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A Study on the Prediction of Teeth Deformation of the Automobile
Transmission Part(Shaft/Gear) in Warm Shrink Fitting Process

Ho Yoon Kim"®, Chang Jin Choi’*, Chul Kim" and Won Byong Bae™""

ABSTRACT

Fitting process carried out in automobile transmission assembly line is classified into three classes; heat fitting, press
fitting, and their combined fitting. Heat fitting is a method that heats gear to a suitable range under the tempering
temperature and squeezes it toward the outer diameter of shaft. Its stress depends on the yield strength of gear. Press
fitting is a method that generally squeezes gear toward that of shaft at room temperature by press. Another method heats
warmly gear and safely squeezes it toward that of shaft. Warm shrink fitting process for automobile transmission part is
now gradually increased, but the parts (shaft/gear) assembled by this process produced dimensional changes of gear
profile in both radial and circumferential directions. So that it may cause noise and vibration between gears. In order to
solve these problems, we need an analysis of warm shrink fitting process, in which design parameters are involved,
contact pressure according to fitting interference between outer diameter of shaft and inner diameter of gear, fitting
temperature, and profile tolerance of gear.

In this study, an closed form equation to predict contact pressure and fitting load was proposed in order to develop
optimization technique of warm shrink fitting process and verified its reliability through the experimental results
measured in the field and FEM, that is, thermal-structural coupled field analysis. Actual loads measured in the field have
a good agreement with the results obtained by theoretical and finite element analysis and also the expanded amounts of
the gear profile in both radial and circumferential directions are within the limit tolerances used in the field.
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Fig. 1(a) Contact pressure acting equal on both gear and
shaft by shrink fitting process

Fig. 1(b) Free body diagram for shaft and gear

A4 @9 R WA FL Ao o8 oA B
gste WS Yehln], £ wal ge 7lofolx
BAsE WS UEhHEE, o T 49 % §

= A4 g FAE 2o

SF =



BEE 2D - A - gy - FIFLTEHA 23 W A9E

2 2
_1~-ur1 p.—hD,
u= —5
E r, —Hh

JLrorn(p-p,)1

M

E S
rzzpor 7'22
s =T [(1 —ua)+(1+ua)r—2}
+ r‘zzp’r - {(l—ub)+(1+ub)€} )
E\ry -1, r

A71X p % p v FERYPLE TUse, &
F(EF70)e &A%t F4® B, E, o E, U, %
v, 7t BT E 9 8 RBEFHE BHTE Y
@t 4 )% Zol o

€)
710l &9 AA7F FEE FRoE 4 (3%,

golg Agde 4 F H4dtd, FAFHAA
FUdFAs BEULE ANY £ Ak

o
ok

HEY

HI

3. nEtas 2

I
mo

AFa ME71E dEE/7)0)2 dY2EA
7HE3 719l Fo| AYstd ZHsle TFLE
23 Zo] v kA FHeER Y 4 Utk &
3 W47 dFe 2AYYUITAL tEE 719
g AFH ERdA gY2=AA HEste vh
" ¥ X (Heating Process), 7}EAIZF AT ¥ 7]d&
AeAoz Fo AAANZI= TAMY FA
(Positioning Process), Z#| 204 7|01 & Fo 44
Al7]= ¢+9)F A (Shrink Fitting Process), £ 7]9} 9]
Y AM7A Y4HE Y2-F A (Cooling Process)
9 v FRHoZ B3

3.1 7}'¥ 3 (Heating Process)

+88 479 @F Jlole Fig 2 oA EHF
T AFH fFEALEAN HA AEENA Tt
ddth ol fAFaAMOR MY Astd &
947 LEE Y= HAAE dFEAAZRAL
FRon, 71ojg} A Alole] FH HAZE FA

56

At fFEataM e tddte U @ A
3 1 ARE TEHMeR dAANIE BT
<1 43 8] M (Thermal-Structural Coupled Field Analysis)
718§ AHE-sHSiTh

Fig. 2 Low frequency induction furnace used on heating
process
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3.3 2l 33 (Shrink Fitting Process)
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Fig. 3 Manufacturing equipment with indicator displaying
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Fig. 4 A 3rd gear sample to be used in analysis

(a) Assembled Parts (b) 3D modeling

(c) Simplified 3D model

Fig. 5 3D model of 3rd gear for FEM analysis
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Table 1 Primary specification of 3rd gear used in FEM

analysis
Material SCR420H
Module 1.77
Pressure angle 17.00
No. of teeth 36
Helical Angle 36.20
Amount of Dislocation -0.2488
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Fig. 6 Radial displacement obtained from FEM
simulation for the 3" gear in case of maximum
interference on heating process
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Fig. 7 Circumferential displacement obtained from FEM
simulation for the 3™ gear in case of maximum
interference

4.2.2 22 3 (Shrink Fitting Process)
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Table 2 Comparison between maximum circumferential
displacements of 3rd gear

Heating Process 0.193 im
Shrink Fitting Process 2.610 tm
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Fig. 8 Radial displacement obtained form FEM simulation =~ 2 83He 454 % B FLE i & FAIH AN

for 3rd gear in case of maximum interference on TS ¢+ Utk
shrink fitting process

Fig. 10 Contact pressure obtained from FEM simulation
for 3rd gear in case of maximum interference on
shrink fitting process

Py Table 3 Comparison of the mean contact pressure
between FEM and theoretical analysis

Fig. 9 Circumferential displacement obtained from FEM
simulation for 3rd gear in case of maximum
interference on shrink fitting process FEM Analysis 11.20 kgf/mf

Theoretical Analysis 17.54 kgf/mf

Mean Contact Pressure
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Table 4 The Result of displacements of the 34 gear in the
full process(Unit: (m)

Radial Disp. Circum. Disp.
Heating Process 56.54 -0.19
Fitting Process 11.48 1.32
Cooling Process -59.42 0.19
Final Deformation 8.60 1.32
Limited Allowance 9.00 5.00
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