INTERNATIONAL

ISO

STANDARD 3046-5

Second edition
2001-12-01

Reciprocating internal combustion
engines — Performance =

Part 5:
Torsional vibrations

Moteurs alternatifs a combustion interne — Performances —

Partie 5: Vibrations de torsion

Reference number

= — ISO 3046-5:2001(E)

©1S0 2001


https://standardsiso.com/api/?name=5d90219f8fafee16d7f2fbe9489680c9

ISO 3046-5:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this

area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event

that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© IS0 2001

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.ch

Web www.iso.ch

Printed in Switzerland

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=5d90219f8fafee16d7f2fbe9489680c9

ISO 3046-5:2001(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
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task of technical committees is to prepare International Standards. Draft International Stand3
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2 Normative references
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cessary, individual requirements can be given for particular engine applieations.
of ISO 3046 covers sets driven by reciprocating internal combustion engines for land, rail

ypes of tractors, automobiles and trucks, and aircraft.
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rt of 1ISO 3046. For dated references, subsequent amendments to, or revisions of, a

pf ISO 3046 establishes general requirements and definitions for torsional vibrations in shaft systems of

n by reciprocating internal combustion (RIC) engines.
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set
assembly

3.2
shaft sys
assembly

NOTE
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of mechanisms including one or more RIC engines and the driven machinery
tem
of all the components of a set connected so that they can rotate (see Figure 1)

When the torsional vibrations are calculated, it is the complete shaft system that is considered.
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33
torsional vibrations
oscillatory angular deformation (twist) of a rotating shaft system

3.4

torsional vibration amplitude

maximum angular displacement measured in a section perpendicular to the axis of the shaft system between the
angular position considered and a given arbitrary reference position

35
natural frequency
parameter thfatTam be catcutated for each sotution of the equation of motion for the undamped System

See 2.80 of |[SO 2041:1990.
NOTE It is usually not necessary to calculate the natural frequency for a damped system.

3.6
natural vector
relative ampglitude for the whole section where the system is vibrating at its associated natural frequengy and an
arbitrary segdtion of the system is chosen as a reference and given an amplitude of unity

3.7
elastic line
envelope of the natural vector amplitudes in each section (see Figure 2)

3.8
vibratory node
point of elasiic line where relative natural vector amplitude is-€qual to zero

3.9
natural mode of torsional vibration
natural freqUency and its elastic line that characterizes each mode of torsional vibration

NOTE Examples are first mode of vibration,of one node mode of vibration or second mode of vibration or two npde modes
of vibration.

3.10
excitation torque
torsional peffiodic torque generated by the RIC engine or driven components that excites torsional vibrafion of the
shaft system

3.1
harmonic
each term of a series of sinusoidal terms (Fourier series) into which the excitation torque may be subdividgd

See 2.26 of |SO’2041:1990.

NOTE Each of these harmonics is theoretically capable of producing resonance at the appropriate rotational velocity of the
shaft system. The Fourier series terms are written in increasing order. The first harmonic is related to the first term of the series
(even if it had zero magnitude) and so on (see Figure 3). The constant term is the mean torque.

3.12
vibration order
number of oscillations per revolution associated with each harmonic

NOTE For RIC engines operating on the two-stroke cycle, the vibration order corresponds to the range of the harmonic.
For four-stroke engines, the range of the harmonic may be divided by two to obtain the corresponding vibration order; e.g. 1l/4
for the resonance speed at which the second mode of vibration is excited by the fourth order harmonic.

2 © ISO 2001 - All rights reserved
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resonance speed
speed at which the whole shaft system resonates (as the natural frequency of a vibration mode equals the
frequency of one of the harmonics of the excitation torques)

See 2.73 of ISO 2041:1990.

3.14

synthesized torsional stress
torsional stress generated in a given section of the shaft system by the total of all the harmonics of the excitation
torques, taking account of the magnitude and phase of the stress generated by each harmonic (see Figure 4)

NOTE

3.15

Mean torque is not used when elaborating the synthesized torsional stress.

additiondl torsional stress

stress du
correspon

3.16

barred s
speed ra
continuou

NOTE
provided tH

e to the torsional vibrations of a given harmonic which is superimposedy.on the torg
ding to the mean torque transmitted in the given section of the shaft systemcbeing considered

eed range
hge over which the stress caused by the torsional vibration exceeds the stress value f
5 operation

Continuous operation in this speed range is forbidden, but passing through in transient operation
at it offers no danger or damage to the shaft system.
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1 Damper 87 Exciter
2 Engine 9 Cylinder 6
3 Flywheel 10 Cylinder 5
4  Alternato 11 Cylinder 4
5 Case 12 Cylinder 3
6 Fan 13 Cylinder 2
7 Rotor 14 Cylinder 1
Figure 1 — Six-cylinder diesel engine and alternator and equivalent ideal system
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Figure 2 — Typical'vector diagram

© ISO 2001 — All rights reserved 5


https://standardsiso.com/api/?name=5d90219f8fafee16d7f2fbe9489680c9

ISO 3046-5:2001(E)

)

Torque

)

Key

f 8  Mean tgrque
b Sum offharmonics

¢ OrderN°0,5
Harmonic N° 1

\/ N N N I Order N° 1,0
LN /N /N

Harmonjic N° 2

. . 2N . ° OrderN 15
\\/ \/ \/ \/ \/ \/ f Harmornic N° 3
N AR

Order N° 2,0

Harmonic N° 4

\///\\ y4 \\//\ \v/\ N~ < ///\\ i 9 OrderN° 2,5
Harmonic N° 5

RN LN N VAN j M OrderN°

. j rder N° 3,0
NN 4 N NS N~ Harmonic N° 6

0 60 120 180 240 300 360 420 480 540 600 660 720 i Order N° 3,5
Harmonic N° 7

Crank angle - Degrees i Order N° 4,0

One working cycle Harmonic N° 8

Figure 3 — Harmonic analysis of 4-stroke engine torque diagram
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Figure 4 — Typical vibratory torsional stress

4 Calgulation of torsional vibration

4.1 Genheral

Knowing the dynamiie characteristics of the shaft system, it is possible to calculate:

a) the nptural frequency and modes;

b) the responses of the system to the excitations.
When previously agreed by the contract, the supplier of the set shall be responsible for the torsional vibration

calculation using a conventional method agreed upon by the parties concerned and, where appropriate, the
allowable calculation simplification.

© ISO 2001 — All rights reserved 7
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4.2 Method used

4.21 Free

vibrations

This is the calculation of eigen values (natural frequencies) and eigen vectors (natural vectors) of the linear
equation system predicting the undamped shaft system.

4.2.2 Forced vibrations

This is the solution of differential equations with one side representing the engine excitation torque and, if

necessary,

4.3 Calcu
The data to
inertia, the t
the specific
(see 5.4).

The manufa

the equipme
the set supp

4.4 Calcu

The results
following:

a) thenatu
b) the torsi
c) the vibrsg

d) the vibrsg

lation data
pbe taken into account for the torsional vibration calculation of the shaft system are-the polar 1

brsional stiffness of each component, the excitation torque of components, the\0perating sp
operating parameters and, where appropriate, the data concerning the torsional vibration

cturer of the engine(s) and of the driven machinery shall communicate all the relevant infor|
nt that they supply (e.g. the propeller) so that the torsional vibration calculations can be carr
ier.

lation results

pbtained when using the methods mentioned in 4:2.1 and 4.2.2 can determine, amongst d

ral frequencies, natural vectors and resonance speeds;
bnal stresses in the shaft system;
tory torques in elastic couplings and the other items influenced by these torques;

tory amplitudes at given points of the shaft line;

e) the thermal power generated.in_couplings and the other damping sources.

The results

4.5 Calcu

If the contra

an also be used;ifnhecessary, to obtain the vibratory accelerations in gears.

lation report

Ct requires a report to be made, of the torsional vibration calculation carried out, this shall bg

by the set s

thoseof theothercomponentsof theshaft systermmwhen therexcitatiormtorquestanmot bereglected.

nhoment of
bed band,
dampings

mation on
ed out by

thers, the

b provided
stem and

upplier. It shall contain leading particulars of the RIC engine, configuration of the shaft sy

4 -oc for o f tha oo nrlioe

calculation
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calculation then it shall be clearly stated in the report.

5 Measurement of torsional vibration

5.1 Gene

ral

cted the

When it is specified in the contract, the measurement of the torsional vibrations of the shaft system shall be carried
out by the set supplier to verify the calculation. The measurement and the designation of the measuring position
shall be specified in the contract in order to assess the amplitudes at this position.
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