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Study on Configuration Design Sensitivity of Noise & Vibration
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ABSTRACT

In the concurrent engineering, the CAD-based design model is necessary for multidisciplinary
analysis and for computer-aided manufacturing (CAM). A shape and configuration design velocity
field computation of structure has been developed using a computer-aided design (CAD) tool,
Pro/ENGINEER. The design Parameterization with CAD tool is to characterize the change in
dimensions and movements of geometric control points that govern the shape/orientation of the
structural boundary. The boundary velocity is obtained by using a CAD-based finite difference method
and the domain velocity field is obtained from finite element analysis (FEA) using the boundary
displacement method. In this paper, the continuum configuration DSA for NVH problem, which
requires the shape velocity field and the orientation velocity field at the same time, is developed using
linear shape functions. For validation of continuum design sensitivity coefficients, design sensitivity

coefficients are compared with the coefficients computed using by the finite difference method.
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Fig. 3 Change of design variable of CAD model

P(t,C,,C,.C,.Cy) = Co(1- ) +3C (1 - t)? +3C,2 (1~ ) + C;t?
0st<l1 ¢)

714 €0, C1,C2,C3 & B-spline 2 Ao} o|t},

B-spline 8] #Ao]Fd C2 & AA wWyz Me
3 C2& C2E olsAZ & Utk ojw WA
AA Fde WAL

P(t,C,.C,,C, ,C;) =Co(1=1) +3C,t(1 - 1) +3C, 11— 1) + Cot°
0st<l1 8)

A71M, €, =Cy(xe, Yo, +Be,o2c)s Oy, = A
Ae2el yu waloln adnz 4 @S oe
3 ol yEhg & Yot

P(t.C0,C,.C; .Cy) =P(L.CyuC G, Ve, + B, 261G
=Go(1-1) +3CtA -1 +3C, (¢, ¥e, +F, .2 W(A-D+CE

0<t<1 9
AA SH49 doe 23 Nlde HA
E RS
vy = P o PGy GGy . C) - PG, GG, C)

&e,
(10)

CAD ZZ 1#9Q] Pro/ENGINEER 9] &¢I
Pro/DEVELOP & §+E& A& A9
oA AL 42 Bix gA EA $=28 F
g g U A £25 7P F AA Bgy e
A8t 49 (domain) 24 =L FE F,

7] 8

#% 24 HYAM A4 mho A SRS
AA 2oz dAsE JAelM HA S
% 7¢ 5 ok

4. Zim ol MA 2HT &N

TE-SYAY wEge

b,(z2) - [[.pzndl +d(p,p)

an
-@? IL_E*zTndF =¢,(2)
_ (z,p)eZ@Plfp=pn (12)
and Vp'n= w’pz'nx el™ =
Z={ze H:(Q*)]'| Gz=o, er"}
[ ()] .

={peH'(Q')| Vp'n=0, xel“"}

A7ldAM H'3 H*S Z dak g oojate

F 2B ¥ 38 F3IH complex Sobolev spaces )& &)
atel, 4 (1209 Z@P2 ¥ 29 PAAMY Hg
oju]ghet,

A DA z9 peE TE MY4Y ¢S
el 3, 0 & 34 5258 Jehdth b, (o)
o dfee)e INQRS
semilinear FA O Z A b7 o] o Hojz}

sesquilinear ¥ Ao},

b.(z2)=(D,22)

= 1] wzmz+icoCz+Az]Ti'dI" (4

2 Qs
(A el

- 185 -



2gAle 23 2Ede)

v, = I 8(x - R)pdQ (17)

2 ane 12 Aol

=}
HE

flo

2 ) 2

A
= AL 7 5 lon B wgE BEy (20)
ol Al Fatch o] REAL NE VM FHE W5
ahojoF gt

y,'= ()b, @A)+ [[paT[V,n+VTVankD
~dy (p.m+o* [[ 7T [V,n+ VT VnldD

(19)
bo (4,4 [[. 7ATndl +d . (7.7)

~o* [[.n"ATndr = [[ (x-R)7dQ @0

2l (o)A A Faold HA = ve Y
AA FE Voo FBA AA £ vV, 9 2ol
peot @] FEA A &% WEIJAV, = 4
@neoltt.
V.- S 0
7o s
0 "Vz.l V31 0 0 _V3_1
S, =V, 0 Vs b §,=| 0 0 -V,
V3.1 _Vu 0 V3| Vs.z 0
2n

2 (18) ol&ste] ¢4 xoll = Fx W
o) AA RTEE 78 5 Urh o] W, B W
e ge REAL 4 224 T

by (A4,4)- Hr 7ATndl +d . (77,7)

— - _ (22)
-o* [[.n'A"ndr = [[ 6(x-D)AdQ

H

=
M

1} g

K

][]
fi

5. FX|

Fig. 4ol 28 ©¢ 2% ZLE B-spline ¥
S %38l Urd CAD
Abgatel A sl

292 Pro/ENGINEER &

(a) Simplified car model

(b) Design variable of CAD model

Fig. 4 Simplified car model

Fig. 4014 27 W Aol3 cz2olx, 44
do] 3argoz Wty giEe F4 A &=
ofvzl AxA £=Fre o
Pro/ENGINEER oAl A3 7]5}et3
Fig. 59 %#©°] MSC/PATRAN oA 350 7§} A}z
Hy 942 F3 84 222 BAFAY x 9 2

off.

HE

7ol Q.
a-2a

urgko] Al AE 25Nmm, y Y AZH
%47 10N/mm o] 31, Z4zhe] e 10% ot 7t
AL yagog 25x10°2.2 F 6 sxdnt
ERHL e Y A4XA 2H 1789 y ¥
3ol

- 196 -



29 Foa¢ 9 MY 0 ~ 200 Hz A &A 9% siA T2 W2l CONTESA & ol &
AarE 45 M9 B9 Algsle] AAreeh Fig. st ATk BEAL wwEs] S5t &
6 ol 40 ~ 65 Hz7hA 8] Azt &AM A9 w9 B¥n wudde. o714 F3b 482 ¥ A
@9 FRF H%7} YehG Qi o] ¥AE vt A}

& 2

6. M 23t X HE

el oAl CADEDo X4y AojYL
- \ M7 WEE Agsta A Fdold AA M=
S A4S AT Table 1 & SAAS) B4 (2A
%{Zi 178)cll A o] Wglel] dig HA DHE Folh A7

Seat Track Response Point

; e T WEE @ § AEW) da 7@ @e wa
J stol we WEA AT A ¢ 5 Ao
Fig. 5 Finite element model of simplified car . L .
Table 1 Design sensitivity of displacement

(y-direction at the seat track, node 178)

Displacement

l M7 M e P RV ooy Freq. | Perturbation | CFD v V/AY %
(Hz) 5 Ay
S TR YN T 50 Imm | 12552E-2 | 1.0471E2 | 83.42%
________ ' 60 Imm | 6.9890E-3 | 8.1442E-3 | 116.53 %
! J

J sy-yd-ad) . - _
———————— R e

Ao 3l = NASTRAN 9 A wiztzo|g}

AA &£%AS Pro/DEVELOP 9 &4
zt AHe] t¥ gk
B

q
T AA Wl Wt WE FA Fye od A mpE M me

1
gm
AT M e YEYH B3 HEHAF ¥ o]8EL
AL&-3F3i T}
2&/A5 0 AFFdeld AA wAdE a4

ol F3 8k 4 ZRaBgN 9 3 5 st 3
go #3 8x 3 22N A B o sl cap® o8l WA B AEA 4
AT = 0l & o] o 3
7’“ —vEE 75‘7"“ —%Z—‘_Oi r’HH }'0:1 0-10“ E}]t& Q‘E%‘% 7%]’}_6’]’%1_?.., 0]—3— 0]%6‘}-0:] /'374] E’J@'E
AA =3 ek Ao a3 n :
e S5t AAZRE CADE ol &3 A
o KX S| E~) o 5 3]
AN D& AA S=E olgsted AA R ok A was g4 duwma gys
A AN FAsn A 8 e d A

28/17% A AL spegs sk
Ao WY MHA YUAE= MSC/NASTRAN I <

- 197 -



ro

P2

I

[1] E. Hardee, K. H. Chang, K. K. Choi, X. Yu, and L
Grindeanu, “A CAD-based design sensitivity analysis and
optimization for structural shape design applications,” 6th
AIAA/NASA/ISSMO Symposium on Multidisciplinary
Analysis and Optimization Partl, 1996, pp.77-87.

{21 K. H. Chang, K. K. Choi, C. S. Tsai, C. J. Chen, B. S.
Choi, X. Yu, “Design sensitivity analysis and
optimization tool(DSQ) for shape design application,”
SAE 45th Earthmoving Industry Conference, Paper
No0.941090, Peoria, lllinois, April 12 and 13,1994.

[3] K. H. Chang, J. L. T. Santos, and K. K. Choi, “Shape
design sensitivity analysis and a what-if design
workstation for elastic structural components,” Technical
Report R-93, Center for Simulation and Design
Optimization, The University of Iowa, December, 1990.
[4] S. L. Twu and K. K. Choi, “Configuration design
sensitivity analysis of built-up structure,” Part 1, Theory,
Numerical Methods in Engineering 35, 1992, pp.1127-
1150.

[5]1 J. L. Batoz, K. J. Bathe, and L. W. Ho, “A study of
three node triangular plate bending elements,”
International  Journal for Numerical Methods in
Engineering 15, 1980, pp.1771-1812.

[6] S. Wang and K. K. Choi, “Configuration design
sensitivity analysis of transient response,” Proceeding of
33rd AIAA Structures, Structural Dynamics and Materials
Conference, 1992, pp.1460-1470.

[7] . B. Shim, “Design sensitivity analysis of dynamic
frequency responses of structural-acoustic systems,” Ph.D.
Thesis, The University of lowa, 1993.

[8] K. K. Choi and K. H. Chang, “A study of design
velocity field computation for shape optimal design,”
Finite Elements in Analysis and Design 15, 1994, pp.317-
341.

- 198 -



