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Abstract This paper describes the finite element analysis and die design change of cold heading punching process to
increase the cold forging tool life and reduce the tool wear and stress concentration. Through this study, the optimization
of punch tool design has been studied by an analysis of tool stress and wear distribution to improve the tool life. Plastic
deformation analysis was carried out in order to understand the cold heading process between tool and workpiece stress
distribution. Cold heading punch die design was set up to each process with different four types analysis progressing, the
cold heading punch dies shapes with combination of point angle and punch edge corner radius shapes of cold forging dies,
punch die material properties and frictional coefficient. The design parameters of point angle and corner radius of punch
die geometry, die material properties and frictional coefficient were selected to apply optimization with the DoE (design of
experiment) and Taguchi method. DoE and Taguchi method was performed to optimize the cold heading punch die design
parameters optimization for bolt head cold forging process, it was possible to expect an reduce the cold heading punch die
wear to the 37 % compared with current using cold heading punch in the shop floor.

Key words Cold heading process, Heading punch geometry optimal design, Finite element analysis, Design of
Experiment, Taguchi method
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(a) Cold heading punches

(b) Precision bolt & screw

Fig. 1. Cold heading punch and precision bolt & screw [1].

A) Corner”“R",
A.P"R” Breakage

B) Vertex damage

C) Wing cracks

D) Cross part cutting

Fig. 2. The critical defects of cold heading punch [1].
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Fig. 3. Cold heading punch M30PT design.
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Fig. 4. Initial product configuration of cold heading process for simulation.
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Fig. 5. Forging analysis stage modeling for cold heading process.

Table 1

Mechanical properties of cold heading process simulation
Workpiece Material
No. of Mesh

Frictional Coeftficient
Process Condition

AISI-1045, Cold [70F(20°C)]
70,000 EA

0.12

10 m/s
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Table 2
Design parameters and analysis results of current cold heading punch
Point Corner Material Frictional Max stress Max wear Hardness
angle R coefficient (1) (MPa) (mm) (HRC)
28° 0.3R SKH51 0.12 1,240 0.00274 64
Step 107
(a) Stress distribution of top die (b) Wear distribution of top die
Fig. 6. Analysis results of cold heading punch stress (a) and die wear distribution (b).
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Table 3
Chemical composition of the punch material
Material C Mn P S Cr Mo
SKD11 1.40~1.60 0.40 0.60 0.03 0.03 11.00~13.00 0.80~1.20
SKDI 1.90~2.20 0.10~.60 0.20~.60 0.03 0.03 11.00~13.00
SKH51 0.80~0.88 0.45 0.40 0.03 0.03 3.80~4.50 4.70~5.20
Table 4
Design parameter for design of experiment
Level
Design parameter
Parameter 1 Parameter 2 Parameter 3
A : Point angle (°) 26 28 30
B : Corner “R” (mm) 0.1 03 0.5
C : Material type SKD11 SKD1 SKH51
D : Friction coefficient () 0.07 0.12 0.17
Table 5 of LhERdl vl o] 3%9] AT AFAY Wrm M
Orthogonal array table for each element of Lo(3*) walglon npASE Wee Hesle] A8 g
No. of Design parameter A WY LE TASRCH, A% 4 711 AN A
eperiment A B C D A% Agsiel BAe) £ R vhw H4L Fysct.
1 26 0.1 SKDI1 0.07 W7k AEE AA Fde AARIAE HAsA717] 9
2 26 03 SKDI 012 ) S A8E feadeld AEUelde 48
; o 7] 913k 42 2 RS YT DA
5 28 03 SKH51 0.07 of thek W= Table 49} 7ol AAsilen, 3E A
6 28 0.5 SKDI11 0.12 e nde] dol ME AwAS 7K AL Zzke] F3to]
7 001 SKHSL 012 ge gew ehle #R4S T B da e
8 30 0.3 SKD11 0.17
9 30 0.5 SKD1 0.07

L AM&-3le] Table 59F o] YERHSITE
W7 @ FAAA AR e BAZE A= vl 7HA

Fig. 8. Effective stress distribution analysis for 9 different of cold heading punch designs.
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Fig. 9. Comparison of die forging load with 9 different cold
heading punch shape designs.

Table 6

S/N ration analysis Le(3") for cold heading punch stress
No. of Max sress  S/N ratio
experiment B C D (MPa) (dB)
1 1 1 1 1 1220 —61.7272
2 1 2 2 2 1360 —62.6708
3 1 3 3 3 1220 —61.7272
4 2 1 2 3 1160 —61.2892
5 2 2 3 1 1180 —61.4376
6 2 3 1 2 1130 —61.0616
7 3 1 3 2 1230 —61.7981
8 32 1 3 1320 —62.4115
9 3 3 2 1 1410 —62.9844
Average —61.9008

HE JeRd ZolW Table 72 7t A= A W
719eE vERd #elth A9 2710 2= Point angle=
28°, Corner R =0.1R, Material type SKH51, Frictional
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= A2 =Y A Aol gk HAAA 7S e
™, A2BIC3D3 z719] HAYFY AL 7hssict.

Table 7
ANOVA table of cold heading punch stress analysis

Design parameter Degree of freedom  Contribution rate (%)
A 2 59.7
B 2 14.4
C 2 23.0
D 2 2.9
Total 8 100.0
Table 8

Calculated optimal design values for cold heading punch stress
reduction

Design parameter Experiment

A B C D condition

A2(28°) BI1(0.IR) C3(SKH51) D3(0.17) A2BIC3D3
Table 9

Finite element analysis conditions for cold heading punch wear
analysis

SKD11, SKD1, SKH51
Total 70,000ea, /Curvature 0.05 /Around 0.5
Rigid body

Top die materials
No. of mesh

Object type

c1

Fig. 10. Configuration of mesh generation of top die (cold
heading punch) wear simulation.
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Fig. 11. Wear analysis of cold heading punch.

Table 10
S/N ration analysis Le(3") for cold heading punch wear

Table 11
ANOVA table of cold heading punch wear analysis

No. of Max wear  S/N ratio Design parameter Degree of freedom  Contribution rate (%)
. A B C D

experiment (mm) (dB) A 5 32

1 1 1 1 1 0.00189 —54.4708 B 2 21.4

2 1 2 2 2 0.00300 —-50.4576 C 2 11.5

3 1 3 3 3 0.00264 -51.5679 D 2 63.9

4 2 1 2 3 0.00224 —52.9950

5 2 2 3 1 0.00253 -51.9376 Total 8 100.0

6 2 3 1 2 0.00298 -50.5157

7 3 1 3 2 0.0029 -50.5742 Table 12

8 3 2 1 3 0.00246 —52.1813 Calculated optimal design values for cold heading punch stress

9 33 2 1 000247 -52.1416 reduction

Average -51.8718 Design parameter Experiment

A B C D condition
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Table 13
Compromised optimal design parameters for cold heading punch
Design parameter Design
A B C D parameter set
Compromised optimal design A2(28°) B3(0.5R) C3(SKH51) D2(0.12) A2B3C3D2

Step 113
Stress - Effective (MPa)

(a) Effective stress distribution of
optimization condition

Step 113

Tool wear - Wear depth (total) (mm)

';‘,.

0.000 I

0.0002?
0.002012?

(b) Wear depth of minimum wear
optimization condition

Fig. 12. Analysis results of effective stress and wear distribution of compromised optimal punch design for cold heading process.
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