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Simulation and process analysis on hot forging for large machete plate forgings

Feng Chao, Wang Rongqi, Gao Ke, Han Haochen
(Key Laboratory of CNC Equipment Reliability, Ministry of Education, School of Mechanical and Aerospace Engineering,
Jilin University, Changchun 130022, China)

Abstract: For the large machete plate forgings, the high-temperature free forging process was studied and analyzed. Then, the forging
process of pre-fabricated unequal thickness billet to form machete plate forgings was simulated by Deform-3D software, and the influences
of different process parameters on forming curvature of machete plate forgings in forming process were analyzed. Meanwhile, the grain re-
crystallization model and damage accumulation model were integrated into the simulation process to predict the grain stucture evolution and
cracking behavior inside the forgings. The results show that the ratio of curvature radius to plate width for machete plate of forgings after
forming increases with increasing of thickness ratio of inner and outer sides for the preform and the ratio of final forging feed-length to plate
thickness, and decreases with increasing of the ratio of plate width to plate thickness in final forging. Based on the simulation results, the
estimated relationship between each process parameter and the curvature radius of machete plate forgings after forming is established.
Meanwhile, the process is beneficial to increase the utilization rate of materials, improves the grain structure inside the forgings and con-
trols the occurrence of damage and cracking.
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Fig. 1  Machete plate part in an for angle of attack adjusting device
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Fig. 2 Schematic diagram of forming process flow for large machete plate forgings
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Fig. 4 Numerical simulation of deformation process in final forging
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Fig. 6 Final forging results under different thickness ratios of inner and outer sides for preformed billets

0.0 0.4 0.8 1.2 1.6 2.0

04 0.5 0.6 0.7 0.8
t

®

K7 A [ S5t A 0 JEL FE L g 2 SRS 45

(a) SECPFAMIN A2 A B B0 S5 A0 7 S A1

(b) R/W it H9ZEAk

Fig. 7 Final forging simulation results under different inside thickness ratios of inner and outer sides for preformed billets

(a) Distribution of equivalent strain at central line position outside forgings
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(a) Distribution of equivalent strain at center line position outside forgings
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Fig. 10 Final forging results under different material width/plate thickness ratios
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(a) Distribution of equivalent strain at center line position outside forgings ~ (b) Change of R/W with A
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Fig. 12 Simulation results of final forging for machete plate under different process parameters
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Fig. 13 Values of R/W for machete plate after final forging under different process parameters obtained by finite element simulation
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AR 2R an=l (2) A (3) R,

3 HpEN A LR LG B E FFARE] Deform-3D FRAFHEEF %5 A5 7] 4 652
PEAREIN TR B TRUER . A BROCR ik

HRAE AU S 0 57 0SCr17NidCudNb SAYFREE 2 TIMB ORI 4R SRR <F 2 200 m, - X6t 391 il



556 1] vt

AR RS IR BB AR IR A L S T2 33

RN AR ) At Y F AT 45 243001 7 T
426822.1) }‘“2“9
RT

0. 4698
- &,

b 88 B 8(’,
&

>

(2)
Kb Dy, HEhEHES MRS D, AW kR
Fs D NSRRI RS X, MRS S
B e, Ml e, NAFRUN L 55RO AL HA T OEIE
BFAIREE s R, AAUARHEL, H8.314) « (mol - K)™';
e, HHL GG RIS, £ =0.0026482% %5 &

WEAE . AE, & = 0.0029732" "5 Z N Zener-Hol-
lomon S5, Z=¢ exp[426822.1/(R,T) ],

D, =6.946 x 10* x [éeexp(

D=D,(1-X,)+D,X

drx“* drx

86

X =1- exp[— 1. 2406(

o

e

30, _
(1 +) Ag!

M
D=2

i=1

12 677é8(msexp( -9.911 x 10° x

(@)
Bl 15 Bkl FRER S A (a) SRERGTME (b) TUNZER (172 SR

Fig. 15 Prediction results of recrystallization fraction (a) and grain size distribution (b) for billet during preforming process ( 1/2 billet model )

(2)
Kl 16 ZMBud BRAAHEE MR E (a) SRR M (b) HZE R

Fig. 16 Prediction results of recrystallization fraction (a) and grain size distribution (b) for billet during final forging
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