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A Study on the Shift Motor Driving System Optimization of 4-WD Power Transformation
Device
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In the case of 4 wheel drive (4-WD) type car, power switching occurs to 4-WD by operating lever
or switch that operates power switching device attached in transfer case which can operate motor
by electric signal. So if the RPM of motor is high, power switching will not exactly occur and can
cause damage to gear in transfer case according to circumstances. So in this study, we applied 2
level of planet gear type motor spindle of motor drive part of a power train. And conducted
decelerating to increase torque to switch power safe and accurately. Also, we researched
efficiency of gear by designing reduction gear ratio and gear type and by calculating contact
stress and bending strength. Based on researched content, we made drive head of power
switching device and a reduction module which uses type that uses motor spindle as sun gear
and ring gear as cover.

Key Words: Transfer case (F'H%7(), Shift system (<5 &X]), Planetary gear (58 7/0{), motor (2£&), 4-wheel drive (4

7|54d9Y 1. ME

R = Reduction gear ratio AsakE e s9& Z8A, ¥MEY), AbF
Zr = No. of ring gear teeth A2, ML 2o THAGAXE o] &5t 1}
Zs = No. of sun gear teeth A FHAZIG! wa FEae we AFTF S
p = Radius of curvature W2 (front wheel drive)d $F 7592 (rear wheel
m = Module drive) “12] 3L AR &2 (four wheel drive) 0.2 1}
D = Pitch diameter A3 A YA AREE= A&i].g] 80%0°]
0= Compressive stress Ao orulFE o]lgd ABFLEWAL AElsii
Fn = Vertical load itk AW GANTe =tz oL]g}oq SUVLH
Ft=Radius of curvature RVAFEES] 427} =7} sl we)l 4uA = BT
£ = Young's module Ba AEFEUAS Adel FEo FAan

M = Moment
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Table 1 Design specification of the 1% planetary gear

Unit Sun Planetary Ring
gear gear gear
Module 0.6 0.6 0.6
Pressure angle 20 20 20
Coefficient 0.3 0.3 0.2
potential
No. of teeth 17 15 49
Pitch diameter 10.2 mm 9 mm 29.4 mm
Basic circle 9.59 mm | 8.46 mm |27.63 mm
Addendum 117 mm | 10.49 mm | 28.44 mm
Circle diameter
Deddendum 1 ¢ o 7 86 mm | 31.14 mm
Circle diameter
Center distance 10 mm ‘ 10 mm
Torque[m-kgf] 1 3.882 -
RPM 2000 515.15 -
Clrcumfe.rentlal 1.113 m/sec
velocity

Table 2 Design specification of the 2™ planetary gear

Sun Planetary Ring

Unit
gear gear gear
Module 0.6 0.6 0.6
Pressure angle 20 20 20
Coefficient 0.15 0.12 0.2
potential
No. of teeth 11 19 49
Pitch diameter 6.6 mm 11.4 mm | 29.4 mm
Basic circle 6.2mm | 10.71 mm | 27.63 mm
Addendum 7.98 mm | 12.46 mm | 28.44 mm
Circle diameter
Deddendum | 5 yo 1 9 76 mm | 31.14 mm
Circle diameter
Center distance 9.1 mm 9.1 mm
Torque[m-kgf] 1 5.455 -
RPM 2000 366.67 -
Clrcumfe'rentlal 0.699 m/sec
velocity
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Table 3 Pitting resistance calculation of 1* planetary gear

Sun | Planetary | Ring
gear gear gear

Unit

Hertz stress [Mpa] 137 137 137

Material coefficient 60.6 60.6 60.6

Geometry coefficient 2.18 2.18 2.18

Roughness coefficient 4.31 4.31 431
Permit Circumference 691.85 | 69185 | 1876.84
force [kgf]

Pitting resistance

safety factor 1.138

11.138 | 30.214

Precision JIS 4 JIS 4 JIS 4

Material SCM415 | SCM415 | SCM415

Table 4 Pitting resistance calculation of 2™ planetary gear

Sun |Planetary | Ring
gear gear gear

Unit

Hertz stress [Mpa] 137 137 137

Material coefficient 60.6 60.6 60.6

Geometry coefficient 2.39 2.39 2.39

Roughness coefficient 4.45 4.45 4.45

Permit Circumference

foree [kef] 534.708

534.708 | 2381.88

Pitting resistance

safety factor 5.406 5.406

24.083

Precision JIS 4 JIS 4 JIS 4

Material SCM415 | SCM415 | SCM415
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Table 5 Bending strength calculation of 1¥ planetary gear
(JGMA:401-01)

Unit Sun Planetary Ring
gear gear gear
Teethprofile |, 41 2511 2.06
factor
Life factor 1.0 1.0 1.0
Dynamic load
coefficient 1.0 1.0 1.0
_Load Planetary gear Sun gear
Distribution 0.83 0.83 0.41
coefficient Fig. 5 The part of motor driving system
Permit
Circumference 91.924 181.349 221.059
force[kgf]
Bending safety | 4 2.92 3.56
factor
Precision JIS 4 JIS 4 JIS 4
Material SCM415 | SCM415 | SCM415

Table 6 Bending strength calculation of 2™ planetary
gear (JGMA:401-01)

B V12 WS RE) REES HrlolR s

Unit Sun Planetary Ring T P :471]8}0311} B
gear gear gear o o == o= = AT -
Teeth profile 3.126 3.093 506 193 2k 2 # {FA7|o] FEFA A F7]oE
factor ste-Hoz AAsta BEd 1 AA Fig. 59} Fig.
Life fiactor 1.0 1.0 1.0 67} 7¥o] AZsrA Tt
DZ;‘:f‘E‘:lézfd 1.0 1.0 1.0
Load 5.8
Distribution 0.76 0.76 0.56
coefficient 2 AT AsAe] deTsolut FET
Permit T A AlETERA o R ASAI7]7] 9% F
Circumference 157.478 216.004 324.354 Eg“ﬁ:_;g_i] oﬂ ‘:Hz:—l_ Oﬂ?‘% ﬁﬁgé‘}ﬁgﬂ EE]%%
forcefkef] 8w fA7I0] RERA AL e ne
Bending safety | 59, 2.184 3.28 S= olo) o )
factor 232 A
Precision JIS 4 JIS 4 JIS 4 1) 71&e] FEHEEA ] sH-AA S
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