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Finite Element Analysis and Process Optimization in
Closed Precision-forging for Shifting Gear Blank

Zhou Jie Zhang Hui Zheng Xiaokai
(School of Materials Science and Engineering, Chongqing University, Chongging 400044 , China)

Zeng Detao

Abstract. Based on a rigid plastic finite element method, the surface defect of closed precision-forging
process for shifting gear blank can be predicted. The metal forming process with different drafting angle
and fillet radius in the die key part was simulated by using the orthogonal experimental method, and the
initiation of surface defect was analyzed in detail. The reasonable forging critical diagram of shifting gear
blank was given, which effectively eliminates fold and unfilled. Meanwhile, in view of the problems of
the high position accuracy of ribs and the high forming load in actual practice, a new scheme of divided
flow precision-forging was put forward, which can greatly improve rib position degree precision and
reduce load. The accuracy of position degree was less than 0. 08 mm, and the reduce load was reduced
by 20% ~40% . The new scheme was put into actual practice and the key problems of a closed precision-
forging process for shifting gear were solved. The reliability of the numerical simulation was verified.

Key words: Shifting gear blank Closed precision-forging FEM Divided flow Process optimization

51

Vi 6 RN B SR B AR B F A, & i AL
I AR PSS 2208 T N L . 20 22 70 4
FRA R P =0ORS 5 15 6 B R A5 Bl Rt ), e T i
BEARTESR = bR R FH 28 DL R B RA B Oy 1w LA
PR A8 32 e o SR P LB L S5k A = T2 4%

I

ek H . 2012 -01 —24 & H H#Y. 2012 —04 —25
s B0 o/ (5 R B 3 4 ¥ B H (101010620080022)

PERIAN G B 7252 bR A o A b W™ AR A & DR
FEIAN G A5 R B o B S5 T T T B AR R
JE I AR BN R AT 5 AR 7 T 5 i B
RS B R | R 5 B 1 1 2% 1 RO i E LA K
TR IR S5

Z AR I E AR B A — 28 R Y 22 55 1
BETHEN  (HOHURE R U A = RERE R, T HLAS

EREE A A, B, WA SO0, 322 b b 2 BB B0 07 5 5 AL 5T, E-mail : 1755892083 @ qq. com



252 £ ok ML % R

2013 4

RELE G B BB IE T IR m & N&R o BEA TR LAY
TOARBIHET I, 3z W28 AT BR T vk AT LA B
(19 P ] A X 462 Ja 194 JSCTE 5k B ok 47 0 B T 9, 3 i
ERA YA R 25 1R T IO 1 B0 08 A 2L DA B3t
P LG 5 MR SR o AR SOCR RN PR AT FROC
R — L RSE T A [R] 8 45 88 Rk JEE AN [ 11 T8
AR AR BEA T BUE AL, 20 A 2 R i B MR 3 AT O, O
e BEHE Al _E 3 2R WRT HORE T2 % .

1 NZEHEREIENERTEDRR

1.1 REUARTENERELR

WIS 1 A7 R G 3 9 AR SO - A 4 i 284k UE
AR R R 2 B AR B 1 [ L 9 AR T AR
Xt F AR HAE AR HORULAR /N, 7] DL 20 AT, RIS
KL WITSB LS R A B 25 25 B0 JE 50 i 2 Dt 2
AR AZ BRE 3 0 A T ARTE BB AR AR TR I (1) 37 7 4
FEoR At o WSR-S L I 2l 7 20 2 AR B A 7 2
T3 V575 R85 T3 2 s JUAR 5 7 5 3 P2 3 5 A 15
PRBRAN AT 46 5 5 S IR VE U s AR R R &R o B A B 7
AR FRT7 RE A AL 73 Jt B 9 A7 SO SR A, R X RE
{2 BRSRARAEL, BRIV Ay [0 888 ) S 1 o

7= j;édv- Fuds (1)
K V—"R AR R o—SE RN T)
Sy SN ESIE A

F—AE S, LRI
TE S, L2578 i) JE

SR, A8 52 B o 1 SR Ak 5 6, 19 A SR FH 57 PR K
758 Lagrange e T35 R AU AL S5 R 5 I A BIZ B 22
B, 15 28 Y R K

ul

™= fVEZdV— | Fuds L%éidv (2)
X« T

&y AR R A5 3 %

= ﬁ;édv- | Fuds s L)\ £,0,dV (3)
K A Fr#s B H 7 1 5,— wINFF 5

P

#Jii 1] Newton — Raphson 3 X 3 SR fiff 1 51 4 Fb
ALk
1.2 HRTHEERMEAR

A BRITAE LI 1R O 3 e 1) S 5, gl 2 L R ol
R BT (A0 = A JB SR 0T WU JE BT O T AR R
TUAF ) BT B 10 AL T A AT TR IR AR A A
T S DA I ) B A T A AR ) I A

AT A 07 B T A R B Ry A5 ) B
o) b= T e DR | EUPTHILPUYE % 77N ¢ Y A B 7 A
T BEAE Y R S S5 K O3 A R ORGSR AL
1 I8 AW BRI . BT AR R S R A
TES AR BB

JEE 2ok T F) ke o 00 3 N T AR TR A
T, AT SRR AR N T R 7 A i R R
FIR a7 s b 15 o o AR AR R . — T T, 8 5 B 5
LA AL B AR AL AR T RS BT R 0 B
[Fi) B L 370 55 R AR R A, AT LU U % ) Bk 4 1
TEAR B B AR B9 A R AL 5 55 — T Tl 3 i) RUAR 35 A2
JE 2o i i B 3 R 9 14 o A e A DL, R 45
I BRBETE B N AE B DR o S R o A e 3R v R I
197 A 5 15 2 ) AR AR A L 20T (9 SR AT
A9, BN AT A i 1 TR AR L 3 BB A LR
e AL 0 B A A A R Sl Y A
BT o A TR S Rl S R AR B S
AL 1K) R Xk 32 Bl e AR XL B R B A2, 3K R O AR RO
H

xv=x+ (v, —v,)Al

y=yi+(vi)—1/,,},)At (4)
F(x,y) =0
L v, 0, AN B B
vy 0 —— i FLIE B
a0,y W T A R AL A bR

o y——WHT R Y AL AL E AR AR
F(w,y) — BB F ALl 3 b
A 5 I AT D 1) R AT U)X AR L P R B
EREA F(a,y) =0, P 24 5 0 Z80d 5 — i i)
A AvJg AL E AR (o, y) il F(x,y) 20,58
W1IZY 5 E 2 RIS B A% fih sl i AR AR, BT 3%
B I BIEEE bk, [ E it i 5 i 2 R
L

2 HEAERIEMR RGN ERIT S

P A7 8 A 2 M TR A [5E]  JS HB A A PR ORG B
LhrA e E B IR FEIEANE BB SR B DL
37 B PSR LRI L B 2y i o 2 R AR UE T
WA B B 2 RS BN RHE |
[5] fy 2fe A A5 7 AR A BB ) R R . OB RN
{14 /N 5 Wi 45 4 Ja A 78 vl 8 O 1) R EE DA B i
R X B R 5 (B0 A A 1 DR /N ) 2 R I A I Y
FEINE B o Bk — >S54 2 JORR AT BE S I — ik
B AR SCRLIEL 1 BT 7 i e AL 8l 2 R 4 A e o 1], R
FIRIEAPEA BROC I , R o0 A7 A 7 S B 22 B
P 4 A TS o™ 5 A AR AR IR RN (B8] 1 2 A 7 A TR 3 X



%3

JEIZAS S - P07 58 T AT SORS BB BB A BROT 0 A 5 L 2 Atk 253

HOE SRR . A BROTERIR S HOLE 1,

K1 Pk s i A s
Fig. 1  Forging drawing of shifting gear
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Tab.1 Parameters of FEM model
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R IR R/ °C 300
o0 4% Kk 40 000
O /mmes ! 60
M AB/N (semm-C ) ™! 11
AP /mm 0.1
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Fig.2 Fold forming process in rib’ s side face
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Fig.3 Unfilled defect forming process

in rib’ s side face
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Tab.2 Simulation result of defect of closed

precision-forging for shifting gear

a/(°)
R/mm

0 0.5 1.0 1.5 2.0 2.5 3.0
1.5 A A A A A A A
2.0 A A A A A C C
2.5 A A A D D B B
3.0 A A D D B B B
3.5 A D D B B B B
4.0 A B B B B B B
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Fig. 6  Critical diagram of shifting gear forging process
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Fig.7 Comparison of die structure from original

and divided process schemes
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