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ABSTRACT

This standard is the second part of a set of five standards covering the experimental
determination of mechanical mability of structures by a variety of methods appropri-
ate for different test situations. Part | of the set (ANSI $2.31-1979) covers basic con-
cepts and definitions as well as instruments used in mobility measurements. The ma-
terial in Part I is common to most mobility measurement tasks. The present Part Il of
the set describes measurements in situations where single-point translational excita-
tion with an attached vibration exciter is‘appropriate.

Published by the American Institute of Physics for the Acoustical Society of America
Documents

Document Sharing Hub

Full document details: ANSI S2.32-1982 (2014) scan


http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan
http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan

AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America is the Secretariat for American National Standards Committees S1 on
Acoustics, S2 on Mechanical Shock and Vibration, and S3 on Bioacoustics. Standards developed by these
committees, which have wide representation from the technical community (manufacturers, consumers, and
general-interest representatives), are published by the Acoustical Society of America as American National
Standards after approval by their respective standards committees.

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

This standard was approved by the American National Standards Institute as ANSI $2.32-1982 on 9
February 1982.

An American National Standard implies a consensus of those substantially concerned with its scope and provisions. An American
National Standard is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of an American
National Standard does not in any respect preclude anyone, whether he has approved the standard or not, from manufacturing, mar-
keting, purchasing, or using products, processes, or procedures not conforming to the standard. American National Standards are
subject to periodic review and users are cautioned to obtain the latest editions.

Caution Notice: An American National Standard may be revised or withdrawn at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from the date of
publication.
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FOREWORD

[This Foreword is not a part of American National Standard Method for the Experimental Determination of Mechanical Mobility. Part 11:
Measurement Using Single-Point Translational Excitation, $2.32-1982 (ASA Catalog No. 32-1982).]

This standard has been developed under the jurisdiction of American National Standards Committee S2 using
the American National Standards Institute (ANSI) Standards Committee Procedure. The Acoustical Society of
America holds the Secretariat for Committee S2. This standard has been approved for publication by ANSI and
by the Acoustical Society of America Committee on Standards (ASACQOS).

This scope of Standards Committee S2 on Mechanical Shock and Vibration under whose jurisdiction this stan-
dard was prepared is as follows:

Standards, specifications, methods of measurement and test, and terminology in the fields of mechanical shock and vibration, but

excluding those aspects which pertain to safety, tolerance, and comfort.

At the time it approved this standard, the S2 Committee had the following members

(organization/representatives):

P. Maedel, Chairman

Acoustical Society of America @ P. Maedel, G. Booth
American Boat and Yacht e E. |. Reinelt

American Mining Congress @ G. R. Coonan, H. B. Johnson (A/t)
American Society of Quality Control e (vacant)

American Society for Testing and Materials (liaison) @ ). W. Goff
American Society of Heating, Refrigerating, and Air Condition-
ing Engineers, Inc. @ P. K. Baade, P. Ostergaard (A/f)

American Society of Mechanical Engineers @ (3. Muster, D. C
Kennard, jr. (Alt)

Anti-Friction Bearing Manufacturers Association e |. C
Morrison

Automobile Manufacturers Association, Inc. e R. ). Wasko
Canadian Standards Association (liaison) @ T. D. Northwood, G
Michael (All)

Committee for Hearing, Bioacoustics and Biochemicals (CHA-
BA) e Liu, Y. King

Compressed Air and Gas Institute e |. Addington

Electronic Industries Association e (vacant)

Environmental Protection Agency e D. Gray, L. Gray (A/)
Institute of Electrical and Electronics Engineers @ R. G. Bartheld
Instrument Society of America o E. A. Starr

Individual members of the ST Committee were

R. G. Bartheld
L. Batchelder

K. M. Eldred
S. Feldman

S. Feldman, Vice-Chairman

A. Brenig, Secretary

Institute of Environmental Sciences e H. Pusey

Maritime Administration @ N. O. Hammer, R. Schubert (A/)
National Bureau of Standards e |. D. Ramboz, S. Edelmar: (Al
National Electrical Manufacturers Association @ D. V. Wright, §.
R. Keinz (A/t)

National Fluid Power Association e R. W. Stephens, |. I. Morgan
(Al

Naval Air Systems Command e (vacant)

Naval Ship Research and Development Center o £. T. Habib,
A. Zaloumis (Aln

Society of Automotive Engineers @ S. Rubin, M. |. Stoner (A/f)
Society of Experimental Stress and Analysis @ E. G. Fischer
Telephone Group e ). W. Scott

U.S. Department of the Air Force (liaison) @ R. Bingham, R. F.
Wilkus (A1), |. P. Henderson (A/t)

U.S. Army Electronics Command e R. E. Ferrell

U.S. Department of Defense @ H. Pusey, R. C. Volin (A/)

U.S. Navy Department Naval Sea Systems Commands e L.
Herestein, K. Hartman (A/f)

U.S. Department of Transportation e ). £. Wesler

U.S. Department of Ordiance Systems Commands
(NAVROD) e (vacant)

A. O. Sykes
H. E. von Gierke

Working Group S2-74 on Measurement of Mechanical Mobility, which prepared this standard, had the follow-

ing membership:

P. K. Baade, Chairman

R. R. Bouche A. C. Keller

). P. Catlin S. R. Mannava
B. E. Douglas L. D. Mitchell
E. L. Hixson E. L. Peterson

D. D. Reynolds
S. S. Sattinger

D. O. Smallwood
). E. Smith

E. V. Thomas

Suggestions for improvement of this standard will be welcomed. They should be sent to the Standards Secretar-
iat, Acoustical Society of America, 335 East 45th Street, New York, NY 10017.
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American National Standard

Methods for the Experimental Determination of

Mechanical Mobility.

Part II: Measurements Using Single-Point Translational

Excitation

0 INTRODUCTION

0.1 Introduction to the Set of Mobility
Measurement Standards

Dynamic characteristics of structures can be deter-
mined as a function of frequency from measurements
of mobility or of the related frequency response func-
tions called accelerance and dynamic compliance.
Each of these frequency response functions are ratios
of the motion response of a structure to the exciting
force. The magnitude and the phase of these ratios are
functions of frequency.

In this set of standards the phrase “mobility mea-
surement” is used in a general sense which includes
the determination of mobility, accelerance, and dyna-
mic compliance from the measurements of the exciting
force and the motion response of the structure.

Mobility measurements are typically used for:

(1) Predicting the dynamic response of structures to
known or assumed input forces

(2) Determining structural resonance modes (na-
tural frequencies, mode shapes, and damping
ratios)

(3) Predicting the dynamic interaction of intercon-
nected structures

(4) Determining dynamic properties (i.e., the com-
plex modulus of elasticity) of materials in pure
or composite forms

(5) Checking the validity and improving the accura-
cy of mathematical models of structures.

For some applications, a complete description of the
dynamic characteristics may be required using mea-
surements of translational forces and motions along
three mutually perpendicular axes, as well as measure-
ments of moments and rotational motions about these
three axes. This set of measurements results in a 6 X6
mobility matrix for each location of interest. For N lo-
cations on a structure, the system thus has an overall
mobility matrix of size 6N X 6/V.

For most practical applications, it is not necessary
to know the entire 6N X 6N matrix. Often, it is suffi-
cient to measure the driving-point mobility and a few
transfer mobilities by exciting a single point in a single

direction and measuring the translational response
motions at key points on the structure. In other appli-
cations, only rotational mobilities may be of interest.

In order to simplify the use of standards for the var-
ied mobility measurement tasks encountered in prac-
tice, the complete mobility measurement standard will
be published as a set of five separate parts:

Part I (ANSI $2.31-1979) covers basic definitions
and transducers. The information in Part I is common
to most mobility measurement tasks.

Part II (the present document) covers mobility mea-
surements using single-point translational excitation
with an attached exciter.

Part III will cover mobility measurements using
single-point rotational excitation with an attached ex-
citer. This information is primarily intended for rotor
system torsional resonance predictions.

Part IV will cover measurements of the entire mo-
bility matrix using attached exciters. This will include
the translational, rotational, and combination terms
required for the 6 X 6 matrix for each location on the
structure.

Part V will cover mobility measurements using im-
pact excitation.

NOTE: At the time when Part II was published, Parts III, IV,
and V were in preparation.

Mechanical mobility is defined as the frequency re-
sponse function formed by the ratio of the phasor of
the response velocity to the phasor of the applied
force. If the response is measured with an accelero-
meter, conversion to velocity is required to obtain the
mobility. Alternatively, the ratio of acceleration to
force, called accelerance, may be used to characterize a
structure. In still other cases, dynamic compliance, the
ratio of displacement to force, may be used.

NOTE: Historically, frequency response functions of structures
have often been expressed in terms of the reciprocal of one of the
above-named dynamic characteristics. The arithmetic reciprocal of
mechanical mobility has often been called mechanical impedance. It
should be noted, however, that this is misleading because the arith-
metic reciprocal of mobility does not, in general, represent any of
the elements of the impedance matrix of a structure. This point is
elaborated upon in Appendix B of ANSI §2.31-197

9
Documents

Document Sharing Hub

Full document details: ANSI S2.32-1982 (2014) scan


http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan
http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan

2 AMERICAN NATIONAL STANDARD

0.2 Introduction to Part Il of the Set (ANSI
$2.32-1982)

For many applications of mechanical mobility data,
it is sufficient to determine the driving-point mobility
and a few transfer mobilities by exciting the structure
at a single location, in a single direction, and measur-
ing the translational response motions at key points on
the structure. The translational excitation force may
be applied either by vibration exciters attached to the
structure under test or by devices that are not
attached.

Categorization of excitation devices as attached or
unattached has significance in terms of the practicality
of relocating the excitation point. It is much easier, for
example, to change the location of an impulse applied
by an instrumented hammer than it is to relocate an
attached vibration exciter to a new point on the struc-
ture. Both methods of excitation have applications to
which they are best suited. The present Part II of the
complete set of mobility measurement standards treats
measurements using a single attached exciter; mea-
surements made by impact excitation without the use
of attached exciters are treated in Part V.

1 PURPOSE AND SCOPE
1.1 Purpose

The purpose of this standard is to describe recom-
mended procedures for measuring mechanical mobil-
ity and other frequency response functions of struc-
tures such as buildings, machines, and vehicles using a
single translational vibration exciter attached to the
structure under test for the duration of the
measurement.

1.2 Scope

The scope of this standard includes measurement of
mobility, accelerance, or dynamic compliance, either
as a driving-point measurement, or as a transfer mea-
surement. It also applies to the determination of the
arithmetic reciprocals of those ratios such as free effec-
tive mass. Although excitation is applied at a single
point, there is no limit on the number of points at
which simultaneous measurements of the motion re-
sponse may be made. Multiple response measurements
are required, for example, for modal analyses.

2 DEFINITIONS

Definitions of terms used in this standard conform
to those given in ANSI S1.1-1960 and S2.31-1979 and

Full document details: ANSI S2.32-1982 (2014) scan

in ISO Standard 2041-1975. Definitions of certain
terms pertaining to digital data analysis are found in
ISO Draft International Standard DIS 4865-1979. For
convenience, the most important definitions used in
this standard are given below.

2.1 Frequency Response Function

Frequency-dependent ratio of the motion response
phasor to the phasor of the excitation force.

NOTES:

(1) In order of perference, motion response may be expressed in
terms of either velocity, acceleration, or displacement. The corre-
sponding frequency response function designations are mobility, ac-
celerance, and dynamic compliance, respectively.

{2) Phasors are defined in Appendix C of ANSI §2.31-1979.

2.2 Driving-Point Mobility, Y,

The ratio, in (m/s)/N, of the velocity phasor at
point j to the phasor of the excitation force applied at
the same point with unconstrained motion response at
all other points unconstrained, i.e., free of any dyna-
mic restraining force.

NOTE: The term “point” designates a location and a direction.
The term “‘coordinate” has also been used with the same meaning as
“point.”

/

2.3 Transfer Mobility, Y,

The ratio, in (m/s)/N, of the velocity phasor at
point / to the excitation force phasor at point j with the
motion response at all points other than j
unconstrained..

2.4 Frequency Range of Interest

The range, in hertz, from the lowest frequency to
the highest frequency at which mobility data are to be
obtained in a given test series.

3 OVERALL CONFIGURATION OF THE
MEASUREMENT SYSTEM

Individual components of the system used for mo-
bility measurements under this standard shall be se-
lected to suit each particular application. However, all
such systems shall include certain basic components
arranged as shown in Fig. 1. Requirements for the
characteristics and usage of those components are giv-
en in the following sections.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan
http://www.avadocuments.com/doc/ansi-s2-32-1982-2014-scan

ANSI| $2.32-1982 3

POWER
AMPLIFIER Y
SIGNAL AMPLITUDE I\ VIBRATION
ERATOR CONTROL l/ EXCITER
{ : ] O 0SCILLOSCOPE
P r“ r —} MOTION TRANSDUCER
CELLA
L - | L1+ FOR MASS CANCELLATION
: r_J | ‘._.._..L _j_——-l FORCE TRANSDUCER
I | —
11 * 1 STRUCTURE
-l _ UNDER TEST
ANALYZER FILTER lr
. 2 MOTION RESPONSE
i : TRANSDUCER(S)
| -
r—="
| L__-L J T -
PLOTTER OR s,a,:l_
OT”EEV?‘(;'ZPUT CONDITIONERS
BASIC FEATURE
————— OPTIONAL FEATURE

FIG. 1. Block diagram of mobility measurement system.

4 SUSPENSION OF THE STRUCTURE
UNDER TEST

Mobility measurements are performed on struc-
tures either in an ungrounded condition (freely sus-
pended) or in a grounded condition (attached to one or
more supports), depending on the objective of the test.

4.1 Grounded Measurements

The support of the test structure shall be represen-
tative of its support in typical applications unless oth-
erwise specified. A description of the support shall be
included in the test report.

4.2 Ungrounded Measurements

A compliant suspension of the structure shall be
used. The magnitudes of all elements of the driving-
point mobility matrix of the suspension, at its point(s)
of attachment to the structure under test, should be at
least ten times greater than the magnitudes of the cor-
responding elements of the mobility matrix of the
structure at the same attachment point(s).

In the absence of quantitative information, design
of the suspension is largely a matter of judgment. As a
minimum requirement, all resonance frequencies of
the rigid-body modes of the suspended structure shall
be less than half the lowest frequency of interest.

Items commonly used to provide compliant suspen-
sion include shock cords and resilient pads of material
such as foam and rubber. Since those suspension items
have mass as well as compliance, care must be taken to
ensure that the frequencies of the suspension reson-
ances are well away from the modal frequencies of the
test structure itself. The masses of any suspension
components such as hooks and turnbuckles located
close to the structure under test shall also be less than
1/10th of the free effective mass of the structure at
each frequency of interest.

Preliminary testing should be performed to identify
locations for the attachment of the suspension with the
minimum possible effect on the intended measure-
ments. Suspension near nodal points of the structure
under test will minimize the interaction of the suspen-
sion system with the structure. Suspension cables
should run normal to the direction of excitation, if
practical.

NOTE: Of particular concern is any added damping of the struc-
ture’s modes due to the suspension.
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