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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. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 18312-2 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condition
monitoring.

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

— Part 1: Direct method

— Part 2: Indirect method
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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

This part of ISO 18312 specifies a method for evaluating the vibration power emitted by machines or pipelines
(referred to hereinafter as machines) on to supporting structures to which the machines are connected
through vibration isolators. This part of ISO 18312 also specifies the method for evaluating the vibration power
components emitted in the six degrees of freedom of a Cartesian coordinate system at each joint, i.e. three
translations and three rotations. The vibration power is determined by processing the signals from two sets
of velocity (or acceleration) transducers mounted at the isolator connection points, one set on the machine
side (input) and the other on the foundation side (output). This method is applicable for machines under the
assumption that their vibration can be characterized by a stationary random process.

The components of emitted vibration power are computed using the cross-spectra of the two sets of velocity in
narrow 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.

This part of ISO 18312 can be used for:

a) evaluating a machinery system from isolator design concept;

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

d) solving diagnostics issues.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are indispensable
for its application. 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.
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31

velocity vector

Vn,m

vibration velocity vector at the nth isolator on a machine, consisting of three translational and three rotational
components along the coordinate axes x, y, and z

Note to entry: The symbol v denotes velocity vector at the same isolator on a foundation.

3.2

velocity component

n,m
i

component of vibration velocity vector in the degree of freedom i at the nth isolator on the machine; i = 1,
2, and 3 for the 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

v

f

Note to entry: The symbol v"" represents vibration velocities at the same isolator on the foundation.

3.3

acceleration component

n,m
i

component of vibration acceleration in the degree of freedom i at the nth isolator on the machine

a

3.4
root mean square value of acceleration component

r.m.s. value of acceleration component

nm
ajrms

root mean square value of the vibration acceleration component in the degree of freedom i at the nth isolator
on the machine

3.5

force vector

F n,m

(indirect method) vibration force vector acting at the nth isolator by the machine, consisting of three linear force
components and three angular force components or moments, along the coordinate axes x, y, and z

Note to entry: The symbol FMf represents a force vector acting at the same isolator by the foundation, which becomes
the same as —F"™M if the vibration isolators are massless.

3.6

force component

Fin,m

(indirect method) component of vibration force vector in the degree of freedom i at the nth isolator on the
machine; i = 1, 2, and 3 for force components in the x-, y-, and z-directions, respectively, and i = 4, 5, and 6 for
the moment components in the x-, y-, and z-directions, respectively

3.7
vibration power component

Pin,m
(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 the degree of freedom i

Note to entry 1: A vibration power component is expressed in watts.

nf

Note to entry 2:  The symbol P, represents vibration power components transmitted into foundation via the nth isolator.
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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
power emitted from the machine over all isolators and in every degree of freedom

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

3.10

vibration power spectrum

PM(f, Af)

(indirect method) decomposition of the total vibration power from the machine P™ into frequency domain with
a given centre frequency f and bandwidth Af

311
component of vibration power spectrum

P (1,4f)
(indirect method) spectrum of vibration power emitted from the machine in the degree of freedom i at the nth isolator

3.12

vibration power spectrum at an isolator

PM.M(f, Af)

spectrum of the vibration power emitted from the machine at the nth joint

3.13
velocity cross-spectrum

Gv(l,mv(l,f (f’Af)

J

cross-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 v,_”‘f (t) in the degree of freedom i on the foundation as the output
Note to entry: Velocity cross-spectrum is expressed in metres per second squared.

3.14
vibration power level
Lw
P
Ly =10lg— dB
w QPO

ten times the logarithm to the base 10 of the ratio of the measured vibration power, P, to a reference value,
Po =1 pW, expressed in decibels

3.15

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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3.17
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 attached to a
foundation structure, where the coordinates for the machine apply to the vibration isolators as well as to the
foundation under the assumption that rotational motions of the machine are small.

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

2] In

X
Key
1 machine
2 isolator

3 foundation

Figure 1 — Diagram of machine on foundation via multiple isolators and coordinate systems
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