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PROPORTIONS OF STANDARD GEAR TEETH

144° 143° 20° 20°
Composite Full Depth Involute Full Depth Involute Stub Involute
Addendum m m m - 0.8m
| Minimum dedendum 1.157m 1.157m 1.157m m
i Whole depth 2.157Tm 2.15Tm 2.157m 1.Em
| Clearance 0.157m 0.157m 0.157m 0.2m

STANDARD MODULES. Standard modules taken from ISO/R54 are:
Preferred 1,125,1.5,2,2.5,3,4,5,6,8,10,12, 16, 20, 25, 32, 40, 50
| Second Choice 1.125,1.375,1.75,2.25,2.75,3.5,4.5,5.5,7,9, 11, 14, 18, 22, 28, 36, 45
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TABLE I — Form Factors y — for use in Lewis strength equation.

Number of 144° Full-Depth 20° Full-Depth 20° Stub

Teeth Involute or Composite Involute Involute
12 0.067 0.078 0.099
13 0.071 0.083 D.103
14 0.075 0.088 0.108
15 0.078 i} 0.092 0111
16 0.081 0.094 0.115
17 0.084 0.096 0.117
18 0.086 0.098 0.120
19 (.088 0.100 0.123
20 0.090 0.102 0125
21 0.092 0.104 0.127
23 0.094 0.106 0.130
25 0.097 0.108 0.133
27 0.099 0.111 0.136
‘30 0.101 0.114 0.139
34 0.104 0.118 0.142
38 0.106 0.122 0.145
43 0.108 0.126 0.147
50 0.110 0.130 0.151
(1] 0.113 0.134 0.154
75 0.115 0.138 0.158
100 0.117 0.142 0.161
150G 0.119 0.146 0.165
300 0.122 0.150 0.170
Rack 0.124 0.154 0.175

e

TABLE II — Values of Deformation Factor Cin kN/m — for dynamic load check

Matenials Involute Tooth Error — ﬁ"nn
tooth
Pinion Czear form 0.01 o002 0.04 0.06 0.08
cast iron cast iron 144° 55 110 220 330 440
stael cast iron 144° 76 152 304 458 608
steel steel 144° 110 220 440 660 880
cast iron cast iron 20° full 57 114 228 342 456
depth
steel cast iron 20° full 79 158 316 474 632
depth
steel steal 207 full 114 228 456 684 912
depth
cast fron cast iron 20° stub 59 118 236 354 472
steel cast iron 20° stub 81 162 324 486 648
stee] steel 20° stub 119 238 476 Ti4 Q52

—— - -
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TABLE Ml
Values for f¢; a5 used in the wear load equation depend vpon a combination of the gear and pinion
materials. Some valves for various materials for both 5., and K are tabulated.
Surface Stress Fatigue Factor
Average Brinell Hardness Namber Endurance K{kN/m*)
of steel pimion and steel gear Limut
Ses{ MN/m™) 144° 20°
150 342 206 282
200 480 405 555
250 618 673 919
300 755 1004 1372
400 1030 1869 2553
Brinnel Hardness Number, BEN
Stee] pinion Gear
150 C.L i 342 303 414
200 ClL 430 GO 320
250 C.L. 618 1004 1310
150 Phosphor Bronze 342 317 427
200 Phosphaor Bronze 445 503 689
C.1. Pinion C.L Gear 549 1050 1420
C 1. Pinion C.1 Gear 618 1330 1960
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SPUR. GEARS 233

SUPPLEMENTARY PROBLEMS

A spam steel pinion (5, = ?.GUMN,-'m ) is to drive a spur steel gear (5, = 140MN/m?). The diameter of the
pinjon is to be 100mm and the center distance 200zmm. The pinion is to transmit kW at 9001ev/min.
The teeth are to be 20° full depth. Determine the necessary module and width of face to give the greatest
number of teeth. Design for strength only, using the Lewis equation.

Ans. m=2.b=21.2mm (use 22mm)

Two spur gears are to be used for a rock crusher drive and are to be of minimum size. The gears are to be
designed for the following requirements: power to be transmitted 18kW, speed of pmmn 1200 rev/min,
angular velocity ratio 3.5 to 1, tooth profile 20° stub, s, value for pinion 100MN/m?, 5, value for gear
TOMN/m®, Determine the necessary face width and module for strength requirements only, using the
Lewis equation.

Ans. m=5F=5Tmm

A pair of spur gears transmitting power from a motor to a pump impeller shaft is to be designed with as
small a center distance as possible. The forged sieel pinion {3, = 160MN/m?) is to transmit 4kW at
6001ev/min to a cast steel gear (s, = l0OMN/m?) with a transmission ratio of 44 to 1, and 20° full
depth involute teeth are to be used. Determine the necessary face width and module for strength only,
using the Lewis equation. Ans.  m =3, 5 =30 9mm (use 31 mm)

A pair of spur gears for a crane hoist drive is to be made fo the following specifications: 20° fuil depth
tecth; 3, pininn=8rﬂMme2, $, gear= SSMNJ'mﬁ, Np =20 teeth, Ny =80 teeth. The pinion is 10
transmit SkW at 200 rev/min.
(z) What standard module and width of face will satisfy these conditions with a minimum center
distance? Use the Lewis equation.
(») If the dynamic load for this pair is computed to be 3.8kN, detesmine whether or not the design is
safe from the standpoint of strength.
(¢) Check the design for wear or surface fatigue if the fatigne constant K = 1350kNfm?*_
Ans. (g} m =25, b=53.6mm (use 54mm)
{b) F, =6485N (satisfactory)
() Fy =11,660N (satisfactory} -

A cast steel 24 tooth spur pinion operating at 1150rev/min transmits 3kW to a cast steel 56 tooth spur
gear. The pears have the following specifications: module of 3, 5, value of 100MN/m?*, face width of
35mm, 143° tooth profile, € factor of 350kN/m for dynamic load, X factor of 280kN/m® for wear load.
Detenmine (¢) induced stress in weaker gear, (#) dynamic load, (c} wear load, () allowable static luad
Ans  22.0MN/m?, 6445N, 988N, 3150N

Unsatisfactory fmm the standpoint of wear and dynamics effects.

In the layout of the drive for a packaging machine, a pair of 20° full depth spur gears is to transmit
34 kW at a transmission ratio of 2.5 to 1. The pinion operates at lﬁﬂDrev,l’mm For initial design, a
forged steel pinion (s, = 100MN/m’ ) and a semisteel gear (s, = 60MN/m*) have been selected. The
gears are to be carefully cut and from data tables the € factor for dynamic load is1 60kNfm and the £
factor for wear is 1 IDDkam
(@) Determine diameters, face width and tooth numbers for minimum size gears of adequate strength,
using the Lewis equation.
(&) Sokve for dynamic and wear loads, stating whether the gears are satisfactory or not.
(¢) If the gears are not satisfactory from the standpoint of wear and strength, state what changes should
be made.
Ans. (@) Dp=48mm, Dy = 120mm, b = 33.2 (say 34mm}, Np = 16, N; =40
(&) Fy=4105N, Fyw =2565N, F, =2348N
(c} Thegears are not satlsfactur}r from the standpoint of strength and wear becausc F; is greater
than the allowable values 7, and F,,. One or more of the following changes would be required:
decrease the tooth error, decrease the module, increase the face width, or case harden.



