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Back to Curriculum  
 
 
 
 

Electromagnetic clutches are most suitable for remote operation since no mechanical  
linkages are required to control their engagement, providing fast, smooth operation.  
However,  because  the  activation  energy  dissipates  as  heat  in  the  electromagnetic  
actuator when the clutch is engaged, there is a risk of overheating. Consequently, the  
maximum operating temperature of the clutch is limited by the temperature rating of  
the insulation of the electromagnet. This is a major limitation. Another disadvantage  
is higher initial cost.  
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Back to Curriculum  
 
 
 
 
A  more  sophisticated  and  rugged  design  has  spring-loaded  steel  rollers inside  a  driven  
cylinder. Rotating in one direction, the rollers lock with the cylinder making it rotate in  
unison.  Rotating  slower,  or  in  the  other  direction,  the  steel  rollers  just  slip  inside  the  
cylinder.  
 

Most bicycle freewheels use an internally step-toothed drum with two or more spring-  
loaded, hardened steel pawls to transmit the load. More pawls help spread the wear and  
give  greater  reliability  although,  unless  the  device  is  made  to  tolerances  not  normally  
found in bicycle components, simultaneous engagement of more than two pawls is rarely  
achieved.  
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Out of above, synchromesh type of gear box is the most prevalent today and widely  
used.  It  is  essentially  a  combination  of  other  two  types.  Sliding  mesh  gear  box  is   
obsolete today.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Sliding Mesh Transmission)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Constant Mesh Transmission)  
 

   Working of a 4-speed Sliding Mesh Gear Box  
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As the collar slides along the shaft, it engages with the pointed splines, aligning them as it  
does  so,  and  locks  the  two  shafts  together;  in  the  more  effective  baulk-ring  system  and   
intermediate ring prevents engagement of the gears before speeds have been synchronised.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The job of the synchromesh is to synchronize the rotational speeds of the gear and main shaft  
before locking them together.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Friction from the contact of the cones synchronizes their speed and the dog teeth slide into  
mesh to lock the gear and shaft.  
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Various parts of Synchroniser mechanism are given below: -  

  
 
Speed Gear: This is provided with external conical surface and dog teeth on its face.  
These gears are in constant mesh with respective gear on lay shaft. Both are provided  
with helical gear teeth for strength and quiet operation.  

  
 
Synchroniser Hub: This is provided with internal splines in mesh with external splines  
on main shaft. This has external gear teeth or splines. The synchroniser hub carries 3-  
keys on its outer periphery free to slide on their respective key grooves.  

  
 
Synchroniser  Ring: This  has  internal  conical  surface  which  when  pushed  comes  in  
contact with the external conical surface of the speed gear. The synchroniser ring also  
has external dog teeth or splines in the periphery.  

  
 
Synchroniser Sleeve: This fits over the synchroniser hub. The sleeve has internal or  
teeth or splines that mesh with external teeth or splines of the synchroniser hub. This  
also has 3-detents which fits on the keys on the synchroniser hub.  

  
 
Pair  of  Ring  Shaped Synchroniser  springs:  These  springs  are  fitted  on  synchroniser  
hub to apply slight outward force against the keys.  

  
 
Shifter fork: This fits on the groove over the synchroniser sleeve.  

 
Working of Synchroniser mechanism is explained below: -  

  
 
Step-I: Synchroniser sleeve  is  moved  towards  the  gear  to  be  engaged  by  the  gear  
shifter fork. This causes the synchroniser sleeve to slide on the external splines of the  
synchroniser hub and also carrying the 3-keys along with it (the pair of springs and the  
detent in the ring ensures this).  

  
 
Step-II: The 3-keys carried by the synchroniser sleeve butts against the synchroniser  
ring which pushes it towards the speed gear. By this action, the internal cone of the  
synchroniser ring comes in contact with the external conical surface on the face of the  
speed gear. This generates friction between the two mating conical surfaces thereby  
the speeds of synchroniser ring and speed gear are brought equal.  

  
 
Step-III: When speeds of the synchroniser ring and the speed gear are almost equal,  
the external dog teeth on the face of the speed gear and external dog teeth on the  
periphery  of  the  synchroniser  ring  also  rotate  at  nearly  equal  speed.  At  this  stage,  
further push on the synchroniser sleeve causes the internal teeth of the sleeve to slide  
over both the external peripheral teeth of the synchroniser ring and the external facial  
teeth of the speed gear. This action locks the entire mechanism onto the main shaft  
and transmits power to the main shaft.  

 
VIDEO OF SYNCHRONISER OPERATION  

                E-Note Videos\08 Synchroniser Working Principle.mp4  
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7.  
8.  
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 Synchroniser  
 Selector mechanism (shifter shaft and shifter forks)  
9.  Transmission case  

 

Detailed description of each component is provided below.  
                                                                                    Clutch Shaft:  

 

   It is the input shaft to gearbox  
   Its outer end is connected to the clutch disc.  
   It has a gear machined at its inner end that meshes with respective gear on the lay  

 shaft.  
 

Lay or Counter Shaft:  
 

   The lay shaft is freely suspended in bearing mounted on the transmission case.  
   It has gears rigidly mounted/machined on it.  

 

Main or Output Shaft :  
 

   It is output shaft of the gearbox.  
   It has splines cut across its length to accommodate axial movement of gears on it.  
   its outer end is connected to the propeller of the shaft through universal joint.  

 

                             
                       Be
a ring s :  

 

   Generally, taper roller bearings are used.  
   These bearings are required to take radial and thrust load during gear engagement.  

 

                                           R
everse idler sha ft:  

 

   It is a short shaft that supports the reverse idler gears.  
 

Transmission g ears:  
 

   In synchromesh gearboxes, generally helical gears are used.   
 

These gears can be grouped into: -  
 
 
 
    Gears on clutch shaft - rigidly attached/machined  
    Gears on lay shaft - rigidly attached/machined  
    Gears on main shaft - free to rotate on main shaft  
    Gears on reverse idler shaft - rigidly attached/machined  

               Synchromesh Devi
ces:  

 

   It consists of synchro hub, synchro /  blocking rings and shift sleeve.  
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Selector mecha nism:  

 

   The selector mechanism employed is similar to that used on sliding mesh gearbox.  
 

Transmission case:  
 

   It provides support for bearing and shafts.  

   It also provides and enclosure for lubricating oil.  

   Generally, it is made up of aluminium to reduce weight.  

   It has a vent on its top surface to ensure atmospheric pressure inside the gearbox.  
 
 
 

   Working of a 4-speed Synchro Mesh Gear Box  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
o  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Power Flow Diagram in a 5-Speed Synchromesh Gear Box  
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driveshaft directly to the output shaft (or propeller shaft) (1:1), or increase the  
output speed so that it turns faster than the input shaft (1:1 + n). Thus, the  
output  shaft  may  be  "overdriven"  relative  to  the  input  shaft.  In  newer  
transmissions,   the   overdrive   speed(s)   are   typically   combinations   of    
planetary/epicyclic gear sets which are integrated in the transmission. In these  
cases, there is no separately identifiable "overdrive" unit. In older vehicles, it  
is  sometimes  actuated  by  a  knob  or  button,  often  incorporated  into  the  
gearshift knob, and does not require operation of the clutch. Newer vehicles  
have electronic overdrive in which the computer automatically adjusts to the  
conditions of power need and load.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To transmit power in overdrive gear train, the sun gear is held stationary, and  
the input shaft and planet carrier are rotated. This forces the large planet gear  
to roll around the stationary sun gear as well as each pair of combined pinion  
gears to revolve about their carrier pin axis. As a result, the small pinion gear  
imparts both the pinion carrier orbiting motion and the spinning pinion gear  
motion to the annulus ring gear and the output shaft is driven at a higher speed  
than that of the input shaft.  
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VIDEO OF WORKING OF AN EPICYCLIC GEAR BOX  

        E-Note Videos\12 Planetary Gears.mp4  
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      Schematic layout of a typical AMT is shown below: -  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R: Reverse, N:Neutral, D: Drive, M: Manual, +/- : Gear shift in Manual mode  
 
VIDEO OF WORKING OF AN AUTOMATED MANUALTRANSMISSION  

E-Note Videos\14 Automated manual transmission.mp4  
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VIDEO OF WORKING OF A CONTINUOUSLY VARIABLE TRANSMISSION  
 

        E-Note Videos\15 Continuously Variable Transmission.mp4  
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