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Unit-1 Body Engineering 

Introduction of Chassis Frame: 

 A vehicle without body is called Chassis. It is the back bone of the vehicle. It is the main mounting for all the 

components including the body. The components of the vehicle like power plant, transmission system, axles, wheels and 

tyres, suspension, controlling systems like braking, steering etc., and also electrical system parts are mounted on the 

Chassis frame. Chassis is a French term and was initially used to denote the frame parts or Basic Structure of the vehicle. 

Layout of Chassis and its main Components: 

 

Fig-1.1 Vehicle Layout 

 

The following main components of the Chassis are  

   1. Frame 

   2. Engine or Power plant  

   3. Clutch  

4. Gear Box  

5. U Joint  

6. Propeller Shaft  

7. Differential  

FUNCTIONS OF THE CHASSIS FRAME:  

      1. To withstand centrifugal force while cornering 

Downloaded from  be.rgpvnotes.in

Page no: 1 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


       2. To support the load of the body, engine, gear box etc. 

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

       4. To withstand the forces caused due to the sudden braking or  

           Acceleration  

       5. To withstand the stresses caused due to the bad road condition.  

       6. It is the main load carrying component of the vehicle  

TYPES OF CHASSIS FRAMES:  

       There are three types of frames  

       1. Conventional frame  

       2. Integral frame  

       3. Semi-integral frame  

1. Conventional frame: This frame has two long members and 5 to 6 cross members which are joined together with the 

help of rivets and fasteners. The sections used for conventional frame are:  

              a. Channel Section  

              b. Tabular Section  

              c. Box Section       

 

Fig. 1.2 Conventional Frame 

2. Integral Frame: In this type of frame the functions of the frame carried out by the body itself. There is no frame and all 

the assembly units are attached to the body. This frame is used now days in most of the cars. Due to elimination of long 

frame it is cheaper and due to less weight most economical also.   

 

Fig. 1.3- Integral Frame 
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3. Semi - Integral Frame: This type of frame is used in FIAT cars and some of the European and American cars.  

It has the advantage when the vehicle is met with accident the front frame can be taken easily to replace the damaged 

chassis frame.  

 

Fig. 1.4- Semi-Integral Frame 

 

VARIOUS LOADS ACTING ON THE FRAME:  

     Various loads acting on the frame are – 

1. Over Loads - Beyond Design capacity. 

2. Momentary duration Load - While taking a curve. 

3. Static Loads - Loads due to chassis parts. 

4. Impact Loads - Due to the collision of the vehicle. 

5. Short duration Load - While crossing a broken patch.  

6. Inertia Load - While applying brakes. 

DIFFERENT BODIES USED IN AUTOMOBILES:  

The Automobile bodies are divided in two groups  

1. Commercial body 

2. Passenger body 
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Fig. 1.5- Vehicle Bodies 

According to Chassis design the body can divided into – 

1. Semi- Integral Type 

2. Integral Type 

3. . Conventional Type 

According to other usage:  

1. Heavy vehicle Bodies 

2. Medium vehicle Bodies 

3. Light vehicle Bodies 

REQUIREMENTS OF BODIES FOR VARIOUS TYPES OF VECHILE:  

       Requirements of vehicle body: 

 Number of components should be minimum 

 It should be able to withstand vibrations. 

 It should be attractive in shape and color. 

 It should have long fatigue life 

 It should offer minimum resistance to air. 

Driver's Visibility & Methods for Improvement: 

 Windscreen is an essential component of your car. This helps improve or reduce driver's visibility based on how 

clean or shiny the windows and the windscreens are. 

In automobiles, driver visibility is the maximum distance at which the driver can view without much movement of the 

neck and identify objects/vehicles around his vehicle. 

Visibility is a key concern when behind the wheel. Car driver should have good visibility in order to enjoy a safe drive. 

The best way to improve visibility is to have your car's windshield in a pristine condition. 

  Blind spots exist in a wide range of vehicles: cars, trucks, motorboats and aircraft. Other types of 

transport have no blind spots at all, such as, motorcycles, bicycles, etc. The area around the vehicle that cannot be 

directly observed by t he driver is known as blind spot.  
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 Visibility is primarily measured by a vehicle's design and by weather conditions. The parts of a vehicle that affects 

visibility include the pillars, the dashboard and the windshield. Good driver visibility is essential to safe road traffic.  

Rear quarter blind spots can be: 

 Checked by turning movement of head briefly  

 It can be reduced by installing mirrors with larger fields-of-view  

 Can be eliminated by reducing overlap between side and rear-view mirrors by adjusting side mirrors so the side 

of the car is barely visible when your head is between the front seats (for the right side mirror) and almost 

touching the driver’s window (for the left side mirror), then checking to be sure you can see cars approaching 

from behind on either side when on the highway.  

Forward visibility: 

Front blind spots are affected by the following design considerations: 

 Angle of the windshield 

 The angle of the pillar in a vertical plane front view 

 Height of the driver in relation to the dashboard 

 Speed of the opposite car 

 The angle of the pillar in a vertical plane side view 

 Thickness of the pillar 

 The form of the pillar straight or arc-form 

 Distance between the driver and the pillar  

Flat windshields: 

 A flat A-pillar's reduces the drag coefficient and makes the car body stronger in a front collision, but reducing 

driver visibility in a 180° field of view from left to right. A flatter A-pillar (and therefore windscreen) is also a factor when 

calculating the effects of a collision with a pedestrian. A flat angle results in a more gentle impact, directing the 

pedestrian "up and over" rather than directly into the windscreen. Other disadvantages of a flat windshield angle: 

 The driver cannot reach the whole flat window to clean it easily. 

 The heater needs more time to heat the bigger window surface. 

 Other traffic cannot see the driver through the reflection if the driver can see them. 

 The flat windshield angle does not let snow slide off easily. 

Panoramic windshield: 

To design vertical A-pillars which can give the driver maximum forward visibility however, it is impossible to design small 

car with a vertical. Vertical A-pillars provide less space to door openings, and the increase the front projected 

area and coefficient of drag the vehicle will be increased. 

Effects of A-pillar angle on visibility: 

Cars have a diagonal pillar. The angle of A-pillar is 40 degrees with a straight pillar that is not much wide. It improves the 

car’s aerody a ics 

Examples of cars with an almost vertical A-pillar: 

 Honda Step Bus Concept  

 Saab 900  

 School bus  

Driver height: 

Visibility is also affected by height of the driver 

 A fillet round A-pillar can give a tall driver visibility problems. Some cars the windshield is fillet with the roof-line 

with a big radius. Also sometimes the A-pillar can block the driver from seeing motorcyclists. 

A driver can reduce blind spot or eliminate it by moving their head in the direction of the obstruction. It allows the driver 

to view better. 

Reflection due to windshield- 

 Light due roof reflection: 

           Some time dashboard reflects due to the sunlight coming for the sun roof. 

Reflection of A-pillar: 

 If the side of the window is curved there is less A-pillar reflection. 

 It is best if the inside of the A-pillar has a non-reflecting dark colored surface. 

Reflection due to dashboard: 
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 A small dashboard gives some reflection on the lower part of the windshield. 

 A big dashboard can give reflection on eye height. 

 It is best if the dashboard has a non-reflecting dark colored surface. 

SAFETY ASPECTS OF VEHICLES: 

Automobile safety is the study of design, equipment, construction, and rules regulation to reduce the 

possibilities of occurrence of automobile accidents. One of the first formal academic studies into improving vehicle safety 

Road safety includes roadway design.  However, the primary factor of vehicle safety is to protect the passengers in case 

of any collision. The main conclusion of their extensive report is the crucial importance of seat belts and padded dash 

boards.  

Risk compensation theory has been used in safety devices, regulations and modifications of vehicles despite the 

efficacy of saving lives. Improvements in roadway and automobile designs have steadily reduced injury and death rates in 

all first world countries. Nevertheless, auto collisions are the leading cause of injury-related deaths. 

 Active and passive safety: 

The terms "active safety" and "passive safety" are important terms in the automotive safety. "Active safety" is 

used to refer to devices and technology which ensuring the prevention of a accident and "passive safety" to devices of 

the vehicle that help to protect passengers during a collision (for example airbags, seatbelts and the physical structure of 

the vehicle). 

Crash avoidance: 

These devices assist the driver and vehicle itself to avoid a crash. These includes: 

The headlamps, reflectors, and other lights and signals 

The mirrors 

The brakes, steering, and suspension systems. 

Driver assistance: 

It is the sub category  of crash avoidance, which helps the driver to detect obstactions and to control the automobile. 

Following are the driver assistance systems: 

 Infrared night vision: An infrared night vision system is a device to increase driver's vision darkness or poor weather 

conditions which are beyond the reach of the vehicle's headlights. These are used as option devices in some 

premium vehicles. 

 Automatic braking: It is a system to sense an accident with another vehicle, person or obstacle; or a danger such as 

a high speed approach to a stop sign and to respond with the braking system by either pre charging the brakes or by 

applying the brakes to slow the vehicle without any driver input. Sensors can detect obstacles loike approaching 

stop signs through a location database. Sensors to detect other vehicles or obstacles can include radar, video, 

infrared, ultrasonic or other technologies.  

 Parking sensors: Parking sensors can alert the driver to unseen obstacles during reversing or parking man oeuvres. 

The system is sometimes also referred as Park Distance Control (PDC). 

These are divided in two categories  

1. Electromagnetic parking sensors 

2. Ultrasonic parking sensors 

 Backup camera: It is a special type of video camera that is produced specially for being attached to the rear of a 

vehicle. These are also known as 'rear view cameras' or 'reversing cameras'. 

The backup camera is different from other cameras in that the image it flips the image horizontally so that the output 

will be a mirror image. This is necessary because without it, the camera's right would be on the driver's left and vice 

versa. While this lens damages the camera's ability to catch farthest obstacles, it allows the camera to see an 

uninterrupted horizontal path from one rear corner to the other. The camera is typically pointed on a downward 

angle, to view potential obstacles on the ground as well as the position of approaching walls and docks, rather than 

straight back. 

 Autonomous cruise control: It is an optional cruise control system for road vehicles. It makes no use of satellite 

or roadside infrastructures not of any cooperative support from other vehicles. Therefore control is based on sensor 

information. The cruise control requires either fixed infrastructure or mobile infrastructures as reflectors or 

transmitters on the back of other vehicles ahead. Such systems have many different trade names according to the 

manufacturer. These technologies use either laser sensor or a radar setup which allows the car to slow when 

reaching another car ahead and speedup again to the preset speed when traffic allows.  ACC technology is widely 

regarded as a key component of any future generations of intelligent cars.  
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 Lane departure warning system: A lane departure warning system is a technology designed to warn a driver 

when the vehicle begins to move out of its lane on freeways and arterial roads. These systems are designed to 

minimize accidents by addressing the main causes of crash: driver error, distractions and drowsiness.  

 Tire pressure monitoring System: Tire pressure monitoring systems uses  a pressure sensor directly mounted on 

the wheels or tires of a vehicle. The tire pressure is measured using a pressure transducer with the pressure 

information then sent to the vehicle to warn the driver of under or over pressure of a tire. The pressure level is 

commonly transmitted to the vehicle using radio frequency technology, though systems using mechanical, 

electrical or magnetic methods have been used over recent years.  

 Anti-lock braking system: An anti-lock braking system (ABS) is a automobile safety system that allows the wheels 

on a motor vehicle to continue interacting tactilely with the road surface as given by driver steering inputs while 

braking, avoiding the wheels from locking up (that is, ceasing rotation) and therefore avoiding skidding. It is an 

automated system that uses the principles of threshold braking and cadence braking, that was practiced by 

skilful drivers with previous generation non-abs braking systems.  

An ABS improves vehicle control and decreases stopping distances on dry and slippery surfaces for many drivers; 

however, on loose surfaces like gravel or snow-covered pavement, an ABS can increase braking distance, 

although it improves control over vehicle.  

 Emergency brake assist: EBA is a safety system in automobiles which ensures maximum braking power is used in 

an emergency stop situation. By analyzing the speed and force with which the brake pedal is applied, the system 

detects if the driver is trying to execute an emergency stop, and if the brake pedal is not completely applied, the 

system overrides and applies the brakes until the ABS takes over to stop the wheels being locking up.  

 Pre-crash system: A pre-crash system is a vehicle safety system designed to minimize the severity of a crash. I t is 

also known as forward collision warning systems which use radar and sometimes laser sensors to detect an 

imminent crash. Depending on the system they may warn the driver, and activate the passive safety devices. 

 Intelligent Parking Assist System: Intelligent Parking Assist System (IPAS), also known as the Advanced Parking 

Guidance System (APGS) for Lexus models in the United States, is the first production. In the vehicles equipped 

with the IPAS, the car can steer itself into a parking space with little input from the user.  

 Crashworthiness: Crashworthy systems and devices avoid or minimize the severity of injuries when a crash is 

imminent or actually happening. Huge research has been carried out using anthropomorphic crash test 

dummies. 

 Seatbelts: A seat belt, also called a safety belt, is a safety device designed to secure the occupant of a vehicle 

against harmful movement that may result during an impact collision or a sudden stop. A seat belt minimizes the 

severity of injury in a traffic collision by stopping the vehicle occupant from striking hard against interior of the 

vehicle or other passengers, by holding occupants in correct position for maximum benefit from the airbag, if the 

vehicle is so equipped, and by preventing occupants being ejected from the vehicle. 

 Airbag: An airbag is a vehicle safety device. It is a passenger restraint system consisting of a flexible balloon 

designed to inflate rapidly during an automobile crash. It is designed to cushion the passengers during a collision 

and provide protection to their bodies when they strike interior objects such as the steering wheel or a window. 

Modern vehicles contain multiple airbags in sides and front locations of the occupants seating positions, and 

sensors may deploy one or more airbags in an impact zone at variable rates depends upon the type and severity 

of crash; the airbag is designed to only inflate in moderate to severe frontal collision. Airbags are generally 

designed with the intention of protection of a passenger who is correctly restrained with a seatbelt. Most air 

bags are inflated by pyrotechnic means and can be operated once. 

 Laminated windshield remains in a single piece when impacted, avoiding penetration of unbelted occupants' 

heads and maintaining a minimal but adequate transparency for control of the car immediately following a 

collision. Normal tempered glass side and rear windows break into pieces with minimally sharp edges, rather 

than splintering into jagged fragments as ordinary glass does.  

 Crumple zones absorb and dissipate the impact force of a collision, displacing and diverting it away from the 

passenger compartment and reducing the deceleration impact force on the vehicle occupants. Some vehicles 

may include a front, rear and maybe side crumple zones too. 

 Safety Cell - The passenger compartment is made with high strength materials, at places subject high loads in a 

crash, in order to maintain a survival space for the vehicle occupants. 

Post-crash survivability: This is the chance that drivers and passengers survive a collision after it occurs. Technology like 

Advanced Automatic Collision Notification can automatically make calls to emergency services and send 
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information about a vehicle crash. 

LOCATION OF ENGINE: 

(A) Rear Wheel Drive Line: 

The rear-wheel-drive vehicles use a longitudinally-mounted engine in the front of the vehicle, driving the rear wheels via 

a driveshaft linked via a differential between the rear axles. Rear-wheel drive (RWD) places the engine in the front of the 

vehicle and the driven wheels are located at the rear, a configuration known as front-engine, rear-wheel drive line. Some 

FRL vehicles place the transmission at the rear, though most attach it to the engine at the front. Some of the advantages 

of FRL are radius, better handling in dry conditions, better braking, towing, serviceability and robustness even weight 

distribution, weight transfer during acceleration, steering. 

 

  
 

Fig. 1.6- Rear Wheel Drive Line 

(B) Front Wheel Drive Line. 

This drive line is selected for its compact packaging; because the engine and driven wheels are on the same side of the 

vehicle, there is no need for a central tunnel through the passenger compartment to accommodate a prop-shaft 

between the engine and the driven wheels. Front-wheel-drive lines are those in which the front wheels of the vehicle are 

driven. The most common drive lines used in today’s cars is the FFL, with the engine in front of the front axle, driving the 

front wheels. As the steered wheels are also the driven wheels, FFL (front-engine, front-wheel-drive line) cars are 

generally considered superior to FRL (front-engine, rear-wheel-drive line) cars in conditions such as snow, mud or wet 

tarmac. Some of the advantages are improving traction and directional stability on wet, snowy, or icy surfaces interior 

space, cost, improved drive train efficiency, placing the mass of the drive train over the driven wheels moves the centre 

of gravity farther forward than a comparable rear-wheel-drive layout,. 
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Fig. 1.7- Front Wheel Drive Line 

 

(C) Constructional details, Working Principles and Operation of Drive Axles and Four Wheel Drive Line: 

In four wheel drive line vehicles, differentials are fitted to both front and rear axle assemblies. When a two-wheel drive 

range is selected, the drive is transferred through the rear final drive and the differential gears to the rear axle shafts and 

road wheels. The differential allows the rear drive wheels to turn at different speeds when the vehicle is cornering, while 

continuing to transmit an equal turning effort to each wheel. When four-wheel drive is engaged, the drive is transmitted 

through both front and rear axle assemblies, and differential action occurs in both. However, in a cornering, side-

swiveling of the front wheels for steering makes the front wheels cover a greater distance than the rear wheels. This 

causes a difference in the rotational speeds of the front and rear wheels. Since there is a difference between inner and 

outer wheels, each axle shaft now rotates at a different speed. Differences in speed can also arisD from differences in 

tread wear between front and rear, or in tire inflation pressures. Since front and rear propeller shafts are connected 

together at the transfer case, the difference in speed may not be absorbed in the transmission, and the transmission 

drive line can be subjected to torsional stress.  

 

 
Fig. 1.8- 4 Wheel Drive Differential Axle Line 
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(D) Constructional details, Working Principles and Operation of Differentials:  

Torque is supplied form the gearbox through propeller shaft to a differential.  A spiral bevel pinion gear takes the drive 

from the other end of the propeller shaft, and is encased within the housing of the final drive unit. This meshes with 

the ring gear. The ring gear is attached to the cage, which contains the 'sun' and 'planet' gears, which are a cluster of four 

opposed bevel gears in perpendicular plane, so each of the bevel gear meshes with two neighbors, and turns counter to 

the third, that it faces and does not mesh with. The two sun wheel gears are aligned on the same shaft as the ring gear, 

and drive the axle half shafts connected to the vehicle's driven wheels. The two planet gears are mounted on a 

perpendicular shaft which changes position with the ring gear's rotation. 

Input torque is applied to the ring gear, which turns the entire carrier. The carrier is connected to both the side gears only 

through the planet gear. Torque is transmitted to the sun gears through the planet gear. The planet gear turns around the 

axis of the cage, driving the sun gears. If the resistance at both wheels is equal, the planet gear revolves without spinning 

about its own axis, and both wheels turn at the same rate. I 

f the left side gear encounters resistance, the planet gear spins as well as revolving, allowing the left side gear to slow 

down, with an equal speeding up of the right side gear. 

For example, if the vehicle is cornering to the right, the main crown wheel may make 10 full rotations. During that time, 

the left wheel will make more rotations because it has further to travel, and the right wheel will make fewer rotations as 

it has less distance to travel. The sun gears will rotate in directions opposite to the ring gear by, say, 2 full turns each (4 

full turns relative to each other), resulting in the outer left wheel making 12 rotations, and the inner right wheel making 

8 rotations. 

The rotation of the ring gear is always the average of the rotations of the sun gears. Manually rotating one driven road 

wheel causes the opposite road wheel to rotate in the opposite direction by the same amount. 

 
Fig. 1.9- Operation of a differential 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 
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