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Precision optimization on press body based on optimal topological
conceptual configuration
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Abstract: In order to improve the structural stiffness of press and ensure the accuracy of press body in working condition, for JH31-250 press,
the optimal design method of the press body structure was explored, and the structural modal and static strength of the press body were analyzed
by software Abaqus. Then, the conceptual configuration of the press body structure was optimized by the topology optimization technique, and
based on this, the supporting structure of the two side walls was selected as the design domain for the configuration and size optimization. Fur-
thermore, taking the geometric dimensions of the rectified press body ribbed slab structure as the optimization parameters and the relative dis-
placement between workbench and crankshaft support hole of press body as the optimization target, the response surface model was established ,
the model was optimized by combining with particle swarm algorithm to obtain the optimal structural geometry parameters, and finally the opti-
mized design of the press body structure was achieved. The optimization results show that there are obvious stress concentration phenomena on
the inner side of press body and the front side of square hole before optimization, and the equivalent stress and the total displacement of the
press body structure are reduced after optimization. The relative displacement between workbench and support hole is 0. 2548 mm, the deforma-
tion amount is reduced by 40.03%, and the working accuracy of press body is improved. The dynamic analysis and verification of the optimized
press body structure show that the optimized press structure does not resonate under various working vibration source frequencies, which meets
the requirements for use. Thus, the researched structure can provide reference for the structural optimization of similar products.
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Table 1 Main material parameters of JH31-250 press

S ML TER
R 0235 4 QT500-7 44
EL/NEA 0.274 0.293
FPER I/ MPa 210000 162000
R/ (kg - m™) 7.83 7.00

P JE I B/ MPa 235 320

(2) XA, A BRIT M HI5R H C3D10,
RA% R/ NBCE R 50 mm, PIA% R 23 XSGR 1b 7R,
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1 LS =4 (a) FERRITEIAL (b)
Fig. 1 3D model (a) and finite element model (b) of press body
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Fig.2 Equivalent stress (a) and displacement (b) nephograms of press body before optimization
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Table 2 Relative displacements between RP1 and RP3

before optimization (mm)

Jy 1Al RP1 RP3 AT it
X [a] -2.801x107" -4.636x1073
Y [A] 2.746x107" -3.275%x1072 4.249x107"
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Table 3 Low-order inherent frequencies of press body

before optimization ( Hz)
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Fig. 3 Topology optimization diagram
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Table 4 Relative displacements between RP1 and RP3 in

topology structure (mm)
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Fig. 4 Design variable areas (a) and structure diagram

(b) of press body

x5 BT ETLELZE (mm)

Table 5 Settings of design variable ranges (mm)

At f/MiE SN
%y 70 100

X3 45 75

N 30 60

A me R BT s, I ALL S RAT 1k
F E AR R AL R 5 TR A Ik 2100, XF 3 6
TS B 5 H AR S T S EOUE, AR 200
=L (3) Fras, W AN 5 s, %k i T 2L
BEERATIREZ ST, TS PE B R® =0.9904,
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U x 107 = 37379 - 249. 9x, - 51. 84x, — 19. 96x, +
2 + 1,456 - 0.0341x% — 1. 5341xx, +
0.3253x,x, + 0.0686x,x, (3)
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SIER (mm)
Table 6 Parameters design and analysis results of optimized
structural for press body based on central composite

design experiment (mm)

IR -EL

5 HIR R Bt
x (B53h)  «, X3 Xy
1 86.71 59.02  60.00  45.00  0.263052
2 8.39  70.00  45.00  60.00  0.256535
3 72.38 100.00  45.00  30.00  0.264296
4 50.79 110.98  60.00  45.00  0.270708
5 61.52 100.00  45.00  60.00  0.268385
6 66.29 85.00  60.00  70.98  0.255213
7 90.75 70.00  45.00  30.00  0.255638
8§  73.48  70.00  75.00  30.00  0.261181
9 85.98 85.00  34.02 4500  0.265501
10 68.67  70.00  75.00  60.00  0.262959
11 74.68 85.00  60.00 1902 0.251085
12 70.59 85.00  60.00  45.00  0.253207
13 50.70 100.00  75.00  30.00  0.256296
14 51.95 85. 00 85.98  45.00  0.260777
15 45.27 100.00  75.00  60.00  0.260738
0.275
0.270
g 0.265
gg 0.260
§§ 0.255
g

0.250

75"

94 100

88

L34
N} 82
45770 76 77 iom

P 5 T 1

Fig. 5 Response surface diagram
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Fig. 6 Finite element analysis results of press body after optimization

(a) Equivalent stress nephogram

F7 NTEHMAAERPLS RP3 HHEMMBE (mm)
Table 7 Relative displacements between RP1 and RP3 after

particle swarm optimization (mm)

J5'14] RP1 RP3 AR
X iy -1.557x1073 -2.224x107°

Y 1] 2.018x107" -3.582x1072 2.548x107"
A -9.197x1072 1. 460x107°

XAHILACR P B A TR T, AR IR 8,
#8 MFHAUENNSENEARE (Hz)

Table 8 Low-order inherent frequency of press body after

particle swarm optimization ( Hz)

513 1 2 3 4 5

iz 19. 63 51.33 56. 00 85.04 104. 98

(b) Displacement nephogram

e 8 MIAT, ML EHAIR A [ A 400 5 500 50 il e V52 4
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Xt FE S WAL B AL Ak 6T e 00 PE BE S 80T 4T e,
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T e Pt A F M A48 1 () S b, X B 435 K 1 A i)
VRTINS QAR IE ARy = R A =01 3] = U ED ORIV AT WA N

®9 NBRLRNEHERILL

Table 9 Comparison of results before and after press body

optimization
UES AEXH A 2/ mm
Pk 4.249%x107!
wMitk)E 2.371x107!
VIS R 2 A = 2.548x107!
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