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Dynamic analysis of structures is of significant importance in a variety of applications. Modal 
parameters identification can be utilized in resonance frequency estimation, fault detection and its 
diagnostics in many industrial applications from automobile to aerospace and satellite industries. To 
perform the vibration tests utilizing shaker, test sample should be connected to shaker using fixture. No 
fixture can reproduce a perfectly rigid boundary condition; at some frequencies the interaction between 
the fixture and the structure will become important, causing the modes of the assembly to be 
considerably different from the fixed-base modes that would be predicted by an idealized finite element 
model. However, it would be very convenient to be able to estimate the fixed-base modes of a structure 
experimentally so they could be used to update or validate the model for the structure. In this paper, two 
degree of freedom model is considered for the system and optimal shape for fixture is designed based 
on the analytical analysis. Mode shapes and frequencies of fixture are investigated numerically and 
compared with experimental results. Effect of connection torques on the system dynamics such as 
power spectral density and natural frequencies is studied by performing different experimental analyses.  
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Fig. 1 Schematic of shaker and fixture 
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Fig.2 Two-Degree-Freedom model of system  
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Fig.3 Non-dimension frequency response as a function of  
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Fig. 4 Designed fixture  
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Fig. 5 Vibration sensors arrangement on head expander 
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Table 1 Fixture frequency responses for sinus sweeping test 
 1   

 )  

 720  
  1380  
  1430  

  1685  

 
  .

"7 10"  
  

 .

 )2( 
   

  
Fig. 6 Power spectral density for different values of connection torques 
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Fig .7 First mode frequency as a function of connection torque 
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Fig. 8 Second mode frequency as a function of connection torque 

 8 
   

  
Fig. 9 Third mode frequency as a function of connection torque 
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Fig 10 Forth mode shape frequency as a function of torque 
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Fig. 11 Transmissibilityas a function of torque 

 11 

   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.2

9.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

                               6 / 7

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.29.2
https://mme.modares.ac.ir/article-15-6150-fa.html


    

            

13951611  329  

 -6 

 .2 

 . 
 .

  
 

 
 

 
 

 . 
 

  
  . 50 

    
 

   
25  

  
 

  
   

 -7  
[1] K. Rana, Fuzzy control of an electrodynamic shaker for automotive 

and aerospace vibration testing, Expert Systems with Applications, 
Vol. 38, No. 9, pp. 11335-11346, 2011.  

[2] C. C.Liao, S. S. Hsiau, C. S. Wu, Combined effects of internal 
friction and bed height on the Brazil-nut problem in a shaker, 
Powder Technology, Vol. 253,No. 9, pp. 561-567, 2014.  

[3] W. Tustin, D. Jariwala, Random Vibration & Shock Testing: 
Measurement, Analysis and Calibration as Applied to HALT, ESS, 
HASS & COTS in the Fields of Aeronautical, Automotive, 
Commercial, Seismic and Shipboard Design & Production, 
Equipment Reliability Institute, pp. 223,  2005.  

[4] D. M. Harris, J. W. Bush, Generating uniaxial vibration with an 
electrodynamic shaker and external air bearing, Journal of Sound 
and Vibration, Vol. 334, No. 5,  pp. 255-269, 2015.  

[5] L. Khalij, C. Gautrelet, A. Guillet, Fatigue curves of a low carbon 
steel obtained from vibration experiments with an electrodynamic 
shaker, Materials & Design, Vol. 86, No, 17, pp. 640-648, 2015.  

[6] D. Gorman, R. Singhal, Steady-state response of a cantilever plate 
subjected to harmonic displacement excitation at the base, Journal 
of Sound and Vibration, Vol. 323, No. 3, pp. 1003-1015, 2009.  

[7] M. S. Allen, R. L. Mayes, E. J. Bergman, Experimental modal 
substructuring to couple and uncouple substructures with flexible 
fixtures and multi-point connections, Journal of Sound and 
Vibration, Vol. 329, No. 23, pp. 4891-4906, 2010.  

[8] P. Sjövall, T. Abrahamsson, Substructure system identification 
from coupled system test data, Mechanical Systems and Signal 
Processing, Vol. 22, No. 1, pp. 15-33, 2008.  

[9] M. Blair, Space station module prototype modal tests: Fixed base 
alternatives, Proceeding of 11th International Modal Analysis 
Conference,Florida, USA, February 1-4, 1993. 

[10] O. Dossing, Prediction of transducer mass-loading effects and 
identification of dynamic mass, Proceedings of the 9th 
International Modal Analysis,Florence, Italy, Apr 15-19,1991. 

[11]  M.  S.  Allen,  H.  M.  Gindlin,  R.  L.  Mayes,  Experimental  modal  
substructuring to estimate fixed-base modes from tests on a flexible 
fixture, Journal of Sound and Vibration, Vol. 330, No. 18, pp. 
4413-4428, 2011.  

[12] M. R. Miller, R. Crapo, J. Hankinson, V. Brusasco, F. Burgos, R. 
Casaburi, A. Coates, P. Enright, C. M. van der Grinten, P. 
Gustafsson, General considerations for lung function testing, 
European Respiratory Journal, Vol. 26, No. 1, pp. 153-161, 2005.  

[13] D. J. Inman, R. C. Singh, Engineering vibration,pp. 100-120, New 
Jersey : Prentice Hall, 2001.  

[14] W. Thomson, Theory of vibration with applications, pp. 196-
200,Florida: CRC Press, 1996.  

[15] U. Fischer, R. Gomeringer, M. Heinzler, R. Kilgus, F. Näher, S. 
Oesterle, H. Paetzold, A. Stephan, Mechanical and metal trades 
handbook, pp,76-83, Nordrhein-Westfalen: Verlag Europa-
Lehrmittel, 2010. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.2

9.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.29.2
https://mme.modares.ac.ir/article-15-6150-fa.html
http://www.tcpdf.org

