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Topological optimization and fatigue analysis of

arch frame structure used for mould
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Abstract: In order to overcome faultiness and shortcomings of the
existing clamping mechanism on non-standard mould, as a basis
of load bearing on the mechanism, the arch frame structure was
topological optimization designed with variable density method.
Through analyzing and comparing the results of topology optimi-
zation from three manufacturing constraints, the adopted time of
the “symmetrical and draft constraints” was finally found, and
the arch frame had better morphological characteristics and man-
ufacturability. moreover., its quality was reduced by about 55.5%
compared with the original structure. the lightweight design of
the mechanism was realized while improving material utilization
ratio. The results of finite element static analysis showed that the
arch frame optimized by topology was accorded with requirements
of structural strength and stiffness design. In conclusion, the

clamping mechanism could service two more years, and the dam-
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age of it was also less in the actual use process.
Keywords: clamping force; arch frame; finite element; topologi-

cal optimization; fatigue life; damage
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Figure 1 Sketch map of clamping mechanism on mould
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Figure 2 Force diagram of the screw

M=F,L, 1))
BB AE Je Bt B b AR MOTE T8 IR AR % B 25 e

A — AN 5 ZAH S R 1 BEL T AR M T 2 BEL ) A B R

ol SR Z B ) F= 4, X (2) (D) R,

M,,:F,,%. (2)

F, = uF . (3)
g5 DL 45 ST 15 8 AT e B ) 1 07 vk = (4D i
RARAMRSEORFSE L Fi= F, =10 833.42 N,

2F,L
F]:Fz:u, )
dp

K

M—— NF 78 8T A uig ¢ 3h 88 AT 0 7= A 9 41 45
N+ m;

L ——BFF 5 s 8 SR A 0 2R (Y HE 29,60 mm;

B 2098 | 2019 £ 3 A | ARSI

Fyv— AR T TR J1,250 N;
M,— B (M=M,) N * m;
F‘iﬁmmjj 9N;

d Ly A S W= N o vl 3 7 7 N R
13 mm;
“ UELURF ity 370 5 B L R 67 1) EE 4 AR 8. 0.15 5

0431 J1 96 ffy . 45°;

F—— WEOR v 00 45 A% L 32 Mk 38 07 119 1E T N

F, W42 17 I 5 )1 (F ) = Fcos0) . N;

F,——184F il Je % Jj (F, = Fsind) , N,
2 SIERmIMEE
2.1 #HIMEILEL

AT 6 1 4 52 R T2 TR P R 3 R AR A 1 R
A0 5 A% 356 A2+ AT A6 Tl A2 4% o M B 2SR 1) 2% 1 T, S5
b Xt gy i B AL R . SIS E S R E5 . B
T Hb 0 P I 3 8 A I B Ak O v A AR R R L 3 A4k
T BRI R AR . b, S o R L R A T A oA b S Bk
i FMIEAL I AR BTARRAE A AR R - A R T R R T
Z3 () v, AR Y B A2 L0, LY B o0 %5 8 O T8 it 7
WAl KPR AL AR A S BT B I R AR
Sty B 5% AR R v 2 PR A o A S B 5k s AR 1k
3R AT SR AR

WM R RIS BT TAE R AR, R
iR R SRR S R R R K RN R =B A
T o CRILBE B FO S Ak B A DA R B 7 4t oy
2 511 A5 2 B F MR B A A =X (5) R .

Find: p,(i=1.2,.n),0<p,<1;

Min; Max C; , 0<j<<p;

Zplpan
i

m

s. <0 (©))

A
o5 1 AN ERIT Y AE X 5 BE
po—FRITHI IR B B . A/ m
Vo —55 i MRITMR, m*;
S5 R0 I B kg

S— i R BB E 4 LRI OR AL 45 SR 14 R & 5 45 K 4
U 0 2 19 HGAE s

C;— G544 B Z2 I BE B S 3 AR g T

P— T 2%
2.2 HIEARAR

SR T A — e R BRI T M A
e RE L R E AR MO Al R i, B AR IR A5 0 B B ke R
W55 Z DG T B ) 1 29 5, SR AN [ 1 1 2 29 R 4545 3

mg



F&M | Vol.35,

(a) SIEH

No.3

(b)) im0
3R ERERL Y R

Solid modeling and constraint design of
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Figure 3

the arch frame
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Figure 4 The shape of topological optimization
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