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CHAPTER -1 

1. INTRODUCTION 

1.1 FORMULA 1 

What is Formula 1? 

Formula One (also Formula 1 or F1) is the highest class of single-seat auto racing that is 

sanctioned by the Fédération Internationale de l'Automobile (FIA). The FIA Formula 

One World Championship has been the premier form of racing since the inaugural season in 

1950, although other Formula One races were regularly held until 1983. The "formula” 

designated in the name, refers to a set of rules, to which all participants' cars must conform. 

                         Formula One cars are the fastest road course racing cars in the world, owing 

to very high cornering speeds achieved through the generation of large amounts of 

aerodynamic downforce. Formula One cars race at speeds of up to 360 km/h (220 mph) with 

engines currently limited in performance to a maximum of 15,000 RPM. The cars are 

capable of lateral acceleration in excess of five g in corners. The performance of the cars is 

very dependent on electronics – although traction control and other driving aids have been 

banned since 2008 – and on aerodynamics, suspension and tyres. The formula has radically 

evolved and changed through the history of the sport. 

1.2 STUDENT FORMULA  

What is student formula 1 car? 

Formula Student is a student engineering competition held annually in the UK. Student 

teams from around the world design, build, test, and race a small-scale formula style racing 

car. The cars are judged on a number of criteria as listed below. It is run by the Institution of 

Mechanical Engineers and uses the same rules as the original Formula SAE with 

supplementary regulations. 

Class 1 

Is the main event, where teams compete with the cars they have designed and built. Teams 

are judged across 6 categories and must pass a rigorous inspection by judges before being 

allowed to compete for the dynamic events. There are usually 100-120 teams in this class. 

Class 2 

This is a concept class for teams who only have a project and plan for a Class 1 car. It can 

include any parts or work that has been completed in the project so far but this is not 

necessary. Teams are judged on business presentation, cost and design. Schools can enter 

both Class 1 and Class 2 cars, allowing Class 2 to be used for inexperienced students to 

practise their development in advance of a full Class 1 entry. 

Class 1A (pre-2012) 

This was an alternative fuelled class with the emphasis placed upon the environmental 

impact of racing. A car from the previous year's Class 1 entry could be re-entered and re-

engineered allowing the students to concentrate on the low carbon aspect of the competition 

without having to redesign a new chassis and ancillaries.  

https://en.wikipedia.org/wiki/Formula_racing
https://en.wikipedia.org/wiki/Formula_One_regulations
https://en.wikipedia.org/wiki/G-force
https://en.wikipedia.org/wiki/Formula_racing
https://en.wikipedia.org/wiki/Institution_of_Mechanical_Engineers
https://en.wikipedia.org/wiki/Institution_of_Mechanical_Engineers
https://en.wikipedia.org/wiki/Formula_SAE
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Class 2A (pre-2012) 

This was a concept class for teams who only had a project and plan for a Class 1A car. It 

could include any physical parts or work that had been completed for the project so far, but 

was not essential. Teams were judged on business presentation, cost and design. Schools 

could enter both Class 1A and Class 2A teams, with Class 2A allowing inexperienced 

students to gain competition experience in preparation for a full Class 1A entry. 

1.3 SCOPE OF PROJECT 

The Final year in Mechanical Engineering provides an opportunity for us to work under 

supervision, largely on their own initiative, on a topic of interest in Mechanical Engineering. 

The Project can also be seen within a professional context where as an engineer, team has to 

investigate a particular problem in some depth and produce both an analysis of problem and 

its solution. For these, we will need to draw upon a good level of knowledge and skills, both 

theoretical and practical, acquired in degree programme, and extend these in many respects. 

The Scope of Our Project titled as “Design and Fabrication of Student Formula One Car” is 

to make real scale working model of racing car which is similar as Student Formula 1 racing 

car by designing and fabrication works and to understand or acquire the basics knowledge 

of automobile.  

1.4 TEAM FORMATION 

In any group team formation plays a vital role so it did in ours. All the team member happily 

and willingly took part in project works. The team include 8 members viz. Radha Kishan 

Kharwar, Rajnikant, Md.Shamsh Azam Ansari, Rahil Mohammad, Saurabh Gupta, 

Kumar Gaurav and Anurag Prasad. All the team member co-ordinate and support each 

other in their work to make our project complete in given span of time. Sub teams were 

formed with clear cut aims. And above all, it was decided that the objective would be to 

build a reliable and sturdy car. 

 

Fig.1 Team Member at College ground. 

Figure show Team member Saurabh Gupta, Rajnikant, Rahil Mohammad, RadhaKishan, 

Anurag Prasad, Khalid Khan, Irshad (workshop Staff), Md. Shamsh Azam (centre) 
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1.5 MOTIVATION 
 

We find in every big thing there is motivation behind it. I (RadhaKishan Kharwar) remember 

the day it was 2nd of March 2015, when I was in Indian Institute of Technology, Delhi. I 

with my classmate came to attain a Workshop on “Automobile and I.C Engine” .The student 

of IIT Delhi were made a F1 Car. Then I go there and talk to team member about F1 car. 

How the make it? Where they find Difficulties and so on. Then I decided to make one. On 

10th of Jan 2016, first time we talk about our project to our College faculty Mr.Sandip 

Kumar, Assistant Professor in Department Of Mechanical Engineering. He became happy 

and motivate us he also suggest to consult with Mr. Saurabh Srivastava, Assistant 

Professor in Department Of Mechanical Engineering, he motivate us (Radha Kishan 

Kharwar & Md. Shamsh Azam) and he also promise us that he will arrange fund for our 

project. We (Team) highly thankful of Mr Saurabh Srivastava because he is the person 

who is always help and support us in our most difficult times taking all the risk own. We 

must say that while doing our project we make new friends as Mr Saurabh Srivastava & 

Mr Saurabh Kumar Singh. 

 

 

Fig.2 RadhaKishan (centre) at IIT Delhi. 
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CHAPTER -2 

COMPONENT USE IN F1 CAR 

2.1 ENGINE 

The engine use in our project is Hero Honda 2009 model Karizma 

ZMR. 

Engine Specification:- 

TABLE 1. 

Type Air cooled, 4-Stroke Single Cylinder 

OHC 

Displacement 223 cc 

Max. Power 14.32 kW (19.2 BHP ) @ 7500 rpm 

Max. Torque 19.35 N-m @ 6000 rpm 

Max. Speed 126 kmph 

Bore x Stroke 65.5x66.2 mm 

Carburettor Constant Vacuum type with CCVI 

(Carburettor Controlled Variable 

Ignition 

Compression Ratio 9.6:1 

Starting Self-Start 

Ignition AMI - Advanced Microprocessor 

Ignition System 

Fuel System Carburation 

Fuel Metering CV Carburetor 

 

 

           

                            Fig. 3 Hero Honda Karizma Engine. 
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2.2 DIFFERENTIAL 

The automotive differential is designed to drive a pair of wheels while allowing them to 

rotate at different speeds. In vehicles without a differential, such as karts, both driving 

wheels are forced to rotate at the same speed, usually on a common axle driven by a simple 

chain-drive mechanism. 

2.2.1 DIFFERENTIAL (That We Use) 

To take turn at corner of road any vehicle (of 4 wheel or more) we uses differential. Similarly 

in our project we use differential of MARUTI 800. In this differential, change was made that 

we replace the helical gear into straight teeth gear i.e. spur gear by using Sprocket as shown 

in figure. Left side figure show differential of Maruti 800 car before change have been made 

and right side figure show a differential after making change in it. A small casing over 

bearing is also made to project bearing from dust and abrasive.        

 

 

Fig.4 Differential use in our Car. 
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2.3 TYRES 

Normally it is preferred to use slick tires for the formula one cars as it provides 

maximum possible surface contact between tires and road, but as it doesn’t have 

any grooves so it becomes risky to drive the vehicle in that condition as water 

droplets prevent the contact between tires and road in normal road. Therefore, 

to avoid this we used CEAT tires with grooves. 

 2.3.1 TYRE SPECIFICATION:  

Tire we use in our project is CEAT tires of dimension as follow 155/65 R 12, 

Where, 

Width = 155 mm, 

Aspect ratio = 65, 

Construction = R (Radial construction), 

Rim diameter = 12 inch.  

 

Fig.5 Multi Holes CEAT tire of Rim dia. - 12” 
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2.4 BRAKES 

A brake is a mechanical device that inhibits motion by absorbing energy from 

a moving system. It is used for slowing or stopping a moving vehicle, wheel, 

axle, or to prevent its motion, most often accomplished by means of friction. 

 

 2.4.1 TYPES OF BRAKE 

a. FRICTIONAL BRAKES are most common and can be divided broadly into "shoe" 

or "pad" brakes, using an explicit wear surface, and hydrodynamic brakes, such as 

parachutes, which use friction in a working fluid and do not explicitly wear. 

Typically the term "friction brake" is used to mean pad/shoe brakes and excludes 

hydrodynamic brakes, even though hydrodynamic brakes use friction. Friction 

(pad/shoe) brakes are often rotating devices with a stationary pad and a rotating wear 

surface. Common configurations include shoes that contract to rub on the outside of 

a rotating drum, such as a band brake; a rotating drum with shoes that expand to rub 

the inside of a drum, commonly called a "drum brake", although other drum 

configurations are possible; and pads that pinch a rotating disc, commonly called a 

"disc brake". Other brake configurations are used, but less often. For example, PCC 

trolley brakes include a flat shoe which is clamped to the rail with an electromagnet; 

the Murphy brake pinches a rotating drum, and the Ausco Lambert disc brake uses a 

hollow disc (two parallel discs with a structural bridge) with shoes that sit between 

the disc surfaces and expand laterally. 

b. A DRUM BRAKE is a vehicle brake in which the friction is caused by a set of brake 

shoes that press against the inner surface of a rotating drum. The drum is connected 

to the rotating road wheel hub. 

c. The DISC BRAKE is a device for slowing or stopping the rotation of a road wheel. 

A brake disc (or rotor in U.S. English), usually made of iron or ceramic, is connected 

to the wheel or the axle. To stop the wheel, friction material in the form of brake 

pads (mounted in a device called brake) is 

forced mechanically, hydraulically, pneumatically or electromagnetically against 

both sides of the disc. Friction causes the disc and attached wheel to slow or stop. 

d. PUMPING BRAKES are often used where a pump is already part of the machinery. 

For example, an internal-combustion piston motor can have the fuel supply stopped, 

and then internal pumping losses of the engine create some braking. Some engines 

use a valve override called a Jake to greatly increase pumping losses. Pumping 

brakes can dump energy as heat, or can be regenerative brakes that recharge a 

pressure reservoir called a hydraulic accumulator. 

e. ELECTROMAGNETIC BRAKES are likewise often used where an electric motor 

is already part of the machinery. For example, many hybrid gasoline/electric vehicles 

use the electric motor as a generator to charge electric batteries and also as a 

regenerative brake. Some diesel/electric railroad locomotives use the electric motors 

to generate electricity which is then sent to a resistor bank and dumped as heat. Some 

https://en.wikipedia.org/wiki/Hydraulics
https://en.wikipedia.org/wiki/Compressed_air
https://en.wikipedia.org/wiki/Electromechanics
https://en.wikipedia.org/wiki/Hydraulic_accumulator
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vehicles, such as some transit buses, do not already have an electric motor but use a 

secondary "retarder" brake that is effectively a generator with an internal short-

circuit. Related types of such a brake are eddy current brakes, and electro-mechanical 

brakes (which actually are magnetically driven friction brakes, but nowadays are 

often just called “electromagnetic brakes” as well). 

Electromagnetic brakes slow an object through electromagnetic induction, which 

creates resistance and in turn either heat or electricity. Friction brakes apply pressure 

on two separate objects to slow the vehicle in a controlled manner. 

In our project vehicle we use DISK BRAKE. The reason is to use it, that it gives exact 

resistive force to stop the vehicle within a fraction of seconds. The disk brake, brake 

calliper with brake fluid act together to stop the accelerated vehicle when brake is 

applied by the driver. 

 

Fig.6 Disk Brake 

 

 

2.4.2 DISK BRAKE  

A disc brake is a type of brake that uses callipers to squeeze pairs of pads against a disc in 

order to create friction that retards the rotation of a shaft, such as a vehicle axle, either to 

reduce its rotational speed or to hold it stationary. The energy of motion is converted 

into waste heat which must be dispersed. Hydraulic disc brakes are the most commonly used 

form of brake for motor vehicles but the principles of a disc brake are applicable to almost 

any rotating shaft. 

Brake callipers are essential to your car's ability to stop and are arguably one of the most 

important automobile brake parts. Most cars today have disc brakes, at least for the front 

wheels, anyway. But a lot of cars and trucks are now using disc brakes in the rear, too. In a 

disc-braking system the car's wheels are attached to metal discs, or rotors, that spin along 

https://en.wikipedia.org/wiki/Eddy_current_brake
https://en.wikipedia.org/wiki/Electro-mechanical_brake
https://en.wikipedia.org/wiki/Electro-mechanical_brake
https://en.wikipedia.org/wiki/Electromagnetic_brake
https://en.wikipedia.org/wiki/Electromagnetic_induction
https://en.wikipedia.org/wiki/Electrical_resistance_and_conductance
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with the wheels. The job of the calliper is to slow the car's wheels by creating friction with 

the rotors. 

The brake calliper fits over the rotor like a clamp. Inside each calliper is a pair of metal plates 

bonded with friction material -- these are called brake pads. The outboard brake pads are on 

the outside of the rotors (toward the curb) and the inboard brake pads on the inside (toward 

the vehicle). When you step on the brake, brake fluid from the master cylinder creates 

hydraulic pressure on one or more pistons in the brake calliper, forcing the pads against the 

rotor. The brake pads have high-friction surfaces and serve to slow the rotor down or even 

bring it to a complete halt. When the rotor slows or stops, so does the wheel, because they're 

attached to one another. 

 

Fig.7 Complete Disk brake assembly mount in tire. 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

 

CHAPTER -3 

3.1 CHASSIS CONSTRUCTION METHODS 

The team had several choices for construction methods for the frame 

3.1.1 TUBULAR SPACEFRAME  
 

The most common frame type, the tubular spaceframe, is a structure composed of many 

small, usually round tubes bent to shape and welded together. Tubular spaceframes do not 

require specialized machinery or equipment for manufacture, and they are inexpensive and 

can be constructed from a wide variety of readily available materials. The Formula SAE 

rules dictate many of the tubing sizes for a steel tubular spaceframe, and construction of any 

other type of chassis requires proof that the alternate structure is as stronger than a similar 

tubular spaceframe structure. 

3.1.2 METAL MONOCOQUE  

 

A monocoque chassis is a structure that constitutes both the frame and the body. By combining 

these two critical components into one piece, it is sometimes possible to build a light 40 car. In 

a metal monocoque design, the chassis and body are fabricated from aluminium or steel sheet, 

welded or riveted together 

 

3.1.3 COMPOSITE MONOCOQUE  

 

Composite monocoque frames are usually among the lightest. The strength to weight and 

stiffness to weight ratios of carbon fibre and similar composite materials are generally much 

higher than those of steel or aluminium, and the non-uniform nature of a moulded frame 

allows for a great deal of optimization. However, composite monocoque usually require a 

unique mould for production, and a design change generally requires a new mould to be 

made. Composite monocoques are rarely easily repairable, and the materials required for 

their construction are expensive and often difficult to work with. 

 3.2 OUR DESIGN CHASSIS 

The Chassis that we choose for our vehicle is TUBULAR SPACEFRAME.  

3.2.1 CHASSIS PROCEDURE 

 1. i) The curved member of the chassis is designed in such a way that it absorbed 

maximum energy during front impact by crumpling and restrict the energy 

transmitted to the driver portion of the chassis. 

ii) As it is designed in curved shape, the driver can easily enter and come out from 

the driver cockpit. 
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  2)There are two jack point in our vehicle, one in front and other In rear  side.  

 
 

Fig.8 Show the design of chassis in Unigraphic NX8 3D modelling software. 

 

3) Side impact members & steering position has been optimized such that 

they remain away from driver’s position providing & easy exit at the time 

of emergency situation.   

 

 
Fig.9 Base level of chassis 

 

4)       i) This member transfer a certain amount of driver’s weight to the    front. 

          ii) It has used to incline the driver’s seat with respect to the horizontal, 

which provide comfort to the driver. 

 

 
 

Fig.10 Chassis at working condition 

 



12 
 

 

5) The inclined member is used in Roll hoop to restrict the crumpling of the roll 

hoop member. 

           

6) It is the mounting point of the Engine in engine compartment of the vehicle.  

 

 

 
 

Fig. 11 above figure show full view of Chassis. 
 

 

 3.2.2 CHASSIS MATERIAL CONSIDERATIONS  

The team decided to use a tubular spaceframe due to cost, ease of construction, and facilities 

available at workshop. Additionally, no extra analysis is required for Structural Equivalency 

Forms, which affords the team extra time for further analysis and testing. Because the chassis is 

a tubular spaceframe design, the materials used in its construction were limited to readily 

available, easily weld able materials. In the interest of simplicity, it was decided that all tube 

members would be made from the same type of material. The following materials were 

considered: 

3.2.2.1 MILD STEEL SQUARE AND ROUND TUBE 

The most common material for tubular spaceframes, mild steel retains its strength and 

ductility after welding. It is inexpensive, easy to find, and easy to cut and grind. The Formula 

SAE rules dictate tubing sizes for mild steel, and the use of any other material requires the 

completion of a structural equivalency form. 

3.2.2.2 ALUMINIUM  

Aluminium, while not as strong as mild steel, is lighter. Its stiffness is roughly one third that 

of steel; however, so is its weight. It can be welded with common arc welding, TIG and MIG 

processes; however, it loses significant strength unless heat treated. When used on a tubular 
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spaceframe chassis, it must be accompanied by a structural equivalency form. Additionally, 

the main and front hoops must be made from steel. 

For ease of construction, the chassis is made from square and round mild steel tube. In order 

to determine the type of steel to be used, further analysis is necessary. In the interest of 

safety, the Formula SAE rules dictate most of the tubing sizes used. The chassis can be 

broken up into three bulkhead-style planes and two tubular sections that connect them. 

Starting from the front of the chassis and working back, these sections are: 

 

3.2.3 FRONT BULKHEAD  

 

The front bulkhead, as defined by the FSAE rules, is “a planar structure that defines the 

forward plane of the major structure of the frame and functions to provide protection for the 

driver’s feet”. 

 

Fig.12 Front Bulkhead of car. 

 The front bulkhead is to be made from round 1.0 inch diameter and square 1.0 inch of 0.065 

inch wall thickness mild steel. On the car, the front bulkhead is simply a rectangular structure 

which is 12 inches tall by 11 inches wide, measured at the tubing centreline. The joints are 

metered at 45 degrees for easy welding. The size and shape of the front bulkhead are 

determined by ease of construction and in order to give the driver ample foot room, as well 

as the ability to easily accommodate the template, seen in Figure for the front of the chassis. 

This template must be passed through the driver’s foot and leg compartment to a point 4 

inches rearward of the rear most pedal adjusted to its forward most position. 

  

3.2.4 FRONT ROLL HOOP  

 

According to the FSAE Rules, the front roll hoop is “a roll bar located above the driver’s legs, 

in proximity to the steering wheel.” The front roll hoop is to be made from 1.0 inch diameter 

0.095 inch wall thickness steel. The front roll hoop is probably the most the most complex tube 
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on the car. The front roll hoop must be able to accommodate both of the templates, as well as 

position the pick-up points of the front members. In addition, it must be tall enough to allow 

drivers to fit into the chassis while passing the “2-inch rule,” which states that a line drawn from 

the top of the main hoop to the top of the front hoop must be at least 2 inches from the top of 

any seated driver’s helmet. 

 

 
Fig.13 Front roll Hoop 

 

 

 
Fig.14   2 inch rule" for helmet clearance 

 

 

3.2.5 FRONT BULKHEAD SUPPORT SYSTEM AND FRONT HOOP SUPPORTS  

This is the structure which connects the front hoop and front bulkhead. The rules state that the 

front bulkhead support system must be made from 1.0 inch diameter 0.049 inch wall thickness 

steel tubing properly triangulated node-to-node (no tubes in bending). 
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Fig. 15 Front Hoop Support 

 

Additionally, the 44 front hoop must be supported by front hoop supports, integrated securely 

into the rest of the structure, and made from 1.0 inch diameter 0.065 inch wall thickness steel 

tubing. These tubing members are shown in Figure and must also support the front suspension 

attachment points, as well as shock attachments. They must also be placed to accommodate the 

foot well template. 

  

3.2.6 MAIN HOOP, MAIN HOOP BRACING, SHOULDER HARNESS 

MOUNTING BAR 

  

The main hoop is “a roll bar located alongside or just behind the driver’s torso.” The main 

hoop is to be constructed from 1.0 inch diameter 0.095 inch wall thickness steel, the same 

material as the front hoop. It is constructed from a single piece, bent to shape. There are five 

bends, which are all coplanar, facilitating easy manufacturing. The shape of the main hoop 

is designed to accommodate the templates when attached to the main hoop braces, as well 

as the side impact members. The main hoop height dimension is only tall enough to facilitate 

passing the 2-inch rule. The main hoop braces are 1.0 inch diameter 0.065 inch wall thickness 

tubing, per the rules.  

The main hoop braces can be routed towards the front or back of the chassis, but they must 

be securely integrated into the primary structure.  

For this reason, it was decided to run the braces forward, and terminate them at the node 

where the side impact diagonal members meet. This creates a clear load path, making the 

chassis stronger. Just as importantly, it reduces the mass moment of inertia of the chassis 

significantly. Without a rear structure into which to run the main hoop braces, the overall 

weight and mass moment of inertia of the chassis are significantly reduced. The shoulder 

mounting bar is made from 1.0 inch diameter 0.065 inch wall thickness tubing, placed at 

shoulder height. 

 

3.2.7 SIDE IMPACT STRUCTURE  

 

According to the rules, the driver must be protected by a side impact structure, composed of 

at least three tubes. There must be one upper side impact member, one lower side impact 

member, and one diagonal side impact member. The diagonal member can be more than one 

tube if it is properly triangulated, and the lower and upper side impact members can be the 
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upper and lower frame rails if they satisfy the tubing requirements. The team chose to use 

the upper and lower side impact members as the upper and lower frame rails. 

 
Fig.16 Impact member on FSAE car 

 

The side impact member is composed of two tubes, their intersection forming a node into 

which the main hoop brace is run. In this way, the side impact structure is fully triangulated. 

The diagonal side impact member could have been made from a bent tube (see Figure) rather 

than two separate tubes. However, the load paths are not as direct with this, and it is difficult 

to weld along the outside edge of the bend. 

 

 
Fig.17 Bent diagonal side impact member of FSAE car. 

 

 
 

Fig.18 Two piece diagonal side impact members. 
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CHAPTER -4 

 

       STEERING SYSTEM & OTHER COMPONENT 

 
 

4.1 STEERING SYSTEM 

With the location and geometry of the steering rack determined, the steering column and 

column support could be designed. The steering wheel was to be located in a position that 

put the driver‘s arms at a ninety degree angle at the elbows. However, the FSAE rules 

mandate that the steering wheel must not extend above the front hoop in any position, and 

that the forward-most surface of the steering wheel must not be more than 9.8 inches 

rearward of the rear-most surface of the front hoop. The cockpit opening template also had 

to be able to pass with the steering column remove. With these constraints in mind, the 

steering wheel was positioned approximately in SolidWorks, and then bench tested for driver 

comfort in the unfinished chassis.  

The steering wheel was positioned as rearward as possible while remaining within the 

constraints of the rules so that the angle of the driver‘s arms approached ninety degrees. The 

steering shaft was mounted in a Delrin bushing inside of a machined aluminium hanger, and 

attached to the frame at two points using 0.625 x 0.049 inch 4130 steel tubing. The steering 

column support assembly (with steering column). 

The steering column consists of two sections of 0.75 inch OD 4130 steel tubing connected 

with a universal joint. Because of the location of the column support and the maximum 

joint angle of thirty five degrees, the universal joint is mounted in the column support and 

serves as the bearing surface inside the Delrin bushing. The steering wheel is mounted 

using a splined quick disconnect for ease of entry and exit from the cockpit 

 

4.2 STEERING RACK 

Initially our team intended to purchase a suitable centralized steering rack for the car. After 

investigation it was found that a rack would cost over Rs 10000 and we decided to design a 

modified rack and pinion steering system. A suitable second-hand steering rack was 

purchased by us and we designed our rack using the pinion and modified rack gears. The 

manufactured rack is shown during construction in figure. 
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Fig. 19 Rack And Pinion Steering System 

 
Design integration of the steering system was very important. Factors that were 

considered are: 

 Correct location of rack and tie rod pivots to provide good steering geometry and 

minimise bump steer. 

 Location of the rack within the chassis for human factor design. 

 Specification of steering ratio to provide optimal control 

 

Before using rack and pinion arrangement we are using Ackerman Steering System but 

due to its failure we move toward rack and pinion system. We identified the problem while 

using Ackerman was that its location interfered with the position of the driver’s legs and 

increased the complexity of the design of the steering column. Rack and pinion system 

perfectly suited to what we want.  

 

4.3 DESCRIPTION OF THE STEERING SYSTEM ELEMENTS 

  
Here the description of each element of steering system and we also provide the list of 

element which design by us at workshop and element which were brought from market. 

 
Elements that design    Elements that purchased 

 
          Steering column    Steering wheel 

            Rack and pinion     Quick disconnect device 

Tie rods     Universal joint 

Steering arms                Ball-and-socket joint 
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4.4 STEERING WHEEL 

The primary purpose of the steering wheel is to allow the driver to guide the vehicle. The 

most conventional steering arrangement is to turn the front wheels using a hand 

operated steering wheel which is positioned in front of the driver, via the steering column, 

which may contain universal joints (which may also be part of the collapsible steering 

column design), to allow it to deviate somewhat from a straight line. 

At the time of making steering wheel system we kept in mind the comfort level of driver that 

it should not be such that driver feel uncomfortable during driving the car. So keeping 

ergonomic in mind we made removal steering wheel system i.e. first driver sit on seat and 

then fit the steering wheel on the steering column. It also give flexibility that other person 

can also drive the car. The idea of doing so was taken from Formula 1 race competition by 

professional racers. On the competition world the same that on the common car the purpose 

of the steering wheel is to transmit a tangential force to the steering column with the most 

possible accuracy. The steering wheel is inside the cockpit and it will be relocated on a 

correct position according with the driver. 

 

 
Fig. 20 Steering wheel 

 

4.5 STEERING COLUMN  

This torsion bar joins the steering wheel with steering box through the quick disconnect 

mechanism. This bar only support the torsion effect produced by the turn of the steering 

wheel so it is not necessary a high quality steel. Also appears short compression efforts when 

the pilot leaning on the steering wheel, but are insignificant. The steering column will start 

on the steering wheel until the universal joint that is fixed with the chassis. Here it is 

produced the change of angle on the steering column and starts the second part of the element 

that join the universal joint with the steering box. 

 

https://en.wikipedia.org/wiki/Wheel
https://en.wikipedia.org/wiki/Steering_wheel
https://en.wikipedia.org/wiki/Steering_column
https://en.wikipedia.org/wiki/Universal_joint
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Fig. 21 steering column assembly in bearing 

4.6 UNIVERSAL JOINT 

This kind of joint is much utilized on the self-propulsion industry in order to manufacture 

the steering columns, keeping the torque between bars with different angles. The most 

common advantage of kind of these devices for short angles between bars is the pin and 

block which works efficiently with angles bigger than 35º degrees. 

 

 

                          Fig. 22 Universal Joint of Maruti 800 rack & pinion arrangement 

 

4.7 TIE ROD 

In our case in which we have chosen the rack and pinion for our steering box the tie rods are 

the bars which join the rack with the steering arms. The joint was made through ball-and-

socket joint. The connection between the ball-and-socket join and the steering arms is thread, 

making possible the variation of the distance from the end of the rack to the end of the 

steering arms. Then the joint secures through with nuts and locknuts. This is used to adjust 



21 
 

the parallelism between the wheels. The tie rods must be made of alloyed steel since must 

be support the knocks to come from the wheels through the upright and the steering arms. 

 

 
Fig. 23 Tie rod with Female deluxe ball bearing at head. 

 

                                           

Measurement 

Track = rack measure + tie rod measure * 2 = 120+ (540*2) =1300 mm 

 

4.8 BALL-AND-SOCKET JOINT 

The ball-and- socket joint allows the oscillations produced by the movement of the steering 

(the movement of the rack and the steering arms are in different plane). These elements 

consist of two parts: a ball and a bearing situated behind the ball. Ball socket joint reduce 

the friction and it also provide the proper or free movement to other part that attach to it 

through a key or nut -bolt etc. with the help of ball and bearing. The frame of bearing 

consist of thread (external) which acts as male to connect other part i.e. female that have 

internal thread in it.  

 

4.9 STEERING ARMS 
 

The steering arms are the last part of the Ackerman quadrilateral. In this movement, through 

the ball-and-socket joints, push or pull from the steering arms which transmit the movement 

to the upright that is element that fix the wheel causing finally the turn of the wheels. 

We thought firstly to design an upright with the steering arm include. However we do not 

choose this option because with a separate steering arm the efforts are not so concentrate in 

the upright. We are going to see the stress analysis for the steering arm when the driver turns 

the wheel and the tie rods transmit a force to the steering arms. 
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 Fig.24 Steering Arm Design in NX Solid modelling 

 

 

 

4.10 STEERING GEOMETRY 
 

1. Camber 

2. Caster 

3. Steering axis inclination 

4. Include angle 

5. Toe in/Toe out 

6. Scrub radius 

7. Turning radius 

8. Tracking 

9. Thrust angle 

 

                                                                                                       

Fig. 25 steering geometry  

       

 

4.10.1 CAMBER  

Camber is the angle between the planes of the wheel to the vertical plane. When the plane 

of the tire is outward to the car makes positive camber and in reverse inclined inward to the 

car makes negative angle. It is always desirable that tyre should roll on the ground vertically 

so that the wear is uniform. 
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4.10.2 CASTER 

Caster is the angle of the line passing through upper and lower ball joint with the vertical 

when seen in side view. If the line through ball joint is inclination backward to the car is 

positive caster and in contrast inclination forward to the car is negative caster angle. 

 

On cars that has the engine on the back and also has a rack inside the steering box, as 

in our case, the caster has a higher value being always no very high. Normally on this 

kind of cars the caster angle has a value between 5º and 10º degrees in order to avoid 

the instability when the car suffer an acceleration produce by the fact to has the engine 

on the back. 

  

4.10.3 TOE IN AND TOE OUT 

When the tires of vehicle directed outward when seen from top view is Toe-out and in 

contrast when pointed inward constitutes toe in geometry.  

The toe-out geometry is preferred for racing car to enhance response of the steering system, 

whereas toe-in geometry is used to commercial cars to enhance in-line stability of the car. 

 

4.10.4 STEERING AXIS INCLINATION (KING PIN INCLINATION) 
 

The inclination of the king pin from vertical is called the king pin inclination. This term has 

also been renamed as ‘Steering Axis Inclination’. King pin inclination (or steering axis 

inclination) helps the straight ahead recovery, thus providing direction stability. When the 

takes a turn, the inclination king pin causes the vehicle body move up, in relation to the 

wheels. As soon as steering wheel is revolved by driver after the turn is completed, the 

weight of the vehicle tends to return the wheels to the straight ahead position. 

   

Fig.26 Steering Axis Inclination 
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Steering is the collection of components, linkages, etc. which allow 

a vessel (ship, boat) or vehicle (car, motorcycle, bicycle) to follow the desired 

course. An exception is the case of rail transport by which rail tracks combined 

together with railroad switches (and also known as 'points' in British English) provide 

the steering function. The primary purpose of the steering system is to allow the driver 

to guide the vehicle. 

The most conventional steering arrangement is to turn the front wheels using a hand–

operated steering wheel which is positioned in front of the driver, via the steering 

column, which may contain universal joints (which may also be part of the 

collapsible steering column design), to allow it to deviate somewhat from a straight 

line. Other arrangements are sometimes found on different types of vehicles, for 

example, a tiller or rear–wheel steering. Tracked vehicles such 

as bulldozers and tanks usually employ differential steering — that is, the tracks are 

made to move at different speeds or even in opposite directions, 

using clutches and brakes, to bring about a change of course or direction. 

 

4.11 TYPES OF STEERING 

 Wheel Vehicle steering 

 Rack and pinion  

 Recirculating ball ,worm and sector 

 Power steering 

 Speed sensitive steering  

 Four wheel steering 

4.12 RACK AND PINION (That Use in our Project) 

Many modern cars use rack and pinion steering mechanisms, where the steering wheel 

turns the pinion gear; the pinion moves the rack, which is a linear gear that meshes with the 

pinion, converting circular motion into linear motion along the transverse axis of the car 

(side to side motion). This motion applies steering torque to the swivel pin ball joints that 

replaced previously used kingpins of the stub axle of the steered wheels via tie rods and a 

short lever arm called the steering arm. The rack and pinion design has the advantages of a 

large degree of feedback and direct steering "feel". A disadvantage is that it is not 

adjustable, so that when it does wear and develop lash, the only cure is replacement. 

 

https://en.wikipedia.org/wiki/Watercraft
https://en.wikipedia.org/wiki/Ship
https://en.wikipedia.org/wiki/Boat
https://en.wikipedia.org/wiki/Vehicle
https://en.wikipedia.org/wiki/Automobile
https://en.wikipedia.org/wiki/Motorcycle
https://en.wikipedia.org/wiki/Bicycle
https://en.wikipedia.org/wiki/Rail_transport
https://en.wikipedia.org/wiki/Rail_tracks
https://en.wikipedia.org/wiki/Railroad_switch
https://en.wikipedia.org/wiki/Wheel
https://en.wikipedia.org/wiki/Steering_wheel
https://en.wikipedia.org/wiki/Steering_column
https://en.wikipedia.org/wiki/Steering_column
https://en.wikipedia.org/wiki/Universal_joint
https://en.wikipedia.org/wiki/Tiller
https://en.wikipedia.org/wiki/Tracked_vehicle
https://en.wikipedia.org/wiki/Bulldozer
https://en.wikipedia.org/wiki/Tank
https://en.wikipedia.org/wiki/Clutch
https://en.wikipedia.org/wiki/Brake
https://en.wikipedia.org/wiki/Rack_and_pinion
https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Kingpin_(mechanics)
https://en.wikipedia.org/wiki/Tie_rod
https://en.wikipedia.org/wiki/Lever
https://en.wikipedia.org/wiki/Backlash_(engineering)
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Fig.27 Rack and Pinion Steering System. 

 

4.13 STEERING GEOMETRY PARAMETERS 

TABLE.2 

Turning Circle Radius – Front inner 
wheel 

1.8m 

Turning Circle Radius – Front outer 
wheel 

2.3m 

Turning Circle Radius – Rear  inner 
wheel 

1.4m 

Turning Circle Radius - Rear outer 
wheel 

1.93m 

 

 

4.14 MASTER CYLINDER 

In automotive engineering, the master cylinder is a control device that converts non-

hydraulic pressure (commonly from a driver's foot) into hydraulic pressure. This device 

controls slave cylinders located at the other end of the hydraulic system. 

 

As piston(s) move along the bore of the master cylinder, this movement is transferred 

through the hydraulic fluid, to result in a movement of the slave cylinder(s). The hydraulic 

pressure created by moving a piston (inside the bore of the master cylinder) toward the slave 

cylinder(s) compresses the fluid evenly, but by varying the comparative surface-area of the 

https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Hydraulic_pressure
https://en.wikipedia.org/wiki/Hydraulic
https://en.wikipedia.org/wiki/Piston
https://en.wikipedia.org/wiki/Gauge_(bore_diameter)
https://en.wikipedia.org/wiki/Hydraulic_fluid


26 
 

master cylinder and/or each slave cylinder, one can vary the amount of force and 

displacement applied to each slave cylinder, relative to the amount of force and displacement 

applied to the master cylinder. 

 

Fig. 28 Master Cylinder of Maruti 800. 

The inside component and mechanism as shown in figure. 

 

Fig. 29 Internal details of Master Cylinder 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Force
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4.15 TECHNICAL SPECIFICATION OF THE VEHICLE DIMENSION 

(mm) 

 

Fig. 30 Formula 1 car  

TABLE .3 

 

 

 

 

 

 

 

  

 

 

 

Maximum width 1730 mm 

Maximum height 787.7 mm 

Wheel base 1520 mm 

Track width (Front) 1300 mm 

Track width (Rear) 1730  mm 

CG position (from rear axle) 614.45 mm 

CG position (from ground) 135.8 mm 

Ground clearance (minimum) 76.2 mm 

Total weight (including driver) 200 kg 

Weight distribution (Fr / Rr) 23%/54% 
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CHAPTER -5 

CALCULATIONS 

5.1 Calculation of the Force to Turn the Wheels 

Once we have done the design of all the elements of the steering arms we are going to 

calculate the force that must require to the driver to turn the wheels. 

 

We will study the highest value of the force to turn the wheels. This force appears when 

the car is stopped and it starts the movement of the wheel. 

 

 

                                                                              

Fr = friction force 

Mg = weight 

FL = lateral force 

N = normal reaction 

 

 

  Fig.31 Force acting on wheel 

The wheel rest on the floor in a surface not in a point so it appears two friction forces as we 

can show. 

 

                        Fig.32 Force acting on wheel at rest or stationary state 

 

In the picture the big black rectangle is a sketch of the steering arm, the red point is the 

application point of the lateral force, the distance between the red point and the middle in 

horizontal direction is Rs (steering arm length), the small black rectangle is the contact 
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surface between wheel and floor and Fr1 and Fr2 are the friction forces that appears in the 

contact surface of the wheel which are an a distance r1 and r2 of the middle. 

 

Fr1 and Fr2 but in different direction are equals and r1 and r2 are equals to so: 

r1 = r2 = r 

Now we can do the Calculations: 

Σ Fx = 0; FL – Fr = 0  

 

Σ Fy = 0; N – mg = 0  

 

Σ My = 0; FL*Rs – 2*Fr*r = 0  

 

From equation (1) we calculate: 

FL = Fr 

From (2) we have: 

N = mg 

Car has a weight around 110 kg without the weight of the driver. We take a weight of 120 

kg that is an excessive weight for these cars but on this way we establish a safety coefficient. 

The weight of the pilot will be 71 kg so we take 80 kg for the same reason that before. By 

other hand the 45 per cent of the car weight is on the front wheel assembly on the car. 

 

So the weight will be: 

 

(120 kg + 80 kg)*45/100 = 90 kg 

And now each wheel supports the half of this weight: 

 

90/2 = 45 kg 

 

N=mg=45*9.81 

 

N = 441.45 N 

Now we are going to calculate the Fr. 

 

Fr = μ*N; 

 

Where μ is the friction coefficient. On the same way than before we are going to take a high 

value of μ in order to establish a safety coefficient. So we take μ = 0.9 

 

Now we calculate the friction force: 
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Fr = μ*N  

 

          = 0.9*441.45 

     

         =397.305 N 

 

And from equation (1) Fr = FL so: 

 

             FL = 397.305 N  

 

It is the force that the rack has to transmit to the tie rods and these to the steering arms to 

move the wheel. 

 

Now we can calculate the torque on the pinion. To calculate the torque we use the 

following equation:  

   

                  T = F * r pinion 

 

In our case we have a pinion with a diameter of 24 mm (general as per company design) 

 

                  T = 397.305*24 = 9535.32 N*mm 

 

This is the torque in the pinion and it is transmitted through the steering column until the 

steering wheel. 

 

Finally we will to calculate the necessary tangential force that must be made in the steering 

wheel by the driver to turn the wheels 

 

      T = F * R steering wheel 

 

We have steering wheel radius 147mm or 6 inches. 

 

Finally we calculate the necessary tangential force that the driver must produce to turn the 

wheels: 

  

   T = F * Rsteering wheel          

 

       => F = T / Rsteering wheel 

 

                                            F=9535.32/147 

 

  F=64.866 N 
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It is the force when the car is stopped, the moment when the force to turn the wheels has the 

highest value. Also we have to bear in mind the high values of the weight and we have taken 

in order to put a safety coefficient in the calculations. 

With this force we can calculate if the material for the steering column is adequate for the 

torque that is transmitted by the force on the steering wheel. 

 

The steering column support torsion effort 

       τ max =T*r/J 

Where: 

T: torque in the steering column  

R: radius steering column 

J: Inertia for Steering columns= Π*D4 /64 

J= Π*(20)4 /64= 7853.098 N 

  τ max = (9535.32*10)/7853.98 

 

           = 12.14 MPa 

 

We have made the steering column of 100 MPa and we have calculated value of around 

12.14 MPa so the design is correct. 

 

5.2 CALCULATION OF BENDING STRENGTH AND BENDING 

STIFFNESS: 

 
Data from material testing of AISI 4130  

 

Modulus of Elasticity, E=205 GPa  

 

 Yield Strengths=435 MPa  

 

Outer Diameter of pipe, Do=25.4 mm =0.0254 m 

 

Wall thickness, t=2.6mm=0.0026m  

 

Inner Diameter of pipe, Di = 25.4 -22.6=20.2 mm=0.0202 m  

 

Second Moment of area of the tube, I =12.25 10-9 m4  

 

Bending Stiffness= EI = 205 109 12.25 10-9 = 2513. N-m2. 
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Bending Strength = 419.58 N-m. 

 

5.3 CALCULATION OF MAXIMUM ACCELERATION  

 

V=calculated max speed=33.975m/sec 

Tractive effort  

                   =G*G1*n*T/r    

                   =2.72*2.732*0.91*5.2/0.076  

                   = 639N  

Max.velocity 

                = (2*P /c *D*A) ^ (1/3) 

                = (2*14541 / 0.45 * 1.25 * 1.7*0.787) ^ (1/3)  

                =33.808 m/s or 121.7088 km/hr 

 

 

Acceleration  

                    =2* (Tmax*G*G1*/r)/ mass 

                     =10.8m/sq. sec. 

 

 5.4 CALCULATIONS OF BRAKING FORCE: 

 

Calculations of breaking force   on master cylinder  

= effort on pedal * mechanical advantage  

         = 90N * 2 = 180N 

Pressure on pipe line beyond master cylinder  

= force on master cylinder /master cylinder area 

                                   = (180N) / (500 mm) 

                                   = 0.36 N/mm2. 

Co efficient of friction of break pad (µ) = 0.35  
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Each Piston area = 2000sqmm.    

 Total no of piston = 2   

Therefore,   

Breaking force provide by friction plate  

                         = µ*line pressure*piston area *no. of piston.  

                        = 0.35*0.36*2000*2 = 504N   

Also, breaking force provided by adhesion factor  

                        = co efficient of friction between tyre & road * weight of vehicle.                                                                                                

                       = 0.6 * 200 * 9.81 = 1177.2N   

Overall stopping force (F)  

                = force provide by friction plate + Breaking force provided by adhesion factor  

                = 504 + 1177.2N  

                = 1681.2N   

Total work done to stop the vehicle = K.E. of the vehicle 
               F.S. = (m*v*v)/2  

               s = (w*V*V*)/ (2*g*F) or, s= 1.83m (stopping distance at 33.95 m/s)   

 

5.5 STOPPING TIME 

V=u + at   

V=0        => t=u/a     =>33.808/10.8 =>3.13 sec 
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CHAPTER -6 

GANTT CHART 
TABLE. 3 Excel spread sheet data of activities. 

 

 

 

Fig. 33 show Gantt chart of activities performed in project works.  

Activity Start Date Duration (weeks)

Team Formation 02-Sep 4

Making Project Plan 23-Sep-15 8

Co ordination 14-Oct-15 24

Documentation 29-Oct-15 24

Market Survey 07-Nov-15 4

Designing 17-Nov-15 8

Innovation 05-Dec-15 8

Making Prototype 04-Jan-16 3

Marketing 06-Jan-16 16

Account & Budget 07-Jan-16 20

Procurement 24-Jan-16 8

Manufacturing 02-Feb-16 12

Test Drive 18-Apr-16 4

Final Report 27-Apr 8

02-Sep 02-Oct 01-Nov 01-Dec 31-Dec 30-Jan 29-Feb 30-Mar 29-Apr 29-May

Team Formation

Making Project Plan

Co ordination

Documentation

Market Survey

Designing

Innovation

Making Prototype

Marketing

Account & Budget

Procurement

Manufacturing

Test Drive

Final Report
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MONTHWISE GANTT CHART 

  

 

Fig. 34 Show the Monthly wise activities of team in Gantt chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time 

Duration→ 

Activity↓ 

Sept 

2015 

Oct 

2015 

Nov 

2015 

Dec 

2015 

Jan 

2016 

Feb 

2016 

Mar 

2016 

Apr 

2016 

Team 

Formation 
        

Making 

Project Plan 
        

Co ordination         

Documentation         

Market Survey         

Designing         

Innovation         
Making 

Prototype 
        

Marketing          
Account & 

Budget 
        

Procurement         

Manufacturing         

Test Drive         

Final Report         
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     CHAPTER - 8 

COST ANALISYS REPORT  

TEAM NAME: FANATICS 

Undersigned by: Mr. Saurabh Srivastava & Mr. Saurabh Singh Chauhan 

 

Fig. 35 cost analysis report of Formula 1 car. 

BALANCE SHEET
LIST OF ITEMS PRICES (Rs.)

Karizma Engine 11450

Engine Service 300

Karizma Silencer 2625

Battery 12V 1200

Tiers 4 pcs 8200

Wheel Alloys 12500

Rack And Pinion 1200

Steering Wheel 2000

Axel Shaft 2pcs 1000

Disk Brake 1500

Universel Joint 480

Calliper 2Pcs 1700

Dash Board 1800

Bunndy Pipes 1000

Solid Shaft 876

Square Pipes 1400

Round Pipes 1250

Tube Pipe 502

Karizma Wiring 1500

Nut & Bolt 10,11,12,13,14,16,&19 no. 985

Cable (Accelelerator,Clutch& Brake) 570

Padel 3 pcs 450

Master Cylinder 1200

Engine Oil 250

Chain & Sprocket 700

Spark Plug 80

Brake Oil 2 Pcs 170

Foam 20

Bearing 48 mm ODdia 2 pcs 150

Tools Kit 1125

Bearing 30mm dia 2 pcs 150

Female Deluxe Male  Thread bearing 840

Aerosol Spray Paint Red & Black 6pcs 560

Burger Paint 120

Screw 230

Petrol T 170

Spool Drive Differential 280

Flat Plate 442

Mseal 140

Kerosine Oil 150

Hub 240

Pipe Cutting Charge 150

Paint Brush 70

Alluminium paint 60

Axle Nut 4pcs 120

Fibre Ply 2276

Washer 20

Wheel Drum 900

Electric Tape 4 pcs 120

Inch Tape 60

Axel Bearing 550

Fuel 500

Anti-vibration Pad 150

Pipes 50

Engine Mounting 480

Transportation Charge 3500

Miscellaneous 5000

Total 75511



38 
 

CHAPTER-9 

STEP BY STEP PROCEDURE 

-                                      

Fig.36 working on reference board                Fig. 37 Welding base of chassis 

                        

Fig. 38 complete Base of Chassis                                               Fig.39 Front Bulkhead

                               
Fig.40 King Pin Welding                                                  Fig.41 Welded king pin   
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Fig.42 Attached wheel with Chassis                    Fig. 43 Complete Chassis   

   

                                                                    

 

 

 

  

 

 

 

 

Fig. 44 Painted with premier       Fig.45 Engine mounting works 

 

                

 

 

 

 

 

 

 

 

Fig.46 Engine mounted on chassis                    Fig. 47 Steering system completed 
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      Fig. 48 Assembly Completed                    Fig. 49 Body Framing 

       

 

 

 

 

 

 

 

        Fig.50 Body Framing Completed  

 

Fig 51 Complete Student Formula 1 car 
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CHAPTER 10 

APPLICATION 

The wide range of application or benefits to the team or group of people who 

come and work together. In this project student can get a very good hand on 

experience and good working knowledge of the subject they study in their 

entire four years course, especially Automobiles. Application in future high 

speed car viz. McLaren, Nissan GTR, BMW GTR, Ducati, Lamborghini etc.  
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CHAPTER -11 

CONCLUSIONS AND FUTURE RECOMMENDATIONS 

  
11.1 FUTURE RECOMMENDATIONS 

 
In order to further improve the performance of the FANATICS team the following 

recommendations are made: 

 

Increased use of 3D models in design 

 

Greater use of 3D models would increase the efficiency of the project information system 

and would assist in the integration of design. This would serve to locate problems earlier in 

the design phase. 

 

Creating a two year development cycle for the car 

 
This could be done by identifying potential Formula SAE project team members at the 

beginning of the students third year of study. The design of the following year’s car could 

be initiated within this team with a view to having major systems such as suspension, engine 

and driveline designed by the beginning of the following year. This would enable more 

effective design, especially for the chassis system. 

 

11.2 CONCLUSION 

 
This project was successful in developing effective design management tools and practices 

which assisted in the integration of all aspects of the design and construction of student 

formula car. 

 

The investigation into design and project management techniques facilitated the application 

of standard engineering practices to the Formula SAE project. A project management 

scheme was successfully implemented. A strong team atmosphere was created and the team 

was successful in achieving its' goals. 

Design overview and integration were achieved through the application of standard 

engineering design processes, good communication skills and interaction within the 

FANATICS team. Some minor issues were encountered during the construction of car, 

however these issues were always able to be resolved through teamwork and consultation. 

The most critical part of making design integration work is promoting interaction within the 

team. The FANATICS team were successful in achieving this. 

This project has shown that effective management of the team and of the design process are 

both critical to the success of any complex engineering project. 
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