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Abstract

This Standard contains guidelines for limiting the machinery and operating equipment vibration on board
ships for the purposes of habitability and mechanical suitability. The mechanical suitability guidelines result
in a suitable environment for installed equipment and precludes many major vibration problems, such as
unbalance, misalignment, or other damage to the machinery and operating equipment.

To obtain data to compare with the guidelines, this Standard also specifies data acquisition and processing
procedures.
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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, and general-
interest representatives). The standards are published by the Acoustical Society of
America through the American Institute of Physics as American National Stan-
dards after approval by their respective standards 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
120 Wall Street, 32nd Floor

New York, New York 10005-3993

Telephone; +1 212 248 0373
Telefax: +1 212 248 0146
E-mail: asastds@aip.org

© 1998 by the 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
Acoustical Society of America.
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Foreword

[This Foreword is for information only, and is not a part of the American National Standard
ANSI S2.16 - 1997 Vibratory Noise Measurements and Acceptance Criteria of Shipboard
Equipment].

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 Accre-
dited 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 diagnos-
tics of machines, but excluding those aspects which pertain to biological safety,
tolerance, and comfort.

This Standard is not comparable to any existing ISO Standard.

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

D. J. Evans, Chair
R. F. Taddeo, Vice-Chair
A. Brenig, Secretary

Acoustical Socletyof America............................... D. J. Evans

R. F. Taddeo {Alt)
BoyceEngineering.................... ... ..o M. P. Boyce

C. Meher-Homiji (Alt.)
Bruel & Kjeer Instruments .................... ... ... E. Schonthal
Endevco Corporation. .......................... ... R. D. Sill
Hewlett Packard ................. ... .. N. Olsen
National Electrical Manufacturers Association (NEMA) ... .. ... D. Rawlings

E. LaBrush (Alt)
National Institute of Standards & Technology (NIST).......... D. J. Evans

B. F. Payne (AlL)
PCB Plezotronics, Inc.. ............. .. ... ... R. W. Lally

J. Lin (Vacant)
Schenck Trebel Corporation . . ............................... B. Dittmar
U.S. Naval Surface Warfare Center (NSWC)............... ... P. Shang

S. Fisher (Aft.)

U.S. Naval Sea Systems (NAVSEA) .......................... R. F. Taddeo
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Individual Experts of Accredited Standards Committee S2, Mechanical Vibration
and Shock, were:

P. K. Baade S. |. Hayek M. R. Serbyn

R. G. Bartheld L. A. Herstein, Il A. O. Sykes

G. Booth D. L. Johnson D. J. Vendittis

K. M. Eidred A. F. Kilcullen H. E. von Gierke
R. Eshleman P. H. Maedel|, Jr. D. N. Walker

S. Feldman D. F. Muster D. E. Wasserman

Working Group S2/WG77, Measurement and Evaluation of Ship Vibration, which
assisted Accredited Standards Committee S2, Mechanical Vibration and Shock, in
the development of this Standard, had the following membership:

A. F. Kiicullen, Chairman

G. P. Antonides R. Evans R. Sonnenschein

W. Blake G. D. Hill S. Stroubakis

R. K. Brown A. Kukk R. Tadqeo

F. Burke M. McGown L. Va:.;sﬂopoulos
. E. F. Noonan M. Wilson

A. Cautitl A. Paladino W. A. Wood

Y. K. Chen P. C. Shang A. Zaloumis

K. Danahy J. Siager

Suggestions for improvement of this Standard will be welcomed. They should be
sent to Accredited Standards Committee S2, Mechanical Vibration and Shock, in
care of the Standards Secretariat of the Acoustical Society of America, 120 Wall
Street, 32nd Floor, New York, NY 10005-3993, USA. Telephone +1 212 248
0373; FAX +1 212 248 0146; E-mail: asastds@aip.org.
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AMERICAN NATIONAL STANDARD

ANSI S2.16-1997

American National Standard

Vibratory Noise
Measurements and
Acceptance Criteria of
Shipboard Equipment

0 Introduction

The installation of machinery and operating equip-
ment on board ships often leads to excessive
vibration levels in various ship areas including
occupied spaces. Acceleration measurements
taken according to standardized procedures and
compared with acceptance criteria will provide the
requisite information to the shipbuilder for the
proper selection and installation of equipment.

1 Scope, purpose, and applications

This Standard specifies procedures and instru-
mentation for the measurement of structure-borne
vibratory noise generated by shipboard equip-
ment. Vibratory acceleration acceptance criteria
are presented for several types of equipment,

2 Normative references

ANSI S1.6-1984 (R 1997) American National
Standard Preferred Frequencies, Frequency Lev-
els, and Band Numbers for Acoustical Measure-
ments.

ANSI S1.8-1989 (R1997) American National Stan-
dard Reference Quantities for Acoustical Levels.

ANSI S1.11-1986 (R 1993) American National
Standard Specification for Octave-Band and Frac-
tional-Octave-Band Analog and Digital filters.

ANSI S§1.22-1992 (R 1997) American National
Standard Scales and Sizes for Frequency Charac-
teristics and Polar Diagrams in Acoustics.

ANSI S2.2-1959 (R 1997) American National
Standard Methods for Calibration of Shock and Vi-
bration Pickups.

ANS| S2.61-1989 (R 1997) American National
Standard Guide to the Mechanical Mounting of Ac-
celerometers.

ANSI S2.7-1982 (R 1997) American National
Standard Balancing Terminology.

NOTE - While the filter terminology in this Standard
is consistent with that contained in ANSI $S1.11-1986
(R 1993) at the time this Standard was written, it is
not entirely consistent with the filter terminology con-
tained in the ANSI terminology standards S$1.1 and
2.1,

3 Definitions

This section defines only some of the terms used
in this Standard. See ANSI S2.7-1982 (R 1997) for
definitions of a general nature.

3.1 equipment. The term equipment, when used
in this Standard, refers to any equipment as a sys-
tem, subsystem, or part thereof which is being
measured to determine compliance with the struc-
ture-borne noise acceptance criteria. These crite-
ria are based in part on the locations in which the
equipment is to be placed.

3.2 equipment types. The term type is used to
divide equipment into groups for the purpose of
specifying structure-borne noise criteria. Equip-
ment types are specified in as follows:

3.2.1 Type I Type | designates reciprocating
compressors and internal combustion engines.

3.2.2 Type li. Type |l designates pumps, valves,
and life support equipment.

3.2.3 Typellil. Type lll designates equipment not
covered by types |, It and IV.

3.24 Type IV. Type IV designates vane axial
fans.

3.3 mounting

3.3.1 resiliently mounted equipment. Resili-
ently mounted equipment is equipment which is
isolated from the vibration of a support structure by
resilient mounts. Testing of equipment attached by
shock mounts, however, is not addressed in this
Standard.

3.3.2 compound mounts. A compound or two-
stage mount is a three-element device consisting
of an intermediate mass contained between two
resilient elements.

3.3.3 solidly mounted equipment. Solidly
mounted equipment is equipment which is rigidly
attached to the supporting structure.

3.4 reference vibratory acceleration (a;). The
reference quantity is 1 micrometer per second
squared (um/s?) root mean square (rms) (1um/
s2=10"* centimeters per second squared (cm/s?).
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