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1), Transmission error (K= @Xt), Fatigue analysis (IL|23H4d), Life prediction (=H0|=)

In the case of TV products, space constraints and design requirements make it advantageous to use a worm gear that has
a small volume and a self-locking function. Single enveloping worm gear teeth are classified as ZA, ZN, ZK, ZI, and ZC
according to international standards. However, combining worm shafts and worm wheels with different tooth profiles can
significantly worsen meshing transmission errors and reduce the lifespan of the worm gear. Despite these challenges, due
to processing limitations, ease of manufacturing, and cost reduction, combinations of worm shafts and worm wheels with
different tooth profiles are still considered. In this study, we confirmed the meshing transmission error for a worm gear that
combined a ZA tooth shape worm shaft with a ZI tooth shape worm wheel. Additionally, we examined the contact stress
and fatigue life characteristics of the material combinations using finite element analysis (FEM).

NOMENCLATURE

T. E= Transmission Error
0, = Angular Displacement of Gear, (6 + A&) (rad)

ryy = Reference Diameter of Gear (mm)
6, = Angular Displacement of Pinion (rad)
rp1 = Reference Diameter of Pinion (mm)
6, = Theory Angular Displacement of Gear (rad)
6, = Rotation Angle of Worm Wheel
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Fig. 1 Geometry of the Worm & Worm wheel gear pair

Table 1 Specification of the Worm & Worm wheel gear pair

Description Worm shaft Worm wheel
Module [mm] 0.94
Pressure angle [°] 11
Number of teeth 1 10
Pitch diameter [mm] 7.8 9.4

Face width [mm] - 7.4
Addendum 0.21 1.28
Dedendum 1.99 0.7
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Fig. 2 Process of worm gear life prediction
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Fig. 6 Mechanical properties of worm gear

Table 2 Mechanical properties of each material combination

Case Material Young’s Density POISS_O ns
modulus ratio
Worm goniad0 203GPa 78666 03
shaft
#1
Worm A C304  109GPa  8.73e-6 0.34
wheel
Worm — qon40 203GPa 7.86e-6 03
shaft
#
Worm 0703 112GPa 8736 034
wheel
Worm
SCM440  203GPa  7.86e-6 03
shaft
#3
Worm  <iiS316L 124GPa 7.85¢-6 03
wheel
‘Worm
CAC304  109GPa  8.73e-6 0.34
shaft
#4
Worm POM 19GPa  1.41e6 0.44
wheel
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Fig. 15 Fatigue analysis results of worm gear: S-N curve

Table 3 Fatigue analysis results of worm gear: Endurance limit &
cycle limit

Material Endu[rﬁll;:;] limit CchIe\I ;imit
CAC304 350.8 4.89E+06
CAC703 315 4.34E+06
SUS316L 293.8 4.98E+05
POM 43.1 9.13E+05
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Table 4 Fatigue analysis results of worm gear: Mean Stress, stress
amplitude, stress ratio, amplitude ratio

. Mean Stress Stress Amplitude
Material . . .
stress amplitude ratio ratio
CAC304 -83.29 109.80 -7.28 -1.32
CAC703 -84.12 112.00 -7.03 -1.33
SUS316L -84.83 114.50 -6.73 -1.35
POM -26.20 2791 -31.52 -1.07

Table 5 Fatigue analysis results of worm gear: 1/Damage
CAC304 CAC703  SUS316L
4.30E+11 1.63E+11 7.15E+07

POM
6.46E+07

Material

1/Damage
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