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Machine Tools - the cutting speed varies with 
• Material to be machined, 
• Type of cutting tool used, 
• Nature of operation, etc. 

• For optimum results, the cutting speed should be maintained 
within limits. 

• Different working conditions - need for changing the spindle  
speeds. 

• Achieved by employing a single motor and a gear box between 
the motor and work spindle. 

In automobile, 
• need of economical speed  range irrespective of speed of the 

vehicle. 
• Achieved by providing a multi-speed  gear box between the 

engine and road wheels

INTRODUCTION



Vehicle transmission system include a gearbox which will:
 help the engine drive the car.
 enable the vehicle to be reversed
 connect the engine to the transmission system

• Required wheel torque  is not constant
• High torque to accelerate the car 
• Cruising torque does not need to be as high
So, gearbox needs to be capable of different speed ratios

Need for easily connecting/disconnecting engine from the 
transmission system - done by including a clutch between the 
engine and the gearbox.



OBJECTIVES OF GEAR BOX DESIGN

provide the maximum possible efficiency in all gears

be the minimum possible weight while being capable of handling 
with the requisite torque throughput

have an overall simplicity in design and, more importantly, in 
assembly, as ratio changing and maintenance often have to be 
carried out under fairly primitive conditions

require the minimum amount of time and effort for maintenance -
this point is effected by the simplicity in design and assembly

reduce the number of components to be moved, when changing 
gears



Gearboxes serve the purpose of changing the engine torque and speed, 

as per the requirement at the wheels of the vehicle on the road. 

Gearboxes operate on the principle of reducing the engine speed before 

the drive from the engine crank shaft is given to the driving wheels 

through the use of a pair of meshing gears. 

Depending upon the mechanism of meshing the gear pairs, gearboxes 

are classified as:

(a)Sliding Mesh Gearbox

(b)Constant Mesh Gearbox

(c) Synchromesh Gearbox

(d)Epicyclic Gearbox

GEAR BOX



When gears are meshed by sliding the 
gears (over a splined shaft) with the 
help of a mechanism, in order to 
obtain different speed ratios, the 
gearbox is known as sliding mesh 
gearbox. 

It is the simplest and oldest type of 
gearbox. 

Driving shaft of the gearbox is known 
as primary or clutch shaft. 

A clutch gear rigidly fixed to the clutch 
shaft always remains in the mesh with 
the bigger gear fixed on the counter 
shaft or lay shaft. 

Other gears also remain fixed on the 
lay shaft, which are required for speed 
change.

SLIDING MESH GEAR BOX                                              Contd.



 T h e  p o w e r  c o m e s  f r o m  t h e 

engine to the clutch shaft and hence 

to the clutch gear which is always in 

mesh with a gear on the lay shaft. 

 All the gears on the lay shaft are 

fixed to it and as such they are all 

the time rotating when the engine is 

running and the clutch is engaged. 

 Three direct and one reverse 

speeds are attained on suitably 

moving the gear on the main shaft by 

means of selector mechanism.
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The lay shaft carries three gears 

( t w o  f o r  d i r e c t ,  a n d  o n e  f o r 

reverse) or four gears (three for 

direct and one for reverse) 

One gear of lay shaft is in constant 

mesh with the clutch gear. 

When the main shaft is driven 

from the lay shaft, speed reduction 

is obtained by the first gear pair 

which is always in mesh and is thus 

called constant mesh gear. 
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In the constant – mesh gearbox, 

a l l  pa i rs  o f  gear  wheels  are 

always in mesh. 

A  d o g  c l u t c h  c o u p l e s  a 

particular gear pair to the main 

shaft, while other gear pairs are 

not coupled to the main shaft. 

T h i s  p r o v i d e s  a  n o i s e l e s s 

operation. 

CONSTANT MESH GEAR 
BOX

Pairs of helical gears (in place of spur gears) can be used, which provide 

noiseless operation with high efficiency. 

The primary shaft that carries the clutch is splined. Moreover, the primary 

shaft carries a gear that meshes with the largest gear of the lay shaft. 
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The main shaft has a number of gears 

which meshes with the gears of the lay 

shaft. 

These gears on bushes or bearings are 

free to rotate on the main shaft without 

transmitting any power. 

All the gears on the lay shaft are rigidly fitted to it. 

The three main shaft gears are, therefore constantly driven by the 

engine shaft, but at different speeds. 

The first gear and the second gear rotate in the same direction as the 

engine shaft while the reverse gear rotates in the opposite direction to 

the engine shaft.
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If anyone of the gears on/the main 

shaft is coupled up to the main shaft, 

t h e n  t h e r e  w i l l  b e  a  d r i v i n g 

connection between the main shaft 

and the engine shaft. The coupling is 

affected by the dog clutch units. 
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The dog clutch members are carried on splined (or squared) portions 

of the main shaft. They are free to slide on those squared portions, but 

have to revolve with the shaft.



If one of the dog clutch members 
(l) is slid to the left it will couple the 
wheel (first gear) to the main shaft 
giving the first gear. 

The dr ive is  then through the 
wheels and this dog clutch member. 
The other dog clutch is meanwhile in 
its neutral position.

I f ,  wi th  the  above dog  c lutch 
member in its neutral position, the 
other dog clutch member (2) is slid to 
the right, it will couple the wheel 
(second gear) to the main shaft and 
give second gear.

CONSTANT MESH GEAR BOX                                              Contd.



If this dog clutch member is slid to 
the left, it will couple the main shaft 
directly to the pinion fixed to the 
engine shaft. 

This will give a direct drive, as in 
the sliding mesh gear box.
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The reverse gear is engaged by sliding the dog clutch member (which 
gives the first gear) to the right. Then it will couple the wheel (reverse 
gear) to the main shaft. The drive is then through the wheels, the idler 
and the dog clutch member.

In the constant mesh gear box, the gears on the main shaft must be 
free to revolve. For this, they are either be bushed or be carried on ball or 
roller or needle bearings.



The main advantages of the constant mesh gear box over the sliding 
mesh type are as follows:

Helical or double helical gear teeth can be used for the gears instead 
of spur gears. Then gearing is quieter.

Synchronizing devices can be used for smooth engagement.
Any damage that results from faulty manipulation occurs to the dog 

clutch teeth and not to the teeth of the gear wheels.
Once the dog clutches are engaged, there is no motion between their 

teeth. But when gear teeth are engaged, the power is transmitted 
through the sliding action of the teeth of one wheel on those of the other. 
The teeth have to be suitably shaped to transmit the motion properly.

If the teeth on the wheel are damaged, the motion will be imperfect 
and noise will result.

 Damage is less likely to occur to the teeth of the dog clutches, since all 
the teeth engage at once, whereas in sliding a pair of gears into mesh the 
engagement is between two or three teeth.
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In the synchromesh gearbox, provision of synchromesh device avoids the 

necessity of double declutching. 

These synchromesh devices work on the principle that the two gears to be 

engaged are first brought in to frictional contact, which equalizes their speed, 

after which they are readily and smoothly engaged. 

By using this device, even unskilled drivers can engage the gears without 

clash or damage to the gears. 

Synchromesh gearbox is similar to the constant – mesh gearbox and its main 
features are:

1. Gears on main shaft are free to rotate on bushes. The end of the main 
shaft at the rear of transmission is called output shaft. 

2. Gears on the main shaft are locked to the shaft by the dog clutch of the 
synchronising hub when their speeds have been equalized by their cones. 

SYNCHROMESH GEAR BOX
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The engine shaft, Gears B, C, D, 
E are free on the main shaft and 
a r e  a l w a y s  i n  m e s h  w i t h 
corresponding gears in the lay 
shaft. 

Thus al l  the gears on main 
shaft  as  wel l  as  on lay  shaft 
continue to rotate so long as 
shaft A is rotating. 

Menders F1 and F2 are free to 
slide on splines on the main shaft. 
G 1  a n d  G 2  a r e  r i n g  s h a p e d 
members having internal teeth fit 
onto the external teeth members 
F1 and F2 respectively. 
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K1 and K2 are dog teeth on B 
and D respectively and these 
also fit onto the teeth of G1 and 
G2. S1and S2 are the forks. 

T 1 a n d  T 2  a r e  t h e  b a l l 
supported by springs. These 
tend to prevent the sliding of 
members G1  (G2)  on F1  (F2) . 
h o w e v e r ,  w h e n  t h e  f o r c e 
applied in G1 (G2) through fork S1 
(S2) exceeds a certain value, the 
balls are overcome and member 
G1 (G2) slides over F1 (F2). 
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There  are  usua l ly  s i x  o f 
these  ba l l s  symmetr ica l ly 
placed circumferentially in one 
synchromesh device. M1, M2, 
N1, N2, P1, P2, R1, R2 are the 
frictional surfaces.

The working of the gear box 
is as follows .for direct gear, 
m e m b e r  G 1  a n d  h e n c e 
member F1  (through spring 
–loaded balls) is slid towards 
left till comes M1 and M2 rub 
and friction makes their speed 
equal. 
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Further pushing the member 
G1 to left causes it to override 
the balls and get engaged with 
dogs K1. Now the drive to the 
main shaft is direct from B via 
F1 and the splines. 

We have to give sufficient 
time for synchronization of 
speeds, otherwise clash may 
result.
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F o r  t h e  s e c o n d  g e a r  t h e 
members F1 and G1 are slid to the 
right so that finally the internal 
teeth on  G1  are engaged with 
L1.then the drive to main shaft will 
be from  B via U1, U2, C, F1  and 
splines.

For first gear, G2  and F2  are 
moved towards right. In this case 
the drive will be from B via U1, U3, 
D, F2 and splines to the main shaft.

For reverse, G2 and F2 are slid 
towards right. In this case the 
drive will be from B via, U1, U4, U5, 
D, F2 are splines to the main shaft.
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Gearboxes used in popular automobiles







• If we required ‘n’ no of speed it 
is not possible to fix ‘n’ no of 
gears in a pair of shaft so.
– For 2 shaft max 3 number of 

speed can be attained
– Intermittent shaft should be used 

for more than 3 speed.
– Required number of speeds can 

be obtained in multiples of 2 & 3

RAY / SPEED / STRUCTURAL DIAGRAM

• Can be called as Ray Diagram or Structural 
Diagram
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2 x 3 x 2 

(3) (2)  (2)  



In a multi-speed gear box the output speeds (spindle speeds of machine 
tools) should be arranged in geometric series in order that the number of 
gears employed to be minimum.

A number of intermediate shafts are necessary to obtain required 
number of steps of speed. For example, if 12 spindle speeds are required 
ranging  from n1 to n2 from a constant speed motor two intermediate 
shafts are necessary as shown in earlier figure

The number of speeds from motor shaft (driving shaft) to intermediate 
shaft 1 is (2). That from shaft 1 to shaft 2 is (3) and that from shaft 2 to the 
driven shaft  is (2). 

Then the number of spindle speeds is equal to 2 x 3 x 2 = 12. 

The speed of driving shaft, driven shaft and intermediate shafts 1 and 2 
can be conveniently represented by speed diagram or structural diagram. 
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It is seen that the driving shaft is running at one constant speed, the 
intermediate shaft 1 can run at two speeds, intermediate shaft 2 can run at 
six speeds and the driven spindle shaft can run at twelve speeds. 

The 12 speeds can be obtained by seven different manners as shown 
below.

2 x 3 x 2 

2 x 2 x 3 

3 x 2 x 2 

4 x 3 

3 x 4 

6 x 2 

2 x 6 
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= 12 speeds



SPEED DIAGRAM                                                                Contd.

Some possible structures for 12 Speed
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PROGRESSION RATIO 
 
Since the spindle speeds are arranged in geometric progression, the ratio 
of adjacent speeds will be a constant and it is denoted by φ. 

The progression ratio φ should be a standard one and is taken either 
from R20 or R40 series from standard data. 

















Kinematic Arrangement

In order to design gears in different shafts, the kinematic arrangement 
showing speeds of different shafts is drawn. 



Gear Box Design
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Design Procedure
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Design Problem
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Design the shafts. 

Select suitable bearings for the shafts.  

Design the casing based mainly on manufacturing process and ease of 
assembly and disassembly of shafts and gears. 

Design the gear changing levers. 

Work out other components like keys, spacers, oil holes, oil level indicator, 
bearing seals, cooling fins etc. 

Make neat working drawings and assembly drawing.



SELECTION OF STANDARD GEAR BOXES 

Helical and worm gear boxes are manufactured as standard units to 
transmit required power at an input speed and to provide required 
reduction. 

Helical gear boxes are employed where reduction per stage is less than 5 
and where efficiency should be high. Besides, where self locking is not 
allowed, helical gear box is a must.

Worm gear boxes are used where high reduction is required with 
minimum space, though efficiency of these gear boxes are low as 
compared with helical gearbox. Maximum reduction per stage is 
restricted to 70, with two stage, it is possible to get reduction 70 x 70 = 
900 with very compact space. 



These gear boxes are used where self locking is desirable. This will avoid 
reversal of load under power failure. 

In such locations worm gears are provided, the inertia load of crane will 
act on worm wheel during breaking and damage may. occur. 

Normally, for all higher power transmission, say above 25kW, invariably 
helical gear boxes are used.

Worm gear boxes are used where high reduction is required with 
minimum space, though efficiency of these gear boxes are low as 
compared with helical gearbox. Maximum reduction per stage is 
restricted to 70, with two stage, it is possible to get reduction 70 x 70 = 
900 with very compact space. 



COMPUTER AIDED DESIGN OF MULTI-SPEED GEAR BOX
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