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Abstract : A FEM-based efficient method is developed for the shape optimization of 2-D structures. The combined
SLP and Simplex method are coupled with finite element analysis. Selected set of master nodes on the design
boundaries are employed as design variables and assigned to move towards their normal directions. The other nodes
along the design boundaries are grouped into the master node. By interpolating the repositioned master nodes, the
B-spline curves are formed so that the rest mid-nodes efficiently settle down on the B~spline curves. Mesh smoothing
scheme is also applied for the nodes on the design boundary to maintain most finite elements in good quality. Finally, a
numerical implementation of optimum design of an automobile torque converter piston subjected to pressure and
centrifugal loads is presented. The results shows additional weight up to 13% may be saved after the shape
optimization.
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Fig. 1 Construction of a B-spline curve from nodal points

A7) A N; (), P;, t;, ke 22 BA Y&, Ao

A, w5 g knot value)Z B-~Za}gle] xpgrolo).
g R oA Ao g T vF7)H B-&~
EF FAE AMES] HE v 1A wERE
t3-3 Zro] VR S Qi
0 0<i<k
t=| i—k+1 k<i<n (10)
n—k+2 n<isntk

Fig.12 OEW 7H«1 Folx
atef B-2~
2 (9)E VM Jﬂal?&— ﬂ%sﬂ*
B vhE-7 o] R
D=NB (11a)
B=N'D (11b)

A7]A, Fo17 AR ] AE;ME =D, 9l g
FPEL N, AojHe AHAE = Bo|H, o] 2L
AH-g-31H Fig. 19] o9} Zro] AH & A= Y]
B-A~Z 29l A8 Aoldl 4= 9 uh

AAW ol Y wE DT e AARS

olspy R XSx SelZajx|ol WA

>N
2
i
Mz
T,
_‘CL
L
ko)
o

(o -
o o
ot yo
o@%ﬁ

30 o -

i)

I

R

w

[>

{3

)

o

dh

2,

o

o
B ﬁ o
e o & I

R

_>L

-

B

e

Lo

o

R

re

02 >~

Lo b
r°l' fUlO @ o o

)
‘P
\
]
"o
° qlo T
o
oo
S
™
on 4l
o [l
ot
by
>,

0}7%46}1*1{— d
do]E] Ho2 o]83 7 H(master node)
Slof Bk B =Bol A A Aol 914
HAEL 3 7MY AV HE TR0 Ao
AAL Aty FH P02 Mg - &

o
oy =

AN L ofy

HU

2 i
A L simplexol] 23] Aol M2
AHHARE AF o]Fo] Atk & =X AA
He] BEALS Fola wig FAHE 47 3
A AANEC g WA e gt FHo) &
2ol =g F&3ITH o|HA o]Fd FAH AR
£ dlolg] oz 443t B-2=Z e 34 o]

F8lo] ALHQA AARES YA 5tk

Fig. 20 AARZAR Y] AAT AHEE B-~
ERIE o] &3 A o] BAIT = A4S EAEY T
A Hdeld FhH4-E 2 A Esimplex
o ofsf dol 2L FHAEE JAWFez
o] &3 THFig. 2 a, b 3rx). YA o] whake Zh7)o] A
AstdAvtot YA == F4 9 FH Gl A <] grad-
ientE A4tste] Atk A 2R AR 2 o] F g F
HAHEES ol o2 = B- 281 S 74%

F FAH Atold FAUE F7HE A (mid-node)S
37 o1 34 5
2% 3o o5& A1 21ThFig. 2b, ¢ F2). B =
A E A7 220 WS Fol7] A 27d

S B-2Z ¢l Ao o]=A)Z uj) o]-23F 5 7

i)
w
[y
il
i)
re
ox
o,

3
)
o

=
9 FAAETA ALl 5L AP o2 o) BT
% stk ol@A) sl AAN el E BASE

B-2Fe¢le] o5 Mol A A4 AAWE o
24 921412 5 Qe Fig 2d)E AT WA
WFo 2 WA o] 58 FAH S W B-2 T e
9 FH o A FAPEC] ol A

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 103



Seokjeong Hyun - Cheol Kim - Jongho Son

...

(a) Master and mid nodes on the design boundary

Y

(b) Determination of moving directions at master nodes
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(c) Movement of master nodes
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(d) Determination of the movement vectors at mid-nodes
Fig. 2 Procedure to determine a new design boundary
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Fig. 10 Piston shapes of an automobile torque converter
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Fig. 11 von Mises stress distributions along the specified surfaces
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