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A study on the changes of involute-curve of spur gear die for

cold forging and forged part

SH. Chun*, JH. Lee**, Y.S. Lee** W.B. Bae*
ABSTRACT

In metal working, cold forging that has profit to satisfy dimension accuracy is using in
various manufacturing products. Recently, most of the interest thing is precision forging of
gear. Gear forging product is more strength than broaching gear, and it has many
advantages with reduction of factory expenses. The reason of difficulty to improve accuracy
of gear dimension compare to another products is the dimension accuracy is very high,
approximately 10um, and because die of involute teeth and elastic strain of forged tool differ
from standard curve. This paper represent quantitative analysis of die and teeth of forged
tool, namely difference of curves, with experiments and analyze the facter of dimension gap,

finally, will design compensated involute curve.
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Table 1. Specification of spur gear

Spur Gear Tooth Data
Module 1.75
Pressure Angle 20,
Base Diameter 924,667
Pitch Diameter 426.25
Number of Teeth 15
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Fig. 1 Configuration of model die and
locations for attached strain gages
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Fig. 2 Measurement of elastic strains at
die surface
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Table 2. Material properties of die

Young's | Yield Poissin’s
Material | Hardness | Modulus | Strength Raﬁg
(N/mm?) | (N/mm®)

W.C  |85(HrA)| 500000 | 3100 0.23
SKD6! [47(HrC)| 212000 | 1200 0.30
SCr420H - 205800 413 0.29

Fig 3 Mesh system of die land
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Fig. 4 Experimental and FEM results of
forged part
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(a) upper section of extruded gear
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Fig. 5 Effective stress distribution of die

and forged part at each section

¢E AREAE 29 5@ dEt Qe vhs
Zol AR e Fol7] WE NY B RE

_46_



A wFE Fest FA=E, 34 FH fFEl
ojFAZ gle I 5M% (@AM AFY
&M 4Fol o)FoAxn Y. FFH $EY
B B3GR MEE B BHE 1Y E 5 F
e 2e 8 ¥ 5 3o,

4. Involute Curveel X5 =4 H[X
Aedt vie} go] FY dxF 719 A
g} v - BAMe] AF BERE BHAY AF
F& Mt Aolm2 FF 7HE9 A w4
Wire-Cutting X8 AAs = Aol FFAHY
Holgl & 4 vk wepd, € 7oA F
742 ALE5E Wire-Cutting Datasi A8 3
& HIE BEYsAd. 28 62 Wirerld &
CAD DatadlM2E HF dxFNAY Xy A
F #IE Yeldz Qo 94 38 7t o
a}ol) 9 == Wire-Cutting Datast 83 27
o] zole A 2molM Ho) 18m7tA| BHEZ
ETYS XNg Aol Ve gled, 59
g ZAA AR E A5 QI o] T F
dzlsjol & ¢ & U B JHF Ay @
ZH A4, FEMs|d o] o3 o3¢ F32 &4
B4d AgeeE 3™ 6-19 YEY slE bk 2
o] X AAEL Vg F¥ 232 FF 1%
AA ¥lm BAIYY. 1Y 6-2v XY AA
sl BA2A 38 AF 2o g4xF X$7F 10
wBE o FA Jedx glon, S8 &4 I
2 Aot dxEF X B 10meld o A
e dSE & F vk N 34 3
A AR a9 6-3v BYd 9REL Age
10ume] ZolE WAH FYL 9Z2EH 5me X
g zolg Jehdlan o =3, T3 mx K
27 ARel a9 6-4= 19 6-13 fAMgE AE
et itk webA, dxA g8 @4
/7T d2EY #E F B4 d¥FL X
9] 9ixle] wet M2 e Aols vede &
o, Bk qEHQ s 4¥E T R
A FH7F 8-S ¢ 4 Ak 149
g el A B a9 69 Zobe} gl A
wakel X4 sl BA37] HE Hol %k
et 3 oA 58 WAL BA3gen,
A= a9 79 e

2
T
=z

ol (B

[¢)

1

Fa
RN
=

%

X > oft o o J

i
al)

W e o

2.4 Y T
—-— FEM-Dimension
- - -« Dia-Dimension
Wire-Dimension
Workpiec-Dimension
~ T
1.6 @ -
4
0.8 e i e .
Flg.6-1 9
0.0 T u
12 14 16
Radius
L} L ¥
1.80 : =
@ ~—w FEM-Dimension
- - - Die-Dimension
Wire-Dimension
Workpiec-Dimension
1.76 s —— ]
L_’/.__._ e T T —
DS \\\\“-\
1.72 4 4
E 1
v T T T
12.60 12.69 12,78

—— FEM-Dimension
----- Die-Dimension
Wire-Dimension
Workpiec-Dimension

156 !

T L]
13.36 13.44 13.52
o~y T L]
12 @ —— FEM-Dimension

1 ----- Die-Dimension
Wire-Dimension
Workpiec-Dimension |

104

Radius

Fig. 6 Changes of involute curve at each
stage in one tooth
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Fig 7 Die expansion at each forging stage
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