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Wear analysis and process parameter optimization on hexagon
punch based on orthogonal test
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Abstract: In order to reduce the wear amount of the cold upsetting punch at the head of hexagonal bolt for a vehicle, the Archard wear theo-
ry was used to research it. Then, taking reducing the punch wear amount as the main objective and selecting cone angle of punch, punch
hardness, friction factor and feeding speed as the test factors, L,(4*) orthogonal test was designed, and finite element simulation was per-
formed by DEFROM. Furthermore, the influence degree order of each factor on the punch wear was obtained by the range analysis and vari-
ance analysis of the test results, that is cone angle of punch>punch hardness>friction factor>feeding speed, and the optimal process parame-
ter combination was the punch cone angle of 25°, the punch hardness of 67 HRC, the friction factor of 0. 10, and the feeding speed of
100 mm - s~'. Under the optimal parameter combination, the wear amount of punch was reduced from 3. 39x10™° mm to 2. 16x10™° mm. The
results show that the punch wear mainly occurs at the connection between conical surface of punch and ligament of punch. Thus, the optimized
process parameters reduce the wear amount of punch, which has reference significance for the research on the wear of the same type of punch.
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Table 1 Main chemical compositions of SCM435 steel

( %, mass fraction)

C Si Mn P S Cr Mo

0.33~ 0.15~ 0.60~ 0.90~ 0.15~
<0.03 <0.03

0.38 0.35 0. 85 1.20 0.30
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Fig. 1  Four-process forming drawing
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Fig.2 Hexagon punch forming

(a) Design drawing of punch  (b) Physical drawing of punch
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Fig. 3 Finite element model of the third process
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Table 2 Factors and levels of orthogonal test

ESES
KA
A/(°) B/HRC c D/(mm - s™")
1 25 61 0.08 10
2 30 63 0.10 60
3 35 65 0.12 100
4 40 67 0.14 140
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Table 3 Schemes and results of orthogonal test

FoOME TS B
5 A/(°) B/HRC C D/(mm-s7') HE (%107 mm)
1 25 61 0.08 10 A1BICID1 3.02

2 25 63 0.10 60 A1B2C2D2 2.76

3 25 65 0.12 100 A1B3C3D3 2.32

4 25 67 0.14 140 A1B4CAD4 2.40

5 30 61 0.10 100 A2B1C2D3 3.39

6 30 63 0.08 140 A2B2C1D4 2.97

7 30 65 0.14 10 A2B3C4D1 2.57

8 30 67 0.12 60 A2B4C3D2 2. 64

9 35 61 0.12 140 A3B1C3D4 3.34
10 35 63 0.14 100 A3B2C4D3 3.07

11 35 65 0.08 60 A3B3C1D2 3.05

12 35 67 0.10 10 A3B4C2D1 2.90

13 40 61 0.14 60 A4B1CAD2 4.02

14 40 63 0.12 10 A4B2C3D1 3.89

15 40 65 0.10 140 A4B3C2D4 3.52

16 40 67 0.08 100 A4B4CID3 3.26
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Fig. 4  Orthogonal test results

R4 BHRENRESTLER (x10° mm)

Table 4 Range analysis results of wear amount (x10™® mm)

SES A B c D
¥iE 1 2.625 3.442 3.075 3.095
HIE 2 2.893 3.172 3.142 3.118
BifE 3 3.090 2. 865 3.048 3.010
¥i{h 4 3.672 2. 800 3.015 3.057
W2 R 1.047 0. 642 0.128 0.108
HERR 1 2 3 4
BT EMAE  ALBACAD3
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ML A RE/(0) PhRBERE/HRC  BEEER S B /(mm-s )
A 3 2.3718 7.906 28.68 0.010
F'S Sk RS A 32 B ) B 3 1..0567 3.522 1278 0.032
Fig. 5 Orthogonal test effect diagram of wear amount for punch c 3 0. 0353 0.118 0.43 0. 749
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Fig. 6 Comparison of punch wear under different process parameters

(a) Current process parameters

(b) Optimal process parameters
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Fig. 7 Physical drawings of punch wear under different process parameters

(a) Current process parameters  (b) Optimal process parameters
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Fig. 8 Comparison of loading force under different process parameters

0.7 mm B, PNz ihAH=s, MG T4 )8R sh
Epk@iar, TAHSET AL, mE T
FE, BUBYBON NS MO B8R B B vk AT
FRAHE K, 0 TRE AL RN 3 K, gk ) il 2 1 K
ROV, T4 m A S 280m ) — e R
K, BREHE MR 5 EFENZmW, AT
e, w185 8207 N,
3.3 HEEEREHSH

SBIERF R R, &8 80 E B RIE
B 7 a2 BT e, DNITTZE 2301 SR 4R 2 4k 4L,
Rih 4@ imidk, FIE i e &R e ol LIfE— 2 f2
JE B3R TR 24 R AR SO S 0 il B
Feik 2T IO Bt i, AR 4 A
Y5y, RE TEEM A AR B T R
BhEAR L | % 3 IR 8 DR B X T 4 S TR 1)
M BRI X R AT T AR AN X,
B DX B 58 2 K

7S A sk OB R 4 ) L s, rha 4
JR T PSS , e kS R Sk Ak ) 4
ik, BB Z A SR shstX, w4
RS ARG EABARNEEZ, Fik, ENMEE
TS 22 R T, SR op Sk B Ak ) 4R TR A
BRI A il R IR RS 4R ) 3 B i 7R
T, BB E RS X T bk g b
W4 Eiiish, /NI, SR Sk
WIS 2Fy, 1 42 ok e i Ak %) 4 T8 PR T EE 488 0 ) 5
Wi, 4 U 80 P/ N A B v Sk 8 T 14 4 3 B
W, HiL, i eERgsE S, BN
SIEWMEYIf, FEUIFERRRES ., R 9 A, i
PRJE TR 0 4 B IR L B RA T 4 R T S
SlRmEM B AT/, BRZHMERIEHERZ I,



6 'R A 547
[2]  FRB, SkEMR, FIEH. FT Deform MM G B8 fi FF
KRR T AT [J]. BUUHE T, 2011, (6):
73-75, 83.
' Pei W C, Zhang Y Q, Meng X J. Finite element simulation for
J_ shoulder fillet of shaft parts in open-die cold extrusion process
&l based on deform [J]. Modern Manufacturing Engineering, 2011,
? (6): 73-75, 83.
’ [3]  BEG¥E, GBS, B, & SA5% 2 BUR B Bt
BUMBEBAL AR AL 1] BT T2, 2020, 49 (17):
101-104, 107.
Zhao Z F, Hou HS, Qian RF, etal. Numerical Simulation and
optimization of cold heading-extrusion of hexagon flange face loc-
king nuts [ J]. Hot Working Technology, 2020, 49 (17):
@ ® 101-104, 107.
K9 ARETESEFNEERERE [4] KimTH, Kim BM, Choi J C. Prediction of die wear in the wire-
(a) MAFTZEH (b) LTS5 drawing process [J]. Journal of Materials Processing Technology,
Fig. 9 Metal streamline diagrams under different process parameters 1997, 65 (1): 11-17.
(a) Current process parameters  (b) Optimal process parameters (5] ARBF, 50, EF. HET Deform 55 Isight IS Ff ik 2 IR
BRI H BT S (1], PLBET, 2019, 36 (3): 50-55.
#K?*%EJ:E&%T@E?ﬂé%’ %%TT{L‘FB(Jjj%'@ﬁEO Zhu S P, Mo S, Wang X. Design and optimization of the cold-
heading die for hexagonal flange bolts based on Deform and Isight
é:l:‘ . [J]. Journal of Machine Design, 2019, 36 (3). 50-55.
4 % _I/t} (6]  XUEGT, HOlEE, WS, 4% BB A My ik
g¢ (1], AR SERE, 2010, 27 (9): 52-55.
( 1 ) %:J: Archard @3%—3" }Ei/e , Xd‘ﬂ:%iﬁﬁ lj;] Ay Liu R J, Zhang Y W, Wen C W, et al. Study on the design and
%ﬂ%ﬁ‘:ﬁiﬁﬁﬁﬁ Tﬁﬁﬁi‘&%*ﬁﬁ?ﬁ , iﬁﬁ DEFORM analysis methods of orthogonal experiment [ J]. Experimental
R A D e £ S T v 3L - Technology and Management, 2010, 27 (9):. 52-55.
Ui SCBRAEIEAT NS A Sl B, RMSR BRI B (7)o, s e seiabme o BB DU 7 2 5 B
e AE b S HE T 5 rh Sk BT B R B A AL, S SEPR fb [J). HEHAR, 2020, 45 (3): 141-145.
?*%@é*ﬁﬁiﬂ%% Chen T. Wear analysis and parameter optimization in blanking
(2) XEWRKHEE A, oS | BRI H o T 20 15 (ot
PR amping Technology, s : -145.
&ﬁgﬁﬁgﬁ 4 /I\Ig%%?&ﬁ/fj‘ﬁt{’tﬁrr, %%Xﬂ‘ [8] LinZ, XiaJ, Wang X, et al. Optimization of die profile for im-
FF%J%R ﬁ%ﬁ’g?ﬁ ﬂﬂfirg}’mrﬁj{[ ?$%%&E%E>mﬂ% proving die life in the hot extrusion process [ J]. Journal of Mate-
ﬁjﬁﬁ>ﬁ§%ﬁ(>iﬁéﬁﬁ§, Xﬁﬁﬁlﬁ%%ﬁﬁﬁ?ﬁﬁ, rials Processing Tech. , 2003, 142 (3): 659-664.
4 NP NIRRT . . [9]  ZEASC. SCM435 5 W BIM LM B El [J]. &8 6l b,
IR LAY, TS 25°, MR i, s G
y‘j 67 HRC, @%ﬁy‘j 0. 10, iﬂ:é{ﬁ\ﬁ&#y‘j 100 mm - s™' o Yong Z W. Research and manufacture of SCM435 alloy wire rod
(3) RHABMN TS G707 BERIE, 1) for cold heading [J]. Metal Products, 2007, (6): 44—46.
. . o P e i 2 - < R 925 B B YA B 2 T
WAL 1132 N BUNE 281 N, WA T 75 1% O EEE B [ﬁf . %ﬂﬁﬁﬁﬁmfﬂ?é%iﬁﬁ
REHT 0 Bkt [J]. $BMETREAAR, 2019, 26 (4): 55-60.
RN =t =t S, ; N A =
{I:IJJ:/TT*I HI 20% Ij;J ’ ,ij/f/tE‘ E/J hnﬁjj :VJ/J\ﬂ:IJLATI Song Inchul, Jin C X, Ren J R, et al. Prediction and improvement of
gﬂg ﬁﬂﬁjﬁ , \(EF%J%& Jﬁi EE 3.39%10™° mm ?}ﬁ//l\i rough band of cold forging surface based on simulated metal flow lines
2. 16)(10—6 mm, m//l\T 36. 3%, Bﬁi,fjtlgé%ﬁ_ﬁ‘l [J]. Journal of Plasticity Engineering, 2019, 26 (4): 55-66.
8 P . N . i, SRR, THER, & AFSETEE SRS 4 R
{4 R 2 1R 3l 3 s (i (1] i, iRt ;
T%ZJ%)}E{"“%1?§J X " 7:5? 3 i%ﬁﬁ?ﬁﬂ’] /"“f TN RA (1. SRR, 2021, 46 (2): 105-110.
;‘R&E{jﬁ// o Z'KIXd‘ﬂ: Igjjtaji E/‘J Ij:l/\ ﬁ (EP%EE%I < Miao Z, ZhangZ M, Yu ] M, et al. Influence of different param-
EA—‘?EE/‘J*E %ﬁ: XO eters on metal streamline of aluminum alloy part with branch and
| optimization [ J]. Forging & Stamping Technology, 2021, 46
= : (2): 105-110.
(1] XM, ZETIEACIKIRAY 7 H R BE BT 0 7 BB HL B 14 Ak [12] AuiHe], Z8id, XIS, AS[RIEE SBe R ook P oh 42 JB VR 304 o 119

[J]. #RJEHAR, 2020, 45 (2): 182-187, 193.

Liu J Y. Forming analysis and mould wear optimization on nuts for
vehicle based on orthogonal test [ J]. Forging & Stamping Technol-
ogy, 2020, 45 (2): 182-187, 193.

IR IXHESE (1], @@, 2007, (2): 199-204.
Yuan S J, Li F, Liu G. Research of metal flow during extrusion
process under different friction condition by deforming area division

[J]. Acta Metallurgica Sinica, 2007, (2): 199-204.



