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Design of a Reduction Gear using Double-Enveloping Worm Gear
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Worm gear sets may be either single- or double-enveloping. In a single-enveloping set, the worm
wheel is cut into a concave surface, thus partially enclosing the worm when meshed. The double-
enveloping worm gear is similar to the single-enveloping gear; however, the worm envelopes the
worm gear. Thus both are throated. The double-enveloping worm gear has more of the tooth
surface in contact than the single-enveloping worm gear. The larger contact area increases the
load-carrying capacity. For this reason, double-enveloping worm gearing is widely applied in
heavy-duty machinery, for applications including construction and metallurgy. In this paper, we
designed a compact reduction gear that is highly efficient using double-enveloping worm gears.
We calculated the bearing load in the worm gearing to select the bearing and the housing surface
area according to the recommended values from AGMA(American Gear Manufacturers
Association). The finite element method was used to assess the structural integrity.
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W, = Tangential force

W,' = Separating force

W, = Worm thrust force

Py, = Input power in horsepower

n,, = Rotations per minute of the worm
d = Pitch diameter of the worm

o, = Normal pressure angle

A= Worm lead angle

f, = Rotational speed coefficient

fi, = Service life coefficient

L,on = Rated fatigue life

C, = Basic dynamic load rating

P = Dynamic equivalent load

X, Y = Radial and axial load factor
F,, F, = Radial and axial load
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Table 1 Classification of the gear wheels’

Table 2 Specification of the reduction gear

Face gears(on-center)

Intersecting shafts Conical involute gears

Nonparallel Worm gears
_onparalicl, Face gears(off-center)
Non intersecting shafts .
Hypoid gears
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Arrangement of shaft axes Gear Items Target value
Spur gears Reduction gear ratio 1/30
Parallel shafts Helical gears Rotational speed in input shaft (rpm) 1,750
Planetary gears Efficiency (%) 70
Nonparallel, Bevel gears Sound level (dB) 7
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Fig. 1 Worm gear bearing loads’
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Table 3 Worm-gear bearing loads

Forces | Bearing | Bearing | Bearing | Bearing
N) A B C D
Total 354 15 | 2206.61 | 2,799.53 | 3,285.56
radial
Total
5,570.09 | 5,570.09 | 635.62 635.62
thrust

Table 4 Basic dynamic load ratings

Bearing A | Bearing B | Bearing C | Bearing D

C, (kN) 40.08 46.39 23.83 27.97

P(N) | 6,121.87 | 7,085.16 | 3,639.38 | 4,271.23

Required bearing life : Min. 5,000 (hr)
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Fig. 4 Analysis results of maximum total deformation
Fig. 2 FE model of the designed reduction gear

. Case
Table 5 Material properties of the gear drive 0-Ring
Density Elasticity Poisson’s
(kg/m’) (GPa) ratio Bearing
GC300 7,300 90 0.25 Worm
Steel 7,850 200 0.3 housing

Worm gear
housing

5
1.3036
0.006708 Min

OQutput
axis

Fig. 5 3D model of the designed reduction gear
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