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The planetary gear reducer becomes more and more widely used in machine industries. The
planetary gear reducer has a significant role to transmit power fo wheel & tire module in the In-
wheel system. Thus, the planetary gear reducer should have strong stiffness and durability. In this
paper, the contact and bending stresses at the tooth of the planetary gear reducer are analyzed
using MASTA, a commercial gear design and analysis software. Stress distribution at the tooth
face of the sun, planetary and annulus gears are obtained using the finite element method. The
design modification is performed using the response surface method. The usefulness of the
design modification and optimization method presented in this paper is verified by comparing the
maximum stresses of the original and optimized planetary gear tooth
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Fig. 1 Structure of the planetary gear

Table 1 Design information of the planetary gear

Gear Sun Planet Annulus
No. of Teeth 22 21 66
Module 1.25
Pressure angle 20° | 20° 20°
Helix angle 15°
Face width 20 mm ' 17 mm 32 mm
Center Dist. 28.5 mm -
Profile shi
rofile shift +0.4 +0.2 .02
coefficient
Addend
encum 0.8 0.8 0.96
coefficient
Dedend
ecendum 125 1.25 125
coefficient
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Fig. 2 Analysis model of the reducer module
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Fig. 3 Bending stress distribution at tooth roots of the sun
gear

Fig. 4 Contact stress variation according to face width
and rolling distance of the sun gear

Fig. 5 Contact stress variation according to face width
and rolling distance of the planet gear
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Table 2 Max. contact & bending stress at each gear

Gear Sun Planet Annulus
. tact
Max. contact | 0178 | 10599 798.3
stress (MPa)
. bendi
Max. bending | ¢ 1 4522 2078
stress (MPa)
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Table 3 Level and values of design variables
Level
Design variables
Min. (-1) | Mid. (0) | Max. (+1)
Helix angle (A) 11 15 19
Proﬁl‘e shift 0 0.2 04
coefficient (B)
Addendum 0.6 0.8 1.0
coefficient (C)
Dedendum 1.0 1.25 1.5
coefficient (D)
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Table 4 C-C design table and simulation results

x4 ¥'n = 0.45-0.04894+0.04B - 0.0453C

ok A 4E ST B #F8 $HW
el g v 2 2dS 4 )% o] ¥As
ek

Nol A | B | ¢ | p | Mexcontact | Max bending —0.124D —0.0484 +0.045B8°
stress (MPa) | stress (MPa) -0.04C* —0.004D" ~0.0034B )
bl-dp-r -] 1211 2011 +0.0714C +0.026 4D ~0.099BC
201 -1 -1 ]+l 989.4 4222 —0.064BD -0.01CD
3001 | -1 | 1] -1 1011.5 465.4
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Fig. 6 Variation of y*\+y'y according to iteration step

during optimization process
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Fig. 7 Contact stress variation according to face width
and rolling distance of the sun gear after
optimization

Fig. 8 Contact stress variation according to face width
and rolling distance of the planet gear after
optimization

Table 6 Optimization results

Design variables Original Optimized
Helix angle (A) 15 19
Profile Shift 02 0,027
Coefficient (B) ' E
Add
e'ndum 08 o
Coefficient (C)
Dedendum
. 1.25 1.5
Coefficient (D)
Max. Contact 1059.9 0113 (14,090
stress (MPa) ‘ 3 (14.0%)
Max. Bending ]
stress (MPa) 452.2 384.7(14.9%))

Table 7 Max. contact & bending stress at each gear after
optimization

Gear Sun Planet Annulus
Max. contact
889.3 911.3. 766.9
stress (MPa)
Max. bendi
ax. Dendimg | 1958 384.7 199.0
stress (MPa)
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