
Gears 

Gears are the most common means used for power  

Gears are the most common means used for power transmission  

They can be applied between two shafts which are 

„  Parallel Parallel 

„  Collinear 

„  Perpendicular and intersecting  

„  Perpendicular and nonintersecting 

„  Inclined at any arbitrary angle 

„  Gears are made to high precision „ Purchased from gear manufacturers rather than 
Purchased from gear manufacturers rather than made in house „ However it is necessary to 
design for a specific However it is necessary to design for a specific application so that 
proper selection can be application so that proper selection can be made „ Used to be called 
toothed wheels dating back Used to be called toothed wheels dating back to 2600 b.c. to 
2600 b.c. 

 

Gear Types 
„ Spur gears Spur gears 

„  Internal gears „  Most common form  

„  Used for parallel shafts Used for parallel shafts  

„  Suitable for low to medium speed application  

„  Relatively high ratios can be achieved (< 7) Relatively high ratios can be achieved (< 7)  

„  Steel, brass, bronze, cast iron, and plastics Steel, brass, bronze, cast iron, and plastics  

„  Can also be made from sheet metal Can also be made from sheet meta 

 

Gear Parameters  
„ Number of teeth  

„  Form of teeth  

„  Size of teeth  

„  Face Width of teeth 

„  Style and dimensions of gear blank  

„  Design of the hub of the gear „  Degree of precision required  

„  Means of attaching the gear to the shaft Means of attaching the gear to the shaft  

„  Means of locating the gear axially on the shaft Means of locating the gear axially on the shaft 



CONJUGATE ACTION 

The gears must be designed such that the ratio of rotational speeds of driven and driver gear is 

always constant. When the tooth profiles of two meshing gears produce a constant angular 

velocity during meshing, they are said to be executing conjugate action. That is 

(ω1 / ω2 ) = constant. ................................................................(4.5) 

Where ω1 = Angular velocity of the driver. 

ω2 = Angular velocity of the driven. 

Gears are mostly designed to produce conjugate action. Theoretically, it is possible to select an 

arbitrary profile for one tooth and then to find a profile for the meshing tooth, which will give 

conjugate action. One of these solutions is involute profile. The involute profile is universally used 

for constructing gear teeth with few exceptions. 

 
 

  



 

 

Gear Tooth System 

Gear tooth geometry is determined primarily by pitch, depth, and pressure angle. 

Pitch: Standard pitches are usually whole numbers when measured as diametral 

pitch P, the ratio of the number of teeth to the pitch diameter in inches. Coarse-pitch 

gearing has teeth larger than 20 diametral pitch -- usually 0.5 to 19.99. Fine-pitch 

gearing usually has teeth of diametral pitch 20 to 200. 



Depth:Standardized in terms of pitch. Standard full-depth teeth have working 

depths of 2/P. If the teeth have equal addenda (as in standard interchangeable 

gears), the addendum is 1/P. Stub teeth have a working depth usually 20% less than 

full-depth teeth. Full-depth teeth have a larger contact ratio than stub teeth. Gears 

with small numbers of teeth may have an undercut so they do not interfere with one 

another during engagement. Undercutting reduces the active profile and weakens the 

tooth. 

Mating gears with long and short addendum have larger load-carrying capacity than 

standard gears. The addendum of the smaller gear (pinion) is increased while that of 

the larger gear is decreased, leaving the whole depth the same. This form is known as 

recess-action gearing. 

Pressure angle: Standard angles are 20 and 25°. Earlier standards included a 14° 

pressure angle that is still used. Pressure angle affects the force that tends to separate 

mating gears. High pressure angle decreases the contact ratio (ratio of the number of 

teeth in contact) but provides a tooth of higher capacity and allows gears to have 

fewer teeth without undercutting. 

Backlash: Shortest distance between the noncontacting surfaces of the adjacent 

teeth. 

Gears are commonly specified according to AGMA Class Number, a code which 

denotes important quality characteristics. Quality numbers denote tooth-elements 

tolerances. The higher the number, the tighter the tolerance. Gears are heat treated 

by case hardening, nitriding, precipitation hardening, or through hardening. In 

general, harder gears are stronger and last longer than soft ones. Thus, hardening is a 

device that cuts the weight and size of gears. Some processes, such as flame 

hardening, improve service life but do not necessarily improve strength. 

 



Spur Gear Design 

 

 

The spur gear is is simplest type of gear manufactured and is generally used for 
transmission of rotary motion between parallel shafts.  The spur gear is the first 
choice option for gears except when high speeds, loads, and ratios direct towards 
other options.  Other gear types may also be preferred to provide more silent low-
vibration operation.  A single spur gear is generally selected to have a ratio range of 
between 1:1 and 1:6 with a pitch line velocity up to 25 m/s.  The spur gear has an 
operating efficiency of 98-99%.  The pinion is made from a harder material than the 
wheel.  A gear pair should be selected to have the highest number of teeth consistent 
with a suitable safety margin in strength and wear.   The minimum number of teeth 
on a gear with a normal pressure angle of 20 desgrees is 18. 

 

Materials used for gears 

 

 

Mild steel is a poor material for 
gears as as it has poor 
resistance to surface 
loading.   The carbon content for 
unhardened gears is generally 
0.4%(min) with 0.55%(min) 
carbon for the 
pinions.  Dissimilar materials 
should be used for the meshing 
gears - this particularly applies 
to alloy steels.  Alloy steels have 
superior fatigue properties 
compared to carbon steels for 
comparable strengths.  For 
extremely high gear loading 
case hardened steels are used 
the surface hardening method 
employed should be such to 
provide sufficient case depth for 
the final grinding process used. 

 

 

  



Material Notes applications 

Ferrous metals 

Cast Iron 

Low Cost 
easy to 
machine with 
high 
damping 

Large moderate 
power, commercial 
gears 

Cast Steels 
Low cost, 
reasonable 
strength 

Power gears with 
medium rating to 
commercial quality 

Plain-Carbon Steels 

Good 
machining, 
can be heat 
treated 

Power gears with 
medium rating to 
commercial/mediu
m quality 

Alloy Steels 

Heat 
Treatable to 
provide 
highest 
strength and 
durability 

Highest power 
requirement. For 
precision and high 
precisiont 

Stainless Steels (Aust) 

Good 
corrosion 
resistance. 
Non-
magnetic 

Corrosion 
resistance with low 
power ratings. Up 
to precision quality 

Stainless Steels (Mart) 

Hardenable, 
Reasonable 
corrosion 
resistance, 
magnetic 

Low to medium 
power ratings Up to 
high precision 
levels of quality 

Non-Ferrous metals 

Aluminium alloys 

Light weight, 
non-
corrosive 
and good 
machinability 

Light duty 
instrument gears 
up to high precision 
quality 

Brass alloys 

Low cost, 
non-
corrosive, 
excellent 
machinability 

low cost 
commercial quality 
gears. Quality up to 
medium precision 

Bronze alloys 

Excellent 
machinability
, low friction 
and good 
compatability 
with steel 

For use with steel 
power gears. 
Quality up to high 
precision 

Magnesium alloys 

Light weight 
with poor 
corrosion 
resistance 

Ligh weight low 
load gears. Quality 
up to medium 
precision 

Nickel alloys 

Low 
coefficient of 
thermal 
expansion. 
Poor 
machinability 

Special gears for 
thermal 
applications to 
commercial quality 

Titanium alloys 

High 
strength, for 
low weight, 
good 
corrosion 
resistance 

Special light weight 
high strength gears 
to medium 
precision 

Di-cast alloys 

Low cost 
with low 
precision and 
strength 

High production, 
low quality gears to 
commercial quality 

Sintered powder alloys 
Low cost, 
low quality, 

High production, 
low quality to 



moderate 
strength 

moderate 
commercial quality 

Non metals 

Acetal (Delrin 

Wear 
resistant, low 
water 
absorbtion 

Long life , low load 
bearings to 
commercial quality 

Phenolic laminates 

Low cost, 
low quality, 
moderate 
strength 

High production, 
low quality to 
moderate 
commercial quality 

Nylons 

No 
lubrication, 
no lubricant, 
absorbs 
water 

Long life at low 
loads to 
commercial quality 

PTFE 
Low friction 
and no 
lubrication 

Special low friction 
gears to 
commercial quality 

 

SPUR GEAR - LEWIS EQUATION FOR TOOTH BENDING STRESS 

 

 

 
Lewis considered gear tooth as a cantilever beam with static normal force F applied at the tip.  

Assumptions made in the derivation are:  

1. The full load is applied to the tip of a single tooth in static condition.  

2. The radial component is negligible.  

3. The load is distributed uniformly across the full face width. 

4. Forces due to tooth sliding friction are negligible.  

5. Stress concentration in the tooth fillet is negligible.  



The Fig.  shows clearly that the gear tooth is stronger through out than the inscribed constant 
strength parabola, except for the section at ‘a’ where parabola and tooth profile are tangential to 
each other.  

At point ‘a’, bending stress is  

  t 2 Mc 6F h σ (7.6) I bt  

By similar triangles, 

   t 2 2 h t or 4x (7.7) x h t 2  

Substituting of Eqn. (7.7) in Eqn. (7.6), it gives 

  6Ft σ (7.8) 4bx  2x y ( 3p 7.9) 

 where ‘y’ is defined as the Lewis form factor .  

And substituting Eqn. (7.9) in Eqn. (7.8) we get 

  t σ F (7.10) b p y  

Eqn. 7.10 is the basic Lewis equation in terms of circular pitch. In SI units gears are more often made 
to standard modules. Hence by substituting  

p  π m in equation (7.10), we get  

 Ft σ (7.11) bπ y  

Let Y = π y, which is known as modified Lewis form factor, then  Ft σ (7.12) bYm Eqn. 12 is the 
standard Lewis equation for tooth bending stress based on module. Both Y and y are functions of 
tooth shape (but not size) and therefore vary with the number of teeth in the gear. 

 

Values of Lewis Form Factor 



 

Fig. spur gear - graph 1 for modified Lewis form factor 

 

The Lewis equation indicates that tooth bending stress varies with the following:  Ft σ 
(7.12) bYm  

(1) Directly with load,  

(2) Inversely with tooth width b,  

(3) Inversely with tooth size p or m,  

(4) Inversely with tooth shape factor y or Y.  

 

Drawbacks of Lewis equation are:  

1. The tooth load in practice is not static. It is dynamic and is influenced by pitch line 
velocity.  

2. The whole load is carried by single tooth is not correct. Normally load is shared by 
teeth since contact ratio is near to 1.5.  

3. The greatest force exerted at the tip of the tooth is not true as the load is shared 
by teeth. It is exerted much below the tip when single pair contact occurs.  

4. The stress concentration effect at the fillet is not considered. 

 

TOOTH BENDING STRESS  

Factors that influence gear tooth bending stresses are as follows: 1. Pitch line velocity. 2. 
Manufacturing accuracy. 3. Contact ratio. 4. Stress concentration. 5. Degree of shock loading. 6. 
Accuracy and rigidity of mounting. 7. Moment of inertia of the gears and attached rotating 
Members. 



 

Buckingham’s dynamic load equation (1932):  

According to him, small machining error and deflection of teeth under load cause periods of 
acceleration, inertia forces, and impact loads on the teeth similar to variable load superimposed on a 
steady load. The total maximum instantaneous load on the teeth or dynamic load is Fd 

 

Fig. Dynamic load on gear. 

 

Fd = Ft + Fi (7.30)  

7 31 0        t i t 9.84V (Cb+F ) F ( 9.84V + .4696 Cb+F . )  

Where  

Fd – dynamic load, N  

Ft – transmitted load, N  

Fi – increment load due to machining errors and the pitch line velocity  

V – pitch line velocity, m/s  

b – face width, mm  

C – factor depending on machining error 


