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Development of Durability Estimation and Design Systems of Worm Gears

- I RO Y R - A
T. H. Chong, J. H. Baek

ABSTRACT

We developed the durability estimation and designh systems to minimize the volume, considering
the durability, efficiency, and design requirements of worm gears. That is, we consider each kind
of factors affecting on durability on the basis of AGMA Standard for the cylindrical and double-
enveloping worm gears. We also estimate input power on the basis of wear and durability, bending
strength and deflection of worm shaft, and we developed the durability estimation and design
systems of power transmission worm gears introducing the optimal design method on the personal
computer to be easily used in field. Also, we developed a method which converts the design varia-
bles obtained from the optimal design method to integer values(number of worm threads, number
of worm wheel teeth, etc.,) to be used in real design and production.

The developed durability estimation and design method can be easily applied to the design of
worm gears used as power transmission devices in machineries and is expected to be used for
weight minimization of worm gear unit.
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Table 1 Data for designing worm gears

eneral
Application g )
commercial
Gear ratio 30.00
Design power(input power) [HP) 7.3756

Speed of worm [rpm]| 1110
[degree] 20.00
[hour/day] 8.0

Transverse pressure angle

Duration of service

Required total life [bours)
1) worm 24000
2) worm wheel | 24000
Driving member worm

Character of load of driven machine

. . h hock
(Prime mover : electric motor) eavy s
Hand of threads on worm right
Mounting method 1) worm straddle

2) worm wheel straddle
Miterial 1) worm SCM 440
2) worm wheel PBC 2C
r
Heat treatment(worm) e 1'on
hardening
Ultimate tensile strength )
. 1 142132 min.
of worm core material [psi)
Minimum efficiency 0.857

) AMEFEE 7hAok dla, 93 €489 AR
2 Z}z} SCM4402] 32733 PBC2C ¢l
EAE AH-E
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Table 2 Design results of cylindrical worm gQears

initial final
optimization optimization

Number of worm threads 2.0274 2.0000
Number of worm wheel teeth 60.8220 60.0000
Min. no. of worm threads 1.0000 1.0000
Max. no. of worm threads 10.0000 10.0000
Diametral pitch [in~']

1) transverse 5.1186 5.0800

2) normal 5.2267 5.1859
worm lead angle [degree] 11.6723 11,5990
Facewidth [in] ‘

1) worm 3.8500 3.6264

2) worm wheel 1.879% 1.33567
Pitch diameter [in]

1) worm 1.9172 1.9181

2) worm wheel 11.8823 11.8110
Center distance [in] 6.8998 6.8646
Sliding velocity [ft/min]

1) calculated 568.9090 569.0261

2) maximum 6000.0000 6000.0000
Allowable input power [HP] 15.8038 11.1148
Equivalent input power [HP] 11.0634 11.0634
Bending stress [psi] .

1) allowable 24162.44 24162.44

2) calculated 14116.84 14201.98
Allowable deflection [in] 0.003917 0.003932
Calculated deflection [in] 0.003916 0.003890
Minimum efficiency 0.857 0.857
Calculated efficiency 0.8720 0.8713
Volume [in*] 219.5708 156.8191

Table 3& Table 12] AAZA L 71X Fuy
4 7loje] 4AZHE Jed RO 2 Table 29)
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Table 3 Design results of double-enveloping worm gears

. . final
initial final o
optimization optimization optimization
. (Table 2)
Number of worm threads 1.8062 2.00 2.00
Number of worm wheel teeth 54.1860 60.00 60.00
Min. no. of worm threads 1.00 1.00 1.00
Max. no. of worm threads 10.00 10.00 10.00
Diametral pitch [in~"]
1) transverse 55592 6.3500 5.0800
2) normal 5.6434 6.4484 5.1859
worm lead angle [degree] 9.9122 10.0214 11.5972
Facewidth [in]
" 1) worm 3.6675 3.1115 3.6269
2) worm wheel 0.9729 0.9570 1.3321
Pitch diameter [in] 1.8593 1.7823 1.9184
1) worm 9.7471 9.4488 11.8110
2) worm wheel
Worm root diameterr [in] 1.5531 1.5144
1) minimum 1.5531 1.5144 -
2) calculated
Center distance [in] 5.8032 5.6156 6.8647
Sliding velocity [ft/min]
1) calculated 622.4 590.7 569.1
2) maximum 6000.0 6000.0 6000.0
Allowable input power  [HP] 14,7975 14.0029 11.0843
Equivalent input power [HP] 11.0634 11.0634 11.0634
Minimum efficiency 0.85 0.85 0.857
Calculated efficiency 0.8514 0.8501 0.8713
Volume [in*] 82.55 74.87 156.43
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