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UNIT-1 VEHICLE STRUCTURE AND ENGINES 

 

PART-A 

 

1 What are the functions  of a frame? 

 To support the chassis components and the body. 

 To withstand static and dynamic loads without undue deflection or distortion. 

 To carry the load of the passengers or goods carried in the body. 

2. List out the various  materials  used in the construction of chassis frames. 

a Low Carbon Steel - 0.18 or 0.20 % carbon content 

b High Carbon Steel - 0.25 % carbon content 

c Alloy Steel – With alloying elements like Ni & Cr 

3. Write down any two main sections  of vehicle construction. 

 Chassis construction 

 Body construction 

4. What are two types of vehicle suspensions? 

a Rigid axle suspension 

b Independent suspension 

5. What loads are coming to axle? 

o Vertical bending load due to vehicle weight 

o Driving torque 

o Braking torque 

o Side thrust 

6. What are the functions  of a gear box? 

a It has to provide torque multiplication 

b It has to provide neutral position 

c It has to provide the means to reverse a vehicle 

7. Why you need a gear box? 

When a vehicle is moving on a road, it has to encounter different resistances depending upon the 

road surface, vehicle speed and road gradient. Hence, wheel torque required at road wheels is different 

for different operating conditions. To satisfy this requirement, a gearbox is necessary in a vehicle. 

8. Name the different  kind of resistances  to vehicle motion. 

• Air resistance 

• Rolling resistance 

• Gradient resistance 

9. Why is the frame narrow at front? 

 The frame is narrowed at the front to provide a better steering lock. 

 This also permits smaller turning circle radius 



10. List out the various  materials  used in the construction of vehicle body 

• Wood 

• Metals 

• Plastics 

• Mixed construction of all these materials 

11. Why are the side members  of the frame upswept at two places? 

The frame is upswept at the rear and front to accommodate the movement of the axles due to 

springing. 

It also keeps the chassis height low. 

12. What  is the function of a bumper? 

A bumper is the front- most or rear-most part, which is designed to allow the vehicle to 

sustain an impact without damage to the vehicle's safety systems 

13. What are the stresses to which the frame members  are subjected to? 

• Frame longitudinal members – bending stress 

• Frame side members – twisting stress 

14. What wre the main components of an engine?. 

• Cylinder block 

• Cylinder head 

• Crankcase 

• Cylinder 

• Piston 

• Connecting rod 

• Crankshaft 

• Camshaft 

• Valves 

• Spark plug (in the case of petrol engine) 

• Fuel injector (in the case of diesel engine) 

15. What are the types of frames? 

• Ladder type frame 

• Perimeter type frame 

• X type frame 

• Backbone type frame 

16. What is meant by the term Chassis? 

A complete vehicle without a body structure is known as Chassis. It comprises of basic 

structure, power unit, transmission system, controls and auxiliaries. 

17. What are the advantages  of air-cooled  engines? 

• Less weight-power ratio 

• Does not require radiator and water pump 

• No antifreeze agents required 

• No salt and mud deposits in the system 

• Air cooled engines are cheaper 

18.  What is the function of piston, connecting rod, crank shaft and cylinder head? 

• Piston – The piston assembly transfers the force from the power stroke to the crankshaft 

• Connecting rod – converts reciprocating motion of piston into rotary motion of crankshaft 

• Cylinder head – it acts as a top cover to the cylinder block. The valves are placed in the cylinder 

head in an overhead valve engine. 



19. What is clearance volume?  And what are its effects? 

The volume above the piston, when it reaches TDC is known as clearance volume. The 

clearance volume is inversely proportional to the compression ratio. 

20. What is the purpose of lubricating system? 

The purpose of lubrication system is to supply the lubricating oil between the moving 

parts of the engine in order to 

1. Reduce the friction 

2. Provide the cooling effect 

3. carry away the deposits formed due to wear and tear 

 

PART – B & C 

 

1. Compare the merits and demerits of a frameless construction with those of the conventional 

framed construction 

ANSWER: 

Advantages of Frameless Constructions/ Unibody/Superstructure:  

A whopping amount of fuel is conserved because of the drastic decrease in weight, thanks to this 

type of construction. 

The manufacturing costs are much lower than those of the traditional ways of frames. 

These Frameless Constructions have better collision properties due to which the entire frame 

crumbles and absorbs the body shocks in an event of a collision, providing better safety to the 

passengers. 

This kind of a construction allows for better stability, lighter weight and better handling 

characteristics for the vehicle. 

Disadvantages Frameless Constructions/ Unibody/Superstructure 

Owing to newer and lighter materials being used, there is a minor reduction in strength and 

durability for the vehicles. 

The economy would be possible only if the frameless construction production can be carried out 

in mass. 

During accidents, the damages are usually severe and hence there is a marked increase in the costs 

incurred. 

The frameless construction isn’t a feasible option for a lot of vehicle types -- like Roadsters, jeeps 

and commercial vehicles. 

2. Explain the following terms: (i) Load distribution in frames (ii) Frame types with sketch (iii) 

Frame materials (iv) Frame testing. 

ANSWER: 

(i) Various distribution loads acting on the frame are 



 Short duration Load – While crossing a broken patch. 

 Momentary duration Load – While taking a curve. 

 Impact Loads – Due to the collision of the vehicle. 

 Inertia Load – While applying brakes. 

 Static Loads – Loads due to chassis parts. 

 Over Loads – Beyond Design capacity 

(ii) Frame types with sketch 

 Types of frame according to the construction: 

 Ladder type frame 

 X-Type frame 

 Offset frame 

 Off set with cross member frame 

 Perimeter Frame 

 

 

Frame 

 

Ladder type chassis frame 

(iii) Frame materials 



Typically the material used to construct vehicle chassis andframes is carbon steel; or aluminum 

alloys to achieve a more light-weight construction. In the case of a separate chassis, the frame is 

made up of structural elements called the rails or beams. 

(iv) Frame testing. 

 Vibration 

 Strain 

 Temperature 

 Road Simulation 

 Crash Testing 

3. Explain the construction of various frames used in automobiles with neat sketch 

ANSWER: 

Types of frame according to the construction: 

Ladder frame 

Ladder chassis with diagonal cross-bracing, So named for its resemblance to a ladder, the ladder 

frame is one of the simplest and oldest of all designs. It consists of two symmetrical beams, rails, or 

channels running the length of the vehicle, and several transverse cross-members connecting them. 

 

Ladder frame 

 



Unibody 

 
Unibody frame 

The term unibody or unit body is short for unitized body, or alternatively unitary 

construction design. This engineering approach of a vehicle describes "of a vehicle, a one-piece frame 

and body structure 

Type of body/frame construction in which the body of the vehicle, its floor plan and chassis form 

a single structure. Such a design is generally lighter and more rigid than a vehicle having a separate body 

and frame. 

X-frame 

This is the design used for the full-size American models of General Motors in the late 1950s and 

early 1960s in which the rails from alongside the engine seemed to cross in the passenger compartment, 

each continuing to the opposite end of the crossmember at the extreme rear of the vehicle. 

Perimeter frame 

Similar to a ladder frame, but the middle sections of the frame rails sit outboard of the front and 

rear rails just behind the rocker / sill panels. This was done to allow for a lower floor pan, especially at the 

passenger footwells, to lower the passengers' seating height and therefore reduce the overall vehicle 

height in passenger cars.  

 

Platform frame 

This is a modification of the perimeter frame, or of the backbone frame, in which the passenger 

compartment floor, and sometimes also the luggage compartment floor have been integrated into the 

frame as loadbearing parts, for extra strength and rigidity. 

 

https://en.wikipedia.org/wiki/File:Citroen_Traction_Avant_body-chassis_unit_(Autocar_Handbook,_13th_ed,_1935).jpg


 
Platform frame 

4. Explain briefly about structure of passenger car with neat sketch. 

ANSWER: 

Body of a car decides the space available for passenger and language in the car. There are various 

type of body used in Indian market. And they are given below. 

1. Hatchback 

Hatchbacks are vehicles with a separate engine area, and passenger area (or two boxes), the 

luggage area is enclosed with the passenger area behind the rear seats. 

Example: Nano, Indica, Jazz, Punto etc. 

 
2. Sedan/Notchback 

Sedan are basically vehicles with an engine area, passenger area, and boot area (or three box), all 

separate. 

Example: Indigo Manza, Swift Dzire etc. 

 



3. Estate/Station Wagon 

Estates or Station wagons are modified saloon vehicles by combining the boot with passenger area 

& extending it till the roof. The boot area is significantly larger and does not have third row seating. This 

makes it convenient to carry big objects. 

 

Example: Indigo Marina, Octavia Combi etc. 

 
4. Multi Purpose Vehicle (MPV) / Multi Utility Vehicle (MUV) 

MPV (Multi-Purpose Vehicles) or MUV (Multi Utility Vehicles) can have the engine, passenger area and 

boot area enclosed together or they can have the engine area separate and the passenger and boot area 

enclosed. MUV/MPV can also have third row of seating. These vehicles are two wheel drive. 

Example: Sumo Grande, Tata Tavera, Tata Innova etc. 

 
5. Sport Utility Vehicle (SUV) 

These vehicle have large tyres, higher seating, higher ground clearance. The engine area is separate and 

the passenger and boot area are enclosed together. These vehicles are either equipped with 4 wheel drive 

or has as an option of 4 wheel drive. 

Example: Safari, Scorpio, Gypsy, Fortuner. 

 
6. Pick-Up Truck 

These vehicle have large tyres, higher seating capacity, higher ground clearance. The engine area is 

separate and the passenger compartment available in single or double cab configurations. Also, luggage 

loading bay is available behind the passenger compartment. These vehicles are either equipped with 4 



wheel drive or has as an option of 4 wheel drive. 

Example: Xenon, Scorpio Getaway etc. 

 
7. Van 

The engine is placed below the passenger area. Vans can also have Third row of seating. They are also 

taller and generally more spacious. 

Example: Winger, Ace Magic, Omni etc. 

 

 
 

 

 

 

 

 

5. (i) Discuss the various resistances to vehicle motion (8) 

(ii) Discuss the need of a gear box. (8) 

ANSWER: 

(i) RESISTANCE TO VEHICLE MOTION  

• Basic Resistance  

• Air Resistance 

 • Air Resistance  

• Total Resistance  

• Alignment Resistance  

• Gradient Resistance  

• Curvature Resistance 



 
 

  Resistance to vehicle motion 

 
 

Effects of air resistance 

(ii) Discuss the needs of gearbox 

Most modern gearboxes are used to increase torque while reducing the speed of a prime 

mover output shaft (e.g. a motor crankshaft). This means that the output shaft of a gearbox rotates at a 

slower rate than the input shaft, and this reduction in speed produces a mechanical advantage, 

increasing torque. 

 Any automobile engine can produce rotation only within a certain range. 

 Usually this range is too high for tyres. As tyres have very large diameter as compared to engine 

shafts, they will have more than required speed, if engaged directly. 

 This will lead to accidents and no control of automobile. 

 Reducing the speed will reduce the power as P = Tw. 



 Hence, to take advantage of the range of RPM of the engine, a gear box is used. 

 The gear box can give different linear speeds of vehicles for the same RPM of the engine. 

 

6. Explain any five components of engine with neat sketch 

ANSWER: 

Piston and piston rings: 

 Piston is the main part of the engine. The main function of the piston is to compress the charge 

and to transmit the gas force to the connecting rod during the power stroke.  

 Piston rings are circumferential rings that are provided in the piston grooves.  

 The piston rings are not fully circular; there is a clearance (Ring gap) between the two ends. 

 This is provided because during the expansion stroke piston rings expand 

 
piston 

Cylinder:  

 It is the part of the engine in which the conversion of thermal energy to mechanical work takes 

place. The piston reciprocates inside the cylinder. 

 Since energy conversion takes place inside the cylinder it must withstand high pressure and 

temperature. 

 It must be able to resist wear and tear and must dissipate heat. So material selection is an 

import ant consideration. Ordinary cast iron is used in light duty engines but in heavy duty 

engines alloy steels are used.  

 The cylinders are provided with liners so that they can be replaced when worn out. Liners are 

made of nickel chrome iron. 

Connecting rod: 

 The connecting rod connects the piston and the crankshaft. 

 The piston is connected to the connecting rod by means of gudgeon pin. 

 It converts the reciprocating motion into rotary motion. 

 The upper end of the connecting rod is called small head that is connected to the piston and the 

lower end is called big end 



 
Connecting rod 

Crankshaft: 

 It is steel forged and smooth finished. Both the ends of the crankshaft are supported in the 

bearings. 

 One end is provided with the flywheel. The crankshaft is provided with counter weights for 

balancing.  

 
Crank shaft 

Cam and camshaft:  

 The main function of the camshaft is to open and close the valves at the appropriate time. The 

cam is operated by means of gear arrangement driven by the flywheel.  

 The cam converts rotary motion into linear motion that operates the rocker arm. The motion of 

the rocker arm operates the valves.  

 Sometimes two camshafts are provided to operate inlet valve and exhaust valve separately. 



 
Cam and cam shaft 

7. Explain the materials used to manufacture the components of engine (16) 

ANSWER: 

1. Cylinder Block:- 

 Material : Ductile (Nodular) Cast Iron ,30C8 (Low Carbon Steel) 

2.Cylinder Head/Cylinder Cover:- 

 Material: Aluminium alloys 

3. Piston:- 

 Material : Aluminum Alloy 4652 because of its Low Specific Gravity. 

4. Piston Rings:-  

 Material: cast iron of fine grain and high elastic material 

5. Connecting Rod:-  

 Material: Low Carbon steel 30C8  

6. Crank Shaft:-  

 Material: 37C15 Alloy Steel. 

7. Fly wheel:-  

 Material : cast Iron 

8.Poppet Valves 

 Materials: Phosphorus Bronze and Monel metal. 

9. Manifold 

 Material : Aluminium alloy -Alloy 4600 

10. Gudgeon pin or piston pin 

 Material: Plain Carbon steel 10C4  
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