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Dimensional Changes and Residual Stress of Spur Gear
According to the Manufacturing Processes
-Comparison of Cold Forging Part with Machining Part-

Y. C. Kwon, J. H. Lee, C. M. Lee, Y. S. Lee

Abstract

The high dimensional accuracy of the cold forged part could be acquired by the accurate dimensional modification for
the die, which is, the dimensional changes from the die through forged part to final part after heat treatment were
considered. The experimental and FEM analysis are performed to investigate the dimensional changes from the die to final
part on cold forged part, comparing with the machined gear. The dimension of forged part is compared with the die
dimension at each stage, such as, machined die, cold forged part, and heat-treated-part. The elastic characteristics and
thermal influences on forging stage are analyzed numerically by the DEFORM-3D™. The analyzed residual stress of
forged part is considered into the FE-analysis for heat treatment using the DEFORM-HT™, The effects of residual stress
affected into the dimensional changes could be investigated by the FEA. Fach residual stress of gears was measured

practically by laser beam type measurement.
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Table 1 Specification of spur gear

Spur Gear Tooth Data
Module 1.75
Pressure Angle 20 °
Base Diameter 0924.667
Pitch Diameter 926.25
Number of Teeth 15
Cold Forging Machining

«Unioacing
«Ejecting

- Heating
*Carburization
*Dittusion
*Quanching

~Heating
~Carburization
« Diffusion
Quenching

CAE

Fig. 1 Experimental and FE analysis procedures to
investigate the dimensional change of involute
profile
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Table 2 Chemical composition of SCM420H

Component C Si Mn Cr Mo

0.17~ | 0.15~ | 0.55~ | 0.85~ [ 0.15~
0.23 0.35 0.90 1.25 0.35

Wt.%
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Before heat treatment

After heat treatment

Forged gear

Machine gear

Fig. 2 The micro structure before and after heat
treatment of forged gear and machine gear

930°C, 3hr { 930°C, 40min.
[ Carburization | [Duffusior‘i\ 850°C, 10min.

2.5hr 150°C

Fig. 3 Cycle of heat treatment for spur gear

lFurged Gear ; t&lchined Gear !

Before
Heat-Treatment

After
Heat-Treatment

Fig. 4 Forged gear and machined gear used in

experiment
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Table 3 The FE-model for dimension analysis of cold
forged spur

Model Cases Loading Unloading Ejecting
Workpiece Rigid-Plastic FElastio-Plastic Elastio-Plastic
Die Shrink fitting Considering
Thermal Considering
Influence
Material Elastic Elastic Elastic
.

G - arttop 116674
Insert dovn ; 28268

Temperature

Loading stage Unloading stage Ejecting stage

Fig. 5 Mesh system of dies and temperature distribution

of forged gear
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Fig. 6 Change of involute profile during forging states
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Fig. 7 Measured involute profiles of forged gear and

machined gear before and after heat treatment
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Fig. 8 Residual stress all the two gear before and after

heat treatment at 3-measuring-point
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Fig. 9 Average residual stresses of the two gears
before and after heat treatment
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Fig. 11 Involute curve changes of two gears before and after heat treatment at 3-measuring-point
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[b] Involute profile
Fig. 12 Comparisons of measured and calculated about changes of involute profile during heat treatment

wa") Fig 1104 &4

°F 50mAE 2|7t e}

AM & F Axel EAE TAF

).h

19} AlAA] 9 A}o]
ATt =3 Fig
Qhe

l:l

]

Temperature [ C]

12

8}



2371019 AxFAo| e AFuge 3FEo B AT
- gz 8 Ao W

4.4 E

vtolA M EH(m) AYWE @99 Wz
2s7lols] A% AE AdME, wx
(Loading-Unloading-Ejecting) % ¢t © &% 3}
o B4 ¥YE Ay A 2HHE 9 9
e AF £4o dedy 1 A3 FHY 2
=

oft 1l off T

2 B 2 ofk oX, N

[<]

Be 4 fRasdNg Ba 3%
g0} 7] mEe], ¥ AT N
.

iy |o
O
|
N,
2
3
e
rok
>
h
:1!‘
ol S

CER 2
CEIEE
s

k0
_(?L
8
o

e}
g3 gt ®3, fRas
T4 B AFHBE A2 b A

A3 10me &4 Hgo] AYHE Row o
HAch

@ €AY FH T AFWzs gxEe
30~60um, 7\ AIZFEES 50~60mm=EA GER7) 0] BT}
Z1AZVE 71017k S el A ome FA @
A =T

) 71AZEE 7119 Al A5 A77h @27
ol HlE] F WP BAFI Y& olHE IAF
SH AN £ & 5 9o

A A, Fo F ¥ WAge dxo A%
T 4ESH() — ¢FTHOE VAR
AFEA®) — FHFSHOZ M5 o] (300Mpa)©]

g Aol 7k EAE Q.
% 7|
BoATE AA9T AWesA A
=]
»

(RTI104-01-03) A Yoz F3yd A5 Axe o
ol oje] FAL= Yy},

[1] K.Kondo, K.Ohga, 1995, Precision cold die forging
of a ring gear by divided flow method, Int. J. Mach.
Tools Manufacture, Vol. 35, No. 8, pp. 1105~1113.

[2] Hung-Hsiou Hsu, 2002, A study on precision
forging of spur gear forms and spline by the upper
bound method, Int. J. of Mechanical Sciences, Vol.
44, No. &, pp. 1543~1558.

[31 M. L. Alves, J. M. C. Rodrigues, P. A. F. Martins,
2001, Cold forging of gears: experimental and
theoretical investigation, Finite FElements in
Analysis and Design, Vol. 37, No. 6-7, pp. 549~558.

[4] N. R. Chitkara, M. A. Bhutta, 2001, shape heading
of splines and solid spur gear forms: an analysis and
some experiments, Int. J. of Mechanical Sciences,
Vol. 43, No. 4, pp. 1073~1106.

[5] Jongung Choi, Hae-Young Cho, Chang-Yong Jo,
2000, Forging of spur gears with internal serrations
and design of the dies, J. of Materials Processing
Technology, Vol. 104, No. 1-2, pp. 1~7.

[6] J. C. Choi, Y. Choi, 1999, Precision forging of spur
gears with inside relief, Int. J. of Machine Tools and
Manufacture, Vol. 39, No. 10, pp. 1575~1588.

[71 Y.S.Lee, J. H. Lee, Y. N. Kwon, T. Ishikawa, 2004,
Experimental and FE analtsis to predict the
dimensional changes of workpiece and tool in cold
forging, Proc. Of Int. Conf. NUMIFORM2004 pp.
504~509.

[8] Y.S.Lee,J. H. Lee, Y. N. Kwon, T. Ishikawa, 2004,
FE-modeling approaches to accurate dimension
prediction for the cold forged part, J. of Engineering
Manufacture B, pp. 1709~1722.

[91 Y. S. Lee, J. H. Lee, Y. N. Kwon, J. R. Cho,
T.Ishikawa, 2005, Analysis of the dimensional
changes from the die machining to final heat-
treatment for cold forging, Proceeding of ICTP2005.

[10] Y. S. Lee, Y. N. Kwon, J.H.Lee, T. Ishikawa, 2006,
Experimental and finite element analysis to predict
the dimensional changes of a cold-forged spur gear ,
Proc. IMechE Vol. 220, pp. 1051~1057.

[t1] J. R. Cho, W. J. Kang, M. G. Kim, J. H. Lee, Y. S.
Lee, W. B. Bae, 2004, Distortions induced by heat
treatment of automotive bevel gears, J. of Materials
Processing Technology Vol. 153-154, pp. 476~481.

oM e X /A 16WH FMB3F, 2007H/581



