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6 

GEARS 

Gears are toothed cylindrical wheels used for 

transmitting mechanical power from one rotat- 

ing shaft to another. Several types of gears are in 

common use. This chapter introduces various 

types of gears and details the design, specifica- 

tion and selection of spur gears in particular. 

LEARNING OBJECTIVES 

At the end of this section you should be: 

�9 familiar with gear nomenclature; 

�9 able to select a suitable gear type for differ- 

ent applications; 

�9 able to determine gear train ratios; 

�9 able to determine the bending stress for a 

spur gear using the Lewis formula; 

�9 able to select appropriate gears for a com- 

pound gearbox using spur gears; 

�9 able to select appropriate gears for an 

epicyclic gearbox using spur gears. 

6.1 Introduction 

Many power producing machines, or prime 

movers, such as internal combustion (IC) engines, 

industrial gas turbine engines and electric motors 

produce power in the form of rotary motion.The 

operating characteristics of prime movers vary 

according to their type and size as discussed in 

Chapter 3, Section 3.4, and a change of speed is 

often necessary to transform the torque speed 

characteristic of a prime mover to a useful output 

characteristic. When transmitting power from a 

source to the required point of application, a series 

of devices is available including gears, belts, pulleys, 

Figure 6.1 Disc or roller drives. 

chains, hydraulic and electrical systems. Generally 

if the distances of power transmission are large, 

gears are not suitable and chains and belts can be 

considered which are introduced in Chapter 8. 

However when a compact, efficient or high-speed 

drive is required gear trains offer a competitive 

and suitable solution. Additional benefits of gear 

drives include reversibility, configuration at almost 

any angle between input and output and their 

suitability to operate in arduous conditions. 

Simplistically, a speed change can be achieved 

by running discs of different diameter together, 

Figure 6.1, or alternatively cones for turning cor- 

ners as well, Figure 6.2. However, the torque 

capacity of disc or cone drives is limited by the 

frictional properties of the surfaces. The addition 
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Figure 6.2 Cone drives. 

0 0 

Figure 6.3 Primitive teeth gears. 

of teeth to the surfaces of the discs or cones makes 

the drive positive, ensuring synchronization, and 

substantially increases the torque capacity. 

Primitive gear trains consisted of teeth or pegs 

located on discs as illustrated in Figures 6.3 and 

6.4.The disadvantage of these simple teeth is that 

Figure 6.4 Primitive gears. 

the velocity ratio is not constant and changes as 

the teeth go through the meshing cycle causing 

noise and vibration problems at elevated speeds. 

The solution to this problem can be achieved by 

using a profile on the gear teeth, which gives a 

constant velocity ratio throughout the meshing 

cycle. Several different geometrical forms can be 

used, but the full depth involute form is primarily 

used in current professional engineering practice. 

Gears can be divided into several broad 

classifications. 

1. Parallel axis gears: 

(a) spur gears (see Figure 6.5), 

(b) helical gears (see Figures 6.6 and 6.7), 

(c) internal gears. 

2. Non-parallel, coplanar gears (intersecting axes): 

(a) bevel gears (see Figure 6.8), 

(b) face gears, 

(c) conical involute gearing. 

3. Non-parallel, noncoplanar gears (nonintersect- 

ing axes): 

(a) crossed axis helicals (see Figure 6.9), 

(b) cylindrical worm gearing (see Figure 6.10), 

(c) single enveloping worm gearing, 

(d) double enveloping worm gearing, 

(e) hypoid gears, 

(f) spiroid and helicon gearing, 

(g) face gears (off centre). 

4. Special gear types: 

(a) square and rectangular gears, 

(b) elliptical gears, 
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Figure 6.7 Double helical gears. 

Figure 6.5 Spur gears. Photograph courtesy of 
Hinchliffe Precision Components Ltd. 

Figure 6.6 Helical gears. Photograph courtesy of 
Hinchliffe Precision Components Ltd. 

(c) scroll gears, 

(d) multiple sector gears. 

Spur gears (Figure 6.5) are the cheapest of all types 

for parallel shaft applications. Their straight teeth 

allow running engagement or disengagement using 

sliding shaft and clutch mechanisms.Typical appli- 

cations of spur gears include manual and automatic 

Figure 6.8 Bevel gears. 

motor vehicle gearboxes, machine tool drives, 

conveyor systems, electric motor gearboxes, timing 

mechanisms, and power tool drives. The majority 

of power gears are manufactured from hardened 

and case hardened steel. Other materials used 
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Figure 6.9 Crossed axis helical gears. Photograph 
courtesy of Hinchliffe Precision Components Ltd. 

Figure 6.10 Worm gears. Photograph courtesy of 
Hinchliffe Precision Components Ltd. 
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Table 6.1 Typical material matches for gears and pinions 

Gear material Pinion material 

Cast iron Cast iron 
Cast iron Carbon steel 
Carbon steel Alloy steel 
Alloy steel Alloy steel 
Alloy steel Case hardened steel 

include iron, brass and bronze, and polymers such 

as polyamide (e.g. nylon), polyacetal (e.g. Delrin) 

and SRBF (e.g. Tufnol). Typical material matches 

are listed in Table 6.1. A harder material may 

sometimes be used for a pinion, than that for the 

mating gear wheel, as the pinion teeth will experi- 

ence more use than those on the gear wheel. Steel 

gears are often supplied in unhardened form to 

allow for grub screws, keyways or splines to be 

added before hardening and finishing. 

A helical gear is a cylindrical gear whose tooth 

traces are helixes as shown in Figure 6.6. Common 

helix angles are 15 ~ to 30 ~ . Helical gears are typ- 

ically used for heavy-duty high speed (>3500 rpm) 

power transmission, turbine drives, locomotive 

gearboxes and machine tool drives. Helical gears 

are generally more expensive than spur gears. Noise 

levels are lower than for spur gears because teeth in 

mesh make point contact rather than line contact. 

The forces arising from meshing of helical gears can 

be resolved into three components loads, radial, 

tangential and axial (axial loads are often called 

thrust loads). Bearings used to support the gear 

on a shaft must be able to withstand the axial or 

thrust force component. A solution to this prob- 

lem is the use of double helical gears, as illustrated 

in Figure 6.7.These eliminate the need for thrust 

bearings because the axial force components can- 

cel each other. Whilst spur gears are generally 

cheaper, a comparable helical gear will be smaller. 

Bevel gears have teeth cut on conical blanks 

(see Figure 6.8) and a gear pair can connect non- 

parallel intersecting shafts. Bevel gears are used for 

motor transmission differential drives, valve con- 

trol and mechanical instruments. 
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Figure 6.| | Epicyclic gears (reproduced from 
Townsend, 1992). 

A worm gear is a cylindrical helical gear with 

one or more threads (see Figure 6.10). A worm 

wheel is a cylindrical gear with flanks cut in such 

a way as to ensure contact with the flanks of the 

worm gear.Worm gears are used for steering gear, 

winch blocks, low speed gearboxes, rotary tables 

and remote valve control. Worm gear sets are 

capable of high-speed reduction and high load 

applications, where nonparallel, noninteracting 

shafts are used. The 90 ~ configuration is most 

common.  Frictional heat generation is high in 

w orm  gears, so continuous lubrication is required 

and provision for heat dissipation must be made. 

Some gear axes can be allowed to rotate about 

others. In such cases the gear trains are called 

planetary or epicyclic (see Figure 6.11). Planetary 

trains always include a sun gear, a planet carrier or 

arm, and one or more planet gears. 

All gear mechanisms and gear trains demand 

continuous lubrication, which must be pressure 

fed for high-speed gears in order to counteract 

centrifugal effects on the oil. Plastic gears, made 

from for example nylon, can be used in certain 

applications and have the advantage that there is 

no need for lubrication, but are only suitable for 

low speed applications. Plastic gears can reduce 

noise levels significantly. 

Generally the pinion of a pair of gears should 

have the largest number of" teeth consistent with 

adequate resistance to failure by bending stress in 

Table 6.2 Useful range of gear ratios 

Pitch line 
Gear Ratio range velocity (m/s) Efficiency 

Spur 1:1 to 6:1 25 98-99% 

Helical 1:1 to 10:1 50 98-99% 

Double helical 1:1 to 15:1 150 98-99% 

Bevel 1:1 to 4:1 20 

Worm 5:1 to 75:1 30 20-98% 

Crossed helical 1:1 to 6:1 30 

the teeth. For a given diameter the larger the num- 

ber of teeth the finer the pitch and consequently 

the weaker they are and the greater the liability to 

fracture. Table 6.2 lists the range of gear ratios and 

performance characteristics typically achievable. 

When  the number of teeth selected for a gear 

wheel is equal to the product of an integer and 

the number of teeth in the mating pinion, then 

the same tooth on the gear wheel will touch the 

same tooth on the pinion in each revolution of 

the gear wheel. If there is no common factor 

between the numbers of teeth on the gear wheel 

and pinion, then each tooth on the gear wheel 

will touch each tooth on the pinion in regular 

succession with the frequency of contact between 

a particular pair of teeth, being the speed of the 

pinion divided by the number of teeth on the 

gear wheel. The avoidance of an integer ratio 

between the number of teeth on the gear wheel 

and the pinion can be achieved by the addition of 

an extra tooth to the gear wheel, provided that 

there is no operational need for an exact velocity 

ratio. This extra tooth is called a hunting tooth 

and can have advantages for wear equalization 

(see Tuplin (1962) for a fuller discussion). 

Various definitions used for describing gear 

geometry are illustrated in Figure 6.12 and listed 

below. For a pair of meshing gears, the smaller 

gear is called the 'pinion', the larger is called the 

'gear wheel'  or simply the 'gear'. 

Pitch circle. This is a theoretical circle on 

which calculations are based. Its diameter is 

called the pitch diameter. 

d = m N  (6.1) 

111 
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Figure 6.12 Spur gear schematic 
showing principle terminology. 

Figure 6.13 Gear tooth size as a function of the module. 

where d is the pitch diameter (mm); m is the 

module (mm); and N is the number of teeth. 

Care must be taken to distinguish the module 

from the unit symbol for a metre. 

�9 Circular pitch. This is the distance from a 

point on one tooth to the corresponding 

point on the adjacent tooth measured along 

the pitch circle. 

~rd 
p = "rrm - (6.2) 

N 

where p is the circular pitch (mm); m the 

module; d the pitch diameter (mm); and N the 

number of teeth. 

�9 Modu le .  This is the ratio of the pitch diam- 

eter to the number of teeth. The unit of the 

module should be millimetres (mm). The 

module is defined by the ratio of pitch diam- 

eter and number of teeth. Typically the height 

of a tooth is about 2.25 times the module. 

Various modules are illustrated in Figure 6.13. 

m m d (6.3) 

N 

�9 A d d e n d u m ,  a. This is the radial distance from 

the pitch circle to the outside of the tooth. 

�9 D e d e n d u m ,  b. This is the radial distance from 

the pitch circle to the bot tom land. 

�9 Backlash.  The amount by which the width 

of  a tooth space exceeds the thickness of the 

engaging tooth measured on the pitch circle. 

Prior to use of the metric module, the term 

'diametral pitch' was commonly used.The diam- 

etral pitch is the ratio of the number of teeth in 

the gear to the pitch diameter, Pd = N/d (usually 

in US/English units only, i.e. teeth per inch (tpi)). 

To convert from diametral pitch Pd (tpi) to the 

module m (in mm) use m = 25.4/Pd. 
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Figure 6.14 Schematic showing 
the pressure line and pressure 
angle. 

= 20 ~ 25 ~ 

Figure 6.15 Full depth involute 
form for varying pressure angles. 

Figure 6.14 shows the line of centres OP con- 

necting the rotation axes of a pair of meshing 

gears. The angle ~ is called the pressure angle. 

The pressure line (also called the generating line 

or line of action) is defined by the pressure angle. 

The resultant force vector between a pair of 

operating meshing gears acts along this line. The 

actual shape or form of the gear teeth depends on 

the pressure angle chosen. Figure 6.15 shows two 

gear teeth of differing pressure angle for a gear 

with identical number of teeth, pitch and pitch 

diameter. Current  standard pressure angles are 20 ~ 

and 25 ~ , with the 20 ~ form most widely available. 

6.2 Construction of gear 
tooth profiles 

Base 

Common 
tangent 

Involutes 

Base circle 

The most widely used tooth form for spur gears 

is the full depth involute form as illustrated in 

Figure 6.16.An involute is one of a class of curves 

called 'conjugate curves'. When  two involute- 

form gear teeth are in mesh, there is a constant 

velocity ratio between them. From the moment  Figure 6.16 Schematic of the involute form. 
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Figure 6.17 Construction of gear 
geometry. 

of initial contact to the moment of disengage- 

ment, the speed of the gear is in constant propor- 

tion to the speed of the pinion. The resulting 

action of the gears is very smooth. If the velocity 

ratio were not constant, there would be acceler- 

ations and decelerations during the engagement 

and disengagement, causing vibration noise and 

potentially damaging torsional oscillations. 

The layout and geometry for a pair of meshing 

spur gears can be determined by the procedure 

set out below. This procedure assumes access to a 

computer aided design (CAD) drawing package. 

It should be noted that gears are commonly avail- 

able as standard items from specialist manufacturers 

and suppliers and need not necessarily be designed 

from scratch. 

1. Calculate the pitch diameter and draw pitch 

circles tangential to each other (see Figure 6.17). 

d -  mN 

dp - mNp 

d G = m N  G 

In the example shown, the module has been 

selected as m = 2.5, the number of teeth in the 

pinion 20, and in the gear 50. So dp = 2.5 • 

20 = 50mm and dG = 2.5 • 50 = 125 mm. 

2. Draw a line perpendicular to the line of centres 

through the pitch point (this is the point of 

tangency of the pitch circles). Draw the pres- 

sure line at an angle equal to the pressure angle 

from the perpendicular. It is called the pres- 

sure line because the resultant tooth force is 

along this line during meshing. Here the pres- 

sure angle is 20 ~ . 

3. Construct perpendiculars OpA and O6 B to 

the pressure line through the centres of each 

gear.The radial distances of each of these lines 

are the radii of the base circles of the pinion 

and gear, respectively. Draw the base circles. 

4. Draw an involute curve on each base circle. 

This is illustrated on the gear. First divide the 

base circle in equal parts A0, A1, A2, A3, A4, 

As,. . . ,  An. Construct radial lines OGA0, OGA1, 

OGA2, OGA3,..., OGAn . Construct perpendicu- 

lars to these radial lines. The involute begins at 

A0.The second point is obtained by measuring 
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Figure 6.18 Layout of a pair of 
meshing spur gears. 

off the distance A0A 1 on the perpendicular 

through A1.The next point is found by meas- 

uring off twice the distance AoA1 on the per- 

pendicular through A2 and so on. The curve 

constructed through these points is the invo- 

lute for the gear.The involute for the pinion is 

constructed in the same way on the base circle 

of the pinion. 

5. Calculate the circular pitch 

p - -  I T m  

The width of the teeth and the width of the 

spaces are equal to half the circular pitch. Mark 

these distances off on the pitch circles (here 

p = -rr X 2.5). 

6. Draw the addendum and dedendum circles 

for the pinion and gear (see Figure 6.18). Here 

a tooth system (see Section 6.4 and Table 6.3) 

has been selected with 

a m / T /  

b - 1.25 m 

T a b l e  6.3 Tooth dimension formulas for qb = 20 ~ and 25 ~ 

Addendum 

Dedendum 

Working depth 

Whole depth (min) 

Tooth thickness 

Fillet radius of basic rack 

Clearance (min) 

Clearance for shaved or ground teeth 

Minimum number of pinion teeth 4) = 20~ 

Minimum number of pinion teeth fib = 25~ 

Minimum number of teeth per pair fib = 20 ~ 

Minimum number of teeth per pair 4) = 25~ 

Width of top land (min) 

u - m  

b = 1.25 m 

hk = 2m 

h t = 2.25 m 

t = ~rm/2 

r f= 0.3m 

c = 0.25 m 

c =  0.35m 

Np = 18  

Np = 12 

Np + N G = 36 

Np 4- NG = 24 

to = 0.25 m 

N.B. In this table 'm' stands for module. 

7. Mirror the involute profile about a line con- 

structed using a distance half the tooth width 

along the pitch circle and the gear centre. 

Using a polar array generate all of the teeth for 

the gear. Construct the root fillets as appropri- 

ate. Construct the tooth top and bottom lands. 

Gears can be purchased as standard items from 

specialist manufacturers and the exact geometry 
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for the blade teeth is not necessary for engineering 

drawings and general design purposes (unless you 

are designer gear cutters/forming tools). However, 

the tooth geometry is necessary for detailed stress/ 

reliability and dynamic analysis. 

6.3 Gear trains 

A gear train is one or more pairs of gears operat- 

ing together to transmit power. Figure 6.19 shows 

examples of a simple gear train, a reverted gear 

train and a non-reverted gear train. 

W h e n  two gears are in mesh, their pitch circles 

roll on each other without  slippage. If q is pitch 

radius of gear 1; r2 is pitch radius of gear 2; to 1 is 

angular velocity of gear 1;and 00 2 is angular veloc- 

ity of gear 2 then the pitch line velocity is given by 

1 2 21 

The velocity ratio is 

[ :2l -r2rl (6.5) 

and can be defined in any of the following ways 

m e __ np _ N G _ d G 
. . . . .  (6.6) 

00 G n o N p  dp 

where (.0p and ~0 G are the angular velocities of the 

pinion and gear, respectively (rad/s); np and n G are 

the rotational speeds of the pinion and gear, 

respectively (rpm); Np and N c are the number of 

teeth in the pinion and gear, respectively; and dp 

and dG are the pitch diameter of the pinion and 

gear respectively (mm). 

Consider a pinion 1, driving a gear 2. The 

speed of the driven gear is: 

n 2 -- n 1 - n 1 (6.7) 

where n is revolutions or rpm; N is number of 

teeth; and d is pitch diameter. 

Equation 6.7 applies to any gear set (spur, hel- 

ical, bevel or worm). For spur and parallel helical 

gears, the convention for direction is positive for 

anti-clockwise rotation, i.e. 

N 1 
n 2 = - - ~ n  1 (6.8) 

N2 

Input 

m 

2- 

m 

m 

n 

m 

m 

-q 

-q 

m 

-~ Output 

Input [~ 

- - ~ . -  

_ . _ . _  

f_ 

_ . _ . _  

~--j --~ Output 

Input ~ ------I 3 Output 

2 

(a) (b) (c) 

Figure 6.19 Gear trains. (a) Simple gear train. (b) Reverted compound gear train. (c) Non-reverted compound gear train. 
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Figure 6.20 Example gear train. Figure 6.21 Double reduction gear train. 
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Input I , ---=- 

N2= 70 

N1 = 20 

_--._._ N3= 18 

2- 

N4= 22 
-q 
~ _ _ _ _ _ _ _  Idler 

- N 5 = 54 gear 

~ Output 

Figure 6.22 Double reduction gear with idler. 

6.3.1 Manua l ly  shifted automot ive  

transmissions 

The torque speed characteristic of a petrol 

internal combustion engine delivers low torque at 

starting and at low speeds.This does not match the 

load, which, to enable a car to pull away from sta- 

tionary, demands a high torque. The torque from 

an internal combustion engine can be increased 

by means of a gearing. Similarly at other load con- 

ditions such as high acceleration, hills and cruising 

Gears I 

the torque speed characteristics of the engine may 

not be compatible with the load.A multiratio gear- 

box is the traditional solution to this problem. 

A typical manually shifted gearbox for a passen- 

ger car is illustrated in Figure 6.23. This has five 

forward speeds and reverse. The basic elements of 

a manually shifted transmission are a single or 

multiplate clutch for engaging and  dis-engaging 

the power from the load, a variable ratio transmis- 

sion unit with permanent mesh gears and a gear 

shift mechanism and lever. Clutches are consid- 

ered more fully in Chapter 10 and their function 

here is to interrupt the power flow. The demands 

of the automobile product mean that harshness in 

gear changes is unacceptable to the majority of 

customers. A method of overcoming shocks from 

gears crashing into each other as they are engaged 

is to hold the gears in permanent mesh, but not 

necessarily transmitting any power. This is illus- 

trated for gears 2, 3 and 4 which, although in mesh 

in Figure 6.23a, do not transmit torque because 

one of each of the pairs of gears concerned is free 

to rotate relative to its shaft. In order to transmit 

torque, a spline is moved on the shaft causing the 

gear to rotate at the same speed as the shaft and 

therefore it is able to transmit power. This is the 

principle of the synchromesh illustrated in Figure 

6.24. Depending on the gear train desired, the gear 

lever shift mechanism moves the synchromesh 

splines to engage the appropriate gears. 

6.3 .2  Epicyclic gear trains 

Figure 6.11 illustrates an example of an epicyclic 

gear train. Epicyclic gear trains include a sun gear, 

a planet carrier and one or more planetary gears. 

The planetary gears may also mesh with an 

internal ring gear. Epicyclic gear trains have two 

degrees of freedom and in order to determine their 

motion two inputs must be defined, such as the 

speed of both the sun and the ring gear. For the 

example shown in Figure 6.11, the rotational 

speed of the sun gear is given by 

/r -- rlarm -t- rtsun/ar m (6.9) 
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Figure 6.23 A five speed and reverse single-stage constant mesh transmission (reproduced from Heisler, 1999). 
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Figure 6.24 Positive baulk-ring synchromesh (reproduced from Heisler, 1999). 
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If F/F represents the speed of the first gear in the 

train and n L the speed of the last gear in the train 

F/F/a rm __ F/F - -  F/arm ( 6 . 1 0 )  

F/L/arm - -  n L  - -  F/arm (6.11) 

Dividing Eq. 6.11 by 6.10 gives 

F/L/a rm D F/L ~ F/arm D 
D e 

F /F /a rm F/F ~ F/arm 

m t 
_ _ Product of driving teeth numbers 

Product of driven teeth numbers 

_ N S N p  

N p  N R 

(6.12) 
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Figure 6.24 (Continued). 

where e is the train value. For spur and helical 

gears, the train value is positive if the last gear 

rotates in the same direction as the first. 

Equation 6.12 can be rearranged to give the 

reduction ratio defined as F/sun/F/arm which for an 

epicyclic gearbox, with the ring fixed stationary, 

F/L = 0 ,  F/F D F/sun, is given by 

n s u n  __ N R  

F/arm Ns 
+ 1 (6.13) 

For calculations of stress, it may also be neces- 

sary to determine the speed of the planetary 

gears. Velocity difference equations can be used 

for this. For the gear train illustrated 

F/p lane t / a rm - -  F/planet n F/arm (6.14) 

F/sun/ar  m = F/su n n F/arm 
(6.15) 

From knowledge of r/arm, Np and Ns these equa- 

tions can be solved to determine np. 

Note that if equi-spacing of the planetary gears 

is desired, the ratio given in Eq. 6.16 must be an 

integer. Equi-spacing of planets is desirable to pro- 

duce balanced forces on the pinion and ring gear. 

N s + N R 

Number of planets 
= integer (6.16) 
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Figure 6.25 Epicyclic gear train. 
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Table 6.4 Preferred values for the module m 

0.5 0.8 1 1.25 1.5 2 2.5 3 4 5 
6 8 10 12 16 20 25 32 40 50 

Table 6.5 Preferred standard gear teeth numbers 

12 13 14 15 16 18 20 22 24 25 28 30 
32 34 38 40 45 50 54 60 64 70 72 75 
80 84 90 96 100 120 140 150 180 200 220 250 

6.4 Tooth systems 

Tooth systems are standards that define the geo- 

metric proportions of gear teeth. Table 6.3 lists 

the basic tooth dimensions for full depth teeth 

with pressure angles of 20 ~ and 25 ~ . 

Table 6.4 lists preferred values for the module, 

m, which are used to minimize gear cutting tool 

requirements, and Table 6.5 lists the preferred 

standard gear teeth numbers. 

The failure of gears can principally be attrib- 

uted to tooth breakage, surface failure and scuff- 

ing and scoring of the teeth surfaces. Section 6.5 

outlines the forces involved on spur gear teeth 

and Section 6.6 defines methods for estimating 

gear stresses and the preliminary selection of stand- 

ard stock gears. 

6.5 Force analysis 

Figure 6.26 shows the forces involved for two spur 

gears in mesh.The force acting at the pressure angle 

~b can be subdivided into two components" the 
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2 

b 2 2 r 

Figure 6.26 Forces for two 
spur gears in mesh. 

tangential component F t and the radial component 

Fr. The radial component serves no useful pur- 

pose. The tangential component F t transmits the 

load from one gear to the other. If Wt is defined as 

the transmitted load, l/Vt = Ft.The transmitted load 

is related to the power transmitted through the 

gears by the equation: 

P 
H/t - (6.17) 

V 

where l/Vt is transmitted load (N); P is power (W); 

and Vis pitch line velocity (m/s). 

Alternatively the transmitted load can be 

defined by 

60 X 103H 
Wt = (6 18) 

"rr d n 

where W t is transmitted load (kN); H is power 

(kW); d is pitch diameter (mm); and n is speed 

(rpm). 

6.5 .1  In t roduct ion  to gear  stresses 

Gears experience two principle types of stress, 

bending stress at the root of the teeth due to the 

transmitted load and contact stresses on the flank 

of the teeth due to repeated impact, or sustained 

contact, of one tooth surface against another. 

A simple method of calculating bending stresses 

is presented in Section 6.5.2 and this is utilized 

within a gear selection procedure given in Section 

6.6. However, this methodology, whilst suitable for 

determining the geometry for a gear train at the 

conceptual phase is inadequate for designing a 

gear train for highly stressed applications or where 

the life of the components is important. For the 

determination of life-critical parts, national and 

international standards for gears are available such 

as the AGMA, BS and ISO standards for gears. 

These are considered in Chapter 7 and the AGMA 

equations recommended for bending and contact 

stress for spur gears are introduced. 

6 .5 .2  Bending stresses 

The calculation of bending stress in gear teeth 

can be based on the Lewis formula 

o -  Wt (6.19) 
F r a Y  

where W t is transmitted load (N); F is face width 

(m or mm); m is module (m or mm); and Y is the 

Lewis form factor and can be found from Table 6.6. 

When teeth mesh, the load is delivered to the 

teeth with some degree of impact. The velocity 

factor is used to account for this and is given, 

in the case of cut or milled profile gears, by the 

Barth equation, 6.20. 

6.1 
K v = (6.20) 

6 . 1 + V  
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Table  6.6 Values for the Lewis form factor Y defined 

for two different tooth standards (Mitchener and 

Mabie, 1982) 

N, number Y (r = 20~ Y (r = 20~ 

of teeth a = 0.8 m; b = m) a = m; b = 1.25 m) 

12 0.33512 0,22960 
13 0.34827 0.24317 
14 0.35985 0,25530 
15 0.37013 0,26622 
16 0.37931 0,27610 
17 0.38757 0,28508 
18 0,39502 0.29327 
19 0,40179 0.30078 
20 0,40797 0.30769 
21 0,41363 0.31406 
22 0.41883 0.31997 

24 0,42806 0.33056 
26 0.43601 0.33979 
28 0.44294 0,34790 
30 0,44902 0,35510 
34 0,45920 0,36731 
38 0,46740 0.37727 
45 0.47846 0,39093 
50 0.48458 0.39860 

60 0.49391 0.41047 

75 0.50345 0.42283 

100 0.51321 0.43574 

150 0,52321 0.44930 

300 0.53348 0.46364 

Rack 0.54406 0.47897 

a, addendum; b, dedendum; qb, pressure angle; m, module. 

where Vis the pitch line velocity which is given by 

d -3 2-rr (6.21) 
V - -  X l O  n - -  

2 60 

where d is in mm and n in rpm. 

Introducing the velocity factor into the Lewis 

equation gives: 

o- - Wt (6 .22)  

K v F m Y  

Equation 6.22 forms the basis of a simple approach 

to the calculation of bending stresses in gears. 

Gears I 

6.6 Simple gear selection 
procedure 

The Lewis formula in the form given by Eq. 6.22 

((r = Wt/(KvFmY)) can be used in a provisional 

spur gear selection procedure for a given trans- 

mission power, input and output speeds.The pro- 

cedure is outlined below. 

1. Select the number of  teeth for the pinion and 

the gear to give the required gear ratio (observe 

the guidelines presented in Table 6.2 for 
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Table 6.7 Spur gears: 1.0 module, heavy duty steel 817M40, 655M13, face width 15 mm 
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Outer Boss Bore 
Part PCD diameter diameter diameter Part PCD 
number Teeth (mm) (mm) (mm) (mm) number Teeth (mm) 

Outer Boss Bore 
diameter diameter diameter 
(mm) (mm) (mm) 

SG1-9 9 10.00 12.00 12 6 SG1-46 46 46.00 
SGI-10 10 11.00 13.00 13 6 SG1-47 47 47.00 
SG1-11 11 12.00 14.00 14 6 SG1-48 48 48.00 
SG1-12 12 12.00 14.00 14 6 SG1-49 49 49.00 
SGI-13 13 13.00 15.00 15 6 SG1-50 50 50.00 
SG1-14 14 14.00 16.00 16 6 SG1-51 51 5 t .00 
SG1-15 15 15.00 17.00 17 6 SG1-52 52 52.00 
SG1-16 16 16.00 18.00 18 8 SG1-53 53 53.00 
SG1-17 17 17.00 19.00 18 8 SG1-54 54 54.00 

SG1-18 18 18.00 20.00 18 8 SG1-55 55 55.00 
SG1-19 19 19.00 21.00 18 8 SG1-56 56 56.00 
SG1-20 20 20.00 22.00 20 8 SG1-57 57 57.00 
SG1-21 21 21.00 23.00 20 8 SG1-58 58 58.00 
SG1-22 22 22.00 24.00 20 8 SG1-59 59 59.00 
SG1-23 23 23.00 25.00 20 8 SG1-60 60 60.00 
SG1-24 24 24.00 26.00 20 8 SG1-61 61 61.00 
SG1-25 25 25.00 27.00 20 8 SG1-62 62 62.00 
SG1-26 26 26.00 28.00 25 8 SG1-63 63 63.00 
SG1-27 27 27.00 29.00 25 8 SG1-64 64 64.00 
SG1-28 28 28.00 30.00 25 8 SG1-65 65 65.00 
SG1-29 29 29.00 31.00 25 8 SG1-66 66 66.00 
SG1-30 30 30.00 32.00 25 8 SG1-68 68 68.00 
SG1-31 31 31.00 33.00 25 8 SG1-70 70 70.00 
SG1-32 32 32.00 34.00 25 8 SG1-72 72 72.00 

SG1-33 33 33.00 35.00 25 8 SG1-74 74 74.00 
SG1-34 34 34.00 36.00 25 8 SG1-76 76 76.00 
SG1-35 35 35.00 37.00 25 8 SG1-78 78 78.00 
SG1-36 36 36.00 38.00 30 8 SG1-80 80 80.00 
SG1-37 37 37.00 39.00 30 8 SG1-84 84 84.00 
SG1-38 38 38.00 40.00 30 8 SG1-88 88 88.00 
SG1-39 39 39.00 41.00 30 8 SG1-90 90 90.00 
SG1-40 40 40.00 42.00 30 8 SG1-96 96 96.00 
SG1-41 41 41.00 43.00 30 8 SGI-100 100 100.00 
SG1-42 42 42.00 44.00 30 8 SG1-112 112 112.00 
SG1-43 43 43.00 45.00 30 8 SG1-120 120 120.00 
SG1-44 44 44.00 46.00 30 8 SG1-130 130 130.00 
SG1-45 45 45.00 47.00 30 8 SG1-150 150 150.00 

48.00 30 8 
49.00 30 8 
50.00 30 8 
51.00 30 8 
52.00 35 10 
53.00 35 10 
54.00 35 10 
55.0O 35 10 
56.00 35 10 
57.00 35 10 
58.00 35 10 
59.00 35 10 
60.00 35 10 
61.00 35 10 
62.00 35 10 

63.00 35 10 

64.00 35 10 
65.00 35 10 
66.00 35 10 
67.00 35 10 
68.00 35 10 
70.00 35 10 
72.00 35 10 

74.00 35 10 
76.00 45 10 
78.00 45 10 
80.00 45 10 
82.00 45 10 
86.00 45 10 
90.00 45 I0 

92.00 45 10 
98.00 45 10 

102.00 45 10 

114.00 45 10 
122.00 45 10 
132.00 45 10 
152.00 45 10 

maximum gear ratios). Note  that the min- 

imum number of teeth permissible when using 

a pressure angle of 20 ~ is 18 (Table 6.3). Use 

either the standard teeth numbers as listed in 

Table 6.5 or as listed in a stock gear catalogue. 

2. Select a material. This will be limited to those 

listed in the stock gear catalogues. 

3. Select a module, m from Table 6.4 or as listed 

in a stock gear catalogue (see Tables 6.7 to 6.10 

which give examples of  a selection of stock 

gears available). 

4. Calculate the pitch diameter, d = raN. 

5. Calculate the pitch line velocity, V = (d/2) X 

n • (2-rr/60). Ensure this does not exceed the 

guidelines given in Table 6.2. 

6. Calculate the dynamic factor, Kv = 6/(6 + V). 

7. Calculate the transmitted load, l/Vt = Power/I7. 

8. Calculate an acceptable face width using the 

Lewis formula in the form, 

F - Wt (6.23) 

Kvm Yo p 
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Table 6.8 Spur gears: 1.5 module, heavy duty steel 817M40, 655M13, face width 20 mm 

Outer Boss Bore 
Part PCD diameter diameter diameter Part PCD 
number Teeth (mm) (mm) (mm) (mm) number Teeth (mm) 

Outer Boss Bore 
diameter diameter diameter 
(mm) (mm) (mm) 

SG1.5-9 9 15.00 18.00 18 8 SG1.5-47 47 70.50 
SG1.5-10 10 16.50 19.50 19.5 8 SG1.5-48 48 72.00 
SG1.5-11 11 18.00 21.00 21 8 SG1.5-49 49 73.50 
SG1.5-12 12 18.00 21.00 21 8 SG1.5-50 50 75.00 
SG1.5-13 13 19.50 22.50 20 8 SG1.5-51 51 76.50 
SG1.5-14 14 21.00 24.00 20 8 SG1.5-52 52 78.00 
SG1.5-15 15 22.50 25.50 20 8 SG1.5-53 53 79.50 
SG1.5-16 16 24.00 27.00 25 10 SG1.5-54 54 81.00 
SG1.5-17 17 25,50 28.50 25 10 SG1.5-55 55 82.50 
SG1.5-18 18 27.00 30.00 25 10 SG1.5-56 56 84.00 
SG1.5-19 19 28.50 31.50 25 10 SG1.5-57 57 85.50 
SG1.5-20 20 30.00 33.00 25 10 SG1.5:58 58 87.00 
SG1.5-21 21 31.50 34.50 25 10 SG1.5-59 59 88,50 
SG1.5-22 22 33.00 36.00 30 10 SG1.5-60 60 90.00 
SG1.5-23 23 34.50 37.50 30 10 SG1.5-62 62 93.00 
SG1.5-24 24 36.00 39.00 30 10 SG1.5-64 64 96.00 
SG1.5-25 25 37.50 40.50 30 10 SG1.5-65 65 97.50 
SG1.5-26 26 39.00 42.00 30 10 SG1.5-66 66 99.00 
SG1.5-27 27 40.50 43.50 30 10 SG1.5-68 68 102.00 
SG1.5-28 28 42.00 45.00 30 10 SG1.5-70 70 105.00 
SG1.5-29 29 43.50 46.50 30 10 SG1.5-71 71 106.50 
SG1.5-30 30 45.00 48.00 30 10 SG1.5-72 72 108.00 
SG1.5-31 31 46.50 49.50 30 10 SG1.5-73 73 109.50 
SG1.5-32 32 48.00 51.00 30 10 SG1.5-74 74 111.00 
SG1,5-33 33 49.50 52.50 30 10 SG1.5-75 75 112.50 
SG1.5-34 34 51.00 54.00 30 10 SG1.5-76 76 114.00 
SG1.5-35 35 52.50 55.50 50 15 SG1.5-78 78 117.00 
SG1.5-36 36 54.00 57.00 50 15 SG1.5-80 80 120.00 
SG1.5-37 37 55.50 58.50 50 15 SG1.5-86 86 129.00 
SG1.5-38 38 57.00 60.00 50 15 SG1.5-90 90 135.00 
SG1.5-39 39 58.50 61.50 50 15 SG1.5-96 96 144.00 
SG1.5-40 40 60.00 63.00 50 15 SG1.5-98 98 147.00 
SG1.5-41 41 61.50 64.50 50 15 SG1.5-100 100 150.00 
SG1.5-42 42 63.00 66.00 50 15 SG1.5-105 105 157.50 
SG1.5-43 43 64.50 67.50 50 15 SG1.5-110 110 165.00 
SG1.5-44 44 66.00 69.00 50 15 SG1.5-115 115 175.50 
SG1.5-45 45 67.50 70.50 50 15 SG1.5-120 120 180.00 

SG1.5-46 46 69.00 72.00 50 15 

73.50 50 15 
75.00 50 15 
76.50 50 15 
78.00 50 15 
79.50 50 15 
81.00 50 15 
82.50 60 15 
84.00 60 15 
85.50 60 15 
87.00 60 15 
88.50 60 15 
90.00 60 15 
91.50 60 15 
93.00 60 15 
96,00 60 15 
99.00 60 15 

100.50 60 15 
102.00 60 15 
105.00 60 15 
108.00 60 15 
109.50 60 15 
111.00 60 15 
112.50 60 15 
114.00 60 15 
115.50 60 15 
117.00 60 15 
120.00 75 15 
123.00 75 15 
132.00 75 15 
138.00 75 15 
147.00 75 15 
150.00 75 15 
153.00 75 15 
160.50 75 15 
168.00 75 15 
178.50 75 15 
183.00 75 15 

The Lewis form factor, Y, can be obtained from 

Table 6.6. 

The permissible bending stress, Crp, can be 

taken as (Yuts/factor of  safety, where the factor of  

safety is set by experience, but may range from 2 

to 5.Alternatively use values of  O'p as listed for the 

appropriate material in a stock gear catalogue. 

Certain plastics are suitable for use as gear mater- 

ials in application where low weight, low friction, 

high corrosion resistance, low wear and quiet 

operation are beneficial. The strength of plastic is 

usually significantly lower than that of  metals. 

Plastics are often formed using a filler to improve 

strength, wear, impact resistance, temperature 

performance, as well as other properties and it 

is therefore difficult to regulate or standardize 

properties for plastics and these need to be 

obtained instead from the manufacturer or a 
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Table 6.9 Spur gears: 2.0 module, heavy duty steel 817M40, 655M13, face width 25 mm 
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Outer Boss Bore 
Part PCD diameter diameter diameter Part PCD 
number Teeth (mm) (mm) (mm) (mm) number Teeth (mm) 

Outer Boss Bore 
diameter diameter diameter 
(mm) (mm) (mm) 

SG2-9 9 20.00 24.00 24 12 SG2-47 47 
SG2-10 10 22,00 26.00 26 12 SG2-48 48 
SG2-11 11 24.00 28,00 28 12 SG2-49 49 
SG2-12 12 24,00 28.00 28 12 SG2-50 50 
SG2-13 13 26.00 30,00 30 12 SG2-51 51 
SG2-14 14 28.00 32.00 30 12 5G2-52 52 
SG2-15 15 30,00 34,00 30 12 SG2-53 53 
SG2-16 16 32.00 36.00 30 12 SG2-54 54 
SG2-17 17 34.00 38,00 35 15 SG2-55 55 
SG2-18 18 36.00 40.00 35 15 SG2-56 56 
SG2-19 19 38.00 42.00 35 15 SG2-57 57 
SG2-20 20 40.00 44,00 35 15 SG2-58 58 
SG2-21 21 42.00 46.00 35 15 SG2-59 59 
SG2-22 22 44.00 48.00 35 15 SG2-60 60 
SG2-23 23 46.00 50.00 35 15 SG2-62 62 
SG2-24 24 48.00 52.00 35 15 SG2-64 64 
SG2-25 25 50,00 54.00 35 15 SG2-65 65 
SG2-26 26 52.00 56.00 35 15 SG2-66 66 
SG2-27 27 54,00 58,00 50 20 SG2-68 68 
SG2-28 28 56.00 60.00 50 20 SG2-70 70 
SG2-29 29 58,00 62,00 50 20 SG2-71 71 
SG2-30 30 60.00 64.00 50 20 SG2-72 72 

SG2-31 31 62.00 66.00 50 20 SG2-73 73 
SG2-32 32 64.00 68.00 50 20 SG2-74 74 
SG2-33 33 66.00 70.00 50 20 SG2-75 75 
SG2-34 34 68.00 72.00 50 20 SG2-76 76 
SG2-35 35 70.00 74.00 50 20 SG2-78 78 
SG2-36 36 72.00 76.00 50 20 SG2-80 80 
SG2-37 37 74.00 78.00 50 20 SG2-86 86 
SG2-38 38 76.00 80.00 50 20 SG2-90 90 
SG2-39 39 78.00 82.00 50 20 SG2-96 96 
SG2-40 40 80.00 84.00 50 20 SG2-98 98 
SG2-41 41 82.00 86.00 50 20 SG2-100 100 
SG2-42 42 84.00 88.00 50 20 SG2-105 105 
SG2-43 43 86,00 90,00 60 20 SG2-110 110 
SG2-44 44 88.00 92.00 60 20 SG2-115 115 
SG2-45 45 90.00 94.00 60 20 SG2-120 120 
SG2-46 46 92.00 96,00 60 20 

94.00 98.00 60 20 
96.00 100.00 60 20 
98.00 102.00 60 20 

100.00 104.00 60 20 
102,00 106.00 60 20 
104.00 108.00 60 20 
106.00 110.00 60 20 
108.00 112.00 60 20 
110.00 114.00 60 20 
112.00 116.00 60 20 
114.00 118.00 60 20 
116.00 120.00 60 20 
118.00 122.00 60 20 
120.00 124.00 60 20 
124.00 128.00 75 20 
128.00 132.00 75 20 
130.00 134.00 75 20 
132.00 136.00 75 20 
136.00 140.00 75 20 
140.00 144.00 75 20 
142.00 146.00 75 20 

144.00 148.00 75 20 
146.00 150.00 75 20 
148.00 152.00 75 20 
150.00 154.00 75 20 

152.00 156.00 75 20 
156.00 160.00 100 20 
160.00 164.00 100 20 
172.00 176.00 100 20 
180.00 184.00 100 20 
192.00 196.00 100 20 
196.00 200.00 100 20 
200.00 204.00 100 20 
210.00 214.00 100 20 
220.00 224.00 100 20 
230.00 234.00 100 20 
240.00 244.00 100 20 

traceable testing laboratory. Plastics used for gears 

include acrylonitr i le-butadiene-styrene (ABS), 

acetal, nylon, polycarbonate, polyester, polyurethane 

and styrene-acrylonitrile (SAN).Values of  permis- 

sible bending stress for a few gear materials are 

listed in Table 6.11. 

The  design procedure consists of  proposing 

teeth numbers  for the gear and pinion, selecting 

a suitable material, selecting a module,  calculating 

the various parameters as listed resulting in a 

value for the face width.  If  the face width  is 

greater than those available in the stock gear cata- 

logue or if the pitch line velocity is too high, 

repeat the process for a different module.  If  this 

does not provide a sensible solution try a different 

material, e tc .The process can be optimized taking 

cost and other performance criteria into account 

if  necessary and can be programmed.  
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Table 6.10 Spur gears: 3.0 module, heavy duty steel 817M40, 655M13, face width 35 mm 

Outer Boss Bore 
Part PCD diameter diameter diameter Part PCD 
number Teeth (mm) (mm) (mm) (mm) number Teeth (mm) 

Outer Boss Bore 
diameter diameter diameter 
(mm) (ram) (mm) 

SG3-9 9 30.00 36.00 36 15 SG3-45 45 135.00 
SG3-10 10 33.00 39.00 39 15 SG3-46 46 138.00 
SG3-1,1 11 - 36.00 42.00 42 15 SG3-47 47 141.00 

SG3-12 12 36.00 42.00 42 20 SG3-48 48 144.00 
SG3-13 13 39.00 45.00 45 20 SG3-49 49 147.00 
SG3-14 14 42.00 48.00 45 20 SG3-50 50 150,00 
SG3-15 15 45.00 51.00 45 20 SG3-51 51 153.00 
SG3-16 16 48.00 54.00 45 20 SG3-52 52 156.00 
SG3-17 17 51.00 57.00 45 20 SG3-53 53 159.00 
SG3-18 18 54.00 60.00 45 20 SG3-54 54 162.00 
SG3-19 19 57.00 63.00 45 20 SG3-55 55 165.00 
SG3-20 20 60.00 66.00 60 25 SG3-56 56 168.00 
SG3-21 21 63.00 69.00 60 25 SG3-57 57 171.00 
SG3-22 22 66.00 72.00 60 25 SG3-58 58 174.00 
SG3-23 23 69.00 75.00 60 25 SG3-59 59 177.00 
SG3-24 24 72.00 78.00 60 25 SG3-60 60 180.00 
SG3-25 25 75.00 81.00 60 25 SG3-62 62 186,00 
SG3-26 26 78.00 84.00 60 25 SG3-63 63 189.00 
SG3-27 27 81.00 87.00 60 25 SG3-64 64 192.00 
SG3-28 28 84.00 90.00 60 25 SG3-65 65 195.00 
SG3-29 29 87.00 93.00 60 25 SG3-68 68 204,00 
SG3-30 30 90.00 96.00 60 25 SG3-70 70 210.00 
SG3-31 31 93.00 99.00 60 25 SG3-72 72 216.00 
SG3-32 32 96.00 102.00 60 25 SG3-75 75 225.00 
SG3-33 33 99.00 105.00 60 25 SG3-76 76 228.00 
SG3-34 34 102.00 108.00 75 25 SG3-78 78 234.00 
SG3-35 35 105.00 111.00 75 25 SG3-80 80 240.00 
SG3-36 36 108.00 114.00 75 25 SG3-82 82 246.00 
SG3-37 37 111.00 117.00 75 25 SG3-84 84 252.00 
SG3-38 38 114.00 120.00 75 25 SG3-86 86 258.00 
SG3-39 39 117.00 123.00 75 25 SG3-90 90 270.00 
SG3-40 40 120.00 126.00 75 25 SG3-92 92 276.00 
SG3-41 41 123.00 129.00 75 25 SG3-94 94 282.00 
SG3-42 42 126.00 132.00 75 25 SG3-95 95 285.00 
SG3-43 43 129.00 135.00 75 25 SG3-96 96 288.00 

SG3-44 44 132.00 138.00 100 25 

141.00 100 25 
144.00 100 25 
147.00 100 25 
15O.OO 100 25 
153.00 100 25 
156.00 100 25 
159.00 100 25 
162.00 100 25 
165,00 100 25 
168.00 100 25 
171.00 100 25 
174.00 100 25 
177.00 127 25 
180.00 127 25 
183.00 127 25 
186,00 127 25 
192.00 127 25 

195.00 127 25 
198,00 127 25 
201,00 127 25 
210.00 127 25 
216.00 150 30 
222.00 150 30 
231.00 150 30 
234,00 150 30 
240.00 150 3O 
246.00 150 30 
252.00 150 30 
258.00 150 30 
264.00 150 30 
276.00 150 30 
282.00 150 30 
288.00 150 30 
291.00 150 30 
294.00 150 30 

Data adapted from HPC Gears Ltd. 
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Table 6.11 Permissible bending stresses for various 
commonly used gear materials 

(]rut s 

Material Treatment (MPa) 

Permissible 
bending 
stress 

~rp (MPa) 

Nylon 65 (20~ 27 
Tufnol 110 31 
080M40 540 131 
080M40 Induction hardened 540 117 
817M40 772 221 
817P140 Induction hardened 772 183 
045M10 494 117 
0451v110 Case hardened 494 276 
6551v113 Case hardened 849 345 





] Chapter 6 

131 



132 

Gears I 



I Chapter 6 

6.7 Conclusions 

For transmissions where compact size, high effi- 

ciency or high speed are required, gears offer a 

competitive solution in comparison to other 

types of drive, such as belts and chains.This chap- 

ter has introduced a wide range of types of gears 

and calculations enabling simple gear trains to be 

analysed. A preliminary selection procedure for 

spur gears based on the Lewis formula for bend- 

ing stresses has been presented. This serves as the 

starting point in proposing the details for a gear 

train, but more sophisticated analysis is necessary 

if a robust gearbox is required. Analysis for deter- 

mining bending and contact stresses and associ- 

ated safety factors based on national standards for 

spurs gears is outlined in Chapter 7. 
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Nomencla ture  

Generally, preferred SI units have been stated. 
a 

b 

C 

d 
aG 

ap 

dring 

dsun 
e 

F 

/:r 
F~ 

hk 

ht 
H 

Kv 
m 

n 

np 

nG 

N 

NG 
Xp 

NR 

N~ 
O/D 

P 
PCD 

addendum (mm) 

dedendum (mm) 

clearance (mm) 

pitch diameter (mm) 

pitch diameter of the gear (mm) 

pitch diameter of the pinion (mm) 

pitch diameter of the ring gear (mm) 

pitch diameter of the sun gear (mm) 

train value 

face width (mm) 

radial force component (N) 

tangential force component (N) 

working depth (mm) 

whole depth (mm) 

power (kW) 

velocity factor 

module (mm) 

rotational speed (rpm) 

rotational speeds of the pinion (rpm) 

rotational speeds of the gear (rpm) 

number of teeth 

number of teeth in the gear 

number of teeth in the pinion or planet gear 

number of teeth in annulus gear 

number of teeth in sun gear 

outside diameter (mm) 

circular pitch (mm) 

pitch circle diameter (mm) 

/'d 

r 

rf 

t 

to 
V 

w~ 

Y 

+ 

O" 

O'p 

O'ut s 

CO 

COG 

COp 

diametral pitch (teeth per inch) 

pitch radius (mm) 

fillet radius of basic rack (mm) 

tooth thickness (mm) 

width of top land (mm) 

velocity (m/s) 

transmitted load (N) 

Lewis form factor 

pressure angle (o) 

bending stress (N/m 2) 
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ultimate tensile strength (MPa) 

angular velocity (rad/s) 

angular velocities of the gear (rad/s) 

angular velocities of the pinion (rad/s) 

Worksheet  

6.1 For the gear train illustrated in Figure 6.30, 

determine the output speed and direction of 

rotation if the input shaft rotates at 1490 rpm 

clockwise. Gears A to D have a module of 1.5 

and gears E to H a module of 2. 

6.2 What  type of gear could be selected for the 

following applications. 

(a) To transmit power between two shafts 

with intersecting axes at 90 ~ to each 

other. 

(b) To transmit power between two shafts 

with non-intersecting axes at 90 ~ to each 

other. 

Input U 

U 

A 

B 

I U --f-E-- 

U F  

. I I o ut.ut 

_.1 

NA= 20 

d B = 67.5 mm 

d C = 27 mm 

N O = 38 

N,== 18 

d E = 56 mm 

NG=18 

N H = 30 

Figure 6.30 Gear train. 
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Figure 6.31 Epicyclic gears (reproduced from 
Townsend, 1992). 

Figure 6.32 Epicyclic gears (reproduced from 
Townsend, 1992). 

6.3 

6.4 

6.5 

(c) To transmit 30 kW between parallel axis 

shafts. What material might be specified 

for these gears? 

(d) To transmit a low power load in an 

epicyclic gearbox. What material might 

be specified for this application? 

Determine the ratio, defined as the sun/arm 

speed ratio, and the speed and direction of 

rotation of the planet carrier for the epicyclic 

gearbox illustrated in Figure 6.31. The sun, 

planets and annulus gears have 40, 20 and 80 

teeth, respectively. The sun gear is the input 

and rotates at 3000rpm anticlockwise. The 

planet carrier is the output.The annulus gear 

is held stationary. 

Determine the ratio, defined as the sun/ 

arm speed ratio, and the speed and direction 

of the planet carrier for the epicyclic 

gear box illustrated in Figure 6.32. The 

sun, planets and annulus gears have 24, 

27 and 78 teeth, respectively. The sun gear 

is rotating at 5000rpm clockwise. The 

sun gear is the input and the planet carrier 

the output. The annulus gear is held 

stationary. 

A 20 ~ full depth spur pinion is to transmit 

1.75 kW at 1200 rpm. If the pinion has 18 

teeth with a module of 2, determine a suit- 

able value for the face width, based on the 

6.6 

6.7 

6.8 

6.9 

Lewis formula, if the bending stress should 

not exceed 75 MPa. 

A 20 ~ full depth spur pinion is required to 

transmit 1.8 kW at a speed of 1100 rpm. If 

the pinion has 18 teeth and is manufactured 

from heavy duty 817M40 steel select a suit- 

able gear from the limited choice given in 

Tables 6.7-6.10, specifying the module and 

face width based on the Lewis formula. 

A gearbox is required to transmit 6 kW from 

a shaft rotating at 2200 rpm.The desired out- 

put speed is approximately 300rpm. Using 

the Lewis formula to determine gear strength 

based upon bending stresses select suitable 

gears from the limited selection presented in 

Tables 6.7-6.10. 

A 20 ~ full depth spur pinion is required to 

transmit 1.5 kW at a speed of 1230rpm. If 

the pinion has 21 teeth and is manufactured 

from heavy duty 817M40 steel select a suit- 

able gear from the limited choice given in 

Tables 6.7-6.10, specifying the module and 

face width based on the Lewis formula. 

A gearbox is required to transmit 5.5 kW from 

a shaft rotating at 2000 rpm.The desired out- 

put speed is approximately 350 rpm.The out- 

put must rotate in the same direction as the 

input and along the same axis. Select suitable 

gears. 
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6.10 A double reduction gearbox is required to 

transmit 1 5 k W  from a shaft rotating at 

1500rpm. The desired output speed is 

approximately 200rpm. Using the Lewis 

formula to determine gear strength based 

upon bending stresses select suitable gears 

from the limited selection presented in 

Tables 6.7-6.10. 

6.11 A gearbox is required to transmit 8 kW from 

a shaft rotating at 1470rpm. The desired 

output speed is approximately 10 000 rpm. 

The output must rotate in the same direc- 

tion as the input and along the same axis. 

Select and specify appropriate gears for the 

gearbox. 

6.12 An epicyclic gearbox is required to transmit 

1 2 k W  from a shaft rotating at 3000rpm. 

The desired output speed is approximately 

500 rpm. Using a module 3 hardened steel 

gear, determine the number of teeth in each 

gear for a single stage reduction gearbox. 

Answers 
6.1 121 rpm, clockwise. 

6.2 (a) Bevel; (b) crossed axis helical gears; (c) 

helical gears, case hardened steel; (d) spur 

gears, Tufnol 

6.3 3, 1000 rpm, anti-clockwise 

6.4 4.25, 1176 rpm, clockwise 

6.5 25 m m  

6.6 m = 2, F = 25 m m  would be acceptable. 

6.7 No unique solution, m = 2, F -  25ram, 

N 1 = 18, N 2 = 48, N 3 = 18, N 4 =48,  case 

hardened 655M13 steel would be acceptable. 

6.8 No unique solution, m = 2, N = 21, F = 

25 m m  would be acceptable. 

6.9 No unique solution. 

6.10 No unique solution. 

6.11 No unique solution. 

6.12 No unique solution. N s = 18, Np = 36, 

Np, = 90 would be acceptable. 

Learning objectives achievement 

Can you name the various features on a gear? 

Can you select a suitable gear type for different applications? 

Can you determine a gearbox ratio? 

Can you determine the bending stress for a spur gear using the Lewis formula? 

Are you able to select appropriate gears for a compound gearbox using spur gears? 

Are you able to select appropriate gears for an epicyclic gearbox using spur gears? 

I-1 , / $  X --~ Section 6.1 

I-I ~ /$  X --~ Section 6.1 

F-I , / $  X -+ Section 6.3 

I-I ~ /$  X --~ Section 6.5.2 

r-I , / $  X --~ Section 6.6 

I-1 , / $  X -~ Section 6.3.2, 6.6 


