
 Backlash, Shifting of Gears and Tooth Profile 

Backlash is the error in motion that occurs when gears change direction. It exists 

because there is always some gap between the trailing face of the driving tooth and 

the leading face of the tooth behind it on the driven gear, and that gap must be closed 

before force can be transferred in the new direction. The term "backlash" can also be 

used to refer to the size of the gap, not just the phenomenon it causes; thus, one could 

speak of a pair of gears as having, for example, "0.1 mm of backlash." A pair of gears 

could be designed to have zero backlash, but this would presuppose perfection in 

manufacturing, uniform thermal expansion characteristics throughout the system, and 

no lubricant. Therefore, gear pairs are designed to have some backlash. It is usually 

provided by reducing the tooth thickness of each gear by half the desired gap distance. 

In the case of a large gear and a small pinion, however, the backlash is usually taken 

entirely off the gear and the pinion is given full sized teeth. Backlash can also be 

provided by moving the gears farther apart. 

For situations, such as instrumentation and control, where precision is important, 

backlash can be minimised through one of several techniques. For instance, the gear 

can be split along a plane perpendicular to the axis, one half fixed to the shaft in the 

usual manner, the other half placed alongside it, free to rotate about the shaft, but with 

springs between the two halves providing relative torque between them, so that one 

achieves, in effect, a single gear with expanding teeth. Another method involves 

tapering the teeth in the axial direction and providing for the gear to be slid in the 

axial direction to take up slack. 

http://en.wikipedia.org/wiki/Backlash_(engineering)
http://en.wikipedia.org/wiki/Backlash_(gear)
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 Shifting of gears 

In some machines (e.g., automobiles) it is necessary to alter the gear ratio to suit the 

task. There are several methods of accomplishing this. For example: 

 Manual transmission  

 Automatic gearbox  

 Derailleur gears which are actually sprockets in combination with a roller 

chain  

 Hub gears (also called epicyclic gearing or sun-and-planet gears)  

There are several outcomes of gear shifting in motor vehicles. In the case of air 

pollution emissions, there are higher pollutant emissions generated in the lower gears, 

when the engine is working harder than when higher gears have been attained. In the 

case of vehicle noise emissions, there are higher sound levels emitted when the 

vehicle is engaged in lower gears. This fact has been utilized in analyzing vehicle 

generated sound since the late 1960s, and has been incorporated into the simulation of 

urban roadway noise and corresponding design of urban noise barriers along 

roadways.  

 Tooth profile 

 

 

 

Profile of a spur gear 

 

Undercut 

A profile is one side of a tooth in a cross section between the outside circle and the 

root circle. Usually a profile is the curve of intersection of a tooth surface and a plane 

or surface normal to the pitch surface, such as the transverse, normal, or axial plane. 

The fillet curve (root fillet) is the concave portion of the tooth profile where it joins 

the bottom of the tooth space.

http://en.wikipedia.org/wiki/Manual_transmission
http://en.wikipedia.org/wiki/Automatic_transmission
http://en.wikipedia.org/wiki/Derailleur_gears
http://en.wikipedia.org/wiki/Sprocket
http://en.wikipedia.org/wiki/Roller_chain
http://en.wikipedia.org/wiki/Roller_chain
http://en.wikipedia.org/wiki/Hub_gear
http://en.wikipedia.org/wiki/Air_pollution
http://en.wikipedia.org/wiki/Air_pollution
http://en.wikipedia.org/wiki/Roadway_noise
http://en.wikipedia.org/wiki/Sound_level


As mentioned near the beginning of the article, the attainment of a non fluctuating 

velocity ratio is dependent on the profile of the teeth. Friction and wear between two 

gears is also dependent on the tooth profile. There are a great many tooth profiles that 

will give a constant velocity ratio, and in many cases, given an arbitrary tooth shape, 

it is possible to develop a tooth profile for the mating gear that will give a constant 

velocity ratio. However, two constant velocity tooth profiles have been by far the 

most commonly used in modern times. They are the cycloid and the involute. The 

cycloid was more common until the late 1800s; since then the involute has largely 

superseded it, particularly in drive train applications. The cycloid is in some ways the 

more interesting and flexible shape; however the involute has two advantages: it is 

easier to manufacture, and it permits the center to center spacing of the gears to vary 

over some range without ruining the constancy of the velocity ratio. Cycloidal gears 

only work properly if the center spacing is exactly right. Cycloidal gears are still used 

in mechanical clocks. 

An undercut is a condition in generated gear teeth when any part of the fillet curve 

lies inside of a line drawn tangent to the working profile at its point of juncture with 

the fillet. Undercut may be deliberately introduced to facilitate finishing operations. 

With undercut the fillet curve intersects the working profile. Without undercut the 

fillet curve and the working profile have a common tangent. 

 

Formulae used: 

i)Addendum = πm/4 

ii)Pitch circle radius of pinion ,r = m Tp/2 

iii)Pitch circle radii of Gear wheel ,R= mTA/2 

iv)Addendum radius of gear wheel ,RA =R+Addendum 

v)Length of path of contact ,KL = KP+ PL 

vi) Length of  arc of contact = KL / cos Φ 

vii) Number of teeth in contact = length of arc of contact / Circular pitch (P c) 

      

 

 

http://en.wikipedia.org/wiki/Noise_barrier
http://en.wikipedia.org/wiki/Gear#Notes#Notes
http://en.wikipedia.org/wiki/Friction
http://en.wikipedia.org/wiki/Cycloid_gear
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