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Abstract— a conventional differential that is non-locked 

differential always supplies close to equal torque to each 

side. With an automotive differential if one wheel is held 

stationary, the counterpart wheel turns at twice its normal 

speed. A differential locking system introduced here can be 

engaged or disengaged either manually or automatically, as 

per the conditions or a sensor based system can be 

developed that will sense the difference in speed or stalling 

of one wheel to lock the differential by sliding a dog ring to 

get engaged in planetary gear spike shaft so that both wheels 

will have same traction. If the difference in the speed of 

driven and rolling wheels is encountered then the 

differential is controlled to lock. When a working vehicle 

travels on a inclined ground or on an unleveled ground, 

slipping causes a difference in revolution between right and 

left wheel impairing straight running of the vehicle. it is 

therefore conventional practice to equip a working vehicle 

such as a lawn mower or a garden tractor which needs to be 

run in a straight manner with a differential locking 

mechanism to forcibly stop the differential revolution of the 

wheels. If the differential lock remained on during all time 

then it may leave scratches on the ground. Hence an 

automatic differential locking system has to be designed to 

eliminate the above disadvantage. This system permits the 

differential to be locked only when the steering angle is 

below a predetermined value and release the lockup when 

the steering angle exceeds it. 
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I. INTRODUCTION 

In automobiles and other wheeled vehicles, the differential 

allows the outer drive wheel to rotate faster than the inner 

drive wheel during a turn. This is necessary when the 

vehicle turns, making the wheel that is traveling around the 

outside of the turning curve roll farther and faster than the 

other. The average of the rotational speed of the two driving 

wheels equals the input rotational speed of the drive shaft. 

An increase in the speed of one wheel is balanced by a 

decrease in the speed of the other. 

When used in this way, a differential couples the 

input shaft (or prop shaft) to the pinion, which in turn runs 

on the ring gear of the differential. This also works as 

reduction gearing. On rear wheel drive vehicles the 

differential may connect to half-shafts inside an axle 

housing, or drive shafts that connect to the rear driving 

wheels. Front wheel drive vehicles tend to have the pinion 

on the end of the main-shaft of the gearbox and the 

differential is enclosed in the same housing as the gearbox. 

There are individual drive-shafts to each wheel. A locking 

differential, differential lock, diff lock or locker is a 

variation on the standard automotive differential. A locking 

differential may provide increased traction compared to a 

standard, or "open" differential by restricting each of the two 

wheels on an axle to the same rotational speed without 

regard to available traction or differences in resistance seen 

at each wheel. 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). By contrast, a locked differential 

forces both left and right wheels on the same axle to rotate 

at the same speed under nearly all circumstances, without 

regard to tractional differences seen at either wheel. 

Therefore, each wheel can apply as much rotational force as 

the traction under it will allow, and the torques on each side-

shaft will be unequal.  A locked differential can provide a 

significant traction advantage over an open differential, but 

only when the traction under each wheel differs 

significantly. 

II. DIFFERENTIAL  

A differential is a device, usually, but not necessarily, 

employing gears, capable of transmitting torque and 

succession through three shafts, almost always used in one 

of two ways: in one way, it receives one input and provides 

two outputs—this is found in most automobiles—and in the 

other way, it combines two inputs to create an output that is 

the sum, difference, or average, of the inputs. In automobiles 

and other wheeled vehicles, the differential allows each of 

the driving road wheels to rotate at different speeds.[4] 

 
Fig. 1: 

The following description of a differential applies 

to a "traditional" rear-wheel-drive car or truck with an 
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"open" or limited slip differential combined with a reduction 

gear set: 

Torque is supplied from the engine, via the 

transmission, to a drive shaft (British term: 'propeller shaft', 

commonly and informally abbreviated to 'prop-shaft'), 

which runs to the final drive unit that contains the 

differential. A spiral bevel pinion gear takes its drive from 

the end of the propeller shaft, and is encased within the 

housing of the final drive unit. This meshes with the large 

spiral bevel ring gear, known as the crown wheel. The 

crown wheel and pinion may mesh in hypoid orientation, 

not shown. The crown wheel gear is attached to the 

differential carrier or cage, which contains the 'sun' and 

'planet' wheels or gears, which are a associate of four 

opposed bevel gears in perpendicular plane, so each bevel 

gear meshes with two neighbours, and rotates counter to the 

third, that it faces and does not mesh with. The two sun 

wheel gears are aligned on the same axis as the crown wheel 

gear, and drive the axle half shafts connected to the vehicle's 

driven  wheels. The other two planet gears are aligned on a 

perpendicular axis which changes orientation with the ring 

gear's succession. In the two figures shown above, only one 

planet gear (green) is illustrated, however, most automotive 

applications contain two opposing planet gears. Other 

differential designs employ different numbers of planet 

gears, depending on durability requirements. As the 

differential carrier rotates, the changing axis orientation of 

the planet gears imparts the agitation of the ring gear to the 

agitation of the sun gears by pushing on them rather than 

turning against them (that is, the same teeth stay in the same 

mesh or contact position), but because the planet gears are 

not restricted from turning against each other, within that 

agitation, the sun gears can counter-rotate relative to the ring 

gear and to each other under the same force (in which case 

the same teeth do not stay in contact).[6] 

Thus, for example, if the car is making a turn to the 

right, the main crown wheel may make 10 full successions. 

During that time, the left wheel will make more successions 

because it has further to travel, and the right wheel will 

make fewer successions as it has less distance to travel. The 

sun gears (which drive the axle half-shafts) will rotate in 

opposite directions relative to the ring gear by, say, 2 full 

turns each (4 full turns relative to each other), resulting in 

the left wheel making 12 successions, and the right wheel 

making 8 successions. 

The succession of the crown wheel gear is always 

the average of the successions of the side sun gears. This is 

why, if the driven road wheels are lifted clear of the ground 

with the engine off, and the drive shaft is held (say leaving 

the transmission 'in gear', preventing the ring gear from 

turning inside the differential), manually rotating one driven 

road wheel causes the opposite road wheel to rotate in the 

opposite direction by the same amount.[2] 

When the vehicle is traveling in a straight line, 

there will be no differential movement of the planetary 

system of gears other than the minute movements necessary 

to compensate for slight differences in wheel diameter, 

undulations in the road (which make for a longer or shorter 

wheel path), etc. 

III. OBJECTIVE 

Loss of traction- One undesirable side effect of a 

conventional differential is that it can limit traction under 

less than ideal conditions. The amount of traction required 

to propel the vehicle at any given moment depends on the 

load at that instant—how heavy the vehicle is, how much 

drag and friction there is, the pitch of the road, the vehicle's 

momentum, and so on. 

The torque applied to each driving wheel is a result 

of the engine, transmission and drive axles applying a distort 

force against the resistance of the traction at that road wheel. 

In lower gears and thus at lower speeds, and unless the load 

is exceptionally high, the drive train can supply as much 

torque as necessary, so the limiting factor becomes the 

traction under each wheel. It is therefore convenient to 

define traction as the amount of torque that can be generated 

between the tire and the road surface, before the wheel starts 

to slip. If the torque applied to drive wheels does not exceed 

the threshold of traction, the vehicle will be propelled in the 

desired direction; if not, then one or more wheels will 

simply spin.[3] 

A conventional "open" (non-locked or otherwise 

traction-aided) differential always supplies close to equal 

(because of internal friction) torque to each side To illustrate 

how this can limit torque applied to the driving wheels, 

imagine a simple rear-wheel drive vehicle, with one rear 

road wheel on asphalt with good grip, and the other on a 

patch of slippery ice. It takes very little torque to spin the 

side on slippery ice, and because a differential splits torque 

equally to each side, the torque that is applied to the side 

that is on asphalt is limited to this amount. 

Based on the load, pitch, et cetera, the vehicle 

requires a certain amount of torque applied to the drive 

wheels to move forward. Since an open differential limits 

total torque applied to both drive wheels to the amount 

utilized by the lower traction wheel multiplied by a factor of 

2, when one wheel is on a slippery surface, the total torque 

applied to the driving wheels may be lower than the 

minimum torque required for vehicle propulsion. 

A proposed way to appropriate the power to the 

wheels, is to use the concept of gearless differential, of 

which a review has been reported by Provatidis but the 

various configurations seem to correspond either to the 

"sliding pins and cams" type, such as the ZF B-70 available 

for early VWs, or are a variation of the ball differential.[1] 

Many newer vehicles feature traction control, 

which partially mitigates the poor traction characteristics of 

an open differential by using the anti-lock braking system to 

limit or stop the slippage of the low traction wheel, 

increasing the torque that can be applied to both wheels. 

While not as effective in propelling a vehicle under poor 

traction conditions as a traction-aided differential, it is better 

than a simple mechanical open differential with no 

electronic traction assistance.[3] 

IV. DESIGN OF DIFFERENTIAL LOCKING SYSTEM 

In our attempt to design a special purpose machine we have 

adopted a very a very careful approach, the total design 

work has been divided into two parts mainly; 

 System design 

 Mechanical design 

http://en.wikipedia.org/wiki/Engine
http://en.wikipedia.org/wiki/Traction_(engineering)
http://en.wikipedia.org/wiki/Traction_control_system
http://en.wikipedia.org/wiki/Anti-lock_braking_system
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System design mainly concerns with the various 

physical constraints and ergonomics, space requirements, 

arrangement of various components on the main frame of 

machine no of controls position of these controls ease of 

maintenance scope of further improvement; height of m/c 

from ground etc. 

In Mechanical design the components are categories in two 

parts. 

 Design parts  

 Parts to be purchased. 

For design parts detail design is done and 

dimensions thus obtained are compared to next highest 

dimension which are readily available in market this 

simplifies the assembly as well as post production servicing 

work. 

The various tolerances on work pieces are specified 

in the manufacturing drawings. The process charts are 

prepared & passed on to the manufacturing stage .The parts 

are to be purchased directly are specified &selected from 

standard catalogues.       

A. Motor Selection [5] 

Thus selecting a motor of the following specifications 

Single phase AC motor 

Commutator motor 

TEFC construction 

Power = 1/15hp=50 watt 

Speed= 0-6000 rpm (variable) 

Motor is an Single phase AC motor, Power 50 watt, 

Speed is continuously variable from 0 to 6000 rpm. The 

speed of motor is variated by means of an electronic speed 

variator. Motor is an commutator motor ie, the current to 

motor is supplied to motor by means of carbon brushes. The 

power input to motor is varied by changing the current 

supply to these brushes by the electronic speed variator, 

thereby the speed is also is changes. Motor is foot mounted 

and is bolted to the motor base plate welded to the base 

frame of the indexer table. 

B. Design of Belt Drive  

Selection an open belt drive using V-belt ; 

Reduction ratio = 4 

Planning an 1 stage reduction ; 

a) Motor pulley ( D1) =25mm 

b) Main shaft pulle ( D2) =100mm 

1) Input data 

Input power = 0.05kw 

Input  speed =1000 rpm 

Center distance = 210 mm 

Max belt speed = 1600 m/min = 26.67 m/sec 

Groove angle (2  ) = 400 

2) Coefficient of friction = 0.25  

Between belt and pulley  

Allowable tensile strees = 8 n/mm2 

Section of belt section 

Ref Manufacturers Catalogue 

C/S 

SYMBOL 

USUAL 

LOAD 

OF 

DRIVE 

(KW) 

NOMINAL 

TOP 

WIDTH 

(Wmm) 

NOMINAL 

THICKNESS 

T mm 

WEIGHT 

DER 

METER 

Kgf 

FZ 
0.03 - 

0.15 
6 4 0.05 

Table 1: 
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3) Selection of Belt. [5] [7] 

Selection of belt ‘FZ 6 x 600’ from std manufacturers 

catalogue  

MAKE: HELICORD 

C. Result Table   

1. BELT SELECTED FZ 6 x 600 

2. Tight side Tension T1     =124.24 N 

3. Slack side Tension T2      = 16 N 

4. Motor pulley did.(  D1) D1       =25 MM 

5. Pulley (a) diameter  (D2) D2       =100MM 

Table 2: Result Table 

D. Design of Lh Output Shaft. 

MATERIAL SELECTION: - Ref :- PSG (1.10 & 1.12) + 

(1.17) 

DESIGNATION 

ULTIMATE 

TENSILE 

STRENGTH 

N/mm2 

YEILD 

STRENGTH 

N/mm2 

EN 24 800 680 

Table 3: 

1) Asme Code for Design of Shaft. [7] 

Since the loads on most shafts in connected machinery are 

not constant , it is necessary to make proper allowance for 

the harmful effects of load fluctuations  

According to ASME code permissible values of 

shear stress may be calculated form various relation. 

fs max  = 0.18 fult 

  = 0.18 x 800 

  = 144 N/mm2 

OR     fs max = 0.3 fyt 

  =0.3 x 680 

  =204 N/mm 

considering minimum of the above values ; 

    fs max   = 144 N/mm2 

Shaft is provided with key way; this will reduce its 

strength. Hence reducing above value of allowable stress by 

25% 

    fs max   = 108  N/mm2 

This is the allowable valve of shear stress that can 

be induced in the shaft material for safe operation. 

2) To Calculate Input Torque [5] 

 
3) Check for Torsional Shear Failure of Shaft. [5] 

Assuming minimum section diameter on input shaft = 16 

mm 

 

E. Design of Rh Output Shaft. [7] 

MATERIAL SELECTION: - Ref :- PSG (1.10 & 1.12) + 

(1.17) 

DESIGNATION 

ULTIMATE 

TENSILE 

STRENGTH 

N/mm2 

YEILD 

STRENGTH 

N/mm2 

EN 24 800 680 

Table 4: 
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1) Asme Code for Design of Shaft. [5] 

Since the loads on most shafts in connected machinery are 

not constant, it is necessary to make proper allowance for 

the harmful effects of load fluctuations  

According to ASME code permissible values of 

shear stress may be calculated form various relations. 

fs max  = 0.18 fult 

  = 0.18 x 800 

  = 144 N/mm2 

OR 

fs max = 0.3 fyt 

  =0.3 x 680 

  =204 N/mm 

Considering minimum of the above values ; 

        fs max   = 144 N/mm2 

Shaft is provided with key way; this will reduce its 

strength. Hence reducing above value of allowable stress by 

25% 

        fs max   = 108  N/mm2 

This is the allowable valve of shear stress that can 

be induced in the shaft material for safe operation. 

2) To Calculate Input Torque [5] 

 
3) Check for Torsional Shear Failure of Shaft. [5] 

Assuming minimum section diameter on input shaft = 16 

mm 

 

F. Design of Spike Shaft. [7] 

MATERIAL SELECTION: - Ref:- PSG (1.10 & 1.12) + 

(1.17) 

DESIGNATION 

ULTIMATE 

TENSILE 

STRENGTH 

N/mm2 

YEILD 

STRENGTH 

N/mm2 

EN 24 800 680 

Table 5: 

1) Asme Code For Design Of Shaft [5]. 

Since the loads on most shafts in connected machinery are 

not constant, it is necessary to make proper allowance for 

the harmful effects of load fluctuations  

According to ASME code permissible values of 

shear stress may be calculated from various relations. 

fs max  = 0.18 fult 

  = 0.18 x 800 

  = 144 N/mm2 

OR 

fs max = 0.3 fyt 

  =0.3 x 680 

  =204 N/mm 

Considering minimum of the above values; 

         fs max   = 144 N/mm2 

Shaft is provided with key way; this will reduce its 

strength. Hence reducing above value of allowable stress by 

25% 

        fs max   = 108  N/mm2 

This is the allowable valve of shear stress that can 

be induced in the shaft material for safe operation. 
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2) To Calculate Input Torque [5] 

 
3) Check for Torsional Shear Failure of Shaft. [5] 

Assuming minimum section diameter on input shaft = 16 

mm 

 

G. Design of Dog Ring. [7] 

1) Material Selection:- Ref :- (Psg 1.10, 1.12 & 1.17) 

DESIGNATIO

N 

TEXTILE 

STRENGT

H N/mm2 

YEILD 

STRENGT

H N/mm2 

EN 24 850 680 

Table 6: 

‘Dog is located on pcd 72 mm. These pins engage in the 

cage of the spike shaft and act as transmission elements. 

They can be designed similar to the bush pins in 

the bush pin type flexible flange coupling. 

 

 

V. CONSTRUCTION AND WORKING 

 
Fig. 2: 
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A. How Differential Locks? 

1) Steps: 

1) When one of the wheels (eg. Rh wheel) goes in a pit or 

slippery condition…due t o loss in traction( friction 

between road and wheel) ..wheel shaft stops turning. 

2) As a result the LH wheel shaft speeds up to twice the 

transmission speed…vehicle tyres cannot generate 

enough traction to come out of the pit 

3) The proximity sensor senses this drop in speed or 

agitation and through the electronic relay operated the 

DC motor … 

4) DC motor pinion drives the rack and there by the shifter 

mechanism to the right. 

5) Shifter mechanism moves the dog ring toward right and 

the dog teeth engage in the spike shaft slot…. 

6) Engagement will lock the spike shaft …thereby the 

conventional differential actions stops and both  the 

wheel shafts get engaged in drive and thus equal power 

is given to either wheels.. 

7) Wheels after receiving the power will pull/push the 

vehicle out of pit.. 

8) Operator moves the reversing switch to bring the dog 

ring back out of engagement thus conventional 

differential action is restored 
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