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An Optimum Design Method of Hypoid Gear by Minimizing Volume
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The hypoid gear has advantage for the high reduction ratio and compactness. But, geometry design and strength
evaluation of the hypoid gear depend on the machine tool of specific production companies because the geometry
design and strength evaluation of the hypoid gear are complex and difficult. This paper proposes the development
of the design programs to satisfying the geometry and strength of a hypoid gear through optimization technique using
the genetic algorithm. The genetic algorithm is designed to optimize a method for minimizing volume. The existing

design of hypoid gear in the forklift truck axle is compared with the results of developed optimum design program.
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Table 1 Initial data for the calculation of hypoid gear

dimension

Symbol Description

z Shaft angle

a Pinion offset

Zi2 Number of teeth in pinion, gear

L Outer transverse module

b, Gear face width

B Mean spiral angle of pinion

¥ Cutter radius

Z, Number of blade groups

Face apex beyond
crossing point

Root apex beyond
crossing point

[ c Pitch apex beyond
“ crossing point

F Outside diameter

G Pitch diameter

H Shaft angle

J Root angle

K Face angle of blank
L Face width

M Pinion offset

P Pitch angle

R Outer cone distance
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¥ Determination of gear dimension
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Fig. 2 Strength and durability evaluation process of
hypoid gear
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Fig. 3 Genetic algorithm process
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Table 2 Setting of design variables for hypoid gear

design
Pinion Gear
Number of teeth 6~15
Module 3~10

Face width [mm] 1 win(R, /3~ mex(R, /3)

Pinion offset [mm] min(d,, /6) ~ max(d,/6)

Spiral angle [deg]|  35-50 |
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Table 3 Specification of existing hypoid gear drive

Transmitted power 55
Input speed 2000

Gear ratio 6.5
AGMA quality number 11

Gear material

Steel (Grade 1)

Heat treatment Carburized
Hardness 55~64 HRC
Allowable contact stress 1380
Allowable bending stress 205
Service life 6.0x10°
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Table 4 Comparison of existing design, optimum design, and modified optimum design

Existing design Optimum design” Modified optimum designz)
Pinion Gear Pinion Gear Pinion Gear
Number of Teeth 6 39 11 72 6 39
Module [mm] 7.511 4.929 7.444
Pressure angle [deg.] 22.5 225 22.5
Pinion offset [mm) 254 114 109
Mean spiral angle [deg]| 4505 | 3383 | 45 38.55 40.63 3521
Face width [mm] 452 413 316 30.7 434 414
Transverse contact ratio ] 0.848 1.003 0.813
Face contact ratio 2103 1 2.655 T 2182
Modified contact ratio 2.268 2.838 2.328
Pitting resistance 0.88 0.98 1.0 1.12 0.91 1.02
Safety factor
Bending strength 1.45 0.98 1.13 1.01 1.48 1.02
Volume [mm’] 4.5589x105 4.9975x105 3.9901x105
Volume variation T 9.6% Increase 12.5% Decrease

,note : 1) Optimum design with common design conditions
2) Optimum design with existing design conditions
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