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Effects of the Component Structures on the Vibration of the Total
system Using Design Sensitivity Analysis
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Sun Byung Lee, Hong Jae Yim, Hyo Sik Kim

Abstract

In this research, design Sensitivity Analysis is presented for commercial vehicle such as large scale
structural system. The proposed method is based on vibration analysis of the total structure and design
sensitivity to identify the contribution factor of the component structure to the total system structure. In
addition, approximated equations derived from response surface method are used for representative

section properties of the thin walled beams.
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Aol dish APaAL. o8 FalA 2R Fx
gol Wi FxEY F2 REo] ogA sloia
A% % & QA9

BIW.(Body In White) 9| R A 7z
=9 AA W= 4 2 dAE AdsA, s4
ZEIOPOZTE MSC/NASTRANS AlL3}3 00
W2 Ao HH AAE 93 HH) Tz
< DOT Mg Argagich wan yz29 wy
A& YA SECOPT (SECtion OPTimizer)™
S AbEste] dEA 2 B oE uEgas

o 2 9 A5 S(section properties)ol] that 3
AL s
2. XA FxE SIAM L MA DT siA
21 W& Ao 2z sy

Ao F2 AA 7FE FAM FLEA A
HHE 7IEEL Aol FHYsts St wHyy
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A HE F3F ol 240 AR )= &
A, aElm ddg ued dARn 2@ 5
AP olzgd QA NFE 2 3z =98
(structural dynamics)ZHoll A AE3 BdA" Fg
g AA Al RELS AA A Azme F9
X E(bending mode)9t Bl EH E Z(torsional mode)
o] & Agolegr & + Yk

A QA Ao A Ax®] REST @t 3
A9 227 AFH(sprung mass)?] LE P ojo]Z
#o)A(idle shake)o} ZE XHH FAL x5
7} e s dYe2RE Sojox sty
AdE Hasste ol XA AA Hgeiw
& F gtk %7 A dANA AEH Bug
A 71ES @I aeHoz EM 9 47
g &7] AsME ASA FERE SEA &4
S H #3 24 Zde wEoof @} %)
A DA A E S0Hz ol8te FIE BTo ojg
B ZomT ZRFHDE AP Ashell
& AHRE A #% 24 mAwg: w.g
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—-‘—E‘ala

(beam & shell) AHE-8HE Zlo] x7) A
Al o FElsittn B 5 ok wa
de AMESHE A Az} B &S wEAz
don HE $o3F 298 HA mdo WA
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of A4 4 2o nlg) agRoz HA ndS
At AHH & £ e FHE R ¢
=3

Fig. 2.1 % Fig. 2.2% oA A33 A4 =7
el WA Ay va mde m§ AF siA
(eigenvalue analysis)©. & 12} B]E9, 12} 33 =

s ZEE UEiz itk

Fig. 2.1 1st torsion mode of bus B.1L.W.
model (16.42Hz)

Fig. 2.2 1st bending mode of bus B.LW.
model (22.25Hz)

22 B2 Fx29 J|0l: IS E 47
Sz E 5l A
AA 9= ge 7 A% FE 29 =
e HE AA A 2A FAES 2AEsiEd
OlEHE FHoE ufHA $¥ UAE 84
(eigenvalue response sensitivity analysis)ol] ¢l A
SR Aol it WA A ojlel Zol BEY

Ak
([K1=A UMD} = 0O (22.1)
oA7jol A A& nH A 3 A (eigenvalue), @,
[Kle 7= 72~
[M)& +

rlo

nd A a2 ¥ E(eigenvector),

B ox

8 A (structural stiffness matrix)©) ™
Ak P (structural mass matrix)©] t}.

AollA ERE nfAol dFg Au) LR
B2 9% #) A (static sensitivity analysis)®] A%
o viZHAR  oAA AA ¥ 4= viEl
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Fig. 2.6 Design sensitivity for the Ist
torsion (Roof structure)

Fig. 262 X pPxE9 12 8Ed T
g3 AA 9% gtojy AA ¥4 Roof Bow
RRO| #Z F2E| 14 ]
925 gto] 3A YElES

[REIEK)
W
G R {PIDS12E
PN RETET]
E PR p%am

Fig. 2.7 Design Sensitivity for the 1st
Bending (Roof structure)

TELE

Fig. 2.8 Design sensitivity for the 2nd

torsion (Roof structure)
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Fig. 2.9 Design sensitivity for the Ist torsion
(Full structure)
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Fig. 2.10 Design sensitivity for the 1st bending
(Full structure)
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Sensitisity Value

15t Torsion

Senstitvity 1265301052

T naTomion
S — . 84762698

Fig. 2.11 Comparison of design sensitivity
between Full and roof structure (Ist torsion)

E oeies X Fxg 14 HEY no

AA Fzgel 1z #F e rE F
288 ¢ & o

Senwitivity Value

tst Torsjon

151 Bending
Sensitivity 1

2nd Torsion

. 0.12)323904 -0.636080652

Fig. 2.12 Comparison of design sensitivity
between Full and roof structure (Ist bending)
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Table 2.13 Table 22+ AA L2283 £
8o dial HA A F3 oAl =)o
A A g HA dA F AR gl
sl sialet m-f AEF gkel s et 9l
=3

Table 2.1 Frequency of full structure after
optimum design

W Al WA
Ist Torsion| 1643 Hz
st Bend‘mgj 2221 Hz

Table 2.2 Frequency of roof structure after

16.41 Hz
2246 Hz

optimum design

WA R | 9 % mg %S wse
Ist Torsion| 328 Hz | 334 Hz +0.06 Hz ]

Table 2.13} Table 225 B3| B8 FTxE9
A8l 2= Al 2
g AA) FERE 1% #Y
gkol S7hh g ®oiFa glch
Table 2.37} Table 249014 =
HEY RE MY T ¥
Roof Stringer #2 RRS F71& 2.0004 3.02
A ddel giste AA FREY 14§53
=9 wf WES5 FABRT M@
Table 2.3 Frequency of full structure
(Roof stringer #2 RR)

WA w | WA ® |n%

[

L
1641 Hz -0.02 Hz
000 He |

16.43 Hz
2227 Hz

Ist Torsion
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Table 2.4 Frequency of roof structure
(Roof stringer #2 RR)

W3 i w7 % |2fF AT AstF

2nd Torsion| 16.11 Hz 16.20 Hz +0.09 Hz

<}

%2 Roof stringer #2 RR

Roof bow RRE& WA= Zo

2+ Bl EY 14 AFT & T

Rey olg B FL FRE FQ EE F
&l
Q

A 1A BlEd BEZE AA FxEY 1 #3
ool 7B 2 4%E FuUs AL ¢ F UA
o

Zald F2E 2 LHSide FEEo] dsiME
FEZ F2E e UHE @%6}04 AA =
ol A FFE FEAE Lol ESF Fat

Fig. 2130 XY FxEe 474 nix
d9e A 2A dvFeS stk

Fig. 2.13 Definition of design variables for
frame structure

et d

Fig. 2.14 1st bending mode of frame structure

Sensitivity Value

TstBending _ 1st Torsion

‘Sensiliily__-0.527264005 _ 0125174125

Lateral Bending | _ 2nd Bending
1 ! -0036157788

Fig. 2.15 Comparison of design sensitivity
between Full and frame structure (1st torsion)

Senxitivity Value

1351 Bending 15t Torsion Lateral Bending_ | 2nd Bending
Sensitivity ___0.60071212] -0 1 i __-0.011908468

Fig. 2.16 Comparison of design sensitivity
between Full and frame structure (1st bending)
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Fig. 2.172 LH-Side T3%&9 A4 WS
i3l RodF 3 gl
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e
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Fig. 2.17 Definition of design variables for LH
side structure



Fig. 2.18 Ist torsion mode of LH side structure

Sensitivity Value

1st Lateral 151 Torsion 2nd Tossion

— . .Q.06372986

Sensitivity g4117218 U

Fig. 2.19 Comparison of design sensitivitity
between Full and LH side structure (Ist torsion)

Seasitivity Vahue
I
|
|
|

. Tst Lateral 1st Torsion 2nd Torsion
Sensitivity_ 0.408291191 . SO T . 0.063722388

Fig. 2.20 Comparison of design sensitivity
between Full and LH side structure (1st bending)
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