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Experimental Structural Dynamic Modification of Fixture
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ABSTRACT

Vibration test fixture is used in random vibration control testing. The specified
reference spectrum should be transmitted equally to the specimen attachment points on
the fixture. In most practical cases, however, spectum at each of specimen attachment
points may be quite different from the specified reference spectrum because of the
dynamic characteristics of vibration test fixture. This paper proposes the method of
experimental dynamic modification of fixture system for vibration test so that the
reference spectrum can be transmitted to the specimen attachment points without
distortion. The stiffness of mounts of specimen and the thickness of fixture are
considered as design variables. The frequency response functions of specimen used for
input data are obtained from vibration testing, and the frequency response functions of
fixture are obtained from finite element modeling. The sensitivities of frequency
response functions at specimen attachment points to the mount stiffness are derived
from synthesis method of transfer function. And the sensitivities to the thickness of
fixture are also derived from finite element modeling. The presented method is verified
by computer simulation and vibration testing.

1. A B

A2 guPe AFAEFASS IPAEANEL
a7en slod BAAEANEY 59 ALE A

719 AEE Alolo] ozl AguiAAZ AFAE

* A, B2Agn JATER
= H/&q]?z}m et
A3, Fugdd s FAAYHA

180 /3t=22SXEZ S A/A 8 A Al 1 &, 1998

277F ol &A1 Uk, AlEF FaA 71F
2¥ EH (reference spectrum) o2 7} " 7128
o] X|1glel AXE o AFE FAFE Td3
A AeHe Rl 71 oA AR, AT F
E402 Q3o AIPE FFAAHu} AEHEe IF
2" ER] gEAA B 7 AFEN o
T HAsA)7] Aot JFAEA A7 A
oj7Zl&EAE AAEn ArIE=AREH YA
HEHE 7IE2HEJT vwdle] 1 AAolE HA
gal7] 9% J=wAolo] B AFst UAHS .



AENBE A7 A9 7287 4dA

A JERAQL HaAeH S o] &3 Ao H A
HA/NE2HERA P02 AAH k. a2y o
zHiA ol & FPItAax APE FAHAN SHAY
Efo] zo]7t Qo™ RE ARE HAAHE NFES
HEFo g 7HRde AL ErlsstdgdRAg. olgz
e 2AHE #8437 98 Kim#* Jeong”&
2o FRairdA wNFAAFF xS
ol &35t WFAANFFE AXAINE AEE &Y
th =3 A HE ol&3d X7 FRAEAAL
Ag & 4+ de 22428 ®L ArsAT. 2
v ool HHEL X Futel] gy HAIE A=
How, A7 wEEZ AZF FFHE APE
Aol vXe G diEsMe meistA g
AFA AT P4 PYu F2ES 7|E80E 3
e ¥ad 9g Yoz FEA} {fALiLRdo
v wA £ol3R| g, AFPEL HA FNEE QB
2 33 Jerng Ao HIAstd HAF {FFas
2doe Be x3o] "Wasith waty AP
Ae7fael otz A EC] Fo|F AN AT
g QA3 98 e AdE TEAL f¥as
2dg olfdte RAET IFAPE ol&dte Ao
uigF stk APEY vlE AZAHAAMY AFA
AEANE PN At AAWAl e F
e AFBAPATF #FAHste X7 APES
dAFdse vteEQ BEA W3 g 23¥ ¢ o

mta B =2di AlREL ARFSHY AFA
ol gt nfLE dAAHANMY FHFLHHTE
Fatan, AFANPXFE FRaLrdgoz FoF
29I 4E File Aoz JHAEY. 22n f3¥8
27d 2RE X7 FARAC g ForgEd
o Mz AEHgFe] FHYELZREH vpE
E9 FEA WA wg Fregddse s
A S AA T EF AP FA S FFE
Aty ANEE FERAASAAMY MEESHAYER
o] 7t5d NE BolAmE XFo A WA ut
FE9 BTEA WAL YT AgE PP F
NN Aoz gL AEeo

2. 0| s&liH

21 =N X|FHO|E st SEE

7AR718 A7l AFEo] vtLEZ ZAFH I
EAEAE 1. FHFE w=w;, i=1, - N
ANM 27 AFEE FFAA S, j=1, - .ns °lA
9 eHAHMEAL H¥(w)., AFAATFRHN Fo
A 7NEF2HERE Heelw)S 32 dEZFA

AlgA] X FHel AXE 8] AEE EFAH SN
o EH2HERE Mo AN ERA 9
oJA] AIFE HAFENMY SHAHER ] VjE2
HEY 77k Aldo] +yEF glon, ol 9
& ZAFSFE Kim?* Jeong@ol st then}
2ol AA=] Ut}

O(C')i) 2
#( CUi)

J=ne L) | (1)

AN ww)E AA) NYE FHY uaw
Ede Bdoz
o) = A 3 H (@) ()

n

o1, (w)E AlolA AHE FHHSAMY %
HogERHS RO

Plw) = 2 - 2 [H (@) = wa)] @3

olty. 7|g2d e BAFTHE G0N Hoylw)
=Hy 2 493% 2719 2¥9EHFS e 3971
dygolm o e EAGLE g 2o

n ) 12
1 =n L B[4 @)

#(w;)

22 x| HHo] 25t Ll

AZAYATE dutd oz AP 2F L 3}
2 e dEE e FxE|RZ {HLAEY
PE P £ U, X7 FA ¥FE {(r)ig
3la, fFEsimdds AFPEE (M(r)), 24
PAL (K(7r)), A998 E (F(w)let 38 ZA
AZX e 7tEEsF2HER (GT(w))E

(IM(9)] — ﬁ[x@)]){cF(y. o) = {F(@)} (5)

ojty. X FFA AAWRSF {r}ol st vjEstA

AM@] 1 dKO)
S i g CCAD)

+([M(7)]——12‘[K(7)]){M}={0} ®)
w ay
Joz AFEARAC @ $PAHELY FEE
o3t B

(M1 — Lp[K(p)-2HE{ral

LSS X/A 8 A A 1 F, 19983/ 181



-3 -FFH

—_[dM®»] _ Ji[&(l).l
dy o’ ] (7
([M()] — 'w—g[K(r)]) 1{F(a))}

7l AFRA B i%ﬁls} PR LD
7;:."E _d[%ﬁlE_ Tor _3_/\75“/\-1,\] h:‘:;?,‘l?_-q‘ A
gaz2y 34 7€ & Ao

3:_,

23 Faj+-SEETo B8y

AN TFE #FF8I A 23 vpEES
AZAANY FRELRESF G (w)E P,
NRELS AFddeMe FHPA AP st
neES AAFAMY FAFLEFSF G0)E
F¥ch. Fig. 13 Z2o] nEZ ddd AA A%F
AGAC dF pEES] AZHANM SEE AF
T & e AegF F4RO0L aeH 2o

AFAFAT-AEE Z2FAANM AQES iHA
e E dARAMY FREEERST H(0)E
R,

R,

H{ =[G} G§ - G5l i=1,-.n (8

R,
oty. 71X, Gy°e ANEET] i A/AH A
FAEA AA PLEEA s A bR thEE
Mol Fu¢ ggFFeltt. adn AFEER AT
olg] WA rleEY ALY Ri(w)E ©ed ¥
g ez Fojid,

Specimen,S

F(w)

Fig. 1 Model of fixture and specimen

182 /3242 SBEHX/A 8 B A 1 &, 19984

2

_—-———w X
K, +jaC; 0 0
2
0 TR, 0
: H ‘. H 9
-, —_—— W
0 0 K, +iaC,
Gg G;.-; G
Gh Gz - Gu
Gf\ 62 GF
Gzl GZZ ~ Gi]) (R, G
+ |Gh G Gh|||R:| = G| (9)
G G2 - Gal) | R, G

Ed=
[L@HR(w)} = — {N(w)}

2 FEEY. 47N, ki, o 94 ntLEL] 24
B AL, Gfe X Fte] di juA b
EAR AR gi@ idA ulLEH FAFSEIF
ol®, Gif & X7l thated 74X 7] A i
WA nfeEe) ZuggRsolrn

2.4 AE 29| OI2ESHA HAHO| 2|3 AxslA

AFANEXTY AHEL Addse tLE B4A
k7} sk 2] (9)elA vtEEAYY {R(w))o] ¥
A =9 4 (8)d APE FHegEdsE HPS
(0)% W&A 9. 2 (98 i9A ftLES] 244
kG2 PR3

dlL R _
—%{RH[L][E} =0 (10)

Jnz oheE 24 kdst g vheEdEd
AEE e 43934

dR)\_ ___ &

czryg 7% 4 U @7A (e (D)azw
lolm UnlA] a4k 2% 09 Pdojoh, [ }

FHAR HEE 24 ksl B AYE nheE
o azde ZFEE A (8)8 nEs GeHez

2E TG
aH’ dR,/dk;
e = [GS G - G3] dRZ:/dki _
dR,/dk;
i = 1l-.n (12)



JEsANEE 279 494 287 A
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(b) Fixture and armateur

Fig. 2 Simulation model of vibration test system
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Fig. 3 Design variables for fixture modification
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Table 1 Values of design variables

Destn varibies | oeire, [ Aot
No. 1 |5.530%10° | 4.321x10°
Stiffness of | No. 2 |5.530x10°| 6.084%10°
mount(N/m} | np 3 |5.530%10°| 6.127%10°
No. 4 | 5.530x10°| 4.198x10°

No. 1| 0.039 0.040

No.2 | 0.039 0.036

No. 3| 0.039 0.041

No.4 | 0.039 0.036

No. 5| 0.039 0.046

Thickness of | No-6 | 0.039 0.040

fixture(m) | No. 7 | 0.039 0.042

No.8 | 0.039 0.030

No.9 | 0.039 0.042

No. 10| 0.039 0.039

No. 11| 0.039 0.037

No. 12| 0.039 0.039
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Fig. 4 Frequency response functions of specimen
attachment points before modification
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Fig. 5 Frequency response functions of specimen
attachment points after modification
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Fig. 6 Acceleration spectra controlled by optimal
reference spectrum before modification
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Fig. 8 Experimental model of vibration
test system
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Fig. 9 Frequency response functions of specimen
attachment points before modification
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Fig. 10 Frequency response functions of specimen
attachment points after modification

Table 2 Values of design variables

Design variables | Beiore, | AREr
Stiffness of | No. 1 |2.60x10% | 3.42x10°
mount(N/m]) | No. 2 | 2.60%10% | 2.26x 10"

No. 1| 0.006 0.006
No. 2| 0.006 0.0075
No. 3| 0.006 0.006
No. 4 | 0.006 0.007
No. 5| 0.006 0.008
Thickness of | No- 6 | 0.006 0.009
fixture(m) | No. 7| 0.006 0.006
No. 8| 0.012 0.012
No. 9 | 0.006 0.009
No. 10| 0.006 0.006
No. 11| 0.006 0.006
No. 12| 0.006 0.0075
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Fig. 11 Acceleration spectra controlled by optimal
reference spectrum before modification

MAG.[ms-2]

L " A
o 100 200 300 400

FREQ[HZ]

Fig. 12 Acceleration spectra controlled by
optimal reference spectrum after
modification

5.8 &

(1) fPedrdstd A7 FARAGA @&
AF-ANEEA] g2 ERY FEA{YE A
T

(2) APFFAY L 7122 31 nEESHW
Aol g X F-APEAY TH2HERHS] HE
AgE AAsAT

(3) AT AFA A JFAATH AHE
ol & XA F e A7 7x9 IEE 5
el BAUALAY S AdstRen F£AHH 4
doz g4 FFsud.

(4) ALTF WYL o83t FERERFE ATE

186 /&t2 2 ST S35 X|/A 8 B A 1 %, 1998

HAHNFAHNEZ R Ao A AIPE EAHE
drel ggadEHC AFAFFAN o}F 2
g & AU

E

2 d7E 19963% A&F Sed72Au (A
338 : ME96-D-07)°ll 93t A+ HJEUT. &
AR A2 &A A=y

= N R |

(1) Tomlinson, G.R. ., 1979, "Force Distortion
in Resonance Testing of Structures with
Electrodynamic Vibration Exciter”. J. of
Sound and Vibration, 63(3), pp. 337~350.

(2) Rao, D.K. . 1987, "Electrodynamic Interaction
between a Resonating Structure and Exciter”,
Proc. 5th IMAC. pp. 1142~1150.

(3) Olson, N.L. , 1986, "Using and Understanding
Electrodynamic Shakers in Modal Application”,
Proc. 4th IMAC, pp. 1160~1167.

(4) Brown, D.L. and Allemang, R.J. , 1989,
"Experimental Study of Active Vibration
Control of Flexible Structures Subject to
Forced Vibration”, Proc. 7th IMAC, pp.
926~933.

(5) Harris, C.M. and Crede, C.E. , 1976,
Shock and Vibration Handbook, 2nd Ed.
McGraw-Hill, New York, pp. 27-1~27-14.

(6) A=, AE, 1995 "W F AN X
FAEFIS A% NE2HEHY HAS A g
A7, AFNARY=EH, A 19 A, A1 5,
pp. 284~291.

(7) A&E4. BE, 1995, "BAAFAIAA A
HZANFFH M gFd N7 FREPALA
P22 T F83 A A5 M43, pp. 555~563.

(8) AFEY, AAE, 1996, "FAANFAEAAE
A% (7o APA FRAALA FF2FTF
233, A 6 ¥, A 3 5, pp. 317~324

(9) EE5E, 1985, "®- M A,

(10) EMMEEE KHEEM, 1990, HoEamsk 5
A48,



