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Precision forging of gears has a lot of advantages when compared to conventional gear shaping,
because it allfows the manufacture of gear parts without flash and consequently without the
need for subseguent machining operations. In this study, the cold forging process is determined
to manufacture the cold forged product for the precision clutch gear used of a commercial
automobile. To do this, shape ratio of initial shape having influence the forgeability of forged
product is analyzed. The optimal initial shape of clutch gear is designed using the results of
DEFORM-3D and the artificial neural network (ANN). The initial shape through the detail analysis
results, such as metal flow, distributions of strain can be obtained.
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2. Clutch gear 48354

2.1 Clutch gear
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Fig. 1 3D modeling of clutch gear
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Table 1 Specification of clutch gear

Items Value
Module(m) 1.5
Pressure angle 20°
Number of tooth 45
Pitch circle Diameter @90
Material SCr420H
Al F4e aHT0E BxEy] 48 Ak
34, & INF(Guiding type)T T4 B (Clamping

type) &2 ©@ZFAHL Fig. 3AH EF3INL 29
71olo] uis Zh7t gxAFEE st v HIP e,
e GRvE AAE o8, d B/ &
¥ FAoR ~Hrlole ¥y AFE nEIYTH

(b) Clamping type
Fig. 3 Die design for gear forging

(a) Guiding type

g A, 22 g EgEer AFe AL,
St FAol X¥e ¥ fstgrt. Tt
stE e A$ Ao tho] el wpER Q3]
olAE Fo AR FUHI] oy, F5FY

> #HxLT WEg 807 A7st FH3] #

A

%) F7o] ofeAAW WY n}
19 A 4 FA8S % & Au
Webd B eRNE Mg 2o AU

Ag &7 8 F58E EdE 39 §¥E B
a7 3ok 84 A 289 FAHLAE Fig 4 o



ro

=SS X| M 28 735 pp. 827-833

July 2011/ 829

Hetiglen, 4 7 erE A,

HFEPE WATE o2

thole} A9
2 FAEe gt

T Putich
.

e,

e, Anitial
" Billet T

Back-up
Dis  ~
[,»‘ .

,;/ pie ~
Lo {Goar
A {Gear)

Fig. 4 Die set for FE-simulation of clutch gear
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(2) Experiment by cold forging process of clutch gear

(b) FE-simulation of clutch gear

Fig. 5 Comparison experiment and FE-simulation of
clutch gear for conventional condition

AR HNezRE £ GaH FHo o
e Aol & AAFEL & & AW, ol
B oApelNE JIANeavE 24 Bl
WE gex Ao F& G0 voe A7
Feapshoc

3. &8 FyH[of oOE

X = (DD /2

A O =
=25 Y

Mo Lvolume @ 12742.451mm3
Py 117742368 mm3

Mo 2 volume @ 12743.240mm3
Py (12748368 mm3

VL-Py: 0.083min3

Wi-Pv: -01%mm3

\\, SF=h/‘>y

\ SF = 4409)

k SF = 3.59/

(a) SF

(b) SF 4.09

(¢) SF 3.59

No 3 volune : 12737.920mmn3
Pv 212743363 mm3

Ko 4 vohane 112743 171mm3
Py ;12745 363 mn3

Ko 5 velume : 12748.350mm3
Py 1274%.365mm3

¥3-Py: -0.448min3

V4-Py: -0.197mim3

¥e-Py: - 0.015mim3

.\W SF = 3.13;/;

\_ SF = 2.69‘/

\ 5F = 229}/

(d)SF3.13

(¢) SF2.69

() SF 229

o 6 volume : 12748.239mm3
Py 12748 368min3

Mo 7 volune <1 3742.033 nm3
Py 12745.368mm3

Mo £ volune : 12742, 22kmm3
Py 2 12745363 min3

V6 -Py: -0129nmn3

V7-Py: -0.33imm3

V- Py 7 - 014 63

l\ SF = 1.99

L\‘ SF = 1.53/

k SF = 1.28),;

(2) SF 1.92

(b) SF 1.59

(i) SF 1.28

Fig. 6 Shape factor of initial material
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Fig. 8 Profile of tooth according to SF
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Fig. 7 Metal flow according to SF 9(b) No. 5 o AAHET & IS BT =3
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Birain - Totat - Von Mises frmmimm)

a4t
¢.83
1.2%
1.48
2.5

(a) Distribution of effective strain for SF 3.13 (No. 3)

Strain « Tolal « Von Mises {mmimm)

8.00
8.63
1.25
1.88
250

(b) Distribution of effective strain for SF 2.29 (No. 5)
Sain - Tolsl - Vor Bises (mmvren)

8,00
553
.35
1388
250

(c) Distribution of effective strain for SF 1.59 (No. 7)
Fig. 9 Distribution of effective strain for SF 3.13, 2.29
and 1.59
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Table 2 FE-simulation conditions of clutch gear

Training data for ANN
FE -simulation Input Layer Out Layer
Shape Ratio Forming Load
No. 3 3.13 22.78 ton
No. 4 2.69 21.64 ton
No. 5 2.29 21.28 ton
No. 6 1.92 22.39 ton
No. 7 1.59 21.54 ton
No. 8 1.28 21.41 ton
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®  Training data 2439 sk &2A9 5 A4S Fig. 11 o R
235 —®— prediction data rh. aFAA & 4 9o XNFEAA Ao
o A3 WYAF AT ¢ F AU AF A
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SF(Shape Factor)

Fig. 10 Prediction of forming load for SF using artificial 5. 4 Sg{X| 7|0 2o §Et nE

neural network
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Fig. 11 Metal flow of SF 2.43 Fast 289 vA 28 2AS AFARG.
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® | Remark Specification Result
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© + »
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2 Angle
ok . Fillet R 04-0.1 0.1
o 2 4 6 7
Punch stroke(mm}) B ZYo=m AL S An AL XY
Fig. 12 Forming load of SF 2.43 7R 828R 719E AT 5+ ATk Fig. 13
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@ (b) (©)

Fig. 13 Experiment result of clutch gear

Table 4 Specification of clutch gear
Remark
Unfilling
Tooth root

Result
0.3~0.4

Specification
Max 0.5

©83.10+0.15 ©83.04~83.10

diameter

Measurement
O.p
Chamfer
Angle
Fillet R

093.8+0.2 ¥93.85~93.88

45°30°+0.5°-1° | 45°20°~44°50°

0.4-0.1 0.3~0.4
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