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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
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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
hydfautic circuit.

Thig 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 RHydraulic transmission systems.

Clalise 6 of this part of ISO 15086 describes the method for measuring the hydraulic impedance|of a single-
portl component (local hydraulic impedance) and Clause 7 describes the method. for measuring the hydraulic
impgdance matrix of a two-port hydraulic component.

© 1SO 2008 — All rights reserved \
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Scope

part of ISO 15086 describes the procedure for the determination of the impedance chara
raulic components, by means of measurements from pressure transducers-mounted in a pipe.

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

Normative references

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

1000, S/ units and recommendations for the use of their multiples and of certain other units

5598, Fluid power systems and cémponents — Vocabulary

1219-1, Fluid power systems and components — Graphic symbols and circuit diagram
phic symbols for conventional use and data-processing applications

15086-1:2001, Hydraulic fluid power — Determination of the fluid-borne noise charac
ponents and systems — Part 1: Introduction

15086-2: 2000, Hydraulic fluid power — Determination of the fluid-borne noise chara
ponents and Systems — Part 2: Measurement of the speed of sound in a fluid in a pipe

3

cteristics of

steady-state

For dated
referenced

5— Part 1:

teristics of

cteristics of

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

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=9aaad65c4f3d6748c57e5185917f87f2

ISO 15086-3:2008(E)

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. Alternafively, for a pump or motor with k¢ displacement elements, the fundam
frequency cgn be taken to be Nk Hz, provided that the measured behaviour does not deviate significantly from~CyG

cycle.

3.5
harmonic
sinusoidal Jomponent of a signal that occurs at an integer multiple of the fundamental freguency

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 g

frequency

3.7
admittance
reciprocal gf impedance

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

3.9
hydro-acouistic energy
fluctuating Iart of the energy in a liquid

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

3.11
port-to-pont symmetry

property of|a two-pert’component in which the wave propagation characteristics remain the same when

port connedtions to the circuit are reversed

bntal
eto

ven

the
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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 mairix between ransducers mos 1 Pa’
PTx and PT3)

4, Terms of admittance matrix (for x and y equal to 1 or 2) m3s-1.pa"

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

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

c Speed of sound in the fluid m-s!

i Minimum frequency Hz

mak Maximum frequency Hz

H, 4 Transfer function between pressure ripples P, and'P3 —

L Distance between transducers m

Pm Mean test pressure MP3

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 (PT4), pressure transducer 2 (PT2) and pressure
transducer 3.(PT3), respectively

Oclio Fourier tfansform of flow ripple into upstream port of component (0) m3.s71

Oslio Fourigr-transform of flow ripple into downstream port of m3.s1
component (0)

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

Zg lmpedance

% 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.

© 1SO 2008 — All rights reserved 3
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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.

Table2 —p issibl iati in test liti

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 Mea3n fluid pressure

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

5.1.5 Megn flow measturement

The mean flow méasurement shall be measured downstream of the measuring pipe (e.g. in cases where the
mean flow influeénces 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.

4 © 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
whgre
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 pqgsitive when
entering the 0 component.

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

To ¢nable 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.l Measurement principle

Figyre 2 illGstrates the principle for measuring the impedance, Z, at the inlet of the single-port cormjponent (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.

© 1SO 2008 — All rights reserved 5
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O
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\

Ze 50 =pe/Qe—>0

Kl

()

®)

(4)

®)

1
Key
1 pulse generator
2 component 0
PT1, PT2, PT3 location of pressure transducers 1 2 and 3 rpqlnpr*fivplv
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 betweenPTx 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 singleqport
component|(0) and PT3.
By referring to 1SO 15086-1, which provides the basic definitions, the algebraic relationships showp in
Equations (R) to (5) are obtained.

O350 F~ 9351 = _(AxP3 + BxPx)

460
Qe 0 F —MJF(Ag —BS)P3
Be
p D30 Al
e
Be Be
Z L_Te
Qe—>0
03,0 <AePs

Equation (6) for the measurement of the component hydraulic impedance, Z,

2 2
(Ae _Be )PS - AeQ3»0

_(AXP3 +BxPx)_AeP3

AN

(A2 =BZPs + 4 (A:P5 + B,P,)

—0

numerator and the denominator of Equation (5) by Px:

VA

e—>0 =

P
_Ax_Ae_Bx?;

P
A2 - B2+ 4gA, + A B X
P3

where x is equal to 1 or 2 according to the frequency ranges being measured.

is derived by dividing the

(6)

© 1SO 2008 — All rights reserved
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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 pefiodic 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 /Ps\transfer function requires an initial calibration of the PTx/PT3
transducers.

Calipration 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).

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

The| coherence,function obtained when measuring the transfer functions by means of the Fourierf analyser is
an gxcellent-indication of the validity of the measurements when the signal-to-noise ratio of the trgnsducers is
adefuate!

The—pressure=excitatiomsourcetevetshattbe—such—thatthe—coherence—functiomof the—tramsfer 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).

© 1SO 2008 — All rights reserved 7
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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

6.3.4.1

General

The admittance matrix terms 4 and B depend on five factors:

a)

b)

transducer spacing;

measuring pipe internal diameter;

c) speed
d)

e) fluid dg

6.3.4.2 1

6.3.4.2.1

The distang
the upper a
out a meas

At high fre
distance be

At very low
phase shift

pf sound in the fluid in the measuring pipe;

fluid kipematic viscosity;

nsity.
ransducer spacing

General

es between the transducers shall be suitable for the range of analysis frequencies selected an
hd lower limits of this analysis band. Generally, one single spaeing value is inadequate for carr
irement over a wide frequency range.

Huencies, the limitation is due to the fact that the canalysis becomes indeterminate when
fween transducers is equal to half of the wavelength‘of the pressure ripples.

frequencies, the limitation is due to the fact'that the amplitude ratio approaches unity and
between the transducers approaches zero, The analysis becomes inaccurate when the phase

between th¢ transducers is less than 10 times the acturacy of the analyser's phase measurement capabili

The distana

6.3.4.2.2
Firstly, usin

distance be
and PT3.

L<s
2

EXAMPLE 1

es between the transducers should"be measured with an accuracy of £ 1 mm.

Practical rules for establishing the transducer spacing
g Equation (7), determing” the distance, L, for an upper frequency limit, f,.., where L is

tween the transducers.selected to measure the impedance between PT1 and PT3 or between

195 -¢

'fmax

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

i for
ying

the

the
shift

the
PT2

@)

0,95-1300m-s~"
<

<

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

fmin =

):

dég-10

fmax'W

(8)
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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

Thel speed of sound is used in the determination of the admittance matrix terms describing thg measuring
pip8gs.

Thig parameter depends on the temperature and mean pressure of the fluid flowing in the measpring pipes;

thege parameters shall, therefore, be set according to the desired test conditions” and maintainefl within the
limifs 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{erms describing the measuring gipes.
Thig parameter depends on the temperature and mean pressure of the fluid flowing in the measpring pipes;

thege parameters shall, therefore, be set according to the,desired test conditions and maintainefl within the
limifs specified in Table 2 during the measurements.

6.4| Measurement of local impedance
6.41 Test circuit

6.4.1.1  Simplified circuit

A simplified test circuit suitable(forr-measuring the hydraulic impedance of a single-port component|is shown in
Figdre 3.

Theltest 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 pregsure-ripple
level much greater than the pulse generator, it can be necessary to reduce the pressure-ripplg 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);

© 1SO 2008 — All rights reserved 9
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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;

J) precisi n transducer or pressure gauge used to monitor the mean pressure dllring the test

= e | e
| | - T

8 7
Key
1 pressurg transducers 7  relief valve
2 Fourier pnalyser 8 pump
3 flexible hose and small-diameter metalpipée 9  mean pressure gauge
4  pulse g¢nerator 10 electric motor
5 metal pipes of the same diameter 11 component 0
6  adjustable restrictor

Figufre 3 — Simplified test circuit for measuring the impedance of a single port component

6.4.1.2 Igolation-of pump pressure ripple

Transmrssrn fo the pressure transducers of the pressure ripple produced by the pump should be m|n|m|7ed.
ipe,

(typically 0,5 to 0,75 times the drameter of the tube) atleast 1 m Iong

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.

10 © 1SO 2008 — All rights reserved
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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)

b)

Place the flush-mounted diaphragm pressure transducers in the measuring pipe.
Purge the circuit.

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

Ensure that the excitation level of the IhlllQn generator is adnnlllnhn to_abtain the correct transfer functions

6.4
For

mul
and

6.4

6.4

Det
the

Use
bety

6.4.

Car

(acceptable coherence criterion > 0,95).

to reduce the pressure-ripple level at the pump outlet by means of a hose or other_attenua
Otherwise, the pressure-ripple level of the pump can saturate the dynamic pressure transdu
PT3, or can prevent accurate measurement of the harmonics of the pressure ripple fron
generator.

2.3 Measurement procedure
each mean pressure required, capture the inter-transducer trangferfunctions by signal averag

i-channel analyser allowing the simultaneous acquisition of thé output from the three pressure
their transfer function relative to one of the other transducers{

2.4 Processing of measurements taken

2.4.1 Determination of the speed of sound.ih‘the measuring pipes

brmine the speed of sound in the fluid in_aecordance with the procedure described in ISO 15(
measurements from the three pressure transducers PT1 to PT3.

the value of the speed of sound,c;to determine the values of the terms 4, and B, of the p
veen transducers PT1 and PT3.and between PT2 and PT3.

.4.2 Determination of the impedance of the component connected to the measuring [
'y out the following .using the procedure described in 6.3.

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

Use the value of the speed of sound, ¢, as determined in 6.4.2.4.1 to calculate 44, B4 or 4,, B;
in accordance with the relationships defined in ISO 15086-1:2001, 5.3.

If the pump generates a pressure ripple level much greater than the pulse generator, it can bT necessary
i

ng system.
cers PT1 to
h the pulse

ing using a
fransducers

86-2, using

pe sections

oint PT3

band at the

b and 4, By

c)

d)

e)

Calculate the transfer functions H,3 and H,s, corrected according to the calibration transter fur
Calculate the inlet hydraulic impedance of the component (at the location of PT3) using Equati

_Ax B Ae _BxHx3
A2 —B2 4+ A A, + A B H 4

Z

e—0 =

where x is either 1 or 2;

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.

Key

A WN =2 <K X

12

Y A
1 Q
1
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\\ B | 1 /
1¢° ~ LY \/
\\R ,I - 'I
N
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frequenpy, expressed in hertz
amplitude of complex impedance, Z,, expressed in pascal-seconds per cubic metre (Pa s m-3)
curve fgr p,, =4 MPa (40 bar)
curve far p, = 2 MPa (20/bar)
curve far p, = 1 MPa_(40-bar)
curve fgr p, = 0,5MPa (5 bar)
a) Amplitude versus frequency
Figure 4 (continued)
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frequency, expressed in hertz
phase of complex impedance, Z,, expressed in-degrees
curve for p., =4 MPa (40 bar)
curve for p., =2 MPa (20 bar)
curve for p., =1 MPa (10 bar)
curve for p., = 0,5 MPa (5 bar)
b) Phase angle versus frequency

Figure 4=-1mpedance of a hydraulic accumulator at four mean pressures

Measurement of the admittance matrix and impedance matrix of a two-part

passive hydraulic component

Definitions and principles of measurement of the admittance matrix and impec

ma

trix-of-a-two-portpassive-hydrauliecomponent—MM

7.1.1 General

ance

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

© 1SO 2008 — All rights reserved

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

Qe—>0 Qs—>0

Pe

1 compor

The hydray
Equation (1

Q1—>O
0250

where 4, 3
It should be

7.1.2 Prin

ent O

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

lic admittance matrix of the component as shown in Figure 5 can be, Written as show
D):
_ 411 Ag] (B

Apq Apz|  |Fs

re the terms of the passive component hydraulic admittance matrix.
remembered that the hydraulic admittance is the inverse of the hydraulic impedance.

ciple of the method of measuring the admittance matrix

The inlet apd outlet of the component being measured are connected to pipes fitted with dynamic pres

transducers
e 50 and

Key

, making it possible to measure indirgctly the pressure ripples P, and Pg and the flow rip
Os_,o (see Figure 6).

3
1 2
v, ) .t
L PR
Qeﬁo QS%O
Pe Ps

1

h in

10)

sure
ples

pipe in
2
3

hicakh -tk H 1 D ditbha fl H 1 L) =i
VOGP SSTUTCTIPPICT T 5 ana tC oW HPPICT— = Ao ToaSturcd

pipe in which the pressure ripple, P, and the flow ripple, Qg ., are measured
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 A4, of t

he hydraulic component under consideration.

Figure 7 shows a more detailed diagram of the test circuit.

14
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Fourier analyser 8 pressure transducer to measure mean pessufe
rigid pipes of the same diameter 9 flowmeter.to measure mean flow
mean parameters 10 thermometer

adjustable restrictor 11 electric motor

small-diameter pipe 12 component 0

pulse generator BV1, BV2 ball valves

flexible hose PT1 to PT6 pressure transducers

Figure 7 — Circuit for transferimatrix measurement of a two port component
main elements of the test circuit are:the following.

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.

A connecting hose connétts the pump outlet to the test circuit. If the pump generates a pregsure-ripple
level much greater than'the pulse generator, it can be necessary to reduce the pressure-ripplg 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 mgasurement
of the harmonics of the pressure ripple from the pulse generator.

The two.pairs of rigid pipes all have the identical internal diameter. The pressure trangducers 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 compovrent.

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.

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.

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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9)
thermo

h)

meter.

influences its hydro-acoustic characteristics.

A cooler (heat exchanger) ensures the regulation of the temperature, 7,,,, of the test fluid controlled by the

An optional mean flowmeter can be used in case the mean flow rate, ¢,,, in the component under test

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 Alg

dimension£

The upstre
between trg

a) Lyist

b) Lqzist

C) Lygist

d) Lygist

e) Lyzis§g

f) Liise
The values
and lower li

Determinati
admittance

The three u
of sound in
1ISO 15086-

On the bas
systemin 7

of upstream and downstream pipes

bm and downstream pipes shall be of the same internal diameter and have ideftical distan
nsducers suited to the frequency bands selected where

ne distance between PT2 and PT3,
ne distance between PT1 and PT3,
ne distance between PT4 and PT5,
ne distance between PT4 and PT6,
qual to Lys,
qual to L.

of the distances L,3 and L, shall meet:the requirements of 6.3.4.2 commensurate with the u
Mits of the analysis frequencies.

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

pstream transducers.RT1, PT2 and PT3 or PT4, PT5 and PT6 allow a determination of the sp
the fluid upstream.’and downstream of the component in accordance with the requirement
P.

s of the two different test conditions illustrated in Figure 8, the algorithm for resolving the equg
1.3.2 c)\makes it possible to calculate the admittance matrix terms of the test component.

rithm for determining the admittance matrix of a two-port, passive component for identical

ces

bper

the

eed
s of

tion
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PT1/ 1 PT5/

PT2 PT3 PT4 PT6
0
2 e
_— X X o | X X
- o AeBe A11A12 AeBe [ o
. BeAe l ArA2 e BeAe -
Key|
1 component for which the matrix is being determined

PT1|to PT6 positions for pressure transducers 1 to 6, respectively, test condition 1

Figure 8 — Key parameters for the two test conditions

7181 Determination of the speed of sound in the measuring pipes

Detérmine 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
pro¢edure to determine the speed of sound in the downstreamline using the measurements from the three
pregsure transducers PT4 to PT6.

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

7.1..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 ¢f the terms
Ay, By or 45, B, and 4, Bg'according to the relationships defined in ISO 15086-1:2001, 5.3.

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

2 2
L 0Sy (42 - BE + Ao, )+ AeBH
e Ay +Ag +B.H 3

(11)

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 ,=—%
x3 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 = QS—)O - _
Py (A, +Ag)H 3 + B, H 3
where
Os_,0 s the flow ripple entering the outlet port of the component for test condition 1;
P
Hyg=-2%
3
wherg P, is the pressure ripple present in the downstream measuring pipe for test condition 1;
P
y
H 3 —P—
3
where P, is the pressure ripple present in the downstream measuring pipe for test.condition 1.
S (A, + Ag)Hyz + B H 13
€ Ax + Ae + BxHx3
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.
: (42 - B2 + Ao, )+ 4B, Hig
X' Qe—>0 __ X x*x
Pe A, +Ag +B . H'3
where
Oc_,0 | is the flow ripple ebtering the inlet port of the component for test condition 2;
Py is the pressuretipple at the inlet port of the component for test condition 2;
P!
H' s =%
)C3 Pé

(12)

13)

14)

where P’ _and P’5 are the pressure ripples present in the upsiream and downsiream measuring pipes,
respectively, for test condition 2.

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

Y! — Q,S—>O - _
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;
18

(15)
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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

whs

NOT

whnere £ IS the pressure ripple presernt in the aownstredrr measuring pipe 1or test Condition. £

y
Z, P (A, +4¢)Hyz + B H'g
P A, +A,+B . H' 5
re

P’y is the pressure ripple at the outlet port of the component for test condlition 2.

E In Figure 7, for test condition 2, BV1 is closed and BV2 is open.

Calculate the terms of the admittance matrices as given in Equations (17) to (20).

XZ'+ X'Z
e
X-X

Ago =
1275
YZ'+YZ'
Ar=——
Y-v'
Aon =
2=

Repeat steps a) threugh' d) for all frequencies at which the impedance is determined.

7.1.4 Measurement result presentation

71

The)

4.1 Admittance matrices

terms' 4,4, A19, A4 and 4,5 are complex variables and are therefore represented as a real an

part

ar-amplitude and phase

(16)

(17)

(18)

(19)

(20)

d imaginary

An example of a representative curve of the terms of a rigid piping matrix is shown in Figure 9.
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