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The American National Standards Institute, Inc. (ANSI) is the na-
tional coordinator of voluntary standards development and the clear-
inghouse in the U.S. for information on national and international
standards.

The Acoustical Society of America (ASA) is an organization of sci-
entists and engineers formed in 1929 to increase and diffuse the
knowledge of acoustics and to promote its practical applications.



AMERICAN NATIONAL STANDARD

Guidelines for
the Measurement and Evaluation

of Vibration of Ship Propulsion
Machinery

Secretariat

Acoustical Society of America

Approved 20 September 2002

American National Standards Institute, Inc.

Abstract

This standard contains guidelines for the measurement and evaluation of vibration of ship propulsion
systems including limits for acceptability. It is applicable to all ocean-going ships and inland vessels. Test
conditions, instrumentation, data analysis and evaluation, and reporting requirements are described.

ANSI S2.27-2002



AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, trade associa-
tions, general-interest and government representatives). The standards are pub-
lished by the Acoustical Society of America through the American Institute of
Physics as American National Standards after approval by their respective Stan-
dards Committees and the American National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State, and
local governments.

Each of the accredited Standards Committees, operating in accordance with pro-
cedures approved by American National Standards Institute (ANSI), is responsible
for developing, voting upon, and maintaining or revising its own Standards. The
ASA Standards Secretariat administers Committee organization and activity and
provides liaison between the Accredited Standards Committees and ANSI. After
the Standards have been produced and adopted by the Accredited Standards
Committees, and approved as American National Standards by ANSI, the ASA
Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered and that a concerted
effort be made towards their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
Standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the Standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this Standard.

Standards Secretariat
Acoustical Society of America
35 Pinelawn Road, Suite 114 E
Melville, New York 11747-3177
Telephone: 1 1 631 390 0215
Telefax: 11 631 390 0217
E-mail: asastds@aip.org

© 2002 by Acoustical Society of America. This standard may not be reproduced in whole or
in part in any form for sale, promotion, or any commercial purpose, or any purpose not
falling within the provisions of the Copyright Act of 1976, without prior written permission of
the publisher. For permission, address a request to the Standards Secretariat of the Acous-
tical Society of America.



Contents
Page

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
0 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1 Scope, purpose and applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.1 Normative references . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.2 Informative references . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
3 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
4 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
4.1 Torsional vibration calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
4.2 Lateral vibration calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4.3 Longitudinal vibration calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4.4 Calculations for diesel engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.5 Calculations for thrusters, cycloidal propellers and waterjets . . . . . 4
4.6 Calculations for gearboxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5 Vibration tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5.1 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5.2 Test conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.3 Test procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.4 Data processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5.5 Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6 Acceptance criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
6.1 Torsional vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
6.2 Lateral vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
6.3 Longitudinal vibration (conventional systems) . . . . . . . . . . . . . . . . . . 9
6.4 Vibration of diesel engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
6.5 Vibration of thrusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
6.6 Vibrations of cycloidal propellers and waterjets . . . . . . . . . . . . . . . . . 9
6.7 Gearboxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
7 Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Annexes
A Optional test procedures and calculation requirements . . . . . . . . . . 13
A1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
A2 Test procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
A3 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
A4 Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
B Torsional shaft stress criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
B1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
C Example calculations of vibration properties of ship

propulsion systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
C1 Torsional calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
C2 Longitudinal calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
C3 Lateral vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
D Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

i



Tables

1 Summary of acceptance criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Particulars of test ship . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

C1 Description of elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Figures

B1 Stress concentration factor at keyway . . . . . . . . . . . . . . . . . . . . . . . . . 15

B2 Stress concentration factor for shaft flange fillet in torsion . . . . . . . 15

C1 Equivalent systems for calculating torsional natural
frequencies of a geared turbine-driven propulsion system . . . . . . . 16

C2 Calculated mode shapes for geared-turbine drive . . . . . . . . . . . . . . 17

C3 Propulsion shafting details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

C4 Propulsion system longitudinal vibration model . . . . . . . . . . . . . . . . . 19

C5 Calculated propulsion system longitudinal natural frequencies
vs. machinery foundation stiffness for a 4-bladed propeller . . . . . . 19

C6 Calculated propulsion system longitudinal blade rate
vibration response for a 4-bladed propeller (machinery fdn
stiffness 5 53106 lb/in; total thrust brg stiffness 5 33106 lb/in) . . 20

C7 Propulsion shafting first mode whirling frequency vs.
propeller bearing and aft stern tube bearing stiffnesses . . . . . . . . 21

C8 Simplified (Jasper) model of propulsion shafting
lateral vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Page

ii



Foreword

[This Foreword is for information only, and is not a part of the American National Standard
ANSI S2.27 - 2002– Guidelines for the Measurement and Evaluation of Vibration of Ship
Propulsion Machinery].

This standard comprises a part of a group of definitions, standards, and specifi-
cations for use in mechanical vibration and shock. It has been developed using the
American National Standards Institute (ANSI) Accredited Standards Committee
Procedure. The Acoustical Society of America provides the Secretariat for Accred-
ited Standards Committee S2, Mechanical Vibration and Shock.

American National Standards Committee S2, Mechanical Vibration and Shock,
under whose jurisdiction this standard was developed, has the following scope:

Standards, specifications, methods of measurement and test terminology in the fields
of mechanical vibration and shock and condition monitoring and diagnostics of ma-
chines, but excluding those aspects which pertain to biological safety, tolerance, and
comfort.

This standard is comparable to parts of ISO 4867:1984, Code for the measure-
ment and reporting of shipboard vibration data.

At the time this Standard was submitted to Accredited Standards Committee S2,
Mechanical Vibration and Shock for approval, the membership was as follows:

R.J. Peppin, Chair
D.J. Evans, Vice Chair
S.B. Blaeser, Secretary

Acoustical Society of America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. I. Hayek
B.E. Douglas (Alt.)

American Industrial Hygiene Association . . . . . . . . . . . . . . . . . . . . J.J. Earshen
D. Driscoll (Alt.)

Bruel & Kjaer Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. Alexander
J. Chou (Alt.)

Bently Nevada Corporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. Thomas
J.M. Gilstrap (Alt.)

Endevco Corporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.D. Sill
International Council for Machinery Lubrication . . . . . . . . . . . . . . J. Fitch

D. Troyer (Alt.)
National Institute of Standards and Technology . . . . . . . . . . . . . . D.J. Evans

B.F. Payne (Alt.)
Scantek, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.J. Peppin

M. Buzduga (Alt.)
Sandia National Labs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V. I. Bateman
Schenck Trebel Corporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. Dittmar
Shock and Vibration Information Analysis Center . . . . . . . . . . . . J. Leifer
Society for Machinery Failure Prevention Technology . . . . . . . . H.C. Pusey

H. A. Gaberson (Alt.)
Society of Tribologists and Lubrication Engineers . . . . . . . . . . . . W.D. Marscher

W. Herguth (Alt.)
U.S. Air Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S.D. Smith
U.S. Naval Sea Systems Command . . . . . . . . . . . . . . . . . . . . . . . . . . R.F. Taddeo

M.T. McGown (Alt.)
U.S. Naval Surface Warfare Center . . . . . . . . . . . . . . . . . . . . . . . . . . P.C. Shang

L.D. Cole (Alt.)
U.S. Naval Surface Warfare Center, Crane Div . . . . . . . . . . . . . . . . A. Parkes

D. Kristler (Alt.)
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Vibration Institute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.L. Eshleman
D. J. Vendittis (Alt.)

Individual Experts of Accredited Standards Committee S2, Mechanical Vibration
and Shock were:

P.K. Baade L.A. Herstein D.L. Johnson

Working Group S2/WG11, Measurement and Evaluation of Mechanical Vibration
of Vehicles, which assisted Accredited Standards Committee S2, Mechanical Vi-
bration and Shock, in the development of this standard, had the following mem-
bership:

A. F. Kilcullen, Chair

G. Antonides
W. Blake
R. Brown
R. Bruce
F. Burke
A. Cautilli
J. Chang
Y. Chen
K. Danahy
D. Evans

L. Herstein
G. Hill
A. Kukk
J. Leifer
P. Maedel
M. McGown
D. Muster
E. Noonan
A. Paladino

A. Parkes
S. Schechter
P. Shang
J. Slager
R. Sonnenschein
S. Stroubakis
R. Taddeo
M. Wilson
W. Wood

Suggestions for the improvement of this standard are welcomed. They should be
made in writing to Accredited Standards Committee S2, Mechanical Vibration and
Shock, in care of the Standards Secretariat, Acoustical Society of America, 35
Pinelawn Road, Suite 114E, Melville, New York 11747. Telephone: 11 631 390
0215; FAX: 11 631 390 0217; e-mail: asastds@aip.org.
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American National Standard

Guidelines for the
Measurement and
Evaluation of Vibration
of Ship Propulsion
Machinery

0 Introduction

This national standard provides guidelines for ac-
ceptable vibration of new marine propulsion ma-
chinery during normal operation of the ship. This
standard also defines requisite calculations and
the measurement and data processing procedures
to obtain reliable data to compare with the guide-
lines.

In addition to addressing the more common types
of propulsion systems, such as geared-turbine and
diesel drive, this standard includes thrusters, cyc-
loidal propellers and waterjets.

The design of a ship propulsion system is a con-
tinuing process of analysis and testing, during
which components are analytically evaluated with
increasing complexity as the details of the design
evolve. This process culminates with ship testing.
Eventual proof of performance is demonstrated in
full-scale ship trials with the installed propulsion
system. This national standard provides guidance
for evaluating the vibration of a propulsion system
during the design cycle and a detailed description
of the vibration tests to be conducted during ship
trials.

These guidelines treat longitudinal, lateral and tor-
sional vibration of conventional systems and, as
applicable, non-conventional systems. While vi-
bration tests are the basis of acceptability, calcu-
lations are usually required in addition to measure-
ments to indicate probable compliance with
acceptance criteria. The requirements for calcula-
tions are given in paragraph 4; test procedures,
instrumentation and data analysis are described in
paragraph 5; and the acceptance criteria are con-
tained in paragraph 6.

Evaluation of a ship’s vibration environment for
habitability is dealt with in ANSI S2.25 [2].

1 Scope, purpose and applications

This standard establishes uniform procedures for
determining the acceptance of new marine propul-
sion machinery with respect to vibration of sea-
going and inland ships of all lengths, excluding ice-
breakers.

NOTE – This standard covers vibrations of ships in
steady underway conditions but does not include the
vibrations resulting from special operations such as
the crushing of ice by an icebreaker.

This standard covers propulsion systems with tur-
bine (both gas and steam), electric and diesel
drives with single or multiple shafts, thrusters, and
cycloidal propeller and waterjet systems. Propul-
sion systems have higher vibration magnitudes
than most other shipboard machinery because of
propeller excitation. There are some special re-
quirements, such as avoiding thrust reversals in
the thrust bearing and torque reversals in the gear
trains. Table 1 presents a summary of acceptance
criteria.

Although this standard is intended for new ships, it
can also be used during the life of the ship to
check for mechanical damage, performance moni-
toring and evaluating a repair, provided, however,
that some allowances are made for wear, erosion
of parts, etc.

2 References

2.1 Normative references

[1] ISO 2041:1990, Mechanical vibration and
shock—Vocabulary.

2.2 Informative references

[2] ANSI S2.25:2001, American National Standard
Guide for the Measurement, Reporting, and Evalu-
ation of Hull and Superstructure Vibration in Ships.

[3] General Radio, Handbook of Noise Measure-
ment, General Radio, Seventh Edition, General
Radio Company, Concord, MA, USA, 1974 (out of
print).

[4] ISO 10816-6:1995, Mechanical vibration—
Evaluation of machine vibration by measurements
on non-rotating parts—Part 6: Reciprocating ma-
chines with power ratings above 100 kw.

[5] ANSI/AGMA 6000-B96:1996, Specification for
Measurement of Linear Vibration on Gear Units.
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