






 





 



Experiment 5 
Anshul Mathur              

Date 19 April 2020 

 

AIM  
To draw valve timing diagram for a single cylinder diesel engine 

 

Introduction 
We always discuss “The air fuel mixture combust to cause the movement of the piston which in turn causes crankshaft 

rotation” also “The residual of the combustion goes out from the exhaust” How does this intake and exhaust occurs?, How 

the timing of this intake and exhaust is controlled? The answer is intake and exhaust valve right? But the question arise, 

How these intake and exhaust valve is controlled?  

A valve timing diagram is a graphical representation of the opening and closing of the intake and exhaust valve of the 

engine, The opening and closing of the valves of the engine depend upon the movement of piston from TDC to BDC, This 

relation between piston and valves is controlled by setting a graphical representation between these two, which is known 

as valve timing diagram. 

The valve timing diagram comprises of a 360 degree figure which represents the movement of the piston from TDC to 

BDC in all the strokes of the engine cycle, Which is measured in degrees and the opening and closing of the valves is 

controlled according to these degrees. 

 

Why do We Need Valve Timing diagram? 
The normal engine completes around 100000 cycles per minute, as we know there are number of processes involve in a 

single cycle (from the intake of the air-fuel mixture to the exhaust of the combustion residual) of a internal which makes it 

necessary to be equipped with an effective system that can enable 

 Synchronisation between  the steps of a cycle of the engine from intake of air-fuel ratio to the exhaust of combustion 

residual. 

 Complete seizure of the combustion chamber at the instant at which the combustion of air-fuel mixture takes place as the 

leakage can cause damage to the engine and can be hazardous. 

 Provide engine with a mixed air and fuel or air in case of diesel engine when required ( at the time of suction) which is the 

necessity of the engine. 

 Provide the exit for the combustion residual so that the next cycle of the engine can take place. 

 Ideal timing for the opening and closing of the inlet and  outlet valve which in turn protect the engine from defects like 

knocking or detonation. 

 A high compression ratio required to combust the fuel especially in case of diesel engine by overlapping the closing of the 

valve. 

 The cleaning of engine cylinder which in turn maintain the quality of combustion and decreases wear and tear inside the 

cylinder. 

4-Stroke Diesel Engine 
As we all know in 4-stroke engine the cycle completes in 4-strokes that are suction, compression, expansion 

and exhaust , The relation between the valves (inlet and outlet) and piston movement from TDC to BDC is 

represented by the graph known as valve timing diagram. 

Theoretical 

 



Suction Stroke- The engine cycle starts with this stroke, Inlet valve opens as the piston which is at TDC  starts moving 

towards BDC and the air-fuel mixture in case of petrol and fresh air in case of diesel engine starts entering the cylinder,till 

the piston moves to BDC. 

Compression Stroke- After the suction stroke the piston again starts moving from BDC to TDC in order to compress the 

air-fuel (petrol engine) and fresh air (diesel engine) which in turn raises the pressure inside the cylinder which is essential 

for the combustion of the fuel. 

The inlet valve closes during this operation to provide seizure of the chamber for the compression of the fuel. 

Expansion Stroke- After compressing the fuel, The combustion of the fuel takes place which in turn pushes the piston 

which is at TDC towards BDC in order to release the pressure developed by the combustion and output is obtained . 

 In diesel engine combustion occurs due to the high compression provided by the compression stroke which is responsible 

for raising the temperature inside cylinder upto auto-ignition temperature of the diesel and air charge. 

 In diesel engine the fresh air enters inside the cylinder during suction stroke and the fuel is sprayed by the fuel injectors 

over the air. 

Exhaust Stroke- After expansion stroke the piston which is at BDC starts moving towards TDC  followed by the opening 

of exhaust valve for the removal of the combustion residual 

 Exhaust valve closes after the piston reaches TDC. 

Actual or Practical Process 

 

 In suction stroke of 4-stroke engine the inlet valve opens 10-20 degree advance to TDC for the proper intake of air-

fuel(petrol) or air (diesel) ,which also provides cleaning of remaining combustion residuals in the combustion chamber. 

 When the piston reaches BDC the compression stroke starts and again the piston starts moving towards TDC ,The inlet 

valve closes 25-30 degree past the BDC during the compression stroke,which provide complete seizure of the combustion 

chamber for the compression of air-fuel(petrol engine)and air(diesel engine). 

 During the compression stroke as the piston moves towards TDC ,combustion of fuel takes place 20-35 degree before 

TDC which provides the proper combustion of fuel and proper propagation of flame. 

 The expansion strokes starts due to the combustion of fuel which in turn releases the pressure inside the combustion 

chamber and provide rotation to the crank shaft,The piston moves from TDC to BDC during expansion stroke which 

continuous 30-50 degree before BDC. 

 The exhaust valve opens 30-50 degree before BDC which in turn starts the exhaust stroke and the exhaust of the 

combustion residual takes place with movement of the piston from BDC toTDC which continues till the 10-20 degree 

after the piston reaches TDC. 

As we can see in the entire cycle of engine valves overlap 2 times i.e. closing of both valves during compression stroke 

and opening of both valves during exhaust stroke. 

 

Valve Timing Diagram for 2-Stroke Engine 
In 2-stroke diesel engine as we all know the engine cycle completes in 2-strokes i.e expansion stroke and compression 

stroke, The fuel intake and combustion residual exhaust occurs respectively during these 2 strokes. 

Theoretical valve timing 

Expansion stroke- At the beginning of the expansion stroke the piston which is at TDC starts moving towards BDC due 

to the combustion of compressed air-fuel (petrol engine) and (diesel sprayed charge in diesel engine) during compression 

stroke and the power output is obtained. 

 The air-fuel(petrol engine) and air (diesel diesel) enters through the inlet port during the expansion strokes as the piston 

moves from TDC to BDC during this stroke. 

 The expansion stroke continuous till the piston reaches BDC. 

Compression Stroke- At the end of the expansion stroke the piston which is at BDC starts moving towards TDC and the 

compression of air-fuel(petrol engine) and diesel sprayed charge(diesel engine) starts along with the exhaust of 

combustion residual through exhaust port due to the movement of piston from BDC to TDC. 

 The piston closes both inlet port and exhaust port due to its movement from BDC to TDC which in turn raises the pressure 

inside the combustion chamber. 



 At the end of the compression stroke i.e. when the piston reaches TDC combustion due to diesel sprayed charge (diesel 

engine) due to the high pressure takes place, And the cycle repeats again. 

Actual or practical process 

 

 

 Before the expansion stroke i.e. completion of the compression stroke, the inlet port open 10-20 degree before the piston 

reaches the TDC which in turn starts the expansion stroke due to the combustion of air-fuel (petrol engine) from the 

crankcase and air (diesel engine) entered from the inlet port which in turn pushes the piston towards BDC. 

 The inlet port closes 15-20 degree after TDC during the expansion stroke of the 2-stroke engine. 

 Due to the movement of piston from TDC to BDC during expansion stroke exhaust port opens 35-60 degree before the 

piston reaches BDC which in turn starts the exhaust of the combustion residual.. 

 Transfer port open 30-45 degree before BDC for scavenging process. 

 When the piston moves towards TDC from BDC the transfer port closes 30-45 degree after BDC which in turn stops the 

scavenging process. 

 During the movement of piston from BDC to TDC exhaust valve closes 35-60 degree after BDC which seizes the 

combustion chamber and pressure inside the combustion chamber increases due to the start of compression stroke.and the 

cycle starts again. 

 The air fuel mixture (petrol engine) and air ( diesel engine) is transported to the cylinder during the opening of the transfer 

port. 

Note – The opening and closing of valves few degrees before TDC and BDC is required for normal working of the engine 

as this degree gaps provides proper completion of the operation of strokes and prevents the engine from defects like 

knocking, and also causes less emission. 

 For power modification this valve timing is adjusted which in turn increases the power and torque of the engine but 

decreases the economy. 

In this article we have learnt about valve timing diagram of two stroke and four stroke petrol and diesel engine. If you like 

this information than don’t forget to share it social networks. 



 

TITLE: Study of different types of boilers.  

THEORY: A boiler is used to generate steam at a desired pressure and temperature 

by transferring heat produced by burning fuel to water to change it to steam. It is a 

term applied to that device which generates steam at minimum pressure of 3.5 bar 

having minimum capacity of 22.75 litres.  

According to A.S.M.E, “combustion of apparatus for producing or recovering heat 

together with the apparatus for transferring the heat so made available to the fluid 

being heated and vaporized.  

The primary requirements of steam generator or boiler are:  

1. Water  

2. Water drum  

3. Fuel for heating  

Classification of Boilers:  

The boilers may be classified according to following criteria:  

1. According to relative position of water and hot gases:  

(a) Water tube boiler: A boiler in which the water flows through the tubes which 

are surrounded by hot combustion gases i.e. Babcock and Wilcox, Stirling, Benson 

boilers etc.  

(b) Fire tube boiler: The hot combustion gases pass through the boiler tubes, which 

are surrounded by water i.e. Lancashire, Cochran, Locomotive boilers etc.  

2. According to water circulation arrangement:  

(a) Natural circulation: Water circulates in the boiler due to density difference of 

hot and cold water e.g., Babcock and Wilcox boiler, Lancashire boiler, Locomotive 

boiler etc.  

(b) Forced circulation: A water pump forces the water along its path, therefore, the 

steam generation rate increases e.g.. Benson, La Mont, Velox boilers etc.  

3. According to position of furnaces:  



(a) Internally fired: The furnace is located inside the shell e.g., Cochran, 

Lancashire boilers etc. Jorhat Engineering College (2) Thermodynamics Lab  

(b) Externally fired: The furnace is located outside the boiler shell i.e. Babcock and 

Wilcox, Stirling boilers etc.  

4. According to the use: Stationary, Portable, Locomotive or marine boiler.  

5. According to position of the boilers: horizontal, inclined or vertical boilers. 











 



Experiment 9 

 

Aim 

To study and prepare repot on the constructional details, working principles and operation of 

Automotive Brake Systems. 

a) Hydraulic and Pneumatic Brake Systems 

b) Drum Brake System 

c) Disc Brake System 

Theory 

Labelled Diagram, Constructional Details, Working Principle and Operation of the above Steering 

Systems 

PRINCIPLE 

It goes without saying that brakes are one of the most important control components of vehicle. 

They are required to stop the vehicle within the smallest possible distance and this is done by 

converting the kinetic energy of the vehicle into the heat energy which is dissipated into the 

atmosphere. 

 

BRAKING REQUIREMENTS 

1 The brakes must be strong enough to stop the vehicle within a minimum distance in an 

emergency. But this should also be consistent with safety. The driver must have proper control over 

the vehicle during emergency braking and the vehicle must not skid. 

2 The brakes must have good antifade characteristics i.e. their effectiveness should not 

decrease with constant prolonged application e.g. while descending hills. This requirement demands 

that the cooling of the brakes should be very efficient. 

 

HYDRAULIC BRAKES 

Most of the cars today use hydraulically operated foot brakes on all the four wheels with an 

additional hand brake mechanically operated on the rear wheels.  An outline of the hydraulic braking 

system is shown in fig.  the main component in this is the master cylinder which contains reservoir 

for the brake fluid. Master cylinder  is operated by the brake pedal and is further connected to the 

wheel cylinders in each wheel through steel pipe lines, unions and flexible hoses. In case of 

Hindustan Ambassador car, on front wheels each brake shoe is operated by separate wheel cylinder 

(thus making the brake two shoe leading) whereas in case of rear wheels there is only one cylinder 

on each wheel which operates both the shoes (thus giving one leading and one training shoe 

brakes.) As the rear wheel cylinders are also operated mechanically with the hand brake, they are 

made floating. Further, all the shoes in the Ambassador car are of the floating anchor type. 

 



The system is so designed that even when the brakes are in the released position, a small pressure of 

about 50 kPa is maintained in the pipe lines to ensure that the cups of the wheel cylinder are kept 

expanded. This prevents the air from entering the wheel cylinders when the brakes are released. 

Besides, this pressure also serves the following purposes. 

 

(i) it keeps the free travel of the pedal minimum by opposing the brake shoe retraction springs. 

  

(ii) During bleeding, it does not allow the fluid pumped into the line to return, thus quickly 

purging air from the system. 

 

DRUM BRAKES 

In this type of brakes, a brake drum is attached concentric to the axle hub whereas on the axle 

casing is mounted a back plate. In case of front axle, the back plate is bolted to the steering knuckle. 

The back plate is made of pressed steel sheet and is ribed to increase rigidity and to provide support 

for the expander, anchor and brake shoes. It also protects the drum and shoe assembly from mud 

and dust. Moreover, it absorbs the complete  torque reaction of the shoes due to which reason it is 

sometimes also called torque plate. Two brake shoes are anchored on the back plate as shown in fig. 

Friction linings are mounted on the brake shoes. One or two retractor springs are used which serve 

to keep the brake shoes away from the drum when the brakes are not applied. The brake shoes are 

anchored at one end, whereas on the other ends force F is applied by means of some brake 

actuating mechanism which forces the brake shoe against the revolving drum, thereby applying the 

brakes. An adjuster is also provided to compensate for wear of friction lining with use. The relative 

braking torque obtained at the shoes for the same force applied at the pedal varies depending upon 

whether the expander (cam or toggle lever) is fixed to the back plate or it is floating, whether the 

anchor is fixed or floating and whether the shoes are leading or trailing. 

 

DISC BRAKES 

As shown in fig. a disc brake consists of a cast iron disc bolted to the wheel hub and a stationary 

housing called caliper. The caliper is connected to some stationary part of the vehicle, like the axle 

casing or the sub axle and  is cast in two parts, each part containing a piston. In between each piston 

and disc, there is friction pad held in position by retaining pins, spring plates etc. Passages are drilled 

in the caliper for the fluid to enter or leave  each housing. These passages are also connected to 

another one for bleeding. Each cylinder and contains a rubber sealing ring between the cylinder and 

the piston. 

 

When the brakes are applied, hydraulically actuated pistons move the friction pads into contact with 

the disc, applying equal and opposite forces on the later. On releasing the brakes, the rubber sealing 

rings act as return springs and retract the pistons and the friction pads away from the disc. 

 

 



For a brake of this type T = 2µpaR 

Where 

µ =  coefficient of friction p = fluid pressure 

a = cross sectional area of one piston 

R = distance of the longitudinal axis of the piston from the wheel axis 

 

BRAKE SYSTEM FOR MARUTI (SUZUKI) 800 CAR 

The front wheel brakes are of the disc type, whereas for rear wheels drum type brakes (leading 

trailing shoes) are employed. Parking brake is mechanically operated by a wire and link system and 

works on the rear wheels only. Same brake shoes are used for service and parking brakes. The layout 

of the system is shown in fig. 

 

A tandem master cylinder is employed. The hydraulic pressure produced there is applied to two 

independent circuits. One circuit is for front left and rear right brakes, whereas the other is for front 

right and rear left brakes. Due to this reason, the braking system in the Maruti has greater safety 

because even if a pressure leak occurs in the brake line of one circuit, the other braking circuit 

works, due to which a certain degree of braking is still available to the vehicle. 



Experiment 7 

Aim 

To study and prepare report on the constructional details, working principles and operation of the following 

Automotive Transmission Systems: 
 

a) Sliding Mesh 

b) Constant Mesh 

c) Synchromesh – four speed range 

. 

Sliding Mesh type Gear Box 

 

This is the simplest type of gear box (Fig 3). The power is transferred from the engine to the clutch shaft and 

then to the clutch gear which is always in mesh with a gear on the layshaft. All the gears on the lay shaft are 

fixed 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 by suitably moving the gear on the main shaft by means of selector 

mechanism. 

 

Constant Mesh Gear Box 

 

In this type of gear box, all the gears are in constant mesh with the corresponding gears on the layshaft. The 

gears on the main shaft which is splined, are free. The dog clutches are provided which slide on the main shaft. 

The gears on the layshaft are, however, fixed. 

 

When the left dog clutch is slided to the left by means of the selector mechanism, its teeth of the gear are 

engaged with the clutch gear. The same dog clutch, however, when slide to right makes contact with the second 

gear and second gear ratio is obtained. Similarly movement of the right dog clutch to the left results in low gear 

and towards right in reverse gear. 

 

Synchromesh Gear Box 

This type of gear box is similar to the constant mesh type. In this all the gears on the mainshaft are in constant 

mesh with the corresponding gears on the layshaft. The gears on the layshaft are fixed to it while those on the 

mainshaft are free to rotate on the same shaft. Its working is also similar to the constant mesh type, but in the 

former there is one definite improvement over the latter. This is the provision of synchromesh device which 

avoids the necessity of double declutching. The parts which ultimately are required to be engaged, are first 

brought into frictional contact which equalizes their speed, after which these may be engaged smoothly. 

 

Fig shows the construction and working of a synchromesh gear box. In most of the cars, however, the 

synchromesh devices are not fitted to all the gears. They are only on the high speed gears but on the low speed 

and reverse gears, ordinary dog clutches are only provided. This is done to reduce the cost. 

In other words, the gear wheels which are to be positively connected are first brought into frictional contact and 

when the friction has equalized their speeds, the positive connections are made. Synchromesh devices can be 

applied to the sliding mesh gear box but they are universally used with constant mesh gear boxes used in 

different motor vehicles. The main features of this gear box are: 

a) The output gears are free to rotate on bushes on the output shaft. They are internally located by 

splined thrust bearings. Single or double helical gears remain in constant mesh with the lay shaft gears. 



b) The output gears are locked to their shaft by the dog clutch 

c) Change of the synchronizing hub takes place when its speed equalizes or synchronizes by theirs 

cones. 

 

In case this gear is not used, it is left to the skill of the driver to bring one or more gears for meshing. By the 

skillful use of this clutch and accelerator pedal, he can bring the gears approximately the same speed. Even for 

the unskilled driver it is not difficult to affect quite satisfactory the change of gears. He can do it simply by 

using the clutch pedal gear lever with the help of successful commercial gear synchronizers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Experiment 6 
Aim 

To study and prepare report on the constructional details, working principles and operation of the following 

Automobile clutches: 

 

a) Coil Spring Clutch 

b) Diaphragm Spring Clutch 

c) Multi plate Clutch 

 

THEORY 

Diagram, Constructional Details, Working Principle and Operation of the above 
 

A simplified sketch of a single plate clutch is given in fig 1 Friction plate is held between the flywheel and the 

pressure plate. There are springs (the number may vary, depending upon design) arranged circumferentially, 

which provide axial force to keep the clutch in engaged position. The friction plate is mounted on a hub which 

is splined from inside and is thus free to slide over the gear box shaft. Friction facing is attached to the friction 

plate both sides to provide two annular friction surfaces for the transmission of power. A pedal is provided to 

pull the pressure plate against the spring force whenever it is required to be disengaged. Ordinarily it remains in 

engaged position as is shown in fig.1 

 

When the clutch pedal is pressed, the pressure plate is moved to the right against the force of the springs. This  

is achieving by means of a suitable linkage and a thrust bearing. With this movement of the pressure plate, the 

friction plate is released and the clutch is disengaged. 

 

In actual practice the construction of the clutch differs. The pressure plate, the springs, the release levers and  

the cover form a sub assembly, called the cover assembly which can be mounted directly to the engine block, of 

course, placing the clutch plate in between the flywheel and the pressure plate with the clutch shaft inserted in 

this arrangement. 

 

Advantages 

1 with the single plate clutch, gear changing is easier than with the cone clutch, because the pedal 

movement is less in this case 

2 it does not suffer from disadvantages of cone clutch i.e. bindings of cones etc. and hence it is more 

reliable 

 

 

Disadvantages 

As compared to cone clutch, the springs have to be more stiff and this means greater force require to be applied 

by the driver while disengaging. 

 

In the assembled position releases lever rest against the centre opening of the cover pressing there is an eyebolt 

nut which causes the strut to pull the pressure plate against the springs, thus holding together the assembly. 

When the cover is bolted onto the flywheel, the pressure plate is further pushed back against the springs, 



causing them to be compressed further, which relaxes the release levers. Anti rattle springs serve to prevent the 

undesirable noise due to release levers when the clutch is in the engaged position. 

 

Diaphragm Spring Type Single Plate Clutch 

The construction of this type of clutch is similar to that of the single plate type of clutch described above except 

that here diaphragm springs (also called Belleville springs) are used instead if the ordinary coil springs. In the 

free condition, the diaphragm spring is of conical form but when assembled, it is constrained to an 

approximately flat condition because of which it exerts a load upon the pressure plate. 

 

A diaphragm spring type clutch is shown in fig. where shows the clutch in the engaged position and in the 

disengaged position. 

 

It is seen from the above figures that the diaphragm spring is supported on a fulcrum retaining ring so that any 

section through the spring can be regarded as a simple lever. The pressure plate E is movable axially, but it is 

fixed radically with respect to the cover. This is done by providing a series of equally spaced lugs cast upon the 

back surface of the pressure plate. The drive from the engine flywheel is transmitted through the cover,  

pressure plate and the friction plate to the gear box input shaft. 

 

The clutch is disengaged by pressing the clutch pedal which actuates the release fingers by means of a release 

ring. This pivots the spring about its fulcrum, relieving the spring load on the outside diameter, thereby 

disconnecting the drive. 

 

In this clutch, three straps of spring steel are placed equilaterally so that their outer ends are riveted to the cover, 

while their centers are riveted to the pressure plate. Drive is transmitted from the cover to the pressure plate via 

the straps along lines of action through the strap rivet centers. Spring flexure of the straps permits the axial 

movement of the pressure plate relative to the cover. 

 

Advantages of the diaphragm spring type clutch 

This type of clutch has now virtually superseded the earlier coil spring design in many countries in clutch sizes 

ranging upto 270 mm, in diameter, although in case of heavy vehicles, the coil spring type clutches are still 

being used because of the difficulty to provide sufficient clamping force by a single diaphragm spring. The 

diaphragm spring however, offers certain distinct advantages. 

i) it is more compact means of storing energy. Thus compact design results in smaller clutch 

housing. 

 

ii) As the diaphragm spring is comparatively less affected by the centrifugal forces, it can withstand 

higher rotational speeds. On the other hand, coil springs have tendency to distort in the transverse direction at 

higher speeds. 

 

iii) In case of coil springs, load deflection curve is linear. Therefore, with the wear of the clutch 

facing the springs has less deflection due to which they would apply less force against the clutch plate. On the 

other hand, in case of diaphragm spring, the load deflection curve is not linear therefore, in this case, as the 

clutch facing wears, force on the plate gradually increases, which means that even in the worn out condition, the 

spring force is not less than its value in case of new clutch. Further, it is also seen that the load deflection curve 

depends upon the ratios h/t where h is the free dish height and t is the thickness of the spring. Therefore, in this 

case with suitable design, the load deflection curve can be improved to give lower release loads. 



iv) The diaphragm acts as both clamping spring and release levers. Therefore, 

many extra parts like struts, eye bolts, levers etc. are eliminated in the diaphragm spring, 

because of which the loss of efficiency due to friction wear of these parts also does not 

occur, which results in the elimination of squeaks and rattles. 

 

Multiplate clutch 

These clutches are used in heavy commercial vehicles, racing cars and motor cycles for 

transmitting high torque. In comparison to single plate type, these switches are smoother 

and easier to operate due to their assembly of friction surfaces contact. They may be used 

where space is very limited, i.e. in automatic transmission and motor cycles. In the latter 

cases a multiplate clutch of small operator transmits approximately the same torque as a 

single plate clutch of twice that diameter. These are also used in cases where very large 

torques are to be transmitted i.e. in heavy commercial vehicles, cars, special purpose 

military and agricultural vehicles. These clutches may be dry or wet. When the clutch of 

this type is operated in a bath of oil, it is called a wet clutch. But these oil immersed or 

wet clutches are generally used in conjunction with or as a part of the automatic 

transmission. It consists of a number of thin plates connected alternately to input and 

output shaft resulting in a very large area of working surface in a comparatively small 

space. The increased number of plates provides the increased torque transmitting ability 

of the clutch. 

 

 

 

 

 

 

 

 

 

 

 

 

 


