrix of a two port component

Measurement of the admittance matrix consists of determining the values of the matrix terms 444, 445, 44
and 4,, of the hydraulic component under consideration.

Figure 7 shows a more detailed diagram of the test circuit.
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1 Fourier analyser 8 pressure transducer to measure mean pessure
2 rigid pipes of the same diameter 9 flowmeter to measure mean flow
3 mean parameters 10 thermometer
4 adjustable restrictor 11 electric motor
5 small-diameter pipe 12 component 0
6 pulse generator BV1, BV2 ball valves
7 flexible hose PT1 to PT6 pressure transducers

Figure 7 — Circuit for transfer matrix measurement of a two port component
The main elements of the test circuit are the following.

a) An hydraulic pump ensures that the mean flow and mean pressure of the component being tested are
supplied. The pump shall be protected by means of a safety valve.

b) A connecting hose connects the pump outlet to the test circuit. If the pump generates a pressure-ripple
level much greater than the pulse generator, it can be necessary to reduce the pressure-ripple level at the
pump outlet by means of a hose or other attenuating system. Otherwise, the pressure-ripple level of the
pump can saturate the dynamic pressure transducers PT1 to PT6, or can prevent accurate measurement
of the harmonics of the pressure ripple from the pulse generator.

c) The two pairs of rigid pipes all have the identical internal diameter. The pressure transducers are
mounted in these pipes, with the distance between the transducers suited to the band of frequencies
used and, for each pair of pipes, the same distances between the transducers and the component.

d) Six pressure transducers (PT1 to PT6) are arranged on rigid pipes upstream and downstream of the
component (preferably miniature flush-membrane-type piezoelectric transducers) and used to determine
the pressure ripple and flow ripple in the rigid pipes and the speed of sound in the test fluid.

e) A pulse generator, which can be connected to either the upstream pipe or the downstream pipe by means
of the isolating valves BV1 and BV2, shall be capable of generating pulses in the selected frequency
band with an adequate level to obtain the correct signal-to-noise ratio.

f)  An adjustable restrictor allows the adjustment of the mean pressure, p,,,, downstream of the test circuit
controlled by the pressure gauge.
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g) A cooler (heat exchanger) ensures the regulation of the temperature, 7, of the test fluid controlled by the
thermometer.

h) An optional mean flowmeter can be used in case the mean flow rate, ¢,,, in the component under test
influences its hydro-acoustic characteristics.

Solution for the four terms 444, 4415, 454 and 4,, of the admittance matrix of the test component requires a
system of at least four equations. This necessitates that tests be performed under two separate conditions.
For test condition 1, the pulse generator is connected, by means of valves BV1 and BV2, upstream of the

measuring pipes and for test condition 2 the pulse generator is connected, again by means of valves BV1 and
BV2, downstream of the measuring pipes.

7.1.3 Algorithm for determining the admittance matrix of a two-port, passive component for identical
dimensions of upstream and downstream pipes

The upstream and downstream pipes shall be of the same internal diameter and have identical distances
between transducers suited to the frequency bands selected where

a) Lojis the distance between PT2 and PT3,
b) L43is the distance between PT1 and PT3,
c) Lygis the distance between PT4 and PT5,
d) L,gis the distance between PT4 and PT6,
e) Lyzisequalto g,
f) Lysisequal to L,g.

The values of the distances L,3 and L3 shall meet the requirements of 6.3.4.2 commensurate with the upper
and lower limits of the analysis frequencies.

Determination of the speed of sound in the fluid is necessary to calculate the values of the terms of the
admittance matrix 4 and B of the measuring pipes.

The three upstream transducers PT1, PT2 and PT3 or PT4, PT5 and PT6 allow a determination of the speed
of sound in the fluid upstream and downstream of the component in accordance with the requirements of
ISO 15086-2.

On the basis of the two different test conditions illustrated in Figure 8, the algorithm for resolving the equation
system in 7.1.3.2 c) makes it possible to calculate the admittance matrix terms of the test component.
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Key
1 component for which the matrix is being determined

PT1to PT6 positions for pressure transducers 1 to 6, respectively, test condition 1

Figure 8 — Key parameters for the two test conditions

7.1.31 Determination of the speed of sound in the measuring pipes

Determine the speed of sound in the fluid in the upstream line in accordance with the procedure described in
ISO 15086-2, using the measurements from the three pressure transducers PT1 to PT3. Also use the same
procedure to determine the speed of sound in the downstream line using the measurements from the three
pressure transducers PT4 to PT6.

Determine the mean speed of sound as the mean of the speeds of sound in the upstream and downstream
lines.

7.1.3.2 Determination of the admittance matrix of the component

a) Select the pairs of transducers (PT1 and PT3, PT4 and PT 6) or (PT2 and PT3, PT4 and PT5) suitable for
the analysis band at the selected frequency.

b) Use the value of the mean speed of sound as determined in 7.1.3.1 to determine the values of the terms
Ay, By or 4,5, By and 4, B, according to the relationships defined in ISO 15086-1:2001, 5.3.

c) Calculate the temporary variables X, Y and Z for test condition 1 as given in Equations (11) to (13) and the
temporary variables X', ' and Z' for test condition 2 according to Equations (14) to (16) for either x =1
andy=6,orx=2andy=>5:

(42 - BE + Ao, )+ AeBH

X = Qe 50 — _ (11)
Py A, + A4 +B H 3
where
Os_,0 s the ripple flow rate entering the inlet port of the component for test condition 1;
P, is the pressure ripple at the inlet port of the component for test condition 1;
P,
H.3=—"%
X P3
where P, and P3 are the pressure ripples present in the upstream measuring pipe for test condition 1.
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(42 - B2 + Ao, | Hyz + AgBLH 5

y=Zs0 __ (12)
Pe (Ax+Ae)H43+BxHx3
where
Os_,0 s the flow ripple entering the outlet port of the component for test condition 1;
Py
Hypz =—
Py
where P, is the pressure ripple present in the downstream measuring pipe for test condition 1;
P
H,3=-
y P3
where P, is the pressure ripple present in the downstream measuring pipe for test condition 1.
S P (A, + Ag)Hyz + B H 13 (13)
Py A, +Ag +B H, 3
where
P is the pressure ripple at the outlet port of the component for test condition 1,
NOTE In Figure 7, for test condition 1, BV1 is open and BV2 is closed.
2 p2 ,
0n | (42-BE+aed, )+ doB H
X' = =— (14)
P A, +Ae +B . H'3
where

Oc_,o s the flow ripple entering the inlet port of the component for test condition 2;

Py is the pressure ripple at the inlet port of the component for test condition 2;

where P', and P'5 are the pressure ripples present in the upstream and downstream measuring pipes,
respectively, for test condition 2.

(42 - B2 + Ao, | iz + dgBLH'5

Y'= QS?O =- , : (15)
P (A, +Ag)H}3 + B, H3
where
Os_,0 s the ripple flow rate entering the outlet port of the component for test condition 2;
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Py
Hys =%
43 Pé

where P'; and P', are the pressure ripples present in the upstream and downstream measuring pipes,
respectively, for test condition 2;

P/
ey
3 Pl

where P’y is the pressure ripple present in the downstream measuring pipe for test condition 2.

o P (A, +4¢)Hyz + B H'g (16)
P A, +A,+B . H' 5
where
P’y is the pressure ripple at the outlet port of the component for test condition 2.
NOTE In Figure 7, for test condition 2, BV1 is closed and BV2 is open.
d) Calculate the terms of the admittance matrices as given in Equations (17) to (20).
X'+ X'Z
Ay =——— 17
11 7_7 (a7
X-x
Aqp = 18
25—, (18)
YZ'+YZ'
Apq = 19
21 7_7 (19)
Yy-v'
Aoy = 20
22— (20)

e) Repeat steps a) through d) for all frequencies at which the impedance is determined.
7.1.4 Measurement result presentation

7.1.4.1 Admittance matrices

The terms 444, A5, A4 and 4,, are complex variables and are therefore represented as a real and imaginary
part or amplitude and phase.

An example of a representative curve of the terms of a rigid piping matrix is shown in Figure 9.
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Figure 9 — Admittance matrix terms for a length of rigid pipe

Impedance matrix

(length equals 1 m; diameter equals 8 mm; fluid density equals 870 kg-m~3; fluid viscosity equals 50 cSt)

The terms of the impedance matrix, Z,, shall be derived from the terms of the admittance matrix 4, as
shown in Equations (21), (22) and (23)

4] = 441 A — Ayp Az
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Zz1=—|T?|1i222=—|—/11|1 (23)

[A” A12} is the expression of the admittance matrix of a component;
Azq A

[?1 ?2} is the expression of the impedance matrix of the same component.
21 Z22

The terms, Z,,, of the impedance matrix have dimensional equations identical to p/Q and are expressed in
pascal-seconds per cubic metre.

8 Testreport

8.1 General

Compile and record the information detailed in 8.2 and 8.3 in the test report.

8.2 General information

The test report shall include, but not be limited to

a) the name and address of component manufacturer and, if applicable, the user,

b) the reference number(s) for identification of the component,

c) the name and address of persons or organisation responsible for the test on the pump,
d) the name of person(s) performing the test,

e) the date and place of test,

f) the conformance statement (see Clause 9).

8.3 :Test data

The fpllowing are the minimum test data for inclusion in the test report:

a) éomponent description;

b) tést method adopted (single-port component or two-port component);
c) instrumentation installed for the test:

1) details of equipment used for pressure ripple measurements including type, serial number and
manufacturer,

2) bandwidth of frequency analyser,
3) overall frequency response of instrumentation system and date and method of calibration,

4) method of calibration of pressure transducers and date and place of last calibration;
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d) operating conditions for the test:

6)

full description of fluid;

kinematic viscosity of fluid, expressed in centistokes (1 ¢St = 1 mm2/s);
density of fluid, expressed in kilograms per cubic metre;

fluid temperature, expressed in degrees celcius;

mean test pressure, expressed in megapascals;

mean flow rate if measured, expressed in litres per second.

e) test results, specifically the hydraulic impedance measurements, which shall be presented, for each test
condition, in the form of curves as a function of frequency:

1)

2)

for a single-port component, the impedance, Z,, presented graphically in terms of its real and
imaginary parts or by its amplitude and phase;

for a two port component, the terms, 444, 445, 454 and 4,,, of the admittance matrix presented
graphically in terms of their real and imaginary parts or amplitudes and phases.

9 Identification statement (Reference to this part of ISO 15086)

It is strongly recommended to manufacturers who have chosen to conform to this International Standard that
the following statement be used in test reports, catalogues and sales literature:

“Impedance characteristics determined in accordance with 1SO 15086-3: Hydraulic fluid power —
Determination of the fluid borne noise characteristics of components and systems— Part 3:
Measurement of hydraulic impedance”.
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