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Optimization design of die forging mold for slender non-axisymmetric
workpiece with variable cross section
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Abstract: The process of die forging after roll forging was proposed to produce slender non-axisymmetric sword strips with variable cross
section, and the die forging process of sword strips was analyzed by finite element method. Then, for the die forging process of the most
complex cross section of sword strips, the metal flow laws in the processes of one-pass die forging and two-pass die forging were compared.
The results show that the metal deformation is large and unevenly distributed during the one-pass die forging process, and the maximum
principal stress in the maximum equivalent strain region is tensile stress, which is prone to cracks. The maximum equivalent strain and its
standard deviation for the cross section of the forgings are greatly reduced after pre-forging and finish forging, and the structure of pre-forg-
ing mold was optimized by the orthogonal experiment. The results show that the groove depth of upper mold has the most significant effect
on the equivalent strain distribution for the cross section of the forgings. Compared with the one-pass die forging, the maximum equivalent
strain and its standard deviation of the two-pass forming forgings after the optimization of pre-forging mold are significantly reduced. The a-
bove optimization method is used for the design on the other cross sections of die forging mold for sword strips, and the die forging mold
that meets the actual production needs is designed and manufactured.

Key words: die forging; slender non-axisymmetric workpiece with variable cross section; metal flow law; equivalent stress; equivalent

strain; pre-forging mold
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Fig. 1  Forming process of slender non-axisymmetric workpiece with

variable cross section

(a) Blank of bar material ~ (b) Blanking by roll forging

528 A 3hF A S E ™

i o < Je L S ML REAT 0 A, R LA St
(g8 N R A 7 B 7S i A PO R R B T8 i
AR ORI R 5 [ A EL A ) T X
KBRS, S TARRIT R, HkE ST i
i A 4 s U T R BE R R R R R R S, JF
P T BEE A T R, PN B TR
[l B A PR L A2 e OB AR B0, b 1A
BN T s s i, 15280 1 St s
%, Tomov B 45V HIFFE T Kl RS RHE AR HUE 1 2
SRS, JFA T G A R B L
Zhao X Z5 VI (AL TR AT HLs K, RRAIR T U it
FEr BB N AR AN AL, B ARAT T S s 2] i
A, AT, MRS TR R AR (SR AR
) R, BB AR PR R AR AR IR SR 6 i 3l
REHEE AL ISR

SR FHMIEYEAT FROCIE A S 1 H 8 B SR i
PR BROTIERY , XoF LY — 38 YRR H R R 1+ 4
SR AL 5 i sl e P ) A S800 T 3 A5
NAEYy, W R H PR AN 2R T 2R PR & R T s Y
ABEE, FERAIEACT R T B R A

(c) Die forging

1 A RTuARA oy or

SIS RN 60Si2Mn LGN, SR XL IF 5%
Arrhenius PRECE A8 I 8RR A
_ 85151 58)

8.314T

(1)
K & ARBHA, s o HNS), MPa; TR
B, K,

R G 2 1) BE AR S5 1 e 5 38 1 0 BT, AR
RHEVE A 5°, FFHIRASCTOR > B GO i 2,
. MR N BT (K1) JEAR . SRBURE DL R
RELEA B b IR, I 0P Ak AT 1) f Ak PR
LAJ5 EE .

TESI AR R D, 20w s 2298, FH
K1 s NSO o B2 0 B2 1 e FR I, RN
] 2 itz 09 61 SR A BB sk A Y S T 1 A2 172 A BR TR
BOH R ~ Ry A b N BUE A A Y ] A 2R
o FRERBHI AN E 1100 € JE HEAT R, B
HAWURE 300 °C, AR5 T2 Ja) 0 BE 45 R Ao &
F0.6, FHBETHEER 20 mm s~

&= 2.94 x10°[ sinh(0.0030) ] 1‘6820exp(

e
2 AR R A T T A I A R AR AR
Fig. 2 Rigid plastic finite element model with 2D plane strain of

die forging process
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Fig.3 Equivalent strain distribution of workpiece during one-pass die forging
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Fig. 4 Maximum principal stress distribution of workpiece

during one-pass die forging process
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Fig. 5 Equivalent strain distribution diagram of workpiece

during pre-forging process
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Fig. 6 Equivalent strain distribution diagram of workpiece during

finish forging process
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Table 1 Standard of designed variables

K- A (M) /% B (R)) /mm C (Ry) /mm D (R;) /mm E (R,) /mm F (Rs) /mm G (h) /mm

1 0 1.0 0.50 0. 250 1 1 0.5

2 -0.25 1.5 0.75 0. 375 2 2 1.0

3 -0.50 2.0 1.00 0. 500 3 3 1.5

R2 EXXWHRMER
Table 2 Schemes and results of orthogonal experiment
oy A (Ui, B (R)/  C(R)/ D (Ry)/ E(R)/ F(Rs)/ G (h)/ - 5, - 5,
% mm mm mm mm mm mm

1 0. 00 1.0 0.50 0. 250 1 1 0.5 3.110 0.45187 1.52 0. 45023
2 0. 00 1.5 0.75 0.375 2 2 1.0 3.160 0.45115 1.58 0. 44195
3 0. 00 2.0 1. 00 0. 500 3 3 1.5 3.130 0. 46904 2.25 0. 43945
4 -0.25 1.0 0.50 0.375 2 3 1.5 1.510 0. 30553 1. 86 0. 42844
5 -0.25 1.5 0.75 0. 500 3 1 0.5 1.370 0.26171 2.44 0. 44950
6 -0.25 2.0 1. 00 0. 250 1 2 1.0 1.350 0.27323 2.15 0.43192
7 -0.50 1.0 0.75 0. 250 3 2 1.5 0. 985 0. 25389 2.22 0. 46523
8 -0.50 1.5 1. 00 0. 375 1 3 0.5 0.908 0. 22664 2.54 0. 50557
9 -0.50 2.0 0.50 0. 500 2 1 1.0 1. 060 0. 24353 2.14 0. 39650
10 0. 00 1.0 1. 00 0. 500 2 2 0.5 3.040 0. 45330 1.54 0. 42961
11 0. 00 1.5 0.50 0. 250 3 3 1.0 3.200 0. 42205 1.50 0.41635
12 0. 00 2.0 0.75 0.375 1 1 1.5 3.220 0.47728 1.54 0. 42850
13 -0.25 1.0 0.75 0. 500 1 3 1.0 1.410 0. 28346 2.13 0. 43366
14 -0.25 1.5 1. 00 0. 250 2 1 1.5 1. 400 0.28494 1.99 0. 43466
15 -0.25 2.0 0.50 0.975 3 1 1.0 1. 430 0. 27808 2.22 0. 44571
16 -0.50 1.0 1. 00 0.375 3 1 1.0 0. 925 0.23278 2.63 0. 47023
17 -0.50 1.5 0.50 0. 500 1 2 1.5 1.110 0. 27020 2.34 0. 44590
18 -0.50 2.0 0.75 0. 250 2 3 0.5 1. 250 0.281530  2.39 0. 48862




4510 14

AR ;AR A AR R FR AR B it 233

R3 MESWER

Table 3 Result of range analysis

EE7N A (1UIH) B (R,) C (Ry) D (Ry) E (Ry) F (Rs) G (h)
W2 R 2.103 0.077 0.111 0.03 0. 063 0. 055 0. 042
E max Pk A3 Bl 2 D3 El 2 Gl
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2% R 0.203 0.018 0.012 0. 002 0.017 0. 006 0. 025
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2% R 0.757 0. 167 0.218 0.213 0.258 0.104 0.075
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2% R 0.044 0. 009 0. 005 0. 005 0. 005 0.012 0.022
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Fig. 7 Equivalent strain distribution diagram of workpiece during

pre-forging process after optimization
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Fig. 8 Equivalent strain distribution diagram of workpiece during

finish forging process after optimization
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Fig. 9  Comparison of equivalent strain standard deviation between orthogonal

experiment and optimized experiment for workpiece during finish forging
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Fig. 10 Comparison of equivalent strain and its standard deviation for

workpiece between one-pass die forging and optimized two-pass die forging

AR AR SR FR 2 5%, 8 F%AE — TH B UE 1

Bl BB H AL B L
Fig. 11 Pre-forging and finish forging molds

SR CER AT s QIS 0 W 1 N < K I T8
NSNS CACIV R UR T GRS - NI € Z DR X - €3
o0, RATBRMZB AT, BeA R R
SRR AL S AR HE 2, B e BB A AR 4 L sl Y
Yo, s IE A S I A R R A A RO B
414l A2BICID2E2F2G3, B U148 I3 2 i />
25% ., R,=1.0 mm, R,=0.50 mm, R,=0.375 mm,
R,=2mm, R,=2 mm, h=1.5 mm, BEEMIE,
SECVFAE TRUEB AN 2 AR RIE 1o i P 119 25 2000 28 A0 45 280 17
ASHRAEZE A B TN, BB R A 4 JE T S B
S 30k
(1] HE#E, Shin, B, g0 R8s 72§ T 5 4 o B o Y
[J]. MU TS Agife, 2021, (1) 17-18, 22.
Zhuang Y, Ma L., Mao H H. Long and thin axis numerical control
turning processing quality analysis and research [ J]. Mechanical
Engineering & Automation, 2021, (1): 17-18, 22.
(2] SR, fERL, R, S5 ERBREAL AR BUR S K RS
#O1J]. BRI, 2020, 45 (6): 1-7.
Zhang J G, Cui S S, Qin S X, et al. Current situation and devel-
opment trend of cross wedge rolling technology in China [ J].
Forging & Stamping Technology, 2020, 45 (6): 1-7.
(3] il SWREMTTZP5 (1] WRHLS B, 2020,
(9): 119-120.
Su H. Study on machining technology of slender shaft [J]. Inter-
nal Combustion Engine & Parts, 2020, (9): 119-120.
(4] 25, WIIESE, SRR, S5 ALREAL AL (R4 m 2B OF Y
[J]. HLMTR2%4R, 2004, 40 (9): 80-83.
Yang C P, HuZ H, Zhang K S, et al. Study on axial deformation

of workpiece in cross wedge rolling [ J]. Chinese Journal of Me-

chanical Engineering, 2004, 40 (9) . 80-383.



5510 4]

ARIAEE ;A AR A X B AR B A s 235

[5]

(6]

[7]

KRR, EME. P REBH A BRTAY (1], #n T 12,
2010, 39 (9). 108-110, 119.

Zhu C H, Wang H. Finite element simulation of roll forging for rod
blank [J]. Hot Working Technology, 2010, 39 (9): 108-110,
119.

Bl , XIYT. FET Deform AV A S ASE Y Jis o J] 364 i~ 154 7 FHL
IR [T]. BRIESOR, 2021, 46 (5): 179-184.
Xu H, Liu J. Research and practice on adding semi-circular resist-
ance groove around forging mold cavity of lining plate based on De-
form [J]. Forging & Stamping Technology, 2021, 46 (5): 179~
184.

KB, M. BEREEAMUSIAE T ROE [1]. UM R
274, 2013, 49 (18) . 106-113.

Zhang Q, Wang Z R. Improve the friction condition to realize less-
loading forming [ J]. Journal of Mechanical Engineering, 2013,
49 (18): 106-113.

FhGENT, B, FLWesh, %. DEFORM-3D 7E % (R4 44
TR R AT R (0], BEIREEAR, 2020, 45 (8):
23-31.

Sun X M, Wei H C, Du X Z, et al. Application of DEFORM-3D

in cavity analysis of pre-forging mold for integral steel wheel [J].

[9]

[10]

[11]

[12]

[13]

Forging & Stamping Technology, 2020, 45 (8): 23-31.

Tomov B, Radev R, Gagov V. Influence of flash design upon
process parameters of hot die forging [ J]. Journal of Materials
Processing Technology, 2004, 157-158. 620-623.

Zhao X, Zhao G, Wang G, et al. Preform die shape design for
uniformity of deformation in forging based on preform sensitivity
analysis [J]. Journal of Materials Processing Technology, 2002,
128 (1-3).25-32.

IME, BT, Rk 60Si2Mn SRR BEIEAT ST [J].
5L4, 2013, 30 (3):29-31, 37.

Sun W, Xie G P, Wu B. Research on hot deformation behavior of
60Si2Mn spring steel [J], Steel Rolling, 2013, 30 (3): 29-
31, 37.

SRR, e, BIET 2% (M. deat: ma Tkl
2015.

Zhang Y J, Hang J T. Forging Technology [ M]. Beijing: Metal-
lurgical Industry Press, 2015.

PEP TR M TR 2, BRIETME [(M]. 3. dt
A BTl AL, 2007

China Society for Technology of Plasticity, CMES. Forging Manual
[M]. The 3rd Edition. Beijing: China Machine Press, 2007.

S P GG SO SPS SGSPS SVELPM OGGH OSGSG S SOSG P SG  GGPSH SGGMT SGS O GG S SSG  SG  S S wy

<%7 T HERD/EY

Y BRE

5 A-A

& ER

o~ 3k
i =
SOm
.

S

[C]
5
5§

4
£ %4
B
b=

S

NEF

Z#m/REB B TIRSHR

BHTIEHIR
MIES: sxgcxb

(BHTIRPR) APXRBT, =
EpXIOT, BRERFEEARD
REE. PENHIREFSENNZ
REGF), ERIMAFRIT. TBIRE
581 R ERRZREXN
BUSAME. BISREMEMIBICHRART
REANBERSHAMR.

IHEEN 2R

ieq
© REMHIRYS :Q a

EEHLHR p
| mEmEGE g

| IKSEE

() S

B





