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Abstract

This standard is the second part of a set of five standards covering the experimental determination of
mechanical mobility on structures by a variety of methods appropriate for different test situations. Part | of
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ABSTRACT

This standard is the second part of a set of five standards covering the experimental
determination of mechanical mobility 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 | 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.
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FOREWORD

[This Foreword is not a part of American National Standard Method for the Experimental Determination of Mechanical Mobility. Part I
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 (ASACOS).

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 52 Committee had the following members
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American Society for Testing and Materials (liaison) e J. W. Coff
American Society of Heating, Refrigerating, and Air Condition-
ing Engineers, Inc. @ P. K. Baade, P. Ostergaard (A/)

American Society of Mechanical Engineers ¢ . 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 (A/)

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

Compressed Air and Gas Institute @ |. 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/)

National Fluid Power Association @ R. W. Stephens, J. |. Morgan
(AID

Naval Air Systems Command e (vacant)

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

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) e R. Bingham, R. F.
Wilkus (A#f), |. P. Henderson (A/t)

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

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

U.S. Navy Department Naval Sea Systems Commands e L.
Herestein, K. Hartman (Al

U.S. Department of Transportation e |. E. Wesler

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

A. O. Sykes
H. E. von Gierke

Working Group 52-74 on Measurement of Mechanical Mobility, which prepared this standard, had the follow-

ing membership:

P. K. Baade, Chairman

. R. Bouche A. C. Keller
J P. Catlin S. R. Mannava
B. E. Douglas L. D. Mitchell
E. L. Hixson E. L. Peterson

D. D. Reynolds
S. S. Sattinger
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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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Methods for the Experimental Determination of

Mechanical Mobility.

Part lI: 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 6N.

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 82.31-1979) 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 6X 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 §2.31-1979.





