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ABSTRACT

If a sinusoidal excitation force moves back and forth along a structure with a certain frequency,
the structure will be excited with the difference frequency of these two frequencies. A low frequency
vibration shaker has been developed using this force frequency shifting without actually moving a
shaker. The shaker consists of an ordinary eccentric mass shaker, a plate, constant springs, and time
varying dampers. The dampers are turned on and off in a sequential manner to simulate a traveling
slide of an excitation force. The operation of the shaker is simulated by solving the equations of
motion of the shaker. Characteristics of the shaker have been found and they can be utilized to
design efficient low frequency shakers.
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Fig. 1 Force frequency shifting with a
reciprocating shaker
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Fig. 2 A shaker composed of a plate, springs
and dampers
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Fig. 3 Variation of the damping constants for a
four damper system
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Fig. 5 Frequency spectrum of the transmitted
moment when the springs have constant
stiffness and the damping constants are
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Table 2 Effect of the frequency ratio f,// on
the transmitted moment

‘, M,(Nm)
20/25 62.7372
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Table 3 Effect of the mass on the transmitted

moment
m (ks M,(Nm)
23.1316
50 13.9529
70 10.1464
90 7.6209
110 6.3619

2003



MAF I o) F@YE o8F AF R ks g
A% 7hA7] e Ad M W A W 4 AESEd ge AEF SR 2THYFE TS
7} 0013m9F 0.16rad2 AN AA 77X F&  ZIARAFI PEE p=35 X 103 Ns/m 2 &gt
7Hsd grolth golA 78 AYRREE o}y JFi =3,
il

ol olEz HHHAY /Md&

9 e 2HsE ¢ 2 JER

E
< Aotk

=]iste] ol

= [o]
HEE A&

&
b4

el AaFaE o|F AAANA Az ds
o A%7t 7B A2E BHEA A= JP

2#87] Slatd 248 Az WHE e 7hA
29E THAR. of AxDe 328olA AL o)

=

“ Maoment speclrum ve. fraquency
T r T T

Total moment spactrum in Nm
2

10 u;" 1;" 1;:‘ 18’ 15’ 10°
Frequency in Hz

Fig. 7 Frequency spectrum of the transmitted

moment for the system producing a

large transmitted moment

Non-dmenstonal moment vs. frequency 1atio
002p + T T T ¥ T T T Yy

D.g18 1

0016

0014

00121

[Ankg

MUFOE

0.008

Llv i g

o004 -

0.0021

0 L . . L ) . . N L
] 0.2 04 06 Y] 1 12 14 16 18 2
(w1-w2)hwnr

Fig. 8 Non-dimensional moment versus frequency
ratio for the 2-spring-damper system

HELSANEB S =L

x10°Ns/md ) o] Alzwe] 2} FpgofA
E QRS At srol o
M 1Y ZZ Fig. 8ol ekl
Y= Azgs wha)

3 47t AREY THAFSY 2 )
spro Ao Ag BRUE AEo] Hujrt Ach
E fl fi 283 AFo] A

FPE R AL

E/‘*u]

Y3

Fig. 7l
93} 5719)
N2¥ol Fig. 72

].}\u.al/&’“e ;}_t,:_

e et b R E
2- ds It ©f
A2E T
5x10' N/mZ 5%

A, JHEEY A{AFFIL %Ei rl=0333mi
pom vmA wbsEE LY #@E AEF
At fA=12HzY o A F3b5 144 HzollM e A
2RAE AE2 13409 NmoilL, o] g 7-2=F
- A[L" M ET & gholth Flg. 9 vebd A
SRAUE AHAEYHS AP 2} FopgolMe A
o] el g A, SFIy AJEO] 7-2LH-
Wy A 2Fd HEle] ZAad A ¢ & Utk oA
g 27le Axgs deETg 2te 44

o

Rl \%n&

AZHOE sl 2ZY3 YHE e A2d
24 @ 45 BT ¢ YT ¢ F Uk 2

o ‘Maoment spectrum vs. frequancy
T T T

Total moment spectrum In Nem

x " ; .
07 10" 10° 10" 10 10° w0
Frequancy in Hz

Fig. 9 Frequency spectrum of the transmitted
moment for the 2-spring-damper system
producing a large transmitted moment

I/A11348 A 43, 2003\d/279



ol A9 L L Koss-° A &

g} of7]A 4L AGRAE 9A] ko) o ER
2xg-gis AZFET

o T e
AAZ 7RRFgr olF JRI7IE AR o §d
3 oE¥ A2 /h WHE AFse dojth 19
U A7) e A7) 5884 (rtheological fluid) S A
23 71 AR)07} on) Agsigglong B =87
oA At sHHFTE olF ZHRZIE AA AFE

r
m
F
:

|

it
f
il
_\
X2

e,

=

B

rO

e

i

oftt

oft |
L o
N
)
)
b B N
)

L o
W

o4 A

o
ox
T
fo
dd
B

)

2 2 THAck & AAAFE AT
Al skl

29 % Qo o HAZEE 2

A

o zt 1 ¥
rie
= N A TS 2 [ S LS e

ot A
ok
{o
u
=
2
L
p
td
(2,
|m
1o

N

>
- 2 ol o
i
e
o
o n
Tl
b
o o
™,
it ot i
rJ ‘1)’
ox 2
Hj m\l
T% o
o R
b
2 S5 2
)

i
)

H fo/fy, 28I A2 Ao He

o =t ofN N ngl
N
>
[
o

¢
>
>
to .
s
o
m £
w39
e Ko
o= o
S 2
rie Jlﬂ
[e3)
<
l’; ilo
I N

o] =¥ 2002d9% FHIH 2T 20019%
AR ATAAGTEE ATALE shel
B Agr

% ae s

(1) Koss, L. L., 2001, "Excitation of Vibration
in Large Structures,” The Shock and Vibration

Digest, Vol, 33, pp. 473~478,

(2) Bachmann, H.. 1995, Vibration Problems in
Structures-practical Guidelines, Birkhauser Verlag,
Basel.

(3) Stoessel, J. C.. et. al, 1987, "High Level
Vibration Tests Using a 2-kiloton Eccentric Mass
Vibrator,” Proceedings of the 5th International
Modal Analysis Conference, pp. 166~171.

(4) Pietrzko, S. and Cantieni, R., 1996, “Modal
Testing of a Steel/Concrete Composite Bridge with
a Servo-hydraulic Shaker,” Proceedings of the
14th International Modal Analysis Conference, pp.
91~98.

(5) Mutch, G. E., et. al, 1984, “The Dynamic
Analysis of a Space Lattice Structure via the Use
of Step Relaxation Testing,” Proceedings of the
2nd International Modal Analysis Conference, pp.
368~377.

(6) Koss, L. L., 1999, "Force Frequency Shifting
for Structural Excitation,” Journal of Sound and
Vibration, Vol. 219, pp. 223~237.

(7) Koss, L. L. 1996, “Fluctuating Moment
Shaker for Frequency Shifting and Structural
Excitation,” Proceedings of the 3rd International

Conference of Motion and Vibration Control, pp.
258 ~261.

(8) Koss, L.L, He, Y.Y. and Wang, X. 1997,
“Bridge and Beam Response to Harmonic Spatial
Loads,” of the 15th
International Modal Analysis Conference, pp. 901~
904,

(9) Manual, 1992, Signal Processing Toolbox-
For Use with MATLAB, MathWorks, Inc.

(10) Weiss, K. D., et. al, 1993, “High Strength
SAE

and Time Proceedings

Magneto- and Electro-rheological Fluids,”
Technical Paper Series 932451, pp. 425~430.

280/st= a2 s3ss =28 /A 138 A 43, 20034



