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Structure optimization of unloading sleeve for 1600 mm roll-forging machine
based on finite element

Li Haitao, Yang Yong, Zhang Yanzhao, Xu Chao, Chen Xianming, Gao Yuan, Zhang Bincheng
(China Academy of Machinery Beijing Research Institute of Mechanical & Electrical Technology Co. , Ltd. , Beijing 100083, China)

Abstract: For the unloading sleeve of 1600 mm roll-forging machine, in order to meet the lightweight requirements under the condi-
tion of initial static stiffness, a multi-objective optimization design method taking mass and total deformation amount as objective
functions was proposed. Then, the 3D model was imported into CAE software to establish the finite element model, and the static
calculation was carried out to obtain the maximum equivalent stress of 74.735 MPa and the maximum deformation amount of
0. 16299 mm. Furthermore, the parameters were selected by the response surface optimization to determine their value range, the
test design table was generated through the central composite test method, and the response surface of design variables and objective
functions according to the test points and the standard response surface method was established. Then the mass and maximum de-
formation amount of unloading sleeve was optimized by using the multi-objective genetic algorithm. According to the design require-
ments and practical experience, the candidate group Il was selected as the optimization result. And the calculated optimization result was
modified by combining the sensitivity analysis. After the modification of unloading sleeve, the stiffness is increased by 0. 8%, the maximum
equivalent stress is reduced by 24% , the mass of unloading sleeve is reduced by 8. 6%, and the comprehensive mass is reduced by 27. 8%,
meeting the requirements of lightweight.
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Fig. 1 Transmission principle diagram of 1600 mm roll-forging machine
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Table 1 Main technical parameters of 1600 mm

roll-forging machine
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Fig. 2 3D model of unloading sleeve
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Fig. 3 Schematic diagram of load for unloading sleeve
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Fig. 5 Schematic diagram of optimized parameters for unloading sleeve
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Fig. 4 Distribution nephograms of equivalent stress (a) and deformation amount (b) for unloading sleeve
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Fig. 6  Multi-objective optimal solutions
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Table 2 Three groups of optimization solutions for

multi-objective

Bt feete 1 il 11 fee e 28 M
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L1/mm 304. 639 284. 149 268. 183
L2/mm 578.919 581.370 572.748
A/mm 0. 163 0. 162 0. 161
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M/kg 3731. 311 3745. 501 3763. 823
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Fig. 7 Sensitivity analysis result of design variables on

maximum deformation amount
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Fig. 8 Sensitivity analysis result of design variables on

maximum stress
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Fig. 9 Sensitivity analysis result of design variables on mass

R3{EHUKR, R1 A R2{HHUN, 33 FIZK 4 250 9 )i
it BRI AL BT OB S YR R L H
P R BCHIAR S AL 1

®3 HETEMNRTEE (mm)

Table 3 Design variables of unloading sleeve (mm)
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Table 4 Objective function and state variables of

unloading sleeve
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