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Process Modification and Numerical Simulation for an Outer Race
of a CV Joint using Multi-Stage Cold Forging
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Abstract

The outer race of a constant velocity (CV) joint having six inner ball grooves has traditionally been manufactured by
multi-stage warm forging, which includes forward extrusion, upsetting, backward extrusions, necking, ironing and sizing,
and machining. In the current study, a multi-stage cold forging process is examined and an assessment for replacing and
modifying the conventional multi-stage warm forging is made. The proposed procedure is simplified to the backward
extrusion of the conventional process, and the sizing and necking are combined into a single sizing-necking step. Thus, the
forging surface of the six ball grooves can be obtained without additional machining. To verify the suitability of the
proposed process, a 3-dimensional numerical simulation on each operation was performed. The forging loads were also
predicted. In addition, a structural integrity evaluation for the tools was carried out. Based on the results, it is shown that the

dimensional requirements of the outer race can be well met.

Key Words : CV Joint, Outer Race, Multi-Stage Cold Forging, Process Simplification, Finite Element Simulation

i

_>‘~l_,
QOHTEIH_"

o2

> 1
ox
fe
o
3
P

A
4N %t T

off R«
yo B 1 off

-

—

=
—
s
1)

o
2
)
e
AV
o
o
fo
ol o
o
=%
R
I
A
=
>

B
o lo —

ox
ol
ol
° N
E le]
- ol
o
O,
o X
* 1k rhy
(Lot ooz f oox M

T 7} )
o, ol wet 7]EY 23F F2 E3t
Warm or Hot Forging Process)oll 23} A4t
: W7 @2 F 4 (Cold Forging Process)
1 AL 72 Ags 9 =9

I
30 2L

ofN off [
o

M

N
I~

J
o
N
i
i
o fo

f
o,
oft,

=2
Lo

bt

1 Wbt Feg-F et
# Corresponding Author : ERC of Innovative Technology on Advanced
Forming, Pusan National University, E-mail: longtw@pusan.ac.kr

-

= 7ol AtH[2~4].

s 55320 E(Constant Velocity Joint)= W
A7IHowm BY Aozl 31Hd F(Torque)= HH
(Wheel)ell 7-53kA] Euishs A 7502 Fig. 1]
Aeb ol <QlHF T4 3 E(Transmission-side CV
Joint)e} wHF S 54291 E(Wheel-side CV Joint) 12
a o]ES dAAstE AFZE(Shaf)®2 A ET olE

2
i
ofrt

ol 3ot nt £ZQE= Birfield Joint(BJ)
AL gtaE ko, <& (Outer Race), Ul (Inner
Race), T&Ho13(Ball Bearing) 2 o}y 7oA
(Bearing Cage) 59 w& WxFH} 718 FFEoR
TAEE Aol dubA o).



212

Outer CV Joint
(Wheel side)

o
ot
&

Shaft

Inner CV Joint
(Transmission side)

4 7

BJ (Birfield Joint)
Assembly

N
-8\ ®— @ |3

N A

DOJ (Double Offset
Joint) Assembly

BJ Inner Race

BJ Outer Race

BJ Ball Cage BJ Ball Bearing

DOJ Outer Race  DOJ Inner Race

DOJ Ball Cage

DOJ Ball Bearing

Fig. 1 Metal components within transmission-side and wheel-side of constant velocity joints used for automobile
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Fig. 2 BJ-type CV joint and its metal components
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Table 1 Mechanical properties of SCr420H

Properties Unit Raw Annealed
Young's Modulus GPa 205 205
Yield Strength MPa 327 263
Ultimate Strength MPa 664 573
Poison's Ratio 0.29 0.29
Fracture Strain & 0.168 0.232

K MPa 1,087 889
Flow Stress Law

n 0.168 0.232
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Fig. 8 FE models and process sequences for multi-stage cold forging process of outer race
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Fig. 9 Numerical simulation results of multi-stage cold forging for outer race of CV joint
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¥ Forward Extrusion Punch ¥ Forward Extrusion Die
Effective Stress(MPa)

3,900 l

3,250
2,600

1,950

(a) forward extrusion

¥ Backward Extrusion Punch ¥ Backward Extrusion Die

Effective Stress(MPa)

p f&ﬁ\,\ 4,100 I

3 3,400
2,800
2,100

1,400

@ I

(c) Backward extrusion

L el

Table 2 Selection of tool material for multi-stage cold
forging process of the outer race[5,10,11]

Yield Strength(MPa)

Tool Material HRC
Tensile | Comp.
Forward | Punch | SKH51 | 62 | 2,400 | 3,000
Extrusion | e | pgo 71 | 3,600 | 5,000
Punch | SKH51 | 62 | 2,400 | 3,000
Upsetting
Die | D60 | 71 | 3,600 | 5,000
Backward | Punch | SKH51 | 62 | 2,400 | 3,000
Extrusion | nje | sTp11 | 59 | 1,200 | 2,200
Sizing. | Punch | STD61 | 53 | 1380 | 2400
Necking | nie | stp11 | 59 | 1200 | 2200

¥ Upsetting Punch

Effective Stress(MPa)

5,500 l

4,750

3,800

1,900

I 950
0

(b) Upsetting

v Assembled Grooving Punch

2,850

Effective Stress(MPa)

2,100 l

1,750

1,400

700

1,050

I 350
0

(d) Combined sizing-necking

¥ Upsetting Die

¥ Combined Necking Die

Fig.11 Results of structural integrity evaluation for each punch and die in multi-stage cold forging process
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Fig.12 Cold forged outer race obtained from proposed

multi-stage cold forging simulation

Table 3 Comparison between target and simulated
geometries by proposed multi-stage cold forging

Unit : mm Requirement | Simulated
Outer Radius(Ro) 36.750 36.700
Head |Groove Radius(Rg) 30.965 30.975
Cave Radius(R¢) 27.775 27.215
Upper(Rs) 13.250 13.220
Shaft
Root(Rg) 11.750 11.740
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