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Abstract This paper describes the finite element analysis and die design change of spring retainer forging process to
reduce the cold forging load and plastic forming stress concentration. Plastic deformation analysis was carried out in order
to understand the forming process of workpieces and elastic stress analysis of the die set was performed in order to get
basic data for the die fatigue life estimation. Cold forging die design was set up to each process with different four types
analysis progressing, the upper and lower dies shapes with combination of fillets and chamfers shapes of cold forging dies.
This study suggested optimal cold forging die geometry to reduce cold forging load. The design parameters of fillets and
chamfers are selected geometry were selected to apply optimization with the DoE (design of experiment) and Taguchi
method. DoE and Taguchi method was performed to optimize the workpiece preform shape for spring retainer forging
process, it was possible to expect an increase in cold forging die life due to the 20 percentage forging load reduction.

Key words Cold forging, Forging die geometry optimization, Finite element analysis, Design of experiment, Taguchi
method
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Fig. 1. spring retainer and engine intake & exhaust valve system structure [1].
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1st Dies 2nd Dies

3rd Dies

4th Dies 5th Dies

Fig. 2. Forging process and die design for spring retainer.

AISI-1045, Cold [70F (20°C)]

Table 1

Mechanical properties of spring retainer material for cold forging process simulation
Workpiece Material
No. of Mesh

Frictional Coefficient
Process Condition
No. of Forging Process

2000 EA

0.12

10 m/s

6 stage process including billet workpiece cutting
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Fig. 3. Configuration of spring retainer forging at 6 stage cold
forging process.
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Fig. 6. Configuration of initial billet dimensions for spring
retainer forging.
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Table 2
The specifications of design parameters for cold forging die shape
change

Die Number Design Parameters Positions
A (edge fillet radius) Upper die
. B (chamfer length) Lower die
2nd Die C (chamfer angle) Lower die
D (edge fillet radius) Lower die
A (contact length) Upper die
. B (chamfer length) Upper die
3rd Die C (edge fillet radius) Lower die
D (chamfer length) Lower die
A (edge fillet radius) Upper die
. B (chamfer length) Upper die
4th D
th Die C (edge fillet radius) Lowe die
D (chamfer length) Lower die
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Fig. 9. Design parameters of 2nd, 3rd, 4th dies sets for cold forging.



A study on the cold forging die geometry optimal design for forging load reduction 257

Table 3
Design parameter of 2nd dies set

Level

Design Parameters
Parameter 1 Parameter 2 Parameter 3

A (edge fillet radius) RO.Imm RO03mm R O0.5mm

B (chamfer length) 1.5 mm 2.5mm 3.5mm

C (chamfer angle)  35° 45° 55°

D (edge fillet radius) R 0.1 RO03 RO.5
Table 4

Design parameter of 3rd dies set

Level

Design Parameters
Parameter | Parameter 2 Parameter 3

A (contact length) 1.5 mm 2.5 mm 3.5 mm
B (chamfer length) 0.5 mm 1 mm 1.5 mm
C (edge fillet radius) RO.1mm R O03mm R 0.5mm
D (chamfer length) 1.5 mm 2.5 mm 3.5mm

Table 5
Design parameter of 4th dies set

Level

Design Parameters
Parameter 1 Parameter 2 Parameter 3

A (edge fillet radius) R0.5mm R I15mm R25mm
B (chamfer length) 1 mm 2 mm 3 mm
C (edge fillet radius) RO.1mm R O3mm  R0.5mm
D (chamfer length) 2 mm 4 mm 6 mm
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Table 6°l= 34 A3 3 S/N ratioS YERH 3FolH,

Table 7
ANOVA table of 2nd dies set design parameters
Design Degree of Contribution
parameters freedom rate (%)
A 2 1.59
B 2 9.17
C 2 87.38
D 2 1.86
Total 8 100
Table 8
Calculated optimal design parameters for 2nd dies set
Factor Experiment
A B C D condition

Al (RO.I) Bl (@25mm) C3(550) DI (RO.I) AIBIC3DI

- == Average

-38

»

-40

S/N Ratio (dB)

A1A2A3 ClC2C3 D1D2D3

Fig. 10. ANOVA analysis of 2nd dies set.

B1B2B3

case7 Edlo] 2 FA AojM FHH e AxzE yElsk
Tl Table 72 7t A=) AHie 2 7|9 =E HeRH
JOM 53] oe] s FAXE S 5F9 A

2 C7t 8738 %= 7P =2 7|9&S 7KK o=
L]—E]—‘;;EP_E], Table 83} Fig. 10> A43@sNA A7l gt
27k ANOVA H474 30|t}

6.2. 31 =¥l AP S T3 A

2
oo

23}

21 AP HHe AAE U2 caseoll FE 3
W AT Sae 85, Table 9= 3 A

Table 6
S/N ratio analysis of Ly(3") for 2nd forging stage
Simulation Dies forging S/N ratio Simulation Dies forging S/N ratio
case No. load (ton) (dB) case No. load (ton) (dB)
1 104 —40.34 6 197 —42.35
2 91.3 -39.21 7 69.2 -36.8
3 71.1 —37.04 8 131 —42.35
4 76.2 —37.64 9 93.5 -39.42
5 70.9 -37.01 Average -37.17




258 Joon Hwang and Seung-Hyun Lee

Table 9
S/N ratio analysis of Lo(3") for 3rd forging stage
Simulation Dies forging S/N ratio Simulation Dies forging S/N ratio
case No. load (ton) (dB) case No. load (ton) (dB)
1 127 —42.08 6 124 —41.87
2 124 —41.87 7 124 —41.87
3 124 —41.87 8 123 —41.80
4 124 —41.87 9 126 —42.01
5 125 —41.94 Average —41.91
Table 10 -41.82
ANOVA table of 3rd dies design parameters === Aveiege
Design Degree of Contribution 41.87
parameter freedom rate (%) 2
©
A 2 7.23 =
B 2 12.73 5 49
C 2 1.76 z
D 2 78.28 % a1.97
Total 8 100
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Al A2 A3 Bl B2 B3
Fig. 11. ANOVA analysis of 3rd dies set.
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Table 11
Calculated optimal design parameters for 3rd dies set
Factor Experiment
A B C D condition
A3 (3.5 mm) B2 (1 mm) C3 (RO.5) D3 (3.5 mm) A3B2C3D3
Table 12
S/N ratio analysis of Lg(3") for 4th forging stage
Simulation Dies forming S/N ratio Simulation Dies forming S/N ratio
case No. load (ton) (dB) case No. load (ton) (dB)
1 180 —45.11 6 291 —49.28
2 199 —45.98 7 165 —44.35
3 478 —-53.59 8 207 —46.32
4 167 —44.45 9 220 —46.85
5 191 —45.62 Average —46.84
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Table 13
ANOVA table of 4th dies design parameters
Design Degree of Contribution
parameter freedom rate (%)
A 2 13.36
B 2 65.33
C 2 9.56
D 2 11.75
Total 8 100
Table 14
Calculated optimal design parameters for 4th dies set
Factor Experiment
A B C D condition

A3 (R2.5) Bl(Imm) C2(R0.1) DI(@2mm) A3BIC2DI

=== Average

-38 — —

-39 \ N\
TR NS

S/N Ratio (dB)

A1A2A3 Cl1C2C3 D1D2D3

Fig. 12. ANOVA analysis of 4th dies set.
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Fig. 13. Effective strain of optimized spring retainer workpiece.

Table 15
Forging load reduction effect due Cold forging die optimal design
Forging Load (ton)
Cold forging - - Forging load
dies setNo. ~ Before design ~ Optimal  redyction ratio (%)
change design
1st Dies 88.6 83.2 6.1
2nd Dies 109.0 69.2 36.5
3rd Dies 130.0 123.0 54
4th Dies 230.0 167.0 27.4
5th Dies 446.0 366.0 18.0
Total 1,003.6 808.4 19.5
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Fig. 14. Effective stress distribution of forging die at each steps.
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