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Abstract

A design system for power transmission bevel gears(straight, zerol, and spiral) is developed, in
which the strength and durability of bevel gears can be estimated and the size of bevel gears can
be minimized by introducing optimal techniques. The size of bevel gear pair as the object function
to be minimized is the volume of equivalent spur gear pair at mean normal section, and the design
variables to be determined are considered as the number of teeth, face width, diametral pitch, and
spiral angle in spiral bevel gear. The strength (bending strength, pitting resistance) according to
the AGMA standards, geometrical quantities, and operating characteristics(interference of
pinion, contact ratio, etc.) are considered as the constraints in design optimization. The optimiza-
tion with these constraints becomes nonlinear problem and that is solved with ALM (Augmented
Lagrange Multiplier) method. The developed design method is applied to the example designs of
straight, zerol, and spiral bevel gears. The design results are acceptable from the viewpoint of
strength and durability within the design ranges of all other constraints, and the bevel gears are
designed toward minimizing the size of gear pair. This design method is easily applicable to the
design of bevel gears used as power transmitting devices in machineries, and is expected to be
used for weight minimization of bevel gear unit.
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Table 1 Bevel gear data for geometry calcula-

tion.

Shaft angle {degree) 90. 00
Gear ratio 3.00
Hand of spiral on pinion’ left
AGMA quality No, 1) pinion 11

2) gear 11

depthwise, standard

Tooth taper depthwise, duplex®
Shank diameter of pinion {in) 2.50
Bore diameter of gear (in) 3.00
Crown to back of pinion (in) 2.50
Crown to back of gear {in) 3.00
Cutting process :::‘:\;:;?:8.
Pressure angle (degree) 20.00
Cutter edge radius 1) pinion (in) 0.02

2) gear 0.02
Cutter radius * (in) 4.50

Note : The * mark refers to zerol and spiral bevel gears.
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Table 2 Bevel gear data for strength estimation

Table 3 Design result for straight bevel gear

Application general commercial
Driving mesber pinion
Direction of rotation (driver) clockwise
Character of load 1) prime mover uni forn

2) driven machine uni form
Load type dynamic
Required total life 1) pinion (hours) 87600

2) gear 87600

fewer than one

Reliability requirement failure in 100

Mounting method 1) pinion overhung
2) gear straddle
Speed of pinion (rpm) 1400.00
Design power (hp) 35.00
Design pinion torque (1b in) 1440,.00
Crowned / non-crowned crowned
Material 1) pinion steel
2) gear steel
AGMA quality No. of material
1) pinion A-1
2) gear A-1
. hoth gears,
Heat treatment 3 pinion carburized &
gear case hardened
Surface hardness 1) pinion  (BHN) 627.00
2) gear 627.00
Pinion surface finish roughness 60.00

(microinch)

v olofuwlzl =YL AT AYIE & &
=dl, M| 4 A EdFo] Axlz,
AdFEELsE oy, FHUd fdigda Ao
e 7t A=A drizle] walstgade] 2o}
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Table 4= A2 wlWl7]o{E AAZ Az,
e oleudl7jojol upxlzlAz 27| A= she}
g HAAdANY #x o 1tF FE2ASE
utZ3edA] #He] AT E HAHYSLS @
F ok, = AEdCE Wyl 2)Fo] F
olxn AFZHX7 AL ol A7) zolH e
o, Ade 47 BolHSelE LFsn A
€ o #ZHolHEE & 4 gk

Table 5= Asje]a] W7o 5 AAY A2

4], final opt. 12 2% HHIE YL v 23}

B o3

Design result initial final

opt. opt.
Number of teeth 1) pinion 12.37 13.00
2) gear 37.10 40.00
Face width (in) 0.77 0.62
Diametral pitch (in™) 4.84 4.75
Pitch diameter 1) pinion (in) 2.55 2.74
2) gear 7.66 8.42

Bending stress, Working (psi)
Calculated 1) pinion 56157.60] 59868. 51

2) gear 60339.96! 62538.51

Contact stress, Working (psi) (192670.26|192670.26

70000.00; 70000.00

Calculated 192664. 36/192011. 49
Limit inner dedendum (in) 0.13 0.15
Inner dedendum (in) 0.12 0.13
Transverse contact ratio 1.47 1.48
Max, pitch line velocity (fpm) | 1000.00; 100000
Pitch line velocity (fpm) 936.26] 933,55
Volure of equivalent spur fge?r 294.20 302.78

(in")

Volume of pitch cone (in®) 12.25 12.46

Table 4 Design result for zerol bevel gear

Design result m;;tf"l f;::l
Number of teeth 1) pinion 13.24 14.00
2) gear 39.73 43,00
Face width (in) 0.67 0.56
Diametral pitch (in™) 5.09 5,00
Pitch diameter 1) pinion (in) 2.60 2.80
2) gear 7.80 8.60

Bending stress, Working (psi) | 70000.00} 7000000
Calculated 1) pinion 63009, 30| 65325.60
2) gear 67524.52| 68099.53

Contact stress, Working (psi) [225000.00(225000. 00

Calculated 196369. 16192751, 40
Linit inner dedendum {in) 0.14 0.16
Inner dedendum (in) 0.12 0.12
Transverse contact ratio 1.49 1.50
Max. pitch line velocity {fpm) | 8000,00( 8000.00
Pitch line velocity (fpm) 954.17| 1027.04
Volume of eqiuvalent spur ge?r 273.23 28911

{in’)

Volume of pitch cone (in%) 11,38 11,91
ozt AFEZ AHIA YL AAA oA

final opt. 2% ~sfeldzg sl 42 F
AAA oI, Astold wWTlolsl ALE o)
Az AAdss AAEARAA A5 FE2AE
2 AFAA Adol HasHed YAHLTE
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Table 5 Design result for spiral bevel gear

: initial final final

Design result opt. opt. 1 opt. 2
Nupber of teeth 1) pinion 15.38 16.00 16. 00
2) gear 46.16 49.00 49.00

Face width (in) 1.03 1.18 1.03
Diametral pitch (in™) 6.55 6.50 6.50
Spiral angle (degree) 32.66 29.52 33.00
Pitch diameter [) pinion(in) 2.35 2.46 2.46
2) gear 7.04 7.54 7.54

Bending stress, Working{psi)| 70000.00| 70000.00| 70000.00
Calculated 1) pinion 65372.76| 54176.96| 61351. 41

2) gear 53360.92| 42468.46| 48221.45

Contact stress, Working(psi)|192670.26{192670.26|192670. 26

Calculated [158101.89(146779.10149180. 16
Limit inner dedendum (in) 0.14 0.14 0.15
Inner dedendun (in) 0.07 0.07 0.07
Transverse contact ratio 1.21 1.21 1.21
Face contact ratio 1.59 1.59 1.59
Modified contact ratio 2.00 2.00 2.00
Max. pitch line velocity(fpm)|{ 8000.00( 8000.00; 8000.00
Pitch line velocity (fpu) 861.32| 901.83 902.89
Volune of equivalent spur 598.76| 662.07| 711.26

gear (in®)

Volume of pitch cone (in’) 12.53 15.51 14.51

Note : The final opt. 1 is the design result when spiral
angle is not changed with integer, while the final opt.
2 is the result when changed.
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