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Research on forging process and optimization on die structure for an
automotive flange part
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Abstract: In order to solve the problems of low efficiency, low material utilization, high production cost and poor product performance in
the traditional manufacturing process of an automotive flange part, a three-station hot die forging process was designed, which consists of
preforming, pre-forging and final forging in sequence. Then, to ensure the process quality, the forming process of flange part was simula-
ted by software Deform-3D, and the hidden defects in the process were determined based on the metal deformation process. Furthermore,
the pre-forging die structure was optimized, and two improvement schemes were proposed. At the same time, the forming inspection was
carried out in turn, and the temperature distribution of final forgings, the forging force of pre-forging and final forging stations, and the die
wear conditions of the two improved schemes were compared. The results show that the improved process solves the forging defects, and
the improvement scheme 2 is more helpful to improve the quality of flange forgings and prolonging the life of die. Finally, hot die forging
tests of flange parts are carried out, and the expected flange parts are obtained, which effectively solves the current problems.
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Fig. 1  Structural drawing of flange part
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Fig. 2 Three-station hot die forging process for flange part
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Fig. 3 Simulation results of three-station hot die forging for flange part
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Fig. 4 Schematic diagrams of final forging deformation process

(a) Step 1 (b) Step 200

(c) Step 304

(d) Step 348  (e) Step 392



oA

5 48 4

3 HESMM A R E

Zead L IRBA A T AT A, AR T S B
TR A 22 M AR T 1 i, Ik, 25 R AR
FEZEA AT AR, AT 75 T50 8 A4 1) B A 1 B
FEHE, BT IR LB, i R
P TR TS, PRI B AR A 1 A
SERNE S fas, PR T RIS T 24RAR
s B 6 e 7 s, Wi Z e T
AL SR8 o YU A RS 3 R 9 i e o, AR TE R L
AL, ARTE 4 JE 4 S ) T U S BUE BRI, B
Je A ELRE T 1) P sh I e AL, & @ AT ad
SERAFAIRVE UL, PRI 7 22 A0 TSR 4 35 n] 1
WY, NEAERUEBIG  PIFP 7 22 A4 T8
S WA IR A A, AT AR ARF AL, 7E
Y oS I R 5 g = o W 1 9 | 2 [ R
H 404 T T 26 A5 EL R TR 2 1w 3k 8h B B R 22
B TS BB A I i FL A9 SME 5 28T AR 1Y
MY R, JF BLBURFION Tk 224540, B,
&R AT BB BE A i B, 7R B R A&
PR 7 SR e il B 5, e B 1 340 1 A e b A

7 r
L
L

Step 200

Step 1

Step 200

Step 1

o r
L
L

!

==
© ©

@ ®)

IR NE WE S AEfite Lt o)
(a) TE1 (b) TTE2

Fig. 5 Structures of pre-forged parts for different schemes after optimization
(a) Scheme 1 (b) Scheme 2
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Fig. 6 Schematic diagrams of forging deformation process in scheme 1
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Fig. 7 Schematic diagrams of forging deformation process in scheme 2

(a) Pre-forging  (b) Final forging
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Fig. 8 Temperature distribution conditions of final forgings for different schemes

(a) Scheme 1

PR, mTHR-SGER RS, SR
JRIE A8 AN A5 AL 8 4 fl T T PO, il AR R
fi%, R FLBdRh TR, 15k
I EASTE BB AL 22 P HE R PRI e
BT JRERAL I T OB, I, AR RIRLE >
A8 WA A AR IR, R R AR 22,

(b) Scheme 2

PR HIASI T P2 R 5 BN T, DT 3G i ¢
R B RV, R B i, PR R AT
REMb Pl IR 2, M 8 AT, % 1 FIAE
1 )Ry B B 5 WS RE Ch 1120 °C, R R AR IR R
753 C, TR R 367 C, MHE 2 T HLEMY
B JR) 5B B i TR O 1060 °C, JR S B K R B N



20 B

kO OR

548 4

791 °C, R ZE N 269 °C, T HE 1, 0JHFEIE
FAECRURE X 25 S AR T A A e SR A B
4.2 BiEBHSH

ARG PRI 5 0 6B T A5 R 248 1Ao7 A 5
1AL AN 9 B, #EE TS Bl T AR AT AR Y
WMMARWIE K, XOREN . EEEENET, F
PF A AR J5 2 AN Wi 38 I -5 40 A%E ] 1) 42 fi T oo L
SEPH S BT, (A 4 JE e R P o T A R A
MBS AT AR, AR ET RMEE S, 5

2400

(50, 2141)
1920 1

(42, 1669)

1440 F

BN

960

480 |

0 10.4 20.8 31.2 41.6 52.0

M AE4T #2/mm
(@)

SEhRAE eI A B T AR AR R SE ML, (HSE, B
T 7 35 o RS () 453405 RN F R JRURS: 52 il S A
FEr, PR AR AN 305 0 BB U 1 4R T A 200 e
s J1, mE 9 AIH, HE 1 NI TALM iR
KEETE 1R 2141 kN, 2488 T A0 & KRS 1R
4645 kN, Ti/r5E 2 & ) T A 0 B RS 1k
1669 kN, 245 T Av (1 e K81k J1 0 3876 kN, 575
R A BIFEAE T 22% Fl 16. 6%, ] A5 %5 F& A5
HLP, GRS K A T B

5200

(34,4645)% ]

4160 F ]
(34, 3876)

3120

Bt 1/kN

ax 2080 [

1040 |

0.0 7.2 144 216 28.8 36.0
AT F/mm
®

KICE s PR i

(a) TilH

(b) Z4

Fig. 9 Variation curves of forging force
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Fig. 10 Wear distribution conditions on surface of die
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(c¢) Scheme 2, pre-forging punch
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Schematic diagrams of die structure for three-station hot die forging of flange part

(c¢) Final forging
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Fig. 12 Forging test results of flange part
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