
����������	
���	
���
�����������	�������
�
��	
������
��������
��	�������������� ���!����
�
����	
�	��
	��	
�
"��	����#�������$��������	
�	�
"����
 

%&'(�)('*+,�-&'(�)('*+�./�0�1023.45�5651547�89�0�152304.206�/:/75198;15<�=:�18>47.4?�?50;/�84�0�9;015�/8�735�75573�89�735�?50;/54?0?5@A50;�75573�0;5�<5/.?45<�78�54/>;5�735�B.723�2.;265/�89�54?0?.4??50;/�;866�84�5023�8735;�C.738>7�/6.BB.4?D�B;8E.<.4?�0�/188737;04/1.//.84�89�;8707.84�9;81�845�?50;�78�735�45F7@GHI�J507>;5/89�?50;/�04<�?50;�7;0.4/�.426><5K����LMNO�ONPQR�	��������������������	��
���
��������"���
����������"�����	��
"�����
����
������"��
�����	������������� �����
���������������
���	��"���������������"����	
��
���	
��������S��� �������	���#����	�"����
�������������	�����������������
	
T�����������������������
�
����	�U����
		���� ��������"�����	��	������
��
"�#����"�����������	
����"��
������
��$���������������	� �����#������������
� V35�7;04/1.//.84�89�;8707.84�=57C554�2847027.4?�788735<C3556/�204�=5�7;025<�=02W�78�735�,47.W:735;0�152304./1�89A;5525�04<�735�/8>73XB8.47.4?�230;.87�89�Y3.40@�Z66>/7;07.84/=:�735�[540.//0425�/2.547./7�A58;?.>/�,?;.2860�/38C�?50;�7;0.4/�C.73�2:6.4<;.206�75573@�V35.1B65154707.84�89�735�.4E86>75�78873�:.56<5<�0�/704<0;<�?50;�<5/.?4�7307�B;8E.<5/�0�284/7047�/B55<;07.8@A50;�75573�0;5�<5/.?45<�/8�735�4>1=5;�89�75573�84�0�?50;�./�B;8B8;7.8406�78�735�;0<.>/�89�.7/�B.7232.;265D�04<�/8�735�B.723�2.;265/�89�15/3.4?�?50;/�;866�84�5023�8735;�C.738>7�/6.BB.4?@�V35�/B55<�;07.8�98;0�B0.;�89�15/3.4?�?50;/�204�=5�281B>75<�9;81�;07.8�89�735�;0<..�89�735�B.723�2.;265/�04<�735�;07.8�89�7354>1=5;�89�75573�84�5023�?50;@V35�E5682.7:�\�89�735�B8.47�89�2847027�84�735�B.723�2.;265/�./�735�/015�84�=873�?50;/D�04<�./�?.E54�=:C35;5�.4B>7�?50;�]�C.73�;0<.>/�̂]�04<�04?>60;�E5682.7:�_]�15/35/�C.73�8>7B>7�?50;�̀�C.73�;0<.>/�̂̀04<�04?>60;�E5682.7:�_̀@�V35;598;5DC35;5�a]�./�735�4>1=5;�89�75573�84�735�.4B>7�?50;�04<�à �./�735�4>1=5;�89�75573�84�735�8>7B>7�?50;@
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j%$'kX&X�lX&%+�)&Z*l$'�m[Zn
WA= w, WB = w/R. 

8wA 8wB 
Fe= TA-- -TB--= TA -TB/R = 0. 

8w 8w 
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Tp
MA = —=R

Ts

The speedratio of a gear train also defines its mechanical advantage. This showsthat if the input gear
rotates faster than the output gear, then the gear train amplifies the input torque. Andif the input
gear rotates slower than the output gear, the gear train reduces the input torque.

Geartrains with two gears

The simplest example of a gear train has two gears. The "input gear" (also known as drive gear)
transmits power to the "output gear” (also known as driven gear). The input gear will typically be
connected to a powersource, such as a motoror engine. In such an example, the output of torque and
rotational speed from the output (driven) gear depend ontheratio of the dimensionsof the two gears.

Formula

The teeth on gears are designed so the gears can roll on each other smoothly (withoutslipping or
jamming). In order for two gearsto roll on each other smoothly, they must be designed so the velocity
at the point of contact of the two pitch circles (represented by v) is the same for each gear.

Mathematically, if the input gear G, has the radius r, and angular velocity w,, and meshes with
output gear Gp of radius rz and angular velocity wz, then:

VU=TAWA =TBwWB,

The numberof teeth on a gear is proportionalto the radius ofits pitch circle, which meansthe ratios
of the gears' angular velocities, radii, and numberof teeth are equal. Where N, is the numberof teeth
on the input gear and Nz is the numberofteeth on the output gear, the following equation is formed:

wa 1p Ne
We TA Na

This showsthat a simple gear train with two gears hasthe gearratio R given by:

Ww N.
R=4=-4,

WB N.A

This equation showsthat if the numberof teeth on the output gear Gz, is larger than the numberof
teeth on the input gear Gy, then the input gear G, mustrotate faster than the output gear Gp.

Double reduction gear

A double reduction gear comprises twopairs of gears, as single reductions, in series. In the diagram,
the red and blue gearsgive thefirst stage of reduction and the orange and greengearsgive the second
stage of reduction. The total reduction is the product of the first stage of reduction and the second
stage of reduction.
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p= 2t. 

It is essential to have two coupledgears, of different sizes, on the
intermediate layshaft. If a single intermediate gear was used, the
overall ratio would be simply that betweenthefirst andfinal gears,
the intermediate gear would only act as an idler gear: it would
reverse the direction of rotation, but not changetheratio.  
Speed ratio Double reduction gears

Gear teeth are distributed along the circumference of the pitch
circle so the thicknesst of each tooth and the space between neighboring teeth are the same. The pitch
p of the gear, which is the distance between equivalent points on neighboring teeth along the pitch
circle, is equal to twice the thicknessof a tooth,

p = 2t.

The pitch of a gear G, can be computed from the numberof teeth Ny, andthe radiusr, of its pitch
circle

_ dar,
=,”
 

In order to mesh smoothly two gears G4 and Gz must have the samesized teeth and therefore they
must have the samepitch p, which means

_ 2ar~, — daarg
Na Ne

  

This equation showsthat the ratio of the circumference, the diameters andthe radii of two meshing
gears is equalto the ratio of their numberofteeth,

rp _ Np
ra Na

The speedratio of two gears rolling withoutslipping on their pitch circles is given by,

WA TB
R =—_—=—,

WB TA

therefore

wa Ne
R= — = —.

WB Na

In other words, the gear ratio, or speed ratio, is inversely proportionalto the radiusofthe pitch circle
and the numberof teeth of the input gear.

Torqueratio
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A geartrain can be analyzed using the principle of virtual work to show thatits torque ratio, which is
the ratio of its output torque to its input torque, is equal to the gearratio, or speed ratio, of the gear
train.

This means the input torque T, applied to the input gear G, and the output torque Tp, on the output
gear Gz are related by the ratio

= 7

whereR is the gearratio of the geartrain.

The torqueratio of a gear train is also known as its mechanical advantage

MA = =.

Idler gears

In a sequence of gears chained together, the ratio depends only on the numberofteeth on thefirst
and last gear. The intermediate gears, regardless of their size, do not alter the overall gear ratio of the
chain. However, the addition of each intermediate gear reverses the direction of rotation of the final
gear.

An intermediate gear which does not drive a shaft to perform any workis called an idler gear.
Sometimes, a single idler gear is used to reverse the direction, in which case it may be referred to as a
reverse idler. For instance, the typical automobile manual transmission engages reverse gear by
meansof inserting a reverse idler between two gears.

Idler gears can also transmit rotation amongdistant shafts in situations where it would be impractical
to simply makethe distant gears larger to bring them together. Not only do larger gears occupy more
space, the massandrotational inertia (momentof inertia) of a gear is proportional to the squareofits
radius. Instead of idler gears, a toothed belt or chain can be used to transmit torque over distance.

Formula

If a simple gear train has three gears, such that the input gear G, meshes with an intermediate gear G;
which in turn meshes with the output gear Gz, then the pitch circle of the intermediate gearrolls
without slipping on both thepitchcircles of the input and output gears. This yields the tworelations

WA Nr Wr Neg
Wy] 7 NA , WB 7 NI ‘

The speedratio of this gear train is obtained by multiplying these two equations to obtain

pa wa NB
WB Na
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