INTERNATIONAL

ISO

STANDARD 18312-2

First edition
2012-01-15

Mechanical vibration and shock —
Measurement of vibration-power flq
from machines into connected sup
structures —

Part 2:
Indirect method

Vibrations et chocs mécaniques — Mesurage du flux de puig
vibratoire transmis\par des machines aux structures de supp
elles sont solidaires —

Partie 2: Méthode indirecte

port

sance
ort dont

— Reference number
= — ISO 18312-2:2012(E)

©180 2012


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

ISO 18312-2:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

ISO 18312-2:2012(E)

Contents Page
oY =T o SRS iv
1 T TS 1
2 NOIrmMative refEreNCEeS ... ...ttt ettt 1
3 Terms and definitioNs ... .. .ottt ettt 1
4 FUNAamMENTalS ... ...ttt ettt ettt e e e e e te et et e et aanas 4
41 General material for determination of emitted vibration power ... 4
4.2 Expression of vibration power in different forms ... e e 7
5 MeEASUIEMENT ..ottt sneennenne (o he e et 8
5.1 Vibration transducers arrangement ... e 8
5.2 Typical signal processing for evaluation of acceleration cross-spectrum....... Lo ........f..... 1"
5.3 Metrological specifications...............cccocoiiiiiiiiiieecee e P e 1"
6 TeSE PrOCEAUIES ...t (b en e ene et eee e e 12
6.1 Choice of number of vibration isolators to measure from................iii 12
6.2 Transducer placement and determination of maximum frequency............c.ccocooon o 12
7 Measurement UNCertainty ... e 13
8 Data presentation and test report ... e 13
Annex A (informative) Construction of dynamic stiffness matrix of vibration isolators............J.............. 15
Annex B (informative) Examples of simple geometries and.linear components of dynamic stiffness
matrix for massless isolators..................oooi @i e 16
Bibliography ...... ... e 18
© IS0 2012 — All rights reserved iii


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

ISO 18312-2:2012(E)

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 "ag an
Internationgl 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 pdtent
rights. ISO phall not be held responsible for identifying any or all such patent rights.

ISO 18312-R was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condition
monitoring.

ISO 18312 qonsists of the following parts, under the general titte Mechanical vibrdtion and shock— Measurement
of vibration|power flow from machines into connected support structures:

— Part 1:|Direct method

— Part 2:|Indirect method

iv © IS0 2012 — All rights reserved
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Mechanical vibration and shock — Measurement of vibration
power flow from machines into connected support structures —

Part 2:
Indirect method

1 [Scope

Thig part of ISO 18312 specifies a method for evaluating the vibration power emitted by machines for pipelines
(referred to hereinafter as machines) on to supporting structures to which thejymachines arel connected
throjugh vibration isolators. This part of ISO 18312 also specifies the method for evaluating the vibration power
conjponents emitted in the six degrees of freedom of a Cartesian coordinate,system at each joint, i.e. three
trankslations and three rotations. The vibration power is determined by précessing the signals frgm two sets
of velocity (or acceleration) transducers mounted at the isolator connection points, one set on the machine
sidg (input) and the other on the foundation side (output). This methodJis applicable for machines under the
assymption that their vibration can be characterized by a stationary\fandom process.

The|components of emitted vibration power are computed using the cross-spectra of the two sets ¢f velocity in
narfow band (or one third-octave) and the dynamic stiffness characteristics of the isolator over the frequency
range of interest.

The|upper frequency limits of this method are established in this part of ISO 18312.
Thig part of ISO 18312 can be used for:

a) |evaluating a machinery system from isélator design concept;

b) |obtaining data for preparation of technical requirements for allowable machine vibration powef emission;
c) |determining appropriate and‘cost-effective vibration control procedures;

d) [solving diagnostics issues:

2 |Normative references

Thelfollowing d@suments, in whole or in part, are normatively referenced in this document and are inglispensable
for ifs applicdtion. For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

ISO| 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

ISO 5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

ISO 10846-1, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer properties of
resilient elements — Part 1: Principles and guidelines

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041 and the following apply.

© 1S0O 2012 — All rights reserved 1
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341

velocity vector

Yim

vibration velocity vector at the nth isolator on a machine, consisting of three translational and three rotational

component

Note to entry:

s along the coordinate axes x, y, and z

The symbol vf denotes velocity vector at the same isolator on a foundation.

3.2

velocity component

ym

component|of vibration velocity vector in the degree of freedom i at the nth isolator on the machine;y
2, and 3 foff the linear components in the x-, y-, and z-directions, respectively, and i = 4, 5, and 6 fer ang
components in the x-, y-, and z-directions, respectively

Note to entry:

3.3

acceleratic

n,m
i

component

a

34
root mean

r.m.s. valu

nm
ajrms

root mean {

on the mac

3.5

force vectc

Fn,m

(indirect mg

component

Note to entry:

f

The symbol v"" represents vibration velocities at the same isolator on the foundation.

n component

of vibration acceleration in the degree of freedom i at the nth isolateron the machine

£

quare value of the vibration acceleration componént in the degree of freedom i at the nth iso
hine

quare value of acceleration component
of acceleration component

18

thod) vibration force vector acting ‘atithe nth isolator by the machine, consisting of three linear fi
5 and three angular force components or moments, along the coordinate axes x, y, and z

The symbol Ff represents/a force vector acting at the same isolator by the foundation, which becq

— 1,
ular

ator

prce

mes

the same as|-F"M if the vibration isolators’‘are massless.

3.6

force component

Fin,m

(indirect mg¢thod) component of vibration force vector in the degree of freedom i at the nth isolator on| the
machine; i + 1, 2, apd'3 for force components in the x-, y-, and z-directions, respectively, and i = 4, 5, and ¢ for
the moment components in the x-, y-, and z-directions, respectively

3.7

vibration power component

nm
Pi

(indirect method) vibration power component emitted from the machine into the nth isolator in the degree of
freedom i, given by time average of scalar product of force vector and velocity vector at the nth isolator on the

machine in

Note to entry 1:

the degree of freedom i

A vibration power component is expressed in watts.

Note to entry 2:  The symbol P,.”'f represents vibration power components transmitted into foundation via the nth isolator.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

ISO 18312-2:2012(E)

3.8

vibration power at a mount

Pn,m

sum of vibration power emitted from the machine into the nth isolator over all degrees of freedom

Note to entry: The symbol P"f represents vibration power transmitted into the foundation via the same isolator.

3.9

vibration power

Pm

(indirect method) total vibration power emitted from the machine into the isolators, given by the sum of vibration
rom the machine over all Isolators and in every degree of ifreedom

Notg to entry: The symbol Pf represents total power transmitted into the foundation via all isolators.

31
vibffation power spectrum
PM(: Af)

component of vibration power spectrum

P (1, 4)
(ind|rect method) spectrum of vibration power emitted from the machine in the degree of freedom i at th¢ nth isolator

3.12
vibfation power spectrum at an isolator

pn,rr (f; Af‘)

spegtrum of the vibration power emitted from the:machine at the nth joint

313
velgcity cross-spectrum

G b i (£.7)

Vi

.3

crogs-spectrum of the vibration velocity v;"m (t) at the nth isolator in the degree of freedom j on the machine

as the input and vibration velocity vi”’f (t) in the degree of freedom i on the foundation as the outppt
Notg to entry: Velocity cross-spectrum is expressed in metres per second squared.

314

vibfation powerevel

Ly
P

L, =10lg— dB
W QPO

t H il ] H N % il I 40 £ L+l EH £ Ll <l H ™ EH Dt £ I
en mrrco uirc I\JBGIILIIIII W aic vaott TU UT UIC TAUuU Ul UIC 1TTTICadourcu vivrauult puweT, 1, U d TTITI nce Va Ue,

Pg =1 pW, expressed in decibels

315

input dynamic stiffness matrix of vibration isolator

K™ (f)

matrix of frequency-dependent complex dynamic stiffness of the nth vibration isolator at the input or machine

3.16
output dynamic stiffness matrix of vibration isolator

Kn,OUt (f)
matrix of frequency-dependent complex dynamic stiffness of the nth vibration isolator at the output or foundation
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317
transfer dynamic stiffness matrix of vibration isolator

K" (1)
matrix of frequency-dependent complex dynamic stiffness across the nth vibration isolator between the
machine and foundation

4 Fundamentals

4.1 General material for determination of emitted vibration power

Figure 1 shows a schematic diagram of a machine mounted on N vibration isolators and then attachedfto a
foundation ptructure, where the coordinates for the machine apply to the vibration isolators as wellkas tq the
foundation under the assumption that rotational motions of the machine are small.

Figure 2 shpws designations for the measurements of force, moment, linear velocity, and_angdlar velocity at
the nth join{ on the input or machine and output or the foundation, where moments and angular velocitieq are
defined as positive in the clockwise direction when looking along the axes from the coordinate origin.

I In

X
Key
1 maching]
2 isolator

3 foundati¢pn

Figurée

4 © 1S0 2012 — All rights reserved
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V3" 03" (= vg"")
z
F{MN (= F4T)
nm nm nm \O 1 g an,m;Mzmm(= Fsmm)
V1 ;a)1 (= V4 ) o jalan) 2.0
‘1 Vo T 5V )
2
F3"\M3" (= Fg')
g onf_ ff
3" 03" (= vg)
3
FPEMM(= F4M)
Fy"iMp" (= Fs™)
vmf,w1n,f(= v4n,f)
1 v ﬂ,f.a) ,f(= Y n,f)
X 2 02 5
Key

1 nput (by machine)
ith vibration isolator
3 putput (by foundation)

Figure 2 — Coordinate.systems for input (machine) and output (foundation) measurements
of an nth isolator-and designation of force, 7/, moment, A/, linear, v, and angular, d,
velocity components

Vibration power transmitted into the foundation at the nth vibration isolator is defined as the time avgrage of the
scalar product of force vector F{(r) and velocity vector v{(¢) at the nth isolator on the foundation gs follows:

L L e 6 4L
P S [ (w1 ae = [ 3P (vt ()= YT R (0 (o) M
0 0i=1 i=170

where L is the duration for time averaging and
1L
I EM vt (1) de= P2t
0

represents the vibration power transmitted into the foundation in the degree of freedom i via the nth isolator.
The total vibration power into the foundation via N mounts is given simply by a sum of the vibration power on to
the foundation via each mount as follows:

© 1S0O 2012 — Al rights reserved 5
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N

Pf _ zpn,f

n

Decomposition of the vibration power at the nth isolator in the degree of freedom i, Pl.”'f

=1

2)

, into the frequency

domain is described by the vibration power spectrum with a given frequency bandwidth Af, PI-”’f (f,Af), which

can be obtained from the real part of the cross-spectrum of the stationary random processes of the force Fl.”'f

and velocity v/f

as follows:

Pin'f (/.

Similarly, tH
freedom i ¢

P (

The relatior
and those g
the machin

Fn,f (f

F"’m(

(N

where K™tr
where the

dynamic sti
dynamic sti
method for
which is th
stiffness m
on the geor
force acting
(4) can be €

P (f,

Af) = Re[G;’:ifvi ( f,Af)J

e spectrum of the vibration power emitted from the machine at the nth isolator intHe degre
hn be expressed as follows:

Af)= Re[G ;;T[ ( f,Af)J

ship between operational random vibration forces on to the isolator ™ acting from the mac
n to the isolator Ff reacting from the foundation and corresponding random vibration velociti
b and foundation, v»M and v, respectively, are represented,ds follows:

1

1
represents the blocked transfer dynamic stiffhness matrix of the nth isolator between the ou
ffness matrix at the input when the-output side is blocked, i.e. v»f =0, and j= J=1. The refere
trices can also be estimated'using a numerical approach such as a finite element method bg
xpressed using Equation (5) as follows:

()G s (LA T KNG g g (128)
J i

Joi

1 6

Pin,m (f

©)

e of

4)

hine
s at

tput
oint
oint
nce
bSS,
mic
sed
the
and

(6)

=g K ()2 (1) K () (1)
| KM () () KM () v (1)
oundation is connected and the input where the machine is connected, K"-°Ut the driving g
measuring vibro-acoustic transfer properties of resilient elements in terms of dynamic stiffn
hetry of the isolators and“mechanical dynamic properties of the resilient materials. Noting thaf
KNG e (P KL (NG mmﬂ

b

Af)=—Im

(7)

j2nf

)= w7

ffness matrix at the output when thedipput side is blocked, i.e. v»M = 0, K™iN the driving

relationship between forcessand displacements, shall be ISO 10846-1. However, those dynd

on to the foundation-rom the isolator is given as —F"f, vibration power spectra in Equations (3)
2T v e JJ

Li=1l

In terms of acceleration measurement, which is often the case in practice, Equations (6) and (7) can be
rewritten as follows:

P,-"’f(f,Af)—( Im{i{ K" ( ,?,ma_n,f(f'Af)+K5’°”t(f)Gan,fan,f(f’Af)}}
= Im{i[ (15 o 1) G (15 (f,Afﬂ}

(8)

(9)

© 1SO 2012 — All rights reserved
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NOTE If the operator has information only about a given number of dynamic stiffnesses for the vibration isolators
while evaluating vibration power flow by Equations (6) and (7) or (8) and (9), the number of terms for the summation is
limited by that information. For example, if there is only information about dynamic stiffness elements “linear forces — linear
velocities”, the indexes i, j in Equations (6) to (9) are equal to 1, 2, 3 only.

A general 12 x 12 dynamic stiffness matrix of one vibration isolator is shown in Figure A.1. In Figure A.2,a 6 x 6
dynamic stiffness matrix is shown just for the linear components of Figure A.1.

In Annex B, two simple geometric shapes of isolators are shown together with the linear dynamic stiffness
components. Figure B.1 shows an orthogonal hexahedron and Figure B.2 shows a polyhedron with two

symmetric planes. In these examples, many components of the dynamic stiffness matrix take zeroes.

For
conf
allo
one

If th
the
mad

The
mes
ban

The
of tH

4.2

Ong
ava
sim
hert

the vibration isolator given in Figure B.1, where the given x-, y-, z-axes are the principal axes)

ponents of sub-matrices K™in, Kt and K"-°Ut become zero. Neglecting the rotational terms, f
vs the spectrum of the vibration power transmitted into the foundation via the nth vibration“isol
emitted by the machine into the nth vibration isolator to be reduced to a simpler form as follow

P 10) = ] K5 ()6, 0) 5 KNG, (780)

n,tr
ii

() (1)K

1

1 nin
| K17 ()6 (16 41,n (1)}

e vibration measurements are given in terms of accelerations,)the following equations apply
spectrum of the vibration power transmitted into the foundation by the nth isolator and that en
hine into the nth isolator in the degree of freedom i:

P! (f.4f) =

3

Imp#wonwAﬁsz#“ummmmﬁMﬂ
(2th) a;”a; a;’a;
1

P (f,0f) = Im{K{f’i” (f)Ga%ma%m (f.87)+ K" (f)Ga_n,fa(z,m (f'Af)}

(2n)?

machine vibration processes in this part of ISO 18312 are assumed to be stationary rand
surements of vibration and vibration power are represented in terms of spectra in a narroy
1, Af, where the vibration isolators’ mechanical impedances are treated as complex quantities.

frequency band, Af, for the narrow band analysis should be less than the lowest characteristi
e machine foundation.

Expression of vibration power in different forms

e the vibration power spectra in a given narrow frequency band shown in Equations (12) &
lable, they“can be expressed easily in other formats such as one-third-octave or octave band

Z(from fmin tO0 fmax is obtained by:

bff-diagonal
Lirthermore,
htor and the
S:

(10)

(1)

to express
itted by the

(12)

(13)

bm and the
y frequency

C frequency

nd (13) are
formats by

ble sums. The bandwidths can be chosen as required and the vibration power over a chosen bandwidth, in

Ny
Pin(fmin _>fmax): Zpin[fmin +(k_1)Af~Af]

k=1

where Nris the number of points over the frequency range of interest, given by

_ fmax _fmin

N .

in the case of a narrow frequency band analysis.

© 1SO 2012 — All rights reserved
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5 Measurement

5.1 Vibration transducers arrangement

5.1.1 Mou

nting the transducer

To determine the six vibration power components emitted from the machine into a vibration isolator and those
transmitted into foundation via the vibration isolator, vibration transducers shall be mounted according to
ISO 5348 both on the machine and foundation as shown in Figure 3.

5.1.2 Vibnation isolator with one bolted joint on to machine and foundation

Where a vil

ay',a%y,ay; aﬁ, a;, a; in Figure 3, where the superscript n is omitted for simplicity of expressjony:

ration isolator is connected on to the machine and foundation, each with one bolted joint) the lipear
vibration cpmponents are measured by locating tri-axial acceleration transducers on the(bolt headls (

fof

Angularacgelerations a7, a¥, af; a}, ak, af canbe calculated fromlinear accelerations méasured by transdufers

located distpnt from the centre of mount on the machine and foundation as shown in Figure 3 as follows:

ay =@ -4a™)y1g; al =(58™ 5™l o = (6™ -6™) /1,

. , . (15)
ay =@"-a"y11}; al =6 -5") 11l al = 6" -6") /18
where [ is the distance between two accelerometers.
NOTE If rotational dynamic stiffness of the vibration isolator is not ayailable, the rotational vibration components peed

not be measjired.

© 1SO 2012 — All rights reserved
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5m

4m 4m

X
a) machine
z
5f
I 6'
! f ds -
4f ‘ 4 / 4f
5" ,Taf/ % a) y
6
6f
X

b) foundation

Figure 3 — Scheme of-vibration transducers for vibration isolator with one bolting jpint
on machine and foundation

5.1.8 Vibration isolator with several bolted joints on to machine and foundation

Where a single\Vibration isolator is bolted on to the machine and foundation at many joints, the schg¢me in 5.1.2
can|still bewsed if one of the many joints is located at the centre of the mount. Otherwise, vibration fransducers
are [mounted on the several locations of the machine and foundation where the vibration isolatF is bolted,

accprding to the schemes shown in Figure 4. The linear acceleration components at the mount of the machine

d.r P o ol ok H ol £all
an ouUriuatuornm oalt UC UTITTTTINTTICU asS TUNTUWS.

1 - 1 - 1 ,
al =5(1m +1™); al =E(2m +2™); ag’ =5(3"‘ +3M);

1 1 1 (16)
f f f'y, f _ f f'y., f _ f f'
a1 =5(1 +1 ), a2—5(2 +2 ), 03—5(3 +3 )
Angular acceleration components at the mount of the machine and foundation are determined as follows:
af =@™ —4™) /1P a? =3™ -3M) /17 af =™ -2™) /1§, 47

ah=@"—4a"k; al =@ -3l al =F -2")/if

© 1S0O 2012 — Al rights reserved 9
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3m
" 2"

4m

a) machine
z

b) foundation

Figure|4 — Scheme of vibration transducers for vibration isolator with multiple bolting joints
on to machine and foundation

5.1.4 Determination of upper frequency limit

The upper frequency limit in vibration measurements is chosen such that the wavelengths of shear and/or
flexural moples in the fasteningZareas between the machine and vibration isolator and those between| the

vibration isplator and foundation would be considerably larger than the distance between transducers. [The

upper freqency limit, inChertz, of the vibration transducers mounted on bolt heads (a7, a5, a5; al, ab, ag in

Figure 3) is|determined ‘approximately as follows:

00

" (18)

,
Srmax =1

pl

where /p is the thickness, in metres, of the machine support plate.

The upper frequency limit, in hertz, in the estimation of the linear and angular vibration components using linear
vibration transducers located at distances of /™ on the machine and i/ on the foundation is determined
approximately as follows:

4
B 10 hpl
fmax = 2

64/}

1

(19)

where /;, in metres, is the greater value of /™ and /.

10 © 1S0 2012 — All rights reserved
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5.2 Typical signal processing for evaluation of acceleration cross-spectrum

Electrical signals of two linear accelerometers forming a pair should be summed for the determination of
the linear components at the centre of the mount and should be subtracted for determination of rotational
components. Summation and subtraction of the electrical signals may be realized using analogue equipment
or digital equipment utilizing fast Fourier transformation (FFT).

Before summation and subtraction of the signals, it is necessary to correct for the possible difference in
sensitivities and phase characteristics between the accelerometers, channels of analogue equipment, and
channels of the FFT analyser. If the phase shiftis less than 0,1°, there is no need to apply correction. Subtraction
should be interchangeable with summation, and summation with subtraction, if one of the accelerometers
fornming the pair is mounted on the reverse direction.

Figyre 5 shows a scheme of a two-channel measurement circuit for taking electrical signals frem'accelerometers
to apcomplish the summation and subtraction and the determination of vibration components’at a given mount
for gomputation of cross-spectrum. A multi-channel analyser may also be used.

Ong method for correcting the characteristics between two channels follows: a band-limited white poise signal
is applied at both channels and then the complex frequency response function between the two |channels is
detgrmined in narrow frequency band. Usually, multi-channel analysers haveJa correction progrgm between
chapnels from the transducers to the analyser via amplifiers and filters.

1 2 :
_________ —
3 |
|
1 y R |
+ A
4
+
T
1 2 — |
|
3 __ il
1 2 —1
Key
1 Vibration transducer
2 preamplifier
3 pdder
4 fwoe-channel analyser

Figure 5 — Typical signal flow of pairs of transducers for cross-spectrum evaluation

5.3 Metrological specifications

The metrological specifications of the equipment used in measurements of vibration power are shown in Table 1.

© 1S0O 2012 — All rights reserved 1
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Table 1 — Metrological specifications

Measu

rement equipment Frequency and voltage range Accuracy

Dual channel or multi-channel FFT

From 0,5 Hz to 10 000 Hz Amplitude ripple: 2 %

analyser From 1 pV to 100 V (r.m.s.) Phase difference between channels:
<0,1°
Signal conditioner or operational From 0,5 Hz to 10 000 Hz Amplitude ripple: 2 %
amplifier Electric noise level <5 pVv Phase difference between channels:
<0,1°
Acceleratiop-transducer \/nry an npplir\nfinne Calibration ||hr\nr1‘9ihfy less than '7,‘-'\ 9,
6 Test grocedures
6.1 Choice of number of vibration isolators to measure from
In order to gbtain the total vibration power emitted by a machine accurately, or precisely identify critical zongs of
vibration pgwer emission along the machine perimeter, it is preferable to measure accelerations from all of the

mounts. If this cannot be done in practice, choice of a limited number of mounts to'measure vibrations from

be realized
vibration ac

K
Ly =201g

where ag is
M, vibratior
measuremsq

in the following way. While the machine is on, measure the root mean square (r.m.s.) values of

celeration, a/ .,

in decibels on the machine along the axes i =x4),z, from all, say K, bolted join
/K

the reference acceleration, 10-¢ m/s2, for répresentation in decibel scale. Then, choose,
isolators for which the vibration power transmission is to be measured. The distance betw
nts along the long sides of the maching shall be less than 1 m.

< 2

m
Z(aﬁrms
n=1

dB

ap

Determine the r.m.s. vibration level, in decibelS, for the chosen M vibration isolators.

LM =2

The differer

LK — 1

Otherwise, {

M
Z(aﬁ'}ms 2 /M
n=1

a0

dB

D Ig

ce between the'mm's. vibration levels from K and M vibration isolators should be less than 1 dB

¥ <1 dB

he riumber of chosen vibration isolators should be increased to be closer to the total number of moun

can
the

ts:

(20)

say
een

(21)

.e.

(22)

s K.

If the vibra
emitted via

Pi(f):

Jon power emitted by a machine IS measurable irom only A mounts, ihe total vibration po
the entire K mounts is determined simply using an extrapolation formula:

LS WAL

n=1

6.2 Transducer placement and determination of maximum frequency

Wer,

(23)

Place the transducers in the fastening places of the machine and the foundation, according to the schemes
in Figures 3 and 4, with the vibration isolators whose number is chosen according to 6.1. At the customer’s
request, the number of vibration components for measurements may be reduced.

12

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

ISO 18312

-2:2012(E)

Once the thickness of machine support plate and distances between paired vibration transducers /" or l,,f are
known, maximum frequencies up to which this part of ISO 18312 is applicable can be determined using

Equ

7

ations (18) and (19).

Measurement uncertainty

The uncertainty of measurements of vibration power emitted by a machine into vibration isolators and that
transmitted into a foundation via vibration isolators, measured according to this part of ISO 18312, arises mostly
from the uncertainty in measurement of the dynamic stiffness of vibration isolators. Uncertainty c

The

1ecte Wth the vaiety oflbratory test riésnd resilient Iement. Symti stuies n int
parisons are lacking. For additional information refer to ISO 10846-2:2008["], Annex B,
Data presentation and test report

test report shall include at least the following information:

reference to this part of ISO 18312 (ISO 18312-2:2012);

name of the organization which has performed the measurements;

measurement date;

machine specifications (type, mass, capacity, supports, .ete.);

description of place, conditions and scheme of testing-on the vibration isolators;
machine operating modes;

vibration noise levels on the test rig;

specifications of vibration and force. transducers;

specifications of measurement equipment, including type, serial number, manufacturer, ang
characteristics;

total vibration power eniitted by the machine with the frequency range indicated, total vibr
spectrum with analysisfrequency bandwidth indicated, vibration power spectrum in each of th
of the concerned nietjons;

total vibration power spectrum with analysis frequency bandwidth indicated, vibration power s
each bolt (depénding on customer’s or investigator’s request);

uncertainty of the results;

ontributions
I, are those
r-laboratory

calibration

btion power
e directions

pectrum for

graphs of vibration power spectra in a Ig (or dB)-Ig format as shown in Figure 6 or Ig (or dB)-IiTear format.

© 1SO 2012 — All rights reserved
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Key
P
Ly

14

vibrati
vibrati

bn power level

Figure 6 — Graphs for report of vibration power transmission
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Annex A
(informative)

ISO 18312-2:2012(E)

Construction of dynamic stiffness matrix of vibration isolators

Fin,m orf \ d;l,m orf d1n,m d;,m dg,m d:ll‘m dg,m dél,m d1n,f dg,f dg,f d:'f dg,f dg,f
e Loty ore Ke K Kip K"
BT K kg K | K5 Ky K
F3n’m : : . . . .
Fpm
e :

BT ke kg K | Kay  Kap K
F1n,f Kﬁtr K1nétr K{'gr Kﬁout K1néout K1 éout
an,f K£1,1tr Kg'ztr K;:,Gtr KSHOUt Kéz,zout K‘ é‘)out
F3n'f . : . . .

o

Fot : : : :
Fen,f Kgi]tr Kg,ztr Kgétr KgZIOUt Kg,zout . K ,Gout

Fin,morf \ d;y,morf d1n,m d;,m d;,m d1n,f d;,f dg,f
" ST S S IR ST S ST
g ON\ gt kg kg |k ok kg
BN |k kg g | kg ey kg
F1"'f K 1;11,tr K 1nétr K 1n:,”tr K 1n1,out K 1;12out K 1néout
an,f K 5'1" K gztr K ;?’tr K ;aout K gzout K géout
an,f K gatr K gztr K :;13tr K ;%out K gzout K géout

Figure A.1 — Components of general dynamic stiffness matrix of nth vib

ration isolator

Figure.A\2 — Linear components of dynamic stiffness matrix of nth vibration isolator

© 1SO 2012 — All rights reserved

15


https://standardsiso.com/api/?name=d84c26b704bdc80776a930ce550defae

	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Fundamentals
	4.1	General material for determination of emitted vibration power
	4.2	Expression of vibration power in different forms
	5	Measurement
	5.1	Vibration transducers arrangement
	5.2	Typical signal processing for evaluation of acceleration cross-spectrum
	5.3	Metrological specifications
	6	Test procedures
	6.1	Choice of number of vibration isolators to measure from
	6.2	Transducer placement and determination of maximum frequency
	7	Measurement uncertainty
	8	Data presentation and test report
	Annex A
(informative)

Construction of dynamic stiffness matrix of vibration isolators
	Annex B
(informative)

Examples of simple geometries and linear components of dynamic stiffness matrix for massless isolators
	Bibliography

