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There are many types of gears. However, the simplest and most commonly used 

gears are the ones used to transmit specific speed ratio between two parallel shafts 

at a defined distance. In particular, gears with their teeth parallel to the shafts as 

shown in Figure called spur gears are the most popular. 

 
                                         [Spur Gears] 

The simplest method to transmit specific angular speed ratio between two parallel 

shafts is a rolling friction drive. This is accomplished as shown in Figure 1.2, by having 

two cylinders, with diameters in inverse ratio to the speed ratio, in contact and 

rotating without slippage (if two shafts are counter rotating, contact is on the 

outside; and if rotating in the same direction, contact is on the inside). That is to say 

that the rotation is obtained from the friction force of the rolling contact. However, 

it is impossible to avoid some slippage and, as a result, reliable transmission cannot 

be hoped for. To get a larger power transmission requires heavier contact forces 



which in turn result in high bearing loads. For these reasons, this arrangement is not 

suitable for transmitting large amount of power. As a result, an idea to create 

suitable form of teeth equally spaced on the rolling surfaces of the cylinders in such 

a way that at least one pair or more of teeth are always in contact was invented. By 

pushing the teeth of the trailing shaft with the teeth of the driving shaft, the 

certainty of a strong transmission is assured. This is called a cylindrical gear and the 

reference cylinder on which the teeth are carved is the pitch cylinder. Spur gears are 

one type of cylindrical gears. 

 
                                  [Pitch Cylinders] 

When two shafts intersect, the references for carving teeth are the cones in rolling 

contact. These are the bevel gears as shown in Figure where the base cone on which 

teeth are carved is called the pitch cone. 



 
                                    [Bevel Gears] 

 
                                                [Pitch Cones] 

When the two shafts are not parallel and non-intersecting, there are no true rolling 

contacting curved surfaces. Based on the type of gears, teeth are created on a pair 

of reference contacting rotating surfaces. In all cases, it is necessary to set the tooth 

profile such that the relative motion of the contacting pitch surfaces matches the 

relative motion of the meshing of the teeth on the reference curved surfaces. 

When gears are considered as rigid bodies, in order for two bodies to maintain a set 

angular speed ratio while in contact at teeth surfaces, without running into each 



other or separating, it is necessary for the common normal components of speed of 

the of the two gears at the contact point to be equal. In other words, at that instant, 

there is no relative motion of the gear surfaces in the direction of the common 

normal, and the relative motion exists only along the contact surface at the point of 

contact. This relative motion is nothing but the sliding of gear surfaces. The tooth 

surfaces, with the exception of special points, always involve the so-called sliding 

contact transmission. 

In order for the tooth forms to satisfy the conditions as explained above, utilization 

of the enveloping surface can lead to the desired tooth form as a general method. 

As clear from the above explanation, there are theoretically many ways to produce 

tooth forms which create specified relative motion. However, in reality, 

consideration for the gear mesh, tooth form strength and difficulties of tooth cutting 

will limit the usage of these kinds of tooth forms to just a few. 

 

The ways to use gears in mechanical design situations 

Gears are primarily used to transmit power, but, based on ideas, they can be utilized 

as machine elements in different ways. Below are introductions to some of the 

ways. 

1. Grasping Mechanism 

Use two spur gears of the same diameter in mesh so that when the driver gear 

is reversed, the driven gear is also reversed. You can obtain a working piece 

grasping mechanism by utilizing this motion. Work pieces of various sizes can 

be accommodated by adjusting the opening angle of the grasping claw 

resulting in a versatile grasping mechanism design.  

 

 



2. Intermittent Motion Mechanism 

There is the Geneva mechanism as an intermittent motion mechanism. 

However, because of need for the specialized mechanical components, it is 

high priced. By using the missing teeth gears, a low cost and simple 

intermittent mechanism can be obtained. By missing teeth gear, we mean a 

gear in which any number of gear teeth have been removed from their roots. 

The gear which is mated to the missing teeth gear will rotate as long as it is 

meshed together but will stop as soon as it encounters the missing teeth 

section of the driving gear. However, it has the disadvantage of shifting when 

external force is applied while the gears are disengaged. In these cases, it is 

necessary to maintain its position by means such as using a friction brake.  

 

3. Special Power Transmission Mechanism 

By mounting a one-way clutch (a mechanism that allows rotational motion in 

one direction only) in one stage of a gear train of a gear speed reducer, you 

can create a mechanism which transmits motion in one direction but idles in 

reverse. 

By using this mechanism, you can create a system that operates a motor when 

the electric power is on, but when the power is cut, it moves the output shaft 

by a spring force. By internally mounting a spring (torsion coil spring or spiral 

spring) that winds in the rotational direction in a gear train, the speed reducer 

is operated as the spring is wound. Once the spring is completely wound, the 

motor is stopped and the electromagnetic brake built into the motor holds this 

position. When the electricity is cut, the brake is released and the spring force 

will drive the gear in the opposite direction to when the motor was driving. 

This mechanism is used to close valves when the power is lost (emergency) 

and is called “spring return type emergency shutoff valve”.  
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