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Process Design of Cold Forged Hub by
Flow Control Forming Technique

Jong Nam Park*, Dong Hwan Kim**, and Byung Min Kim**

ABSTRACT

This paper suggests the new technology to control metal flow in order to reduce the number of preforming and the
machining for the cold forged product with complex geometry. This technology is the combined forming that consists of
bulk and sheet forming with double action dies. To analyze the process, finite element simulation has been performed.
The proposed technology is applied to hub model that is part of air conditioner clutch. The purpose of this study is to
investigate the material flow of hub through the relative-velocity control of punch and mandrel using the flow control

forming technique.
Key Words : Flow control forming(+% Aol A3), Metal flow(F % %), Double action dies(¥5 2 Tho|2),

Hub clutch(3 2. £ & X]), Combined forming(H & 4 3)
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where, Hyp: Blank height (real material)
Hyy: Blank height (model material)
Kr, Ky Plastic coefficient of real and model
material
ng, ny o Strain-hardening exponent of real and
_ model material
&Ea : Strain

Table 1. Design conditions of the first drawing

Max. relative blank

Design value thickness(t/Dx 100} : 2.0(mm)

Standard value

Minimum blank dia.(D) 160(mm)

Drawing ratio (dP/D) 0.5

Punch dia.(dp) 80(mm)
Die radius (rd) 20(mm)
Clearance 3.47(mm)
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Fig. 6 Defect of forging product with inappropriate
relative velocity differences
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Fig. 7 Schematic drawing of blank and closed die

LFFECTIVE STRAIN

Fig. 8 Distribution of effective strain for closed die
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Table 3. Dimension of initial blank

Inner dia. Outer dia. Thickness
Blank tvpe
(mm) (mn1) (mm)
/ i) #77.41 5
2 b6 $70.77 6
&7 $65.66 7

5 Punch S$841 -

4 Mandrel SM45C 9 Dummy Al6o6l

3 Slide frame - 8 Product Plasticine

2 Punch cvlinder 7 Gap Plate SM45C

1 Mandrel cylinder - 6 Lower die 5541
No. Part name Material | No. | Part name Material

Fig. 11 Schematic drawing of double-action press and die
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Table. 4 Model material experiment results for hub product to each blank

Exper. condition Max. Exper. condition Max.
RVR , Forged c RVR ) Forged
G >
Blank @ (punch: punc product Remark | Blank P (punch: pune product Remark
height load height load
type mandvrel) shape type mandrel) shape
(mm) (tons) (mm) (tons)
1.0 1:16 0.37 Unfilling 0.6 1:12 0.42 Good
0.5 1:18 0.40 Good Topel | 0.5 1:14 0.42 Good
Tipel | 06 1:20 0.40 Good | Fig.12(a) 0.7 1:15 041 | Unfilling
0.7 1:24 0.39 Folding | Fig.12(h) 0.5 1:70 0.44 Folding | Fig.13(a)
0.8 1:30 0.38 Tearin, 0.8 1:80 0.43 Unfillin Fig. 13(b,
g Tpe? filling | Fig.13(b)
Type?2 1.0 1:10 0.39 Unfilling 0.6 1:10 .44 Good
0.6 ]
e @ - ~Typel - - £F - ~Type2 - - & - -Type3
2 Experyg--- Type] == Type2 e~ Type3
S 05
kel
g
0 3 L B — L - e, AL
0 0.5 0.6 0.7 0.8 0.9 1
Folding defect Die gap height (mm)
(a) Folding defect (inner step part) Fig. 14 Comparison of theoretical and experimental
load for die gap height
120
R 100
=
7 KO fm—— FEMCAIST 1010)
:: 60 |
ER —&—Prediction from
= v similarity(model
material experiment)
0 . _ P R )
0 0.3 0.6 0.4 Lz 1.5 1.8
Punch stroke (mm)
Unfilling defect
(b) Unfilling defect (end part) Fig. 15 Prediction of punch load for real material

Fig. 13 Defect type of final product
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