%41 %% 34 FTRIARFZFZR(AAHAFR) 2024 4F 6 J
Vol.41 No.3 J Chongqing Technol & Business Univ( Nat Sci Ed) Jun. 2024

JEF TOPSIS 1 CRITIC 11 ik %8 ¥4 P S8 1228 7 RVEAL

?7]‘(%1,2’% §§1,2,%\7%%1,2
1. ERIH KT P IAZFIR, £/K 400067
2. ERIFRF HELSSZERITHERNETRTELLIRE, /K 400067

i .Hm AT RABENE B AR KA Afe § RBACKFNAR, FEabr £ T, AR I &35 7 X
AL LSO R AR M E, Jik AT DEFORM 45 A4 2 3k T A2 05 40 3480049 3 b 1) XA ARBOR Y T2
7 FiAT CAE 45 BT, AF R 22 )8 iR sh ML , 3+ R B TOPSIS( Technique for Order Preferences by Similarity to
Ideal Solution) #= CRITIC ( Criteria Importance Though Intercrieria Correlation ) 845449 75 i , MEVA R T B A AT,
R EBF 8 AP 18 AT 09 i -AE A B BAL T 7 ok AT T8 7 R, g5 @34 AT AR IR R TR
W A BRI AR R AR AR P % | RS R A LR BRI B L K
F22ERHY VAR K BABRRER ,FREANKX; ZE3RBREEG A2XERY G, LRFRLBEFHIK
JER F LR 43K B TR 2 A BAL R o B 45 AR B @ AR AL AL 2 AR E A AR E 1.2.3
NEEAZE 55 A1 0.446.0.511.0. 556, 7 & 3Am K, 4 Rk, *F77 % 3 347 T LK, kA 0985038 L e i |
A BTG, i B HAABM G PR AL S Tk, TAMH SRR ER A RBE T LT ENR S R
BRI EERBRE,

Yeiial : P X M4 M % A ABS CAE 441 3 AR e e 3+ 5 5384

] 53 . TG316. 3 SCHRAR RS . A doi;10. 16055/j. issn. 1672-058X. 2024. 0003. 001

Evaluation of Closed Hot Forging Process Scheme for Gear Blank Based on TOPSIS and CRITIC

LI Yongliang"?, LIANG Qiang"?, JIA Yanyan"?

1. School of Mechanical Engineering, Chongqing Technology and Business University, Chongqing 400067, China

2. Chongqing Key Laboratory of Green Design and Manufacturing of Intelligent Equipment, Chongqing Technology and
Business University, Chongqing 400067, China

Abstract: Objective Based on the thermal coupling mechanism, the numerical simulation of the model and the evaluation
mechanism of multi-parameters are applied to implement the optimization of the scheme, so as to improve the design
efficiency and forming quality of the closed hot forging process of gear blanks. Methods A CAE simulation based on
DEFORM was conducted to analyze three closed hot forging forming process schemes for an engineering gear blank
forging. The simulation analysis investigated the plastic flow pattern of the metal under the hot forging process. Based on
this, this paper adopted a combined evaluation method of TOPSIS (a technique for order preferences by similarity to ideal
solution) and CRITIC (criteria importance through intercriteria correlation). It constructed an evaluation model with eight
evaluation indicators including strain, stress, load, compaction, wear, etc. , and a weight calculation method to evaluate the
process scheme. Results In the simulation, different pre-forging solutions had different plastic metal flow patterns, which

in turn led to different forming results. The simulation results of option 1 showed that gear blanks were not filled, had
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burrs, and were not uniformly loaded, with a significant mold damage value. The simulation results of option 2 showed
that gear blanks were uniformly loaded and filled, but the mold wear depth was large and the equivalent force was high.
The simulation results of option 3 showed that the gear blanks were formed with good quality, but they were not uniformly
loaded, and the mold wore to a large depth and the equivalent force was high. Considering the forging forming quality and
mold service life comprehensively, the index weights were calculated by isotropic standardization of different indexes, and
the degrees of closeness of options 1, 2, and 3 were obtained as 0.446, 0.511, and 0.556, respectively. The results
showed that option 3 had the largest value and the best results. Process tests were conducted for option 3 and the gear
blanks were obtained with full filling and no folding defects. Conclusion The combination of finite element numerical
simulation and evaluation models allows for an accurate and efficient evaluation of the advantages and disadvantages of
closed hot forging process solutions. This method can improve the design efficiency and forming quality of the closed hot
forging process of gear blanks.

Keywords: closed hot forging; pre-forging scheme; thermodynamic coupling CAE analysis; multi-participant isotropic

standardization; weight calculation and evaluation
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Fig.1 Diagram of forging and forging drawing
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Fig.2 Process schemes of gear blanks
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Fig.3 Simulation results of scheme 1
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Fig.4 Simulation results of scheme 2
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Table 3 Calculation results of closeness of each scheme
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