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ABSTRACT

MULTISHAKER MODAL ANALYSIS TESTING
AND

SPACECRAFT STRUGTURES

S. Draisey

The "information reported on the results of a literature
survey of multishaker modal analysis testing, applicable
to spacecraft structures was presented at CRC on
September 27, 1983.

This report consists of\copies of the vu-graphs which
were shown in the presentation.




PREFACE

The contents of this report were presented at the

. Communications Research Centre in Ottawa on

September 27, 1983.

The presentation was part of the work done under
DSS Contract No. 01ST.36001-2-1794 on Modal
Analysis. :
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1. TO DOCUMENT AND DESCRIBE THE VARIOUS APPROACHES TO MULTISHAKER
TESTING.

2. TO DETERMINE WHAT INDUSTRIAL GROUPS ARE USING THE VARIOUS MULTISHAKER
TESTING METHODS AS WELL AS THE TYPES OF STRUCTURES BEING TESTED.
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OBJECTIVES OF MULTISHAKER TESTING
W.R.T. SINGLE SHAKER TESTING
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SINGLE SHAKER TESTING A
- EXCITE STRUCTURE AT ONE POINT

- USUALLY RANDOM OR IMPACT EXCITATION

- THOUGH THE STRUCTURE MAY BE EXCITED AT MORE THAN ONE POINT, IT IS DONE
SO ONE POINT AT A TIME

ADVANTAGES TO MULTISHAKER TESTING

- SEPARATION OF GROUPED MODES
- ELIMINATE STATIONARITY PROBLEMS

- SOME -TYPES OF MULTISHAKER TECHNIQUES REDUCE TEST TIME

DISADVANTAGES TO MULTISHAKER TESTING

- MORE EXOTIC COMPUTER AND CONTROL SYSTEMS REQUIRED




TYPES OF MULTISHAKER EXCITATION ' ' SPAR

FORCE APPROPRIATION (CLASSICAL SINE SWEEP’O‘R DWELL, PHASE RESONANCE METHOD)

POSITION SHAKERS SUCH THAT ONLY ONE MODE IS EXCITED

SPECTRAL ANALYSIS IS NOT REQUIRED, THOUGH IT CAN BE USED

- PRESENTS SIGNIFICANT EXCITER POSITIONING, CONTROL AND TUNING PROBLEMS

CONFIDENCE IN RESULTS APPEAR HIGH THROUGHOUT THE INDUSTRY A

TIME CONSUMING

NON APPROPRIATED FORCE
- EXCITE STRUCTURE AT, AT LEAST TWO POINTS, SIMULTANEQUSLY

- EACH EXCITATION SHOULD BE UNCORRELATED WITH RESPECT TO EVERY OTHER
EXCITATION

- MAKES USE OF SPECTRAL ANALYSIS TECHNIQUE KNOWN AS MULTIPLE COHERENCE
FUNCTION '

- EXCITATION CAN BE RANDOM, SINUSOIDAL OR TRANSIENT

- FOR STRUCTURES WHICH REQUIRE EXCITATION AT SEVERAL POINTS, FOR ADEQUATE
CHARACTERIZATION, TEST TIME IS SIGNIFICANTLY REDUCED AND THE ASSUMPTION
OF STATIONARITY IS REALIZED

- CLOSELY SPACED MODES CAN BE IDENTIFIED
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BASE ACCELERATION

- COMIVIONLY APPLIED VIBRATION TESTING TECHNIQUE FOR SPACE STRUCTURES

- ALTHOUGH MOTION IS APPLIED AT ONLY ONE POINT, THE EFFECTIVE FORCES CORRESPOND
TO MULTIPLE INPUTS '

- FOR THE SAKE OF ANALYSIS, MUST BE TREATED AS A SPECIAL FORM OF MULTIPLE
INPUT PROBLEM '




MULTISHAKER DATA PROCESSING -

FORCE APPROPRIATION

- ESTIMATION OF FORCE
DISTRIBUTION

- TUNING TECHNIQUES

- INDICATOR FUNCTION

BASE ACCLERATION

- NOT AVAILABLE

NON APPROPRIATED FORCES

- MULTIPLE COHERENCE
FUNCTION
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) . INDICATOR FUNCTION (FROM ESA WORK) SPAR

PHASE PURITY CRITERION

A=1.0-3!|Reuj) mjl uj 1,2,

= mj. ujl

' WHERE mj ARE THE LOCAL MASSES

uji COMPLEX DISPLACEMENT
RESPONSE AT DOF i

A~ 1T AT w=wy




ASHER’'S CRITERIA

‘ .
FOR FORCE APPROPRIATION - SPAR
- .
BF=0 WHERE F - FORCE MATRIX

B'- REAL COMPONENT OF COMPLEX ADMITTANCE MATRIX

~
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- THE MULT?PLE COHERENCE FUNCTION IS USED TO MEASURE THE DATA QUALITY BETWEEN
ONE OF SEVERAL INPUTS TO THE PORTION OF THE OUTPUT IT CAUSES

- THE FRF's FOR TWO INPUTS -ACTING SIMULTANEQUSLY ARE:

Hy1 = Gy1 Hy2 = Gy2 WHERE: INPUT 1 AND INPUT 2 ARE
G11 G2 NOT FULLY CORRELATED

Hy1 IS THE FRF OF THE OUTPUT
DUE TO INPUT AT POINT 1

Gy1 IS THE CROSS SPECTRA BETWEEN
THE OUTPUT AND INPUT 1

'G11 IS THE AUTO SPECTRA OF
INPUT 1




PARAMETER ESTIMATION ' o - SPAR
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- POLYREFERENCE

- LEAST SQUARES ESTIMATE
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APPLICATIONS OF MULTISHAKER TESTING
(SPACECRAFT)

| | .
FORCE APPROPRIATION NON APPROPRIATED FORCES ?‘
- SPACE TELESCOPE (HAMMA, SMITH, STROUD - 1976)

- DSC-111 S/C IN STOWED CONFIGURATION
(FERRANTE STAHLE, BRESTMAN - 1980)

- MARINER JUPITER/SATURN SPACECRAFT
(LEPPERT, LEE, DAV, CHAPMAN, WADA - 1976)

- VOYAGER JUPITER/SATURN PAYLOAD
(HANKS, MISERENTINO, IBRAHIM, LEE, WADA - 1978)

- DEFENSE METEOROLIGAL SATELLITE - RCA
(CHU, VOORHEES, METZGER, WILDING - 1981)




CONCLUDING REMARKS
AR

Am——
PAR

- MULTISHAKER SINE (APPROPRIATED FORCE) HAS BEEN ACCEPTED FOR S/C | N
WORK ‘ ~ R

- MULTIPLE RANDOM (NON APPROPRIATED FORCE) IS RECEIVING ACCEPTANCE
IN OTHER INDUSTRIES AND WILL PROBABLY BE ACCEPTED FOR S/C WORK
VERY. SOON
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EXPERIMENTAL

{ 6) MOROSOW & AYRE
( 8) HALLAUER & STAFFORD

(13) IBANEZ
(14) CHU ET AL
(18) NIEDBAL
(20) NIEDBAL
{(15) CRAIG ET AL

( 2) HAMMA ET AL
{ 3) SMITH ET AL

{ 4) FERRANTE ET AL

( 9) LEPPERT ET AL
(10) HANKS ET AL

(17) VOLD ET AL

{ 2) HAMMA ET AL
{ 3) SMITH ET AL

-.11) CARBON ET AL

(12) ALLEMARG ET AL

APPROPRIATED BASE NON-APPROPRIATED :
FORCES EXCITATION FORCES PARAMETER ESTIMATION
THEORY ( 1) ASHER (19) LINK & VOLAN | (15) CRAIG ET AL ( 5) PAPPA & IBRAHIM

( 7) RICHARDSON & KNISKERN

(17) VOLD ET AL
(19) LINK & VOLAN




Bibliography

Asher, G.W., "A Method of Normal Mode Excitation Utilizing
Admittance Measurements'", National Specialists Meeting.on
Dynamics and Aeroelasticity, Fort Worth, Texas, 1958.
Developed admittance function commonly used in Force
Appropriation Testing.

Hamma, G.A., Smith, S. and Stroud, R.C., "An Evaluation of
Excitation and Analysis Methods for Modal Testing". SAE

_Paper No. 760872, 1976. Discussion of MODALAB testing

facility and its use for modal analysis on ‘Space Telescope
(tuned sweep and tuned dwell).

Smith, S., Stroud, R.C., Hamma, G.A., Hallauer, W.L. and

Yee, R.C., "MODALAB--A Computerized Data Acquisition and
Analysis System for Structural Dynamic Testing". Proc. ISA
Conf., Philadelphia, Pa., 1975. Describes the capabilities
of MODALAB, a testing facility that can operate in the sine
sweep mode or FFT mode. The facility has a spectral capacity
of 256 data channels. ' - :

Ferrante, M., Stahle, C.V., and Breskman, D.G., "Single P01nt
Random and Multishaker Sine Spacecraft Modal Testlng".

Shock vib. Bull., U.S. Naval Res. Lab., Proc. 50, Part 2,
pp.191-198, 1980. A very understandable paper. It dis-
cusses the testing of DSC-III S/C using Single P01nt Random
Testing and Force Approprlatlon Testing.

Pappa, R.S. and Ibrahim, S.R., "A Parametric Study of the"
Ibrahim Time Domain Modal Identification Algorithm". 51st
Shock and Vibration Bulletin, 1981. The ITD technique uses
free decay response data to determine the modal parameters.
This report describes how this is done. It also uses com-
puter simulated data to check for effects of noise errors.

Morosow, G. and Ayre, R.S., "Force Apportioning for Modal
Vibration Testing Using Incomplete Excitation". Shock and
Vibration Bulletin, 1978. Develops a method of identifying
individual mode shapes by suppressing the closely spaced
ones near it.

Richardson, M. and Kniskern, J., "Identifying Modes of Large

- Structures from Multiple Input and Response Measurements".

SAE Paper No. 760875, 1976. Shows how multiple input points

" (not multishaker) can be used to improve modal estimates.

Hallauer, W.L., Jr., and Stafford, J.F., "On the Distribution
of Shaker Forces in Multiple-Shaker Modal Testing". Shock
and Vibration Bulletin, U.S. Naval Research Lab., Proc. 48,
Part 1, 1978. A procedure to extend Asher's Method.




10.

11.

12.

13.

14.

15. -

16.

Bibliography - Continued

Leppert, E.L., Lee, S.H., Dav, F.D., Chapman, P.C., and
Wada, B.K., "Comparison of Modal Test Results: . Multipoint
Sine vs Single-Point Random". SAE Paper No. 760879, 1976.
Compares the two techniques on a cost basis. The com-
parison is made with test data from Mariner Jupiter/saturn.
spacecraft (111 accelerometers, fixed base test).

Hanks, B.R., Miserentino, R., Ibrahim, S.R., Lee, S.H. and
Wada, B.K., "Comparison of Modal Test Methods on the Voyager
Payload". SAE Paper No. 781044, 1978. Compares two single
point random, multipoint sine and time domain test . techniques,
used on the Voyager Jupiter/Saturn Payload.

Carbon, G.D., Brown, D.L. and Allemang, R.J., "Application of
bual Input Excitation Techniques to the Modal Testing of
Commercial Aircraft". 1982, Multipoint random excitation

was applied to test the Boeing 767 aircraft. The instrumen-
tation included 126 accelerometers and 13 shaker locatlons

"Dual shaker input was used.

‘Allemang, R.J., Rost, R.W. and Brown, D.L., "Dual Input

Estimation of Frequency Response Functions for Experimental

‘Modal Analysis of Aircraft Structures". 1982 IMAC Conference,

Orlando, Fla., 1982. This paper is the University of
Cinncinati version of the Boeing 767 test described by Carbon.

Ibanez, P., "Force Appropriation by Extended Asher's Method" .

SAE Paper No. 760876, 1976. Extends Asher's method so that
the number of exciters need not equal the number of trans-
ducers, and so that 1t can be used for impulse and transient
testing.

Cthu, F.H., Voorhees, C., Metzger, W.W. and Wilding, R.,
"Spacecraft Modal Testing Using Systematic Multi-Shakers
Sine-Dwell Testing Techniques". Shock and Vibration Bulletin,
U.S. Naval Research Lab., Proc. 51, Part 2, 1981. Describes

a systematic procedure for force apportionlng testing, applled.
to a Defense Meteorological Satellite.

Craig, R.R. and Chung, Y.T., "Modal Analysis Using a Fourier
Analyzer, Curve Fitting and Modal Tuning". Center for
Aeronautical Research, University of Texas Report .CAR 81-1,
1981. A very understandable discussion of appropriated and
non-appropriated modal analysis testing.

Vigneron, F.R., "Comparison of Tést Configurations for Modal
Parameter Identification". CRC, DSM-29, 1983. Examines the
concept of base acceleration testing. ~




' 17.

i8.

19.

20.

21.

Bibliography - Continued

vold, Kundrat, Rocklin, Russell, "A Multi-Input Modal
Estimation Algorithm for Mini Computers". SAE Paper No.
820194, 1982, The polyreference technique, a.parameter
estlmatlon method for multiple 1nput cases (not neces-
sarily multishaker input).

Niedbal, N. and Huners, H., "Modal-Survey Testing for
System Identification and Dynamic Qualification of Space-
craft Structures". ESA Journal 1982, ‘Vol. 6. Discusses
phase-resonance method (force appropriation) and phase-
separation methods (transfer functions).

Link, M. and Vollan, A., "Identification of Structural

System Parameters from Dynamic Response Data". 2. Flugwiss.

Weltraumforsch. 2 (1978), Heft 3. Discusses base excitation.

Niedbal, N., "State of Art of Modal Survey Test Techniques",

ESA SP-121, 1976.
Rades, M., "Analysis of Measured Structural Frequency Response
Data". SVD Vol. 14, No. 4, 1982. An extensive bibliography

of modal analysis techniques.



DRAISEY, SHERRY

—- Multishaker modal analysis testing
and spacecraft structures.

:

91

655

1983 sl RET(t)JUlEa

LOWE-MARTIN No. 1137:

CA

i

81003







