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Abstract— This paper introduces a design and analysis of 

suspension and steering system of formula SAE vehicle by 

both mathematical and computational methodology for 

optimum performance. The design is according to the 

formula SAE rulebook. The deep understanding is 

established between logics and parameters of vehicle. The 

design parameters are decided either from logics or from 

worst condition of track and the simulation of parameters 

are conducted. 
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I. INTRODUCTION 

In Formula SAE International the design is very important 

due to its regress condition of track the stability and 

effective handling of vehicles depends upon of designers 

selection of optimum steering and suspension geometry 

which particularly includes the wheel camber, caster and 

king pin inclination. For light vehicles, advances in 

modelling techniques are making the analysis of handling 

behaviour a much more realistic process is possible then 

classical quasistatic techniques. The dependent and 

independent parameters are decided by mathematical model 

further the simulation has been done in LOTUS the mass of 

vehicle, damping coefficient of damper, scrub radius and 

frequency are independent parameters. Dependent 

parameters are optimized and calculated by a new and 

iterative method proposed by this paper, flow charts on 

vehicle parameter design selection are drafted and tabulated 

iteration are done. For steering system same methodology is 

used for calculating the dependent and independent 

parameter further the test are performed to verify the 

mathematical model on LOTUS. 

II. DESIGN 

A. Suspension Geometry  

Before designing suspension components, we need to have a 

proper double wishbone suspension geometry which provide 

us proper hard points needed to be taken care of for design 

of other components. For generating the suspension 

geometry for the vehicle, we need to make certain 

assumptions including track width (1160mm, 1100mm), 

wheelbase (1550mm), tyre specifications, type of 

suspensions using in vehicle. After fixing all these 

parameters, data is transferred to some suspension analysing 

Software like Lotus Shark.   

Figure represents front view of front suspension 

geometry obtained from analysis in lotus shark analyser. 

Along with this we also obtain optimum values of different 

other parameters like castor, camber, toe and their change 

during different conditions. 

 
Fig, 1: Suspension Geometry in Lotus Shark 

The above Along with analysis in software, 

geometry is also checked in CAD software for compliance 

of all set parameters. CATIA V5 is being used in report for 

checking geometry. Geometry is transferred to Catia v5 

from lotus shark through 3D coordinates generated in 

LOTUS SHARK. Both views of geometry developed in Cad 

software are analysed for proper space and other design 

requirements.  

Fig. 2: Front View 

 
Fig. 3: Top View 
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1) Wishbone  

The Wishbone is also called A-arm. Wishbones can be used 

in an all-wheel independent suspension setup. Because two 

rods are used on the two mounting points it is called a 

double wishbone setup. Wishbones can be very easily 

adjusted as every joint can be tweaked for optimal wheel 

movement. In automobiles, a double wishbone (or upper and 

lower A-arm) suspension is an independent suspension 

design using two (occasionally parallel) wishbones shaped 

arms to locate the wheel.  

During the actual working condition, the maximum 

load is transferred from upper wishbone arm to the lower 

arm which is possibility of failure & bending of lower 

wishbone arm at the ball joint location as well as control 

arm because of high impact load by produces road condition 

which is not desirable. So, lower wishbone is more critical 

in analysis. The wishbones are designed according to 

mounting hard points obtained from suspension geometry.  

In similar manner, all 8 wishbones are to be 

analyzed and checked for stability. In case if strength is 

found insufficient, iterations can be made in diameter or 

material to achieve optimum strength. 

2) Pull Rod  

Pull rod is used to transmit motion from wheels to bell 

crank. Basically two different type of actuating mechanism 

is used in F1 cars. These are push rod and pull rod type 

actuating mechanism. For this paper pull rod is taken in 

consideration because of the fact that it is more aerodynamic 

as it reduce the area and above all pull rod is actuated by a 

tensile force. So, it’s good for strength of system.  

The length of pull rod is decided by the suspension 

geometry. As pull rod is acted upon by a tensile force, it 

needs to be analysed for tensile strength and buckling 

strength. For analysis it is assumed that max load is acting 

on push rod during cornering and braking and motion is 

restricted at the other end.  

Now, after push rod, only component left to be 

discussed in paper is bell crank. 

3) Bell Crank  

Bell crank or rocker arm is basically the link between push 

rod and the damping mechanism. Its function is to transfer 

force from push rod to spring dampers.  

The bell crank is made of mild steel. The bell crank 

is also designed on the basis of suspension geometry made, 

by taking the hard points. A basic representation of bell 

crank is described in following figure.  

 
Fig. 4: Bell Crank 

Point A in above figure represents mounting for 

pull rod. It is the point which takes force from pull rod to be 

transferred further. Point B represent the hinge point this 

point is kept hinge so that bell crank can rotate to transmit 

the force. Point C represents mounting to spring dampers.  

Now, for analysis of bell crank it is assumed that 

spring end become irresponsive and that end is taken as a 

fixed end.  The force exerted on pull rod is assumed to be 

acting of bell crank. And one of the point is hinged for 

analysis.  

Same force is exerted on bell crank as in case of 

pull rod i.e. 250kgf for rear.  The bell crank analysis is 

described in following figures.  

B. Steering Geometry 

1) Basic geometry 

The basic aim of steering is to ensure that the wheels are 

pointing in the desired directions. This is typically achieved 

by a series of linkages, rods, pivots and gears. One of the 

fundamental concepts is that of caster angle– each wheel is 

steered with a pivot point ahead of the wheel; this makes the 

steering tend to be self-centring towards the direction of 

travel. The steering linkages connecting the steering box and 

the wheels usually conform to a variation of Ackermann 

steering geometry, to account for the fact that in a turn, the 

inner wheel is actually travelling a path of smaller radius 

than the outer wheel, so that the degree of toe suitable for 

driving in a straight path is not suitable for turns. The angle 

the wheels make with the vertical plane also influences 

steering dynamics as do the tires. 

2) Rack and pinion steering system 

A rack and pinion is a type of linear actuator that comprises 

a pair of gears which convert rotational motion into linear 

motion. A circular gear called "the pinion" engages teeth on 

a linear "gear" bar called "the rack"; rotational motion 

applied to the pinion causes the rack to move relative to the 

pinion, thereby translating the rotational motion of the 

pinion into linear motion. a rack and pinion is kept in a 

housing known as the steering gear box and the ends of the 

rack are connected to the wheels by tie rods. We are using 

rack and pinion mechanism because of oblivious advantages 

of reduced complexity, ease of construction and less space 

requirement compare to other steering mechanisms 

 
Fig. 5: Steering Geomtery 

Now, after obtaining a proper geometry we have 

hard points or suspension mounting points. We have the 

basic idea of which points are to be incorporates in other 

components. In push rod actuated suspension system, the 

mounting points of spring and dampers are not that critical 

as hard points of wishbones. This is because in push rod 
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actuated suspension system, spring and damper are not 

directly attached to wishbone, so we can adjust its position 

according to design.  

When designing the geometry, it is important to 

keep in mind that designing is an iterative process and that 

compromises will be inevitable. So, it can’t be just obtained 

by setting parameters, it has to be modified many time in 

order to achieve most optimum balance between parameters.  

Before we start our designing, we need to be aware 

of worst conditions of car which are needed to be considered 

for design considerations. So, before going through 

designing of components, the paper will brief about the 

loading conditions assumed for designing and analysis.  

A suspension system also has significant effect on 

steering ability of vehicle so; a combined effort in 

suspension geometry and steering geometry were taken in 

order to design efficient system. 

III. GEOMETRY SETUP 

The geometry set up was performed in following steps: 

A. Suspension geometry set up: 

Designing of steering geometry involves a brief study of 

suspension system of the vehicle. The various parameters 

like static camber, camber change rate, static toe and toe 

change rate and roll steer during dynamic conditions are to 

be consider for efficient design of the system. 

The first step is to identify the system 

requirements. Since objective of our project is to design an 

efficient steering system which is going to be a part of the 

prestigious event called formula student competition. The 

vehicle chassis was designed according to the rule book of 

competition. And following parameters were finalized based 

on driver safety and comfort ability: 

Parameter Value 

Front Trackwidth 1160mm 

Rear Trackwidth 1100mm 

Wheelbase 1550mm 

Table 1: 

Using these basic parameters we started our designing. 

B. Steering Geometry Setup 

A steering geometry setup was performed graphically and it 

is according to Ackerman's steering geometry i.e. a four bar 

linkage. LOTUS software was used for simulation 

 
Fig. 6: Ackermann Principle 

Due to compact design it was difficult to achieve 

100% Ackerman geometry. So, a simulation was performed 

using LOTUS software to observe % Ackerman variation 

during dynamic conditions. 

As mentioned earlier a optimum suspension 

geometry was finalized by studying the different behaviour 

parameters of the system during different dynamic 

conditions using LOTUS software. Lots of iterations were 

performed and at the end of this stage following 

performance parameters were finalized for efficient 

suspension system: 

Parameter Value 

Caster 4̊ 

Camber 
Front-(-1.3̊) 

Rear-0 

Scrub 30mm 

Mechanical trail 14.14mm 

Spring rate 
Front-112N/mm 

Rear-95N/mm 

Motion Ratio 
Front-0.8 

Rear-0.9 

Jounce 38mm 

Re-bounce 38mm 

Ride Frequency 
Front-3.5Hz 

Rear-3.1Hz 

Inner Wheel angle 35 ̊

Outer Wheel angle 30 ̊

Ackerman angle 25 ̊

Rack travel 114mm 

Turing radius 3000mm 

Steering Ratio 5:1 

Table 2: 

IV. ANALYSIS OF COMPONENTS 

Analysis is process of analysing the components by 

applying load, temperature, pressure etc. and obtaining the  

values such as stresses (bending, tangential and normal),  

deformations, safety factor etc. in order to determine the 

safety of the components when done in practical. These 

Analyses gives optimum result of safety of components and 

minimize the chances of failure. 

A. Upper H-Arm 

 
Fig. 6: Upper H-Arm 

The maximum stress induced in body is 201.86 MPa and 

minimum factor of safety comes out to be 4.01. So, it can be 

considered well for design 
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B. Lower A-Arm 

 
Fig. 7: Lower A-Arm 

The maximum stress induced in body is 221.34MPa and 

minimum factor of safety comes out to be 3.65. So, it can be 

considered well for design. 

C. Bell Crank 

 
Fig. 8: Bell Crank 

The maximum stress induced in body is 217MPa and 

minimum factor of safety comes out to be 3.27. So, it can be 

considered well for design. 

D. Rack and Pinion  

 
Fig. 9: 

 
Fig. 10: 

 
Fig. 11: 

Material Type: EN8 

Ultimate Tensile Strength = 800 MPa Maximum 

Stress Obtained = 517.33 MPa Factor of Safety = 1.55. Thus 

after the analyses of components The Design is completely 

safe. 

E. Knuckle 

 
Fig. 12: 
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Fig. 13: 

 
Fig. 14: 

Material Type: AL 7075   

Ultimate Tensile Strength = 572MPa Maximum Stress 

Obtained = 36.948  MPa Factor of Safety = 15.48 Thus after 

the analyses of components The Design is com 

Completely Safe. 

V. SIMULATION GRAPHS FROM LOTUS SOFTWARE 

A. Camber Angle vs Wheel Travel 

 
Fig. 15: Camber angle vs Wheel Travel 

The above plot gives camber angle variation during 

positive and negative wheel travel i.e. bump and droop.Here 

camber angle becomes more negative for negative wheel 

travel(under droop) and camber angle becomes positive for 

positive wheel travel(under bump)  

B. Camber Angle vs Roll Angle 

Fig. 16: Camber angle vs Roll Angle 

The above plot gives variation of camber angle 

while rolling condition. Here under roll, camber angle of 

one wheel becomes negative on the other hand camber angle 

of other wheel becomes positive. 

VI. CONCLUSION 

After going through various components of suspension and 

steering components, the paper lay down a methodology for 

analysis and simulation of different components. Even for 

some critical components more than one method and 

software are employed to ensure the durability of design. 

Besides, it is to be noted that “Iteration is the key to 

perfection”. These analysis and simulation steps need to be 

followed many times in single component to obtain a perfect 

model. Since, the paper covers methodology for analysis 

and simulation of different components along with 

introduction to calculation in most of the cases. So, it can be 

useful for other students for solving these types of models. 
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