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The warm shrink fitting process is generally used to assemble automobile transmission parts
(shaft/gear). But the fitting process can cause the dimensions of addendum and dedendum of the
gear to change with respect to the fitting interference and the profile of the gear. As a result, there
may be additional noise and vibration between gears. To address these problems, we analyzed
the warm shrink fitting process according to process parameters; the fitting interference between
the outer diameter of the shaft and the inner diameter of the gear, the inner diameter of the gear,
addendum and dedendum of the gear, the heating temperature. In this study, a closed form
equation for predicting the amount of deformation of addendum and dedendum in the R-direction
was proposed. And the FEA method to analyze the cooling process was proposed for thermal-
structural-thermal coupled field analysis of the warm shrink fitting process (heating-fitting-cooling

process).
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E., Er = Young’s modulus

k = radial coefficient, ry/r,

Pinterference = cONtact pressure

p; = internal pressure

p, = external pressure

r; = inner radius of shaft

1, = outer radius of the shaft or inner radius of the gear
r; = outer radius of gear

1y = radius of dedendum

Oritting = amount of shrink fitting
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V,, Vi, = Poisson’s ratio
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Fig. 1(a) Contact pressure acting equally on both the gear
and the shaft by shrink fitting process

Fig. 1(b) Free body diagram for the shaft and the gear
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Table 1 Properties of the gear of automobile transmission

Notation| Value Unit Designation
k 466 | Wm? C Conductivity
c 475 - Specific heat
0 7,850 kg/m’ Density
E 205e9 pa Young’s Modulus
v —{).29 - Poisson’s ratio
. 11es | wWim- ¢ Secant coeﬂiciel}t of
thermal expansion
oy 63.5 kgf/mm® Yield Stress
Gy 83.4 kef/mm? Ultimate Stress

Table 2 Allowable tolerances of inner diameter of the
gear and outer diameter of the shaft

Minimum Maximum
Gear +0.000mm +0.025mm
Shaft +0.083mm +0.094mm
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Cnum Syster
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Height af
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Average of displacement of
addenduny: 4.24m
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Fig. 5 The amount of deformation of addendum and
dedendum in the r-direction when inner radius of
the gear is Smm

Table 3 The amount of deformation of addendum and
dedendum in the r-direction according to the
inner radius of gear

Inner Addendum Dedendum

radius |Theory| FEM | Error | Theory| FEM | Error

(mm) | (um) | (pm) | (%) | (um) | (pm) | (%)

5 475 1424 | 120 ] 495 | 432 | 14.6
10 95 | 8201159 99 |839] 180
15 14.25

12.86 | 10.8 | 14.85 | 13.08] 13.5
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Fig. 6 The amount of deformation of addendum and
dedendum in the r-direction when fitting
interference is 0.033mm
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Table 4 The amount of deformation of addendum and
dedendum in the r-direction according to the
fitting interferences

Addendum Dedendum

interference |Theory| FEM |Error| Theory| FEM | Error

(mm) | (um) | (pm) | (%) | (pm) |(um)| (%)
0.033 825 | 7.11 |16.0| 8.60 |7.46| 153

Fitting

0.038 95 | 820|159 99 |839] 18.0
0.043 10.75 1 9.05 | 18.8| 11.2 |9.20| 21.7
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Fig. 7 The amount of deformation of addendum and
dedendum in the r-direction when addendum
radius is 27mm and dedendum radius is
23.625mm
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Table 5 The amount of deformation of addendum and
dedendum in the r-direction according to the
addendum and the dedendum radii

Case Radius Theory | FEM | Error
(mm) (m) | (em) | (%)

. Addendum | 27 14,07 | 12.95 8.6
Dedendum (23.625, 14.75 | 1320 | 11.7
Addendum | 32 11.87 | 1038 | 14.4

2 Dedendum | 27.5 | 12.54 | 10.63 18.0
Addendum | 40 9.5 8.07 17.7

: Dedendum [34.375, 10.03 | 8.39 19.5
Addendum | 50 7.60 6.81 11.6

! Dedendum (44.375| 7.92 6.93 143
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Table 6 The amount of deformation of addendum and
dedendum in the r-direction according to the
inner radii of gear when correction factors are

Table 8 The amount of deformation of addendum and
dedendum in the r-direction according to the
addendum and the dedendum radii when

applied correction factors are applied
Inner Addendum Dedendum Case Radius Theory | FEM | Error
. [)
radius Theory| FEM | Error [Theory| FEM | Error (mm) (pm) (um) (%)
(mm) | (um) | (um) | (%) | (um) | (um) | (%) 1 Addendum | 27 | 12.16 | 1295 | 6.1
5 423 1424 | 02 | 441 | 432} 2.1 Dedendum (23.625) 12.74 | 13.20 35
10 842 | 820 | 2.7 | 877 | 839 | 45 ) Addendum | 32 10.15 | 10.38 2.2
15 11249 {1286 | 2.9 |13.0113.08 0.5 Dedendum | 27.5 | 10.72 | 1063 | 0.8
50 Addendum | 40 8.18 8.07 1.4
—=— Addendum 3
P —*—Deddendum Dedendum |34.375, 8.63 8.39 29
= Addendum | 50 6.76 6.81 0.7
30 e 4
€. Dedendum 44375 7.04 | 693 | 16
g
u’i B GO &0 —s— Addendum
-~e— Dedendum
. e P
5 8 1'0 13 15

Inner radius (mm)

Table 7 The amount of deformation of addendum and
dedendum in the r-direction according to the
fitting interferences when correction factors are
applied

Fitting Addendum Dedendum
interference | Theory | FEM |Error|Theory| FEM | Error
(mm) (um) | (pm) | (%) | (um) | (pm) | (Yo)

0.033 732 | 7.11 | 3.0 7.62 | 7.46 | 2.1

0.038 842 | 820 |27 | 877 | 839 | 45

0.043 953 1 9.05(53]993 920,79
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Fig. 9 The warm fitting process applied to the each

process

52 *Z- Y SiYI|Y EHE

gt oz -7 JAHAL s F
Z-4 94 4 By "l vloly ¢
4 F 37 FAE MY = s o
of E AT E Heating @ 719 E TZA A
A Fe22Z YAANIE F4E HNFeEAN

-4 ALFR AN dsHom S5

AAZ BZFFe) A MRS BF5E7] 9
3kl A 20mm, 97 80mm, =°] 10mm ¢ T
458 2dg o] &3ty o4 A4 ¥ oL
;A Pt

A12E 71E € I3 A4 ALEHE 993
SE= =

5Ew,m =q-AT-L (12)
AEHAg AgH  EBAAE ANSYS

Workbench 11.0 9] 71¥ EAJ A2 Table 9 9} Zt},

Table 9 Thermal properties of the cylinder used to verify
a FEA method for the cooling process

Table 10 The amount of thermal expansions in the r-

o 0.000012 /C coefficient of thermal

expansion

direction
Theory FEM
(mm) (mm)
Inner radius 0.0144 0.0144
Outer radius 0.0576 0.0576
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Fig. 10 Comparison of result between cooling simulations
by thermal analysis and structure analysis
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Table 11 The specification of the spur gear

AT 120 T | Difference of Temperature

Table 10 ] V59 WA 9739 Id4FFS
A ditel e ARE vwT.

Inner Addendum | Dedendum
Interference . . .
(mm) radius radius radius
(mm) {mm) (mm)
0.029 10 40 3535
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Fig. 11 FEA resuits when heating temperature is 120C
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Table 12 The amount of deformation of addendum and
dedendum in the r-direction according to the

heating temperatures
Addendum Dedendum
Temp.
C) Theory | FEM (Error| Theory | FEM |Error
(1rm) | (um) | (%) | (um) | (um) | (%)
120 | 4.01 4.03 | 05| 4.17 | 410 | 1.7
140 | 3.52 | 329 | 7.0} 3.66 | 346 | 58
160 | 3.02 | 3.13 | 3.5 3.15 | 3.30 | 45
50 —s— Addendurm
- Dedendum
N
;iao_ .....................................................
4
il 1 SN RPOUREE L
5
L A0 o e e
0 .
120 130 140 150 160
Temperature ()
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Fig. 12 & Case 2 9] 7+, ¢4, BAsR3s4 2
#2 vebd Aol Table 14 o 2+ %o th3t s
MARE JepiAoh

Table 13 The specification of the helical gear

Fitting Inner | Addendum | Dedendum
Case |interference| radius radius radius
(mm) (mm) (mm) (mm)
0.038 5 40 35.5
2 0.029 10 32 27.5
0.047 15 42.03 37.035
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Table 14 The amount of deformation of addendum and
dedendum in the r-direction according to the
specification of the helical gear
Addendum Dedendum

Case | Theory | FEM | Error | Theory | FEM | Error
(rm) | (@m) | (%) | (um) |(um)| (%)
349 | 330 | 5.8 364 344 58
2 424 | 410 | 34 448 | 43 | 4.2
845 | 829 | 1.9 883 |851| 3.8
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