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Mold-design Verification of Ball Housing Insert Die in Non
Processing Type Multi-stage Cold Forging
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ABSTRACT

Cold forging is a method in which molding is performed at r

c of Korea
National University, Busan 46241,
ea

September 2021; accepted 09 October 2021)

oom temperature. It has a high material recovery

rate and dimensional precision and produces excellent surface quality, and it is mainly used for the production
of bolted or housing products. The lifespan of cold forging molds is generally determined by the wear of the
mold, plastic deformation of the mold, and fatigue strength. Cold forging molds are frequently damaged due to
fatigue destruction rather than wear and plastic deformation in a high-temperature environment as it is molded at

room temperature without preheating the raw material and mold.

Based on the results analyzed through FEM, an

effective mold structure design method was proposed by analyzing the changes in tensile and compressive
stresses on molds according to the number of molds and reinforcement rings and comparing the product

geometry and mold stress using three existing mold models.

Keywords: Multi-stage Cold Forging(CHEHHZHEEZ), Die Design(E & AA]), Dies Lifetime(=8$=%), Ball Housing

(8 3M3%), Stress-Max Principal(F S21)
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[ Steering Linkage Assembly]

Inner Ball Pin Ball Housing (MDPS)
(Yoke)

(OBJ Module Part)

(Inner Ball Joint Module Part)

Fig. 1 Steering linkage assembly housing configura tion
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Table 1 Chemical composition and mechanical pro
perties of SWRCH25K

Tensile | Yield |Elong
strength | strength | tion

(N/mm) | (N/mmf) | (%)

Wt (%)

C| S |Mn| P | S

022010 | 030 | e | rmmx
028 | 035 | 060 |0.030 | 0.035

514 410 17
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i 9

[Wire cut-off] [1%Preforming] [2°¢Preforming] [Forward extrusion]

4th Stage 5t Stage 6t Stage

Workpiece 15t Stage

[1#t Upsetting] [2* Upsetting] [Hex, Backward Extrusi

Fig. 2 Schematic of the multi-stage cold forging process

¢, 255
m . e
'
Q,
4
_ _gb B35
@ 34 @ 34,2%
L )| L,,_,) T
= m\’ g m\’
| 9By | |5

Fig. 3 Cold forging process ball housing design
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Fig. 4 Multi-Step process mold simulation conditions

Table 2 Boundary conditions for the FEA

Process Conditions Value
DEFORM-3D quarter (90°)
Initial specimen Diameter 25.5 mm
Initial specimen Length 37.7 mm
Friction p 0.08
Punch velocity 150 mm/s

Temperature of Specimen 20 -C

[6Dies)

[Mine KO Pin
[Extrusion Pin]
[Stripper]

[O-Ring]

[Ejector Pin]

Fig. 5 Concentricity management using O-Ring method

Table 3 Forging process product analysis result value

Stage No. 1Stage 2Stage 3Stage 4Stage S5Stage 6Stage

Effective
Stress 583 613 712 720 725 810

[MPa]

Damage 0.065 0.067 022 023 023 0.33
Load
49.6 28.0 512 107.6 176 141.6
[ton]
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Fig. 7 Forging load prediction by FEA Analysis

o
o
==

bid) bd) |
\
) (e 1) (e) in) (e)
(a) Casel (b) Case2 (c) Case3 (d) Cased

Fig. 8 Mold Design and Die Segmentation Method
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Table 4 Cold forged mold assembly type

No. Case 1 Case2 Case3 Case4
Insert WC+Co WC+Co  WC+Co WC+Co
Ring Single Single Double Double
Type ring ring ring ring
Case All-in-one All-in-one All-in-one Prefabricat
Type ed mold
Shrink gy, 0.79%,04% 0.7%,0.4% 0.7%,0.2%
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Fig. 9 Experimental set-up for multi-stage cold forg ing
and the dies used in this test

Table 5 Boundary conditions for the FEA

R M
Insert (a) WC+Co 468 0.23 2100
Insert (b) WC+Co 470 0.23 2200

Ist Ring (c¢) STD61 215 0.3 1380

2nd Ring (d) STD61 215 03 1380
Case () SCM440 205 0.3 1110
Kipin ()  SKHSI 2017 03 -
Punch (gy WC+Co 619 0.23 1210

Shrink Fit Shrink Fit Shrink Fit
[ 0.7% _ 07%

In?% . shrink _Shrink .

1R /it it

2nd | 04% 0%

b

Case @65 | | L% 68
- 99 | L gios
@ 148 T @148
(a) Case 1~2 (b) Case3 (c) Cased

Fig. 10 Mold dimensions and Shrink Fit conditions
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Table 6 Material and hardness of the final selected
mold

Ist, 2™
Part Insert Insert Ring Case

@ O e ©

WC-Co WC-Co

Material (G6) (MS8) STD61  SCM440
Hardness . HRA HRA HRC HRC
85.5~86.5 81.3~82.3 50~52  40~44
4. Algdnt ¥ nHE
41 28 T=sl4A 2=
TR OE FPSH S vl B4 A8
AP A NN ol A3t WS Y3 Ao
Fdstu sf4]e RastE 1, 1 8] A= Fig
|
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-700
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3600 Se,
o 1
s
2000
P 1080
1200 I
I I
0 ‘ 725
-400
) 150 mm
(a) Case 1 (b) Case2
Displacement - Total disp (mm) Stress - Effective (MPa)
0650 s

1650

. 0217 1
0.000 1200

(c) Case 4 D1<pl.1cement disp, Stress Effective (d) Case 4

Fig. 12 Analysis results of die stress for split die

Table 7 Maximum principle stress of die/Tool life

Stress Max Die life

Part  Type Material  Princpal  [number of
pieces
[MPa] produced]
Shrink Fit Case]l WC-Co(Pl) 2750 -
0% (0 ring) we.co(p2) 2160 -
Casca WC-Co(P1) 2050 200
Shrink Fit (1 "8 WC-Co(P2) 1750 220
02%  Case3 WC-Co(P1) 1840 2,000
04% 218 wC.Co(P2) 1640 2,400
0.7% ]
° Cased WC-Co(P1) 1340 22,000
(2 ring) WC-Co(P2) 1310 22,000
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Fig. 13 Analysis results of die stress for split die
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Fig. 14 Final results of multi-stage cold forging process.
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