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Q.1. Derive the expression for non parallel pull for the tractor. 
 ANSWER. 
         On the basis of the assumptions listed above, gravitation may be conveniently and 
satisfactory represented as shown in fig.1 by the weight W1, supported by the rear wheels, and 
the weight W2, supported by the front wheels, when the drawbar pull is zero. Likewise, the soil 
reaction can, for the purpose of this approximate analysis, be resolved into three components R1, 
R2, and F. 

 
If the tractor is considered as free body, the algebraic sum of all forces acting parallel to the 
motion must equal zero: 

F – P = 0                                             (1) 
Likewise, the algebraic sum of all forces acting perpendicular to the direction of motion must 
equal zero: 

R1 + R2 – W1 – W2 = 0                        (2) 
The algebraic sum of the moments about any given axis must equal zero. The problem is greatly 
simplified by summing moments about C, the intersection of the soil reactions R1 and F (fig.1). 
The line of action of force W1 also passes through this axis. The moment equation is: 

W2 x1 – Py1 – R2x1 = 0                        (3) 
From these three equations the values of the soil reaction may be readily calculated in terms of 
the tractor’s weight and the drawbar pull. 
Solving equation 3 for R2 : 

 
And equation 2 for R1: 



                                                R1 = W1 + W2 – R2                                        (5) 
Substituting the values of R2 from equation 4 for R2 in equation 5: 

 

  
The stability of a tractor is, to a great extent, determined by R2 and the tractive capacity by R1. 
The term  expresses the change in soil reactions R1 and R2, resulting from the drawbar pull P. 
The soil reaction R1, supporting the rear wheels, increases as P increases and the soil reaction 
R2 decreases. This relationship is true until P becomes large enough to cause  to become equal to 
W2, which in turn causes R2 to become zero. Any further increase in P will cause the front 
wheels to leave the ground. 
Whether the tractor will become unstable and tend to turn over backward will depend on a 
number of factors, such as the location of the center of gravity of the tractor and the location of 
the hitch points to the tractor and to the implements being pulled. These factors are discussed 
later. 
Although there is no actual shift of weight, this change  in soil reactionsR1 and R2 is commonly 
known as weight transfer. 
If zero is substituted for R2 in equation 4 and the equation is solved for P, an expression is 
obtained for the value of the drawbar pull P at which the soil reaction against the front wheel 
becomes zero. 

 
 
Q.2. Write short notes on the following. 
(a) Differential lock 
 ANSWER. 
        A locking differential is designed to overcome the chief limitation of a standard 
open differential by essentially "locking" both wheels on an axle together as if on a 
common shaft. This forces both wheels to turn in unison, regardless of the traction 
(or lack thereof) available to either wheel individually. 
When the differential is unlocked (open differential), it allows each wheel to rotate at 
different speeds (such as when negotiating a turn), thus avoiding tire scuffing. An 
open (or unlocked) differential always provides the same torque (rotational force) to 
each of the two wheels, on that axle. So although the wheels can rotate at different 
speeds, they apply the same rotational force, even if one is entirely stationary, and 
the other spinning. (Equal torque, unequal rotational speed). 
 
(b) Hydraulic brake 
ANSWER. 
          Hydraulic brake: Hydraulic brake system is based on the principle of pascal's law. The 
brake fluid, which is usually a mixture of glycerin and alcohol, is filled in the master cylinder. 
When the pedal is depressed, the piston of the master cylinder is forced into the cylinder and the 
entire system turns to a pressure system. Immediately, the piston of the wheel cylinder slides 
outward which moves the brake shoes to stop the rotating drum. When the pedal is released, the 
return spring of the master cylinder moves the piston back to its 



 
 
Q.3.  Explain tractor gear system. 
ANSWER. 
The automobile transmission gear boxes can be classified into different categories based on the 
method in which the gears are meshed and speed ratios selected. Gear boxes used for 
transmission systems are classified into: 
 Sliding Mesh Gear Box 
 Constant Mesh Gear Box 
 Synchromesh Gear Box 

The main components of the gear box are: 
 Gear Box housing 
 Gear shafts 
 Gears 
 Bearings 

The gear box housing is the outer casing, usually made of cast iron, that houses the various shafts 
and gears inside. It also contains the gear box oil (SAE 90) for lubrication of the gears. 
There are three types of shafts inside the gear box: 
 Input shaft (also called primary shaft or clutch shaft) 
 Counter shaft (also called lay shaft or auxiliary shaft) 
 Main shaft (also called secondary shaft or out shaft) 

The gears on these respective shafts are called by the name of the shaft i.e. input pinion, counter 
shaft gear, main shaft gear. 
On the primary shaft is only one gear (helical type). The primary shaft takes the rotational power 
from the clutch. The clutch plate is mounted on one end of this shaft, the one side which is 
splined. The helical gear on the primary shaft is inside the gear box housing and is meshed to 
another helical gear on the counter shaft. All the gears on the counter shaft are fixed to the 
counter shaft and rotate along with the shaft. 
While construction and working of primary and counter shafts in case of all the three types of 
gear boxes is similar, the construction and working of the main shaft gears. The main shaft is 
splined, but the main shaft gears sit on the main shaft in different ways depending on which gear 
box these are on. The construction and working of the gear boxes is described hereunder: 
Sliding Mesh Gear Box 
This is the oldest and the simplest of automotive gear boxes. As the name suggests, the selected 
main shaft gear is slid over the main shaft to mesh with corresponding gear on the counter shaft. 
While the main shaft is splined, the main shaft gears are splined from inside, such that there is a 
positive motion between the main shaft and the main shaft gears. 



At any given time, only one set (pair) of main shaft and countershaft gear are in mesh with each 
other. In case two pairs get meshed, they will tend to rotate the main shaft at different speeds, 
leading to breakage of either the main shaft or the meshed gears. 
When a particular gear is to be meshed, it is slid over the main shaft by its collar and is made to 
mesh with the corresponding counter shaft gear. 
Fig 15.1 shows the various components of a sliding mesh gear box. The gears 4, 5 and 6 on the 
main shaft can be slid to mesh with the corresponding gears on the counter shaft. The gear 4 is 
1st gear, gear 5 is 2nd gear and gear 6 is the 3rd gear. For the 4th gear, the primary and the 
secondary shafts are coupled together implying that there is no speed reduction at the gear box in 
the 4th gear. 

 
Fig 15.1 Cross-sectional view of a Sliding Mesh Gear Box 
1. Input drive gear 
2. Counter shaft 
3. Main shaft 
4. Ist gear 
5. IInd gear 
6. IIIrd gear 

During the neutral position, none of the main shaft gears are engaged to the counter shaft gears. 
Depending on the speed-torque requirement, the gears of main shaft is slid to mesh with the 
respective gear on the counter shaft. 
Constant Mesh Gear Box 
In case of constant mesh type of gear box all the gears of main shaft are constantly meshed to the 
corresponding gears on the counter shaft as shown in the figure below: 
Similar to the sliding mesh gear box, the main shaft is splined in this case too. But since all the 
gears on the main shaft are meshed, these are free to rotate on the splined main shaft. To transmit 
power an arrangement of fixed dog clutch and sliding dog clutch is used. The arrangement is 
shown as in the fig  15.2 below. 

 
As mentioned before, the main shaft gears are free to rotate on the main shaft. The fixed dog 
clutch, placed between two gears is splined from inside in such a way that its rotation is 
associated with the main shaft i.e. when the fixed dog clutch rotates, the main shaft rotates and 
vice versa. 



During the neutral position, the sliding dog sits on the fixed dog clutch (as shown in Fig 15.2). 
Now when the gear A is to be meshed, the sliding dog clutch is moved to the left so that it locks 
the movement of the gear to that of the fixed dog clutch. Now the gear is meshed to the 
corresponding gear of the counter shaft. When this gear gets locked to the fixed dog clutch, the 
power from the gear is transmitted to the main shaft through the fixed dog clutch. All this while 
the other gears continue to rotate freely on the main shaft without any interference. 
In this case all the gears on the main shaft are meshed to the corresponding gears of the counter 
shaft. These gears are of helical type. The advantages the helical gears offer as compared to spur 
gears is that in case of helical gears the contact starts with a point contact thus there is less noise 
and it also has more area of the gear teeth in contact leading to stronger gears and higher amount 
of torque that can be transmitted. 
While engaging the gears from neutral position, when the clutch is engaged, all the gears on 
main and counter shafts are rotating, but all the sliding dog clutches are in neutral position. Now 
to engage the gear, the clutch is disengaged, but the gears are still rotating because of their 
momentum, the selected sliding dog clutch is moved as per requirement towards the gear that is 
to be engaged. As the relative motion between the gear and the dog clutches reduces, the sliding 
dog clutch engages with the selected gear and the clutch can be gradually engaged. 
In case of the constant mesh gear box, the clutch has to be pressed twice while moving from one 
gear to another. This is done in such a way that the clutch is pressed once for moving from the 
gear to neutral position and the second time for moving from neutral to other gear. This process 
of pressing the clutch twice is called double de-clutching. 
Synchromesh Gear Box 
Synchromesh is an advancement over the constant mesh gear box. A synchronizing unit is 
provided to assisting in the gear changing. 

 
 

 
Q.4. What do you mean by C.G. and how you can find out the C.G. for tractor 

 
Following parameters are measured before taking the tractor to a weighing balance: 

 Wheelbase of the tractor 
 Radius of front and rear wheels 
 Height of the centres of front and rear wheels from the ground 

When on the weighing balance, the parameters noted are: 
 Total weight of the tractor 



 Weight coming on the front and rear tyres. 
These parameters are also measured when the front wheels are lifted by a height ‘h’. 
From Fig. 2.1 
                Wx2-Rf X1=0 

                        or                                          ………..(1) 
so, a vertical  transverse plane containing C.G. can be determine by the equation (1) 
the front wheel of the tractor are raised distance Y2 and R’f is determined by weighing. 
From Fig.1.2 
                        Wx’2-R´f X´1 = 0 

  
From fig. 1.2 
                                                tan β1 = x4 / y3                                      (2) 
and                                          tan β1 = (x2 - x3) / y3                                (3) 
or                                             y3 = (x2 – x3) / tan β1 
and                                          cos β1 = x2´/ x3                                          (4) 
or                                             x3 = x2´/ cos β1 

                                                                                (5) 
Hence the height of CG from the ground is given by 

 
where  is the diameter of the rear wheel. 
Some assumptions while doing this analysis were: 

1. The displacement of the point of contact of rear wheel on the ground as the front 
wheels are lifted is negligible. 

2. There is no deformation of the pneumatic tyre at the point of contact i.e. height of 
centre of rear wheel is same as the radius of the rear wheel. 

. 
Q.5.  Explain differential system of tractor.  
 ANSWER. 
When an automobile travels around a corner, the distance traveled by the outside wheels is 
greater than that traveled by the inside wheels. If the wheels are mounted on dead axles so that 
they turn independently of each other, like the front wheels of an ordinary passenger vehicle, 
they will turn at different speeds to compensate for the difference in travel. But, if the wheels are 
driven positively by the engine, a device is necessary which will permit them to revolve at 
different speeds without interfering with the propulsion system. To accomplish this purpose a 
system of gears called the differential is provided. 
The driving axle is one of the cross members which supports the load of the tractor, and has the 
driving wheels at its ends. The driving axle consists of a housing, a differential, two axle shafts 
(half axles), and final drives (if required). 
The differential is an important component of the driving axle. The main functions performed by 
the differential system are: 
1. Further reduces the rotations coming from the gear box before the same are passed on to 

the rear axles. 
2. Changes the direction of axis of rotation of the power by 90o i.e. from being longitudinal 

to transverse direction. 



3. To distribute power equally to both the rear driving axles when the tractor is moving in 
straight ahead direction. 

4. To distribute the power as per requirement to the driving axles during turning i.e. more 
rotations are required by the outer wheel as compared to the inner wheel – during turns. 

The main components of the differential (Fig. 18.1) are: 
1. Input pinion gear 
2. Crown wheel gear 
3. Differential cage 
4. Differential star 
5. Differential axle (sun) gear 

 
 
 


