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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 "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 18312-1 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condijtion
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 1:
Direct method
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Scope

part of ISO 18312 specifies a method for evaluating the vibration power emitted by miachines

rred to hereinafter as machines, under operational conditions on to supporting‘structures f
hines are directly connected via bolted joints. This part of ISO 18312 specifiesithe method fo|
vibration power components emitted in the six degrees of freedom of a Cartésian coordinat
h joint, i.e. three translations and three rotations. The vibration power jis\determined by pro
als from force and velocity (or acceleration) transducers mounted on ta.tfie bolted joints under
Hitions of interest. This method is applicable for machines under the ‘assumption that their vibra
racterized by a stationary random process.

components of emitted vibration power in the frequenCy“domain are obtained by corn
s-spectrum of the force and velocity measurement pairs with a given narrow band width at each

direct method assumes that the supporting structuresyare adequately rigid and, hence, it is ng

pses where the foundation or supporting structures.are resilient, which will potentially go int
nance within the frequency range of interest. Pragtical frequency limits of the method are spe
of ISO 18312.

part of ISO 18312 can be used in operational conditions for:

specification of vibration power emission of machines at the (bolted) joints;
identification of vibration power, severity;

resolving diagnostics issues;

planning vibration centrol measures.

Normativereferences

following'documents, in whole or in part, are normatively referenced in this document and are in

br pipelines,
b which the
I evaluating
e system at
Cessing the
operational
tion can be

hputing the
bolted joint.

t applicable
D a state of
Cified in this

lispensable

s application. For dated references, only the edition cited applies. For undated references, the latest edition

e referenced document (including any amendments) applies.

ISO
ISO

3

2041, Mechanical vibration, shock and condition monitoring — Vocabulary

5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

Terms and definitions

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

341

vibration velocity vector

vn

velocity vector at the nth bolt joint, consisting of three translational and three rotational components along the
coordinate axes x, y and z

© 1SO 2012 — All rights reserved
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3.2

vibration v

n
Vi

elocity component

component of the vibration velocity vector in the degree of freedom i at the nth bolted joint; i = 1, 2 and 3 for
linear components in the x-, y-, and z-directions, respectively, and i = 4, 5 and 6 for angular components in the

x-, y- and z-directions, respectively

3.3

vibration acceleration component

aj

vibration agceleration component in the degree of freedom i at the nth bolted joint

3.4

root mean [square value of acceleration component

r.m.s. valug of acceleration component

ajrms

root mean qquare value of the vibration acceleration component in the degree of freedom.at the nth bolted joint
3.5

force vector

Fn

vibration fofce vector at the nth joint, consisting of three components of linear force and three components of
angular forge, i.e. moment, along the coordinate axes x, y and z

3.6

force component

component|of the vibration force vector in the degree of(freedom i at the nth joint; i = 1, 2 and 3 for fprce
components in the x-, y- and z-directions, respectively,and i = 4, 5 and 6 for moment components in th¢ x-,
y=and z-dir¢ctions, respectively

3.7

vibration power component

})in

vibration pgwer in the degree of freedom’i at the nth bolted joint, equal to the time-averaged scalar produgt of
the vibration force vector and vibration’velocity vector in the degree of freedom i at the nth bolted joint

Note to entry: A vibration power-eomponent is expressed in watts.

3.8

vibration power at a joint

Pn

vibration pgwer,atthe nth bolted joint, equal to the sum of the vibration power components in each degrge of
freedom at that point

3.9

vibration power

P

sum of vibration power of the machine over all joints and in every degree of freedom

3.10

vibration power spectrum

P(f; &)

decomposition of the vibration power of the machine into frequency domain with a given centre frequency, f, narrow
frequency band, Af, equal to the sum of the vibration power spectra over all joints and in every degree of freedom

© 1SO 2012 — All rights reserved
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component of vibration power spectrum

P (f.41)

spectrum of the vibration power transmitted in the degree of freedom i at the nth joint

312
vibration power spectrum at a joint »

P"(

1247)

spectrum of the vibration power transmitted at the nth joint

341
co

n
G F,
Cros
free

314

vibi

conymon logarithm of the ratio of measured vibration power to thé.reference value, Pg = 1 pW, co

toz

Thellayout of a machine bolted directly on to the foundation structure at multiple joints is shown in R

the
inp

Key
1
2
3

ponent of vibration power cross spectrum

()

s spectrum of a vibration force component, F;(z), and a vibration velocity components vi(z), in th
dom i at the nth joint

ation power level
P
Ly, = 10IgP— dB

0

ero level of vibration power

Fundamentals

e degree of

responding

igure 1 and
s is chosen

detail of a bolted joint is shown in Figure 2 tegether with a coordinate system, where the z-ax
prallel with the bolt axis.
1
\
{
(2] :
\ /
3
machine
bolted joints
foundation

Figure 1 — Layout of machine bolted on to foundation directly at multiple joints
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Key

1 machine|leg
2  bolt

3 nut

4  foundatigpn flange

Figure 2 — Coordinate system of a bolted joint

Vibration ppwer emitted by the machine on to the foundation via the pth bolted joint is defined as the fime
average of gcalar product of the force vector and velocity vector as follows:

1 I8 1L 6 6 1L
P :ZQF (1)-v" () dt =Z£;Fi (1)vf' (1) de :;ZQF,- (#)vi' (1) de M

where the term within the summation on the most right hand side
1 L
T E v (r)de= Py
0

denotes vibfation power emitted in the degree of freedom i at the nth joint with the index i = 1 to 3 denotind the
linear or tra*l‘*uslational degrees of freedomand the index i = 4 to 6 denoting the angular or rotational degreds of
freedom. The record length L in Equation (1) shall be far greater than the fundamental period of the measiired
signals. In practice, contributions(of the rotational components in Equation (1) due to angular velocities |and
moments may be omitted when difficulty of measurements exists. The total vibration power emitted by a
machine with multiple bolted jgints on to the support structure can be obtained just by summing up the vibrdtion
power trangmitted via eaegh bolted joint in Equation (1). Vibration power is a scalar quantity and, hence, the fotal
vibration pgwer emitted:from a machine with a number of bolted joints, K, is given simply by a sum:

K
P= )26 (2)

n=1

The vibration power in the ith degree of freedom at the nth joint, P, can be resolved into the frequency domain

by taking real parts of the cross power spectrum G:w (f, Af) from the force signal F; (t) and velocity signal

n
V.

7' (1) using a commercial signal analyser as follows:

PP (f.87)=Re| Gp, (£.8)] @)

i

where Re[+] denotes the real part of a complex quantity « and the unit of P (f,Af) = Re[Gl’;’v_ (f,Af)} is watt

at a centre frequency, f, over a narrow frequency band, Af, e.g. 1 Hz when the units of the force and velocity
are newton and metre per second, respectively. If acceleration ;' (t) in metre per second squared is measured

4 © 1S0 2012 — All rights reserved
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instead of the velocity v,-”(t) in metre per second, the vibration power in Equation (3) is given in a slightly
different format as follows:

1
n _ n
P (1:87) = st G, (7)) @
where Im[s] denotes the imaginary part of the complex quantity . The sum of the vibration power over
frequencies, degrees of freedom, and all the mounts of interest can now be easily calculated. When a partial
vibration power over a specific frequency range of interest, in hertz, e.g. from fmin 10 fmax is of interest, it can

be obtained simply by summing the vibration power spectrum P ( £.Af) in Equation (3) or (4) as follows:

N
Pin (fmin ~fmax)zzpin {I:fmin+(k_1)Af]’Af} )

k=1
whgre N is the number of frequency points over the frequency range of interest given.by
_ fmax _fmin

Af

in case of a narrow frequency band analysis. Once the vibration power spectrum is available in a jarrow band
fronmp Equations (3) and (4), the vibration power spectrum over one-third octave band or other octave¢ bands can
be gbtained by simply summing over the bandwidths of interest.

N

5 |Measurement

5.1 General

Thig part of ISO 18312 specifies how to evaluate the vibration power transmitted by a machige on to its
founjdation from the measurement of forces and-ibration at the bolted joints. Such measurements arg not limited
to trgnslational degrees of freedom, but may:be extended to rotational degrees of freedom, dependihg upon the
capgbilities of the employed transducers.:»Fhis clause explains how to install the vibration and force transducers.

5.2 Arrangement of vibration transducers

Ong multi-axial vibration transducer is placed on a joint bolt head as shown in Figures 3 and 4 syich that the
diregtions of measurement.are aligned with the x- and z-coordinates described in Figure 2. A flaf surface on
the machine’s leg, close.t6 the bolted joint, can also be used if multiple uni-axial transducers are tp be placed
indiyidually. Details/of mounting shall be in accordance with ISO 5348.

5.3| Measurement of forces

5.3.1 “General

The forces acting through the bolted joints from the machine on to the foundation can be measured by placing
one transducer (see Figure 3) or two transducers (see Figure 4) in the bolted joints. In both cases, this part of
ISO 18312 assumes the use of integrated triaxial force transducers.

There should be no local resonance near the bolting joint for the method of force measurement by inserting the
force transducers at the joint to be effective. A torque wrench should be used to maintain the torque with the
force transducers inserted at the value without those.

© 1S0O 2012 — All rights reserved 5
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1
S
,r\ .
NV
Key
1 machirje leg a; acceleration in the degree of freedom i %
2 vibratign transducer Ft.; force measured by a transducer in the degree of freedo@
3 force trjansducer I length of bolt \%
4 foundation structure Os\

Figure 3 — Layout of transducers in one force\{&\sducer method
QO
2 @

Fupi=x,y,z

Ei=x,y7z

Key R

1 machire@ a;  acceleration in the degree of freedom i

2 vibration transducer Ft1:; force measured by transducer 1 in the degree of freedom i
3 force transducer 1 Fto:; force measured by transducer 2 in the degree of freedom i
4 force transducer 2 lp1 length of bolt 1

Figure 4 — Layout of transducers in two force transducer method

5.3.2 Measurement of forces by one transducer

One force transducer is mounted into the bolted joint between the machine and the foundation, as shown in
Figure 3. In this configuration, the transducer measures only a part of the joint force actually transmitted to

6 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=a07a698362dbb14733cb7f4e61c65498

ISO 18312-1:2012(E)

the foundation. The other part is transmitted through the bolt itself. Letting F; and Ft.; be the actual transmitted
force and the (partial) force measured by the transducer, respectively; they are related to each other as follows:

|

where kp:;; and kt.; are the stiffnesses of the bolted joint and transducer, respectively, along the axes i = x, y,
z. The stiffness of force transducers is obtained from their specifications and the stiffness of the bolt joint is

k..
F; = Ft:i(1+ kb'l (6)

tii

calculated as follows:

G, S, E,S
Fox = b= Kpiy Kbz = 2b (7)
Iy Iy
whgre Gp and Ey are respectively the shear and Young modulus of the bolt material, ‘and Sp|and /, are,

resy
higH

5.3.

In o
ano|
tran
four
mea

i is the difference of the measurements as follows:

54
A flg
in F

The
ope
and
dev

One

white noise) to bothichannels and compute the complex transmissibility ratio in narrow frequency b3

asi
fung

ectively, the cross-sectional area and length of the bolt. When the stiffness of the force transd
relative to that of the bolt, which is often the case in practice, F; = Ft.;.

B Measurement of forces by two transducers

rder to avoid possible inaccuracy in calculation of the stiffness of the-polted joint, it is exped
her measuring scheme using two force transducers. The layout of\force measurement usin
sducers is shown in Figure 4. The first force transducer is lo¢ated between the machine

dation to measure Fi1-; and the second force transducer is located between the bolt and the ma
sure Ft2:;. Under this configuration, the net force transmittedon to the foundation in the degregq

F; = Ft1: — Ft2:

Measurement equipment

w chart of a possible measurement to determine the vibration power spectral density function i
gure 5. A multi-channel analyser may.also be used.

subtraction of one signal from.the other in the two force transducer method can be perform
rational amplifier or with thehelp of digital equipment. Before processing the signals, it is import
correct for possible phase differences between channels of accelerometers, force transducer
ces and fast Fourier transform analyser. If the phase shift is less than 0,1°, the correction is nof

method to correct-thie phase characteristics between two channels is to apply one wideband

pnal analyserias a phase correction program between channels for more accurate cross-spe
tion estinTation.

ucer is very

ient to take
g two force
eg and the
chine leg to
of freedom

(8)

5 presented

bd using an
bnt to check
5, analogue
necessary.

signal (e.g.
nd. Usually,
ttral density
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=y a;
a; 3 1 2
- P(f.Af)
—13 4 — P(f,Af)
Fii ¢ |1 2 -
Ft2:i 5 1 | J
—
Key
1  channel|selector a; acceleration in the degree of freedom i
2 preamplffier Fi force transmitted in the degree of freedom i
3 two-chahnel signal analyser Fa: force measured by transducer 1 in the degree of freedom i
4 computgr Fio: force measured by transducer 2 in the degree of freedom i

Pi(f,Af) spectrum of the vibration power trapsmitted in the degree of freedony i

Figure 5 +— Typical signal flow chart for estimation of vibration.power transmitted via bolted joints

5.5 Metrplogical specifications

The metrolqgical specifications of the equipment used in measurements of vibration power are shown in Tabje 1.

Table 1 — Metrological specifications

Measurement equipment Frequencyyand voltage range Accuracy

Dual channgl or multi-channel FFT From\0,5 Hz to 10 000 Hz Amplitude ripple: 2 %

analyser From 1 pyV to 100 V (r.m.s.) Phase difference between channels:
<0,1°

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

Electric noise level <5 pVv Phase difference between channels:

<0,1°

Force transflucer Vary on applications Calibration uncertainty: <2,5 %

Acceleration transdueer Vary on applications Calibration uncertainty: <2,5 %

8 © 1S0 2012 — All rights reserved
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Determination of upper frequency limit

-1:2012(E)

Rough guidelines for the upper frequency limit, fmax, in hertz, of the vibration power measurements are given
as follows. In the one force transducer method:

300

Jmax :T

©)

where [, in metres, is the sum of thickness of machine leg, foundation, and forces transducers in the one force

tran

whsg
tran

5.7

Ino
of v
bolt
ber

alor]

whsg
MY
mea

The
follg

The

sducer method. In the two force transducer method:
300
fmax = l_
b1

sducer method. See Figure 3 and Figure 4.

Choice of number of joints to measure from

Fder accurately to obtain the total vibration power emitted by a machiné;or identify precisely ¢
bration power emission along the machine perimeter, it is preferable’to make measuremen
ed joints. If this cannot be done in practice, choice of a limited number of bolted joints to measu

g the axes i = x,y,z, a/,ms from all, say, K mounts:

K
1/Z(air:lrms)2/K
n=1

a0

LX = 201g dB

re ag is the: reference accele_ration, 1075 m/s2, for representation in the decibel scale. Then g
olted joints where measurements of vibration power flow are to be performed. The distan
surements along the sides of the machine should be <1 m, as a rule of thumb.

root mean square level of ibration acceleration from the M chosen bolted joints is determine
wing formulae:

M
A Z(aiy:lrms )2/M
pn=1

ap

LM = 201g dB

(10)

re lp1, in metres, is the sum of thickness of machine leg, foundation, and forces transducers in the two force

itical zones
ks at all the
re from can

palized in the following way. While the machine is on, measurethe'r.m.s. values of the vibration gcceleration

(1)

hoose, say,
ce between

d using the

différence between the root mean square levels from the K and M bolted joints should be <1 1iB, ie.

X —IM<1dB

(13)

Otherwise, the number of measurement points, M, should be increased closer to the total number of mounts, K.

5.8 Determination of total vibration power by measuring from a limited number of joints

If the vibration power spectrum emitted by a machine is measurable from only M joints, the total vibration power
spectrum emitted via all K joints is determined simply using an extrapolation formula:

P(f.0) = %ff’ 2%

n=1

© 1SO 2012 — All rights reserved
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6 Measurement uncertainty

Uncertainty in the measurements of vibration power flow made according to this part of ISO 18312 is mostly
dependent on the ratio of stiffness of the force transducer to that of the machine or the foundation. That is, the
higher the ratio, the less the uncertainty. For example, stiffness of a force transducer with a hole of diameter
8 mm is known as 2 x 109 N/m and that of 40 mm as 3 x 1010 N/m although accurate values in practice can
be obtained from specifications of the force transducers. It is known from experience that stiffness of main
machines and foundations are less than 1,25 x 109 N/m and stiffness of auxiliary machines and foundations are
less than 3,0 x 108 N/m. If the ratio of stiffness of the force transducer to that of the machine or the foundation
is less than 5, the stiffness of machine or foundation shall be taken into account in the force measurement.

7 Data [Lresentation and test report

The test ref

a)
b)
c)
d)
e)
f)
9)
h)

i)

)

k)

1)

m)

10

a referg¢nce to this part of ISO 18312 (ISO 18312-1:2012);

name (
measu
machir
descrif
machir
vibratid
specifi

specifi
charac

total vi
spectry
directia

total vi
for eac|

uncertainty of the results,if any;

graphs|

ort should include at least the following information:

f organization which has performed the measurements;

rement date;

e specifications (type, mass, capacity, supports, etc.);

tion of place, conditions and scheme of testing on the vibratioh.solators;
e operating modes;

n noise levels on the test rig;

bations of vibration and force transducers;

ations of measurement equipment, including type, serial number, manufacturer, and calibrg
eristics;

pbration power emitted by the machine with the frequency range indicated, total vibration pg
m with the analysis frequency’bandwidth indicated, vibration power spectrum in each of
ns of the concerned motion;

h bolt (depending on-customer’s or investigator’s request);

of vibrationspower spectrums in a Ig(or dB)-Ig format as shown in Figure 6 or Ig(or dB)-linear for

tion

wer
the

bration power spectrum with the analysis frequency bandwidth indicated, vibration power specfrum

mat.
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