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Multi-stage Cold Forging Process Design and Backward Extrusion
Characteristics Evaluation of Serration Gear
for Electronic Parking Brake
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ABSTRACT

Reducing production costs through net-shaped cold forging is an important aspect in the automobile industry.
In this study, we intend to produce a net-shaped electronic parking brake (EPB) serration gear for automobiles,
using multi-stage cold forging. These serrations are then assembled to the reduction gear of an EPB actuator.
The forging process of the serrations and the cold forging design were verified through finite element analysis
(FEA) in order to evaluate metal flow. The forging machine was selected by checking the load using FEA.
Based on the FEA results, molds were designed, and parts were made using multi-stage cold forging to produce
a net-shaped serration gear.
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Table 1 Forging machine specifications

HNP-627 Specifications

- Cut-off length (mm) - 10~80

- Dies k.o (mm) - 100

- Punch k.o (mm) -50

- Forging load (kg) - 35,000

- Main motor (kW) -75

- Machine weight (kg) - 70,000

- Machine size (m) - 6.2%3.6x3.6
- Stage - bstage

Fig. 2 HNP-627 and expenmental set-up

Table 2 Chemical composition of SCM420 steel
substrate(wt’%) - KS D 3867

C Si Mn P S

SCM 0.17 0.15 0.55 0.03 0.03
420 ~0.23 | ~0.35 | ~0.95 less less

HNP-6279] & 2 F3
AR 2 HNP-62 —8—
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Table 4 Cold forging load(ton) by process

Punch Die
Stage 1 3 76
Stage 2 9 17
Stage 3 1 11
Stage 4 10 21
Stage 5 9 15
Stage 6 4 7

UNIT: tanvs. s
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: i i : | MAX 47 B80E+1
VRN (TR R R emmemeoiem e oo o= MIN:+0.000E+0 -
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______________________________________
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Fig. 6 Cold forging load graph(#10~60)
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(b) Direct backward extrusion
Fig. 7 Semration backward extrusion FEA test
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Fig. 13 Semrations net-shape dimensions

Table 5 Measurements of serration dimensions

@ @9.56~9.66 (mm)  @9.58 | ©9.57 | ©9.58
@ @11.3~11.4 (mm) ©11.32 | 1131 | B11.31

- 135 -



AA4 57 Belelag Aoy loje] Witttz 34 AA B FU JEEAe) B W} -

=71 A7 38

3= #2149, A2z

4 AFAANA aFstE AElolde] F8 A
E2 Fig. 137 2o A2 Table 59 22
al

4. 4 E

B =RAE Asak ke Hest AUEE
A Q Jol| gh3o] EPB AlxHle] 7HE7) 7]
FES Yigw gx2 4¥s] Rdth FEA

= o
=2 Y il KB AFsAArh & A7
oA Qe Fas Aze ogsh 2o}
o

“o] = 2019 AHATIEYAAY AFH] A
o o3t ATHAS. (No.20006979) ”

REFERENCES

1. Yuangen, Q., Cho, H Y., “A Split Die Design for
Froging of Hexagonal Bolt Head”, Journal of The
Korean Society of Manufacturing Process Engineers,
Vol. 19, No. 5, pp 91-97, 2020.

2. An, S. C, Lee, G, Kim, S. Y., Im, Y. T., “Elastic
Analysis of Cold Extrusion Die Set with Stress Ring”,

Journal of The Korean Society for Technology of
Plasticity, Vol. 11, No. 4, pp. 355-362, 2002.

3. Lange, K., “Some aspects of the development of cold

forging to a high-tech precision technology”, Journal
of Materials Processing Technology, Vol. 35, pp
245-257, 1992.

4. Jo, A. R, Jeng, M. S, Lee, S. K,, Moon, Y. H., Hwang,

S. K., “Multi-stage Cold Forging Process for
Manufacturing a High-Strength One-Body Input
Shaft”, Journal of Materials, Vol. 14, 532, 2021.

5. Shim, S. H., Jeon, G. B., Lee, J. H., Shin, U. H,,

Kim, B. C., Jung, Y. D., “A Study on Application
Strategy and Actual Car Effectiveness of Electronic
Parking Brake for Rear Wheel Driving Car”, Jounal
of The Koean Society of Automotive Engineers, Vol.
27, No. 5, pp. 389-398, 2019.

6. Ann, K. H.,, Kang, J H., Heo, S S., Shin, T S., Cho,

H Y., “Multistage Cold Forging Process Design of
Al6082 Considering Forming Limit”, Journal of The
Korean Society of Manufacturing Process Engineers,
Vol. 19, No. 9, pp 93-99, 2020.

7. Choi, D. S., Kang, H B., “Finite Element Analysis

of Multistage Hot Forging Process During Mold
Cooling”, Journal of The Korean Society of
Manufacturing Process Engineers, Vol. 19, No. 5, pp
75-81, 2020.

8. Kim, H. J, Jin, C. K., “Process Design Molding with

Precision Hot Forging of One-way Clutch Inner Race”,
Journal of The Korean Society of Manufacturing
Process Engineers, Vol. 17, No. 4, pp 83-90, 2018.

9. Abe, Y., Mori, K., Kato, T., “Joining of high strength

steel and aluminium alloy sheets by mechanical
clinching with dies for control of metal flow”, Journal
of Materials Processing Technology, Vol. 212, pp.
884-889, 2012.

10. Kim, Y. J., “Finite Element Simulation for Design
of Compound Forging Process For a Hollow Flanged
Spindle”, Journal of The Korean Society of
Manufacturing Process Engineers, Vol. 9, No. 3, pp.
69-75, 2010.

- 136 —





