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Abstract

The flange hub is a main component in an automotive steering system. In general, the flange hub are fabricated by
mechanical machining, which is a process where material waste is inevitable. It is well-known that a net-shape cold
forging cannot only reduce material waste but can also improve the mechanical strength of the final product. Thus, a
forging process design was conducted for production of a flange hub. Significant spring-back occurs around the flange due
to its small thickness in conjunction with the residual stresses after forging. In order to achieve the required dimensional
accuracy, a process design with appropriate spring-back control is needed. In this study, a modification of the forging die
was designed based on FE analysis with the purpose of spring-back compensation. Four kinds of different die designs
were evaluated and the optimum design has two times less spring-back than the initial design. The compensation angle of
the optimum design is 0.5 degrees. The results have been experimentally confirmed by cold forging of a flange hub and
comparing the amount of spring-back between the actual component and the FE analysis.
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Fig. 1 Die shape for cold forging process
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Table 1 Analysis conditions of flange hub cold forging

Number of elements 4,000
Friction factor (m) 0.12
Material S20C

Die Temp. (C) 25

Billet Ist Process 2nd Process
3rd Process 4th Process

Fig. 2 Cold forging process of flange hub

@

o~

Uy=0
Fig. 3 Boundary conditions for spring-back analysis
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(a) Effective stress
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(b) Effective strain
Fig. 4 Results of cold forging analysis of flange hub
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Fig. 5 Results of spring back analysis

23 W g)a] A Fig. 494 o] UEbe
28 iE%‘i‘,‘ ke ¢k 0.185mmeo|w], A3
7t oF 0.56°0.2 UEIETE old AIE Er
2 iz%‘ﬂ FE A A7V A% 58 A
< Fig. 5 9F o] AASI 22y W Sa& &
RS

ZYw A% % A

|
| ) 1.0°
(a) Type-1
|
I ’ 0.5°
(b) Type-2
0.13°
| ) 0.13°
(c) Type-3
|
041°
I )0.13“
(d) Type-4

Fig. 6 Die designs for spring-back reduction
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Table 2 Results of cold forging analysis

Type- | Type- | Type- | Type-
1| 2 3 4

Items

Forming load (ton) | 411 482 547 548

Max. Eff. Strain 3.88 | 4.24 4,75 4,98

Max. Eff. Stress
679 672 670 670

(MPa)
600
; {V
500 .
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E e !
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5 ——Type-1
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100 | -==-Type-3
oy - ~Type-4
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0 1 2 3 4 5 6 7 8 9 10 11
Stroke (mm)

Fig. 7 Forming load of flange hub during the forging
process

5. A=W 1y

o

=844 sME

ol

ZWA HB BFE 4] FHAAL] AF
4] A= Table 29 YeEbAATE Fig. 7S 2 A
At ¥ A¥sts 34 dehdla ot

ZYx FB BE Azzme 7k A7]7)
A3 474 FY Ak tigte] Azl &4
S 3% A3E Fig. 89 YEIT. Type-12 =
szl gko] ©F 0,093mm, AXul zbn= of
0.66°8 %= UEFSL O, Type-2= 232wl gFo] of
0.083mm, =3 Ful 74w i= oF 0.48°0. 2 UENRITH
Fig. 9 o UFERG 7ei32 mw &) ~xeju o
oiH] Type-13} Type-2:= oF 120 Al Apo]Z &
o, Type-37 Type-4= ¢F 0.02mm HXE X}o]7
UebgS & Aok 2z 7w deke
Type-17} Type-2:= + "8, Type-33 Type-4i= —
Foz WA

AxHoz sz wy ztms} 2
ol7F 71 AA JEhd AL Type-22 A~ZFH
sl AA 21E =E3TH

4

O;

-

=

=

400 /=278 R[/M 214 M75, 20124

Displacement - Total Disp (mm)
0.170

0.113
0.0567

0.000 I

Displacement - Total Disp (mm)
0170

(a) Type-1

0113
. '

0,0567
0.000 I

Displacement - Total Disp (mm)
0.170

(b)Type-2

0113

L-lll

Displacement - Total Disp (mm)
0.170

(c) Type-3

0.113

lﬁ:n'

0.000 I
(d) Type-4
Fig. 8 Displacement distribution of spring-back analysis



Spring back Length (mm)

Spring back Angle (°)
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9 Prediction of spring-back by FE analysis
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Fig.

Fig.11 Flange hub products
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Table 3 Major dimensions of flange hub

Items Measured value
Outer diameter (mm) 90
Inner diameter (mm) 25
Thickness (mm) 2.25
Height (mm) 12
oD
A
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Fig.12 Schematic of spring-back measuring points

Fig.13 Spring-back measuring points
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Table 4 Spring-back data

No. | Aheight (mm) | B height (mm) | A-B (mm)
1 7.546 7.482 0.064
2 7.551 7.483 0.068
3 7.546 7.463 0.083
4 7.530 7.446 0.084
5 7.526 7.438 0.088
6 7.519 7.434 0.085
7 7.533 7.449 0.084
8 7.544 7.467 0.077
Avg. 7.537 7.458 0.079
. 0.10 1
£ 0.09 A
§ 0.08
T 0.07 A
£ 0.06 A
=< 0.05 ~§
£ 0.04 A
2 003 A
£ 002 -
“0.01 A

0.00 -

Type-2 Experiment

Fig.14 Comparison of spring-back length
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