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Finite element analysis and optimization design on special forging mechanical arm

Liu Gaozhao, Guan Dianzhu, Shi Lei, Song Xincheng, Lu Guangcheng
(School of Mechanical and Electrical Engineering, Qingdao University, Qingdao 266071, China)

Abstract: For 80 MN forging hydraulic press, a specialized mechanical arm for punching large-scale ring forgings was designed to replace
manual operation based on the punching process of blank during its operation. Then, in order to ensure that the design of mechanical arm
meets the requirements of strength and stiffness, the static analysis on the mechanical arm was conducted to verify the rationality of design
scheme. The analysis results show that the strength on the mechanical arm meets the material requirements, but there is still a large opti-
mization space. Therefore, the lightweight design on the mechanical arm was conducted by the response surface method. According to the
results of static analysis, taking four size parameters as the optimization variables, the maximum deformation and equivalent stress as the
constraint conditions, and the minimum total weight as the goal, the mathematical model was established. By optimizing and screening
candidate points, rounding their dimensions and reanalyzing them, after comparison, the weight is reduced by 421 kg, the weight reduc-
tion ratio is up to 15.22%, and the optimization effect is significant.
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Fig. 1 3D model diagram of manipulator
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Table 1 Perpormance parameters of materials

N I/ ) A — JeE i 588 g/
(kg+m?) MPa MPa

0235 4K 7850 2.10 0. 300 235

45 4 7850 2.09 0.269 355

CUZN24AL6 8900 1.08 0.350 427
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Fig. 2 Schematic diagram of curved arm structure
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Fig. 3 Schemaic diagram of curved arm moving
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Fig. 4 Statics analysis nephograms after rounding

(a) Equivalent stress
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(b) Equivalent strain

(¢) Deformation amount
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Fig. 5 Dimensional diagram of each arm of manipulator
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Table 2 Parameter variable settings
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Table 3 Variable interval of sizes

S8 75tk (X (1]
DS_ P,/mm [120, 160]
DS_ P,/mm [110, 180]
DS_ Py/(°) [55, 75]
DS_ P,/mm [25, 80]
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Table of Outline A12: Design Points of Design of Experiments

A B C D E F G H
P5 -Total P& - Equivalent
e P1- P2- iy P3- | P4- - s - — - =
1 |Neme ~ |p4s@.. v |p4ai@Ds.. v |p7@p.. v |p7@.. v | Deformaton _ | Swess | P7-Geometry
- Patl Pt — part | pat | Maximum Maximum | Mass(kg)
) 5 : : (mm) (MPa)
2 1 140 145 65 52.5 5.1781 103.53 2614.3
3 2 120 145 65 52.5 5.6605 144.57 2580.8
4 3 160 145 65 52.5 5.0832 102.24 2653.2
5 4 140 110 65 52.5 6.7554 200.46 2599.4
6 5 140 180 65 52.5 4,5044 147.5 2631.9
7 6 140 145 55 52.5 5.7025 128.75 2383.2
8 7 140 145 75 52.5 4.6725 87.348 2835.6
] 8 140 145 65 25 6.0792 188.74 2437.1
10 9 140 145 65 80 4.6029 113.93 2797.5
1 10 125.92 120.35 57.958 33.134 7.6123 185.49 23017
12 11 154.08 120.35 57.958 33.134 7.0006 167.23 2353.6
13 12 125.92 169.65 57.958 33.134 6.2373 186.09 2324.6
14 13 154.08 169.65 57.958 33.134 5.3877 170.68 2376.5
15 14 125.92 120.35 72.042 33.134 6.5743 147.29 2601.3
16 15 154.08 120.35 72.042 33.134 6.1649 147.67 2653.2
17 16 125.92 169.65 72.042 33.134 5.1708 140.29 2624.1
18 17 154.08 169.65 72.042 33.134 4,5468 149.64 2676.1
19 18 125.92 120.35 57.958 71.866 6.0045 150.88 2539.1
20 19 154.08 120.35 57.958 71.866 5.6288 150.99 2589.7
21 20 125.92 169.65 57.958 71.866 49712 135.28 2562
2 21 154.08 169.65 57.958 71.866 4.4289 121.7 2612.6
23 2 125.92 120.35 72.042 71.866 5.3004 159.24 2872.7
24 23 154.08 120.35 72.042 71.866 5.042 159.4 2923.3
25 24 125.92 169.65 72.042 71.866 4,2531 92.845 2895.6
% 25 154.08 169.65 72.042 71.866 3.8319 118.34 2946.2
6 o g LAk it 3=
Fig. 6 Data table of response surface optimization
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Fig. 8 Response digrams for maximum equivalent stress
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Fig.9 Statics analysis nephograms after rounding and optimized

(a) Equivalent stress  (b) Equivalent strain
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Table 4 Comparison of size optimization results for

mechanical arm

28 RERHON S/ MPa I/ mm Jitt/ kg
Ak 96. 658 4.7164 2766
A= 127.260 5.8835 2345
g 30. 602 1.1671 421
B % 31.66 24.75 -15.22
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