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Abstract – The paper outlines the design methodology and 
development process of a double wishbone suspension 
intended for a Formula Student EV. The system was tuned for 
handling, durability, and compliance with competition 
standards. CAD modeling, kinematic analysis, and FEA were 
conducted to ensure geometry and strength validation. To 
optimize packaging constraints and enable finer suspension 
tuning, a bell-crank layout actuated via pushrods was 
integrated into the system. Load cases were examined to 
ascertain reliability under race conditions. The ultimate 
system was constructed and tested, showing satisfactory 
performance and structural integrity. 
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1.INTRODUCTION 
 
In every automobile, the suspension system functions as a 
fundamental element establishing the mechanical 
connection between the chassis and the wheels. Moreover, it 
operates as the backbone element in vehicle dynamics by 
regulating wheel trajectories and maintaining optimal 
camber throughout dynamic manoeuvres by transferring 
shocks and impacts of tires and evenly distributing them 
throughout the mainframe. This is very critical in the realm 
of elite motorsport systems like Formula One, Formula 
Endurance, etc. Also, the Formula Student race cars, which 
are essentially scaled-down replicas of Formula One cars, are 
designed and built by university students for competitions 
such as Formula Imperial and Supra SAE. Evolving 
suspension design holds elevated significance, offering 
effortless adjustability, mass efficiency, and razor-sharp 
control over wheel trajectory [1]. Performance automobiles 
frequently employ the double wishbone suspension setup 
that provides better performance. Double wishbone can 
have two different options: push-rod or pull-rod actuated 
systems; either of them may be implemented depending on 
the needs and objectives of the vehicle. Some components of 
suspension structural units are springs, tires, dampers, 
shock absorbers, A-control arms, and wheel uprights. They 
work in conjunction with the vehicle frame to control the 
forces exerted by the road uncertainties. Also, in 

motorsports, this system becomes important as it sets the 
framework for the vehicle's behaviour in turning and going 
over the curbs. A perfect suspension setup enhances a 
vehicle's on-track performance.  

 

1.1 Background 
 

Earlier, car suspension systems came from simple 
designs used in carts pulled by oxen. Back then, they used 
iron chains and later leather straps to help soften the ride. 
When cars started moving on their own, new metalworking 
techniques were needed. This led to better spring 
suspensions that made rides smoother. In the 19th century, 
Obadiah Elliott patented something really important: strong 
steel leaf springs that could hold up vehicle bodies right on 
the axles [2]. By 1904, we saw the first signs of what we 
know today as modern car suspensions. Then, in 1906, 
things got even better with the addition of front coil springs 
on flexible axles. Leaf has a long history, dating back to their 
use in carriages around 1804. People liked them because 
they were cheap and could handle different loads by 
changing their shape. And even though coil springs were first 
thought of way back in 1763, car makers chose leaf springs 
for how practical & versatile they were in those early vehicle 
designs. 

 
2. LITERATURE SURVEY 

 
A detailed simulation strategy was employed to determine 
precise hardpoint locations, optimizing suspension geometry 
for responsive vehicle dynamics [3]. Follow-up validations 
ensured that the configuration balanced structural packaging 
with performance objectives. Suspension geometry 
modifications were implemented to ensure vehicle balance 
during transient manoeuvres like turning, braking, and 
accelerating [4]. Accuracy in caster-camber 
alignment resulted in correlated lateral force behavior 
and enhanced trajectory consistency during maneuvers. On-
track feedback reported substantial improvements in 
responsiveness and stability. A sequential process was 
employed to incorporate push-rod actuation in the front 
suspension so that it is compatible with A-arm location and 
spring-damper orientation [5]. The 
layout minimized packaging and facilitated controlled force 
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distribution. Suspension arm geometry was analysed 
intensively, paying particular attention to unequal lengths 
for ensuring favourable tire contact during cornering [6]. 
This control arm configuration served to minimize body roll 
and enhance cornering confidence. Test performance 
indicated consistent behaviour under changing grip 
conditions. A light yet rigid design was sought through 
meticulous fabrication decisions, prioritizing stiffness 
balancing with mass reduction for the best dynamic 
response [7]. Progressive development allowed the 
customization of structural components without 
compromising reliability. Field testing showed consistency 
across diverse racing conditions. Suspension kinematics 
were studied to ensure wheel alignment and force 
distribution under actual loads [8]. The final design reacted 
as expected to irregular surfaces. Regulatory limitations 
were followed during the design, particularly with regard to 
geometry and ground clearance, as per Formula Bharat 
regulations [9]. The system was optimized within allowed 
limits to improve ride quality. The rule compliance ensured 
competitive participation without sacrificing functionality. 
Compact, dependable suspension geometry was created, 
utilizing virtual models to minimize high-stress areas and 
improve endurance under prolonged loads [10]. Finite 
element outcomes informed crucial strengthening. The 
system-maintained performance across several race cycles 
without deterioration. A systematic design philosophy 
consistent with competition goals prioritized 
manufacturability, rule compliance, and effective simulation 
cycles [11]. Design iterations were motivated by analytical 
understanding as well as assembly practicability. Motion and 
vibration behaviour were studied to confirm suspension 
capability of withstanding high-stress racing environments 
without measurable degradation [12]. Analytical frequencies 
correlated with test feedback. The system remained 
mechanically robust under race-level excitation conditions. 

3. METHODOLOGY  
 
This research takes a careful look at how to create a better 
suspension system for an electric vehicle in the Formula 
Student competition. It all starts with a thorough review of 
important books, like Carroll Smith’s "Tune to Win" & 
Milliken & Milliken’s "Race Car Vehicle Dynamics." From 
there, we figure out the main design ideas using theories & 
hand calculations [13], [14]. Next, we make detailed 3D CAD 
models. We use software like SolidWorks for this, so 
everything is super precise and ready for making. Then 
comes a step where we check the strength of our designs. We 
use Finite Element Analysis (FEA) in ANSYS to check failures, 
motion dynamics, and various load and stress conditions. 
Then the next step was fabrication, which involves laser 
cutting, grinding, welding, plus assembling everything using 
bolts & press-fitting methods, also integrating it with the 
chassis, which in conjunction made over vehicle stand on 
wheels. Once this was achieved, we tested it hard to see how 
well they perform in different situations. All our findings are 

documented carefully because they’re meant for recording 
our data, which can be further used for perfect tuning of 
suspension parts, dampers, and various wheel angles to 
extract peak performance of the vehicle in competition, 
sharing with others in academia, and might even be used in 
Formula Student competitions. 

4. DESIGN PROCEDURE 

The design of a vehicle’s suspension system directly affects 
its dynamic performance characteristics. The handling and 
performance of a formula vehicle are primarily impacted by 
suspension. To achieve the vehicle's full potential, it is 
necessary to get the suspension setup correct. Even small 
changes in setup can make the vehicle slower or even can 
make a drastic change in handling. The suspension system 
also ensures vehicle performance in a straight line and in 
cornering. There is a procedure to get the suspension setup 
perfectly suitable for the track and to get the vehicle to its 
full potential. Firstly, we decided on the basic parameters of 
the FSAE vehicle like wheelbase, trackwidth front and rear, 
and ground clearance. The tire sizes, parameters, and 
profiles are crucial to consider. The actual design of 
suspension requires many parameters to be assumed, like 
scrub radius, toe camber, caster angles, and kingpin axis 
inclination. For a design of suspension without load, it is 
feasible to take the toe angle to zero and the camber to be 
positive. Plotting these angles and parameters on paper and 
on SolidWorks designing software with a 2D cross-section 
diagram of the chassis where the tires lie, and joining them 
as shown in the figure shown below. This gave a front view 
of how wishbones lie. The same steps were followed for the 
rear tire. Now for side points of wishbones, assuming an 
anti-dive and anti-squat percentage [15]. Taking the SVSA 
length and joining it with the Centre of gravity, we got the 
points where the wishbones lie on the chassis. This design 
successfully gives a location for wishbone points on the 
chassis, which will help the car to balance out every 
situation, like bumps, turning, braking, etc. Once the 
wishbone points are completed, calculate the weight on each 
tire by the weight ratio of the car, and then calculate the safe 
dimension for pushrods and wishbone rods. Performed 
various simulations and verified our design on the Ansys 
Workbench. Then, to make the suspension soft or hard, 
responsive or stiff, depending on weight, bell cranks are 
used. A structural approach was taken to integrate a bell 
crank to improve the suspension stiffness and which 
maintains the ground clearance. This is the design procedure 
we followed and made a successful suspension system that 
gets the vehicle to its limits and helps us achieve a 
competitive edge in competition [16].  

Listed below are the meanings of important parameters that 
are essential to designing a successful suspension system. 

Scrub Radius: It is a quantified value in the lateral direction 
from the centre point of the interacted area of the tire to the 
steering axis ground intercept point. An optimally tuned 
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scrub radius helps to enhance steering accuracy and tactile 
driver feedback. 

Toe-in and Toe-out: Wheel angular inclination about the 
vertical plane, affecting tire degradation and stability. Toe-in 
means the tires tilt inwards, while toe-out means tilt 
outwards along the vertical axis. 

Caster Angle: Refers to the degree of inclination of the 
upright axis from vertical, affecting steering effort and 
stability. Positive caster is used in conditions where 
cornering is not a concern, and negative caster is used to 
optimize cornering performance, apart from straight line 
speed. 

Camber Angle: Refers to the inclination of the wheel 
inwards or outwards, influencing tire wear and cornering 
grip. Positive camber improves manoeuvrability, while 
negative camber affects the same 

Roll Centre: It is the fulcrum around which the car body 
swings through cornering. It has a strong effect on chassis 
roll response, directional stability, and dynamic response to 
steering input 

FVSA and SVSA: Swing arm lengths viewed from the front 
(FVSA) and side (SVSA), affecting dynamic behaviours like 
anti-dive and anti-squat characteristics. 

Wheel Travel: The distance travelled by any point of the 
wheel in the vertical direction from its resting position. 

 
Figure -1: Suspension Geometry 

5.CALCULATIONS 

Abbreviation 

Tr = Track Width (Rear) 

Tf = Track Width (Front) 

L = Wheel Base 

W = weight 

F = force 

Wf = Weight of front Wheel when rear elevated 

r = Tire radius 

MR = Motion Ratio 

Fp = Force on push rod 

BMR = Bell crank motion ratio 

Ks = spring rate 

Fr = Ride frequency 

Msm = Sprung mass 

Kw = Wheel rate 

kwFL = wheel rate front left 
kwFR = wheel rate front right 
KψF = Front roll rate 
KψR = Rear roll rate 
Calculation of the C.G. Height 
We calculate the Centre of gravity (C.G.) in suspension design 
because it directly affects how the vehicle handles forces 
during acceleration, braking, and cornering, like Weight 
Transfer, Suspension Geometry Tuning, and Vehicle Balance 

W (without driver) = 270Kg 

W (Driver) = 70 kg 

W (Total) = 270+70 = 340Kg 

‘Assuming 60:40’ 

Weight distribution: 

W (Front) = 136 Kg 

W (Rear) = 204 Kg 

W (each rear wheel) = 102 kg 

W (each front wheel) = 68 kg 

L = 1620mm 

Tf = 1250mm; Tr = 1300mm 

Center of Gravity = 

From Rear = b= 567 mm 

From Front = a =1053 mm 

Figure -2: Centre of gravity 
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W (rear) > W (front) as the battery is fitted near the rear 
axle. 

Now, a moment about xx 

y′ = W2/ W (T − d) − W1/W (d) = W4.TR/W   

 

y’ = 640 mm 

y’’ = 0.64 - (1.3/2)   

y’’ = 0 

Since there is no horizontal offset in the X direction, the 
lateral shift is deemed negligible. 

Load Calculations 

Longitudinal Forces during Braking: 

As the car brakes, mass is transferred forward, putting more 
load on the front suspension. That increased force passes 
through the A-arms and is imparted to the knuckle where 
they are attached, influencing the suspension components' 
response to braking. 

Assume Max acceleration = 9.81 m/s2 

F (front side) = M (rear side) × acceleration 

Let the M (rear side) = 0.6 times the total weight 

M (rear side) =0.6 × 340 =204 kg F = 204× 9.81 F = 2001.24 N 

Now F (one wheel) =2001.24/2 =1000.62 N 

F (Longitudinal) = 1000.62 N 

Lateral Forces 

F(Lateral) acted due to two reasons: F (centrifugal) and load 
transfer (lateral from outer to inner while cornering). The 
computation of centrifugal force: 

Take, speed (vehicle) = 30 kmph = 8.33 m/s and r (Turning 
radius) = 6m 

Now, consider if W (total) acts on the front wheel assembly, F 
(lateral load transfer) =0.4 × 340 × 9.81 = 1334.15 N 

Vertical Force at Bump 

At the bump, load transfer (vertical) = 3g of the Weight of the 
vehicle. 

Load transfer (vertical) on each wheel (Front)=667x3 
=2001.24 N 

Load transfer (vertical) on each wheel (Rear)=1000.62x3 = 
3001.86 N 

Suspension Calculations 

Front Suspension 

Motion Ratio [MR] = WT (wheel travel) / ST (spring travel) 

MR [front] jounce = 25/19.13 = 1.306 

MR [front] rebound = 25/20 = 1.25 

MR [front] = (1.3068 + 1.25)/2 = 1.278 

F (front single wheel) = 667.08 N. 

F (single front wheel at bump) = 2001.24N. 

α=20.20, β=77.36: 

Therefore, FP = 2001.24 cos α =2001.24 cos (20.20) 

Fp=1878.14 N 

1km/hr. = 1000/3600 m/sec, =5/18 m/sec 

Centrifugal force = (m*e2)/r = (0.4*340*8.333)/6 = 1573.94N 

Now, 

Assume Fr (ride frequency) = 1.68 Hz 

KS=4 x π2 x Fr2 x Msm x MR2 [17] 

Ks (Front)= 4 x π2 x (1.68)2 x 135 x (1.278)2 

Ks = 24832.60 N/m 

Therefore, selecting the stiffness (front) = 24900 N/m or 24.9 
N/mm 

Kw [Front] = (Ks)/MR2 = 24.9 / (1.278)2 

Kw[front] = 15.25 N/mm 

Kw[front] = kwFL (left) = kwFR (right) 

 

Figure -3: Front suspension 
 

Also, 

KψF = π x (Tf)2 x (kwFL x kwFR) / 180 (kwFL + kwFR) [17] 

KψF = π (1.25)2 x 15250 x 15250 / 180 x (15250 + 15250) 

KψF = 207.93Nm/deg 

Rear Suspension 

MR [rear] jounce = 25/19.13 = 1.3068 

MR [rear] rebound = 25/20 = 1.25 

MR [rear] = (1.3068 + 1.25)/2 = 1.278 
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Since MR (front) = MR (rear), 

Therefore, KW (FR & RR) and WT (FR & RR) are the same 

Force on rear single wheel = 1000.62 N. 

Force on each rear wheel at bump = 3001.86 N. 

α=18.22: β=90 

Therefore, FP = 3001.84cosα =3001.84 cos (18.22) 

FP =2851.33 N 

FS = FP x BMR = 2851.33 x 1 

FS = 2851.33 N 

 
Figure -4: Rear suspension 

Figure -5: CAD model 
 

 
Figure -6: CAD model 

 
Figure -7: CAD Model of Wishbone, Hub and front hub 

upright 

 

 
 
Figure -8: Analysis on Wishbone, bell-crank, Hub and rear 

hub upright 
 

7. FARICATION 
 
The design procedure for the suspension system is 
completed with a very careful approach. CAD models & 

 

Assume Rr (ride frequency) = 1.68 Hz 

Fr= 1.68 Hz 

Ks=4 x π2 x Fr2 x Msm x MR2 [17] 

Ks(Rear)= 4 x π2 x (1.68)2 x 135 x (1.278)2 

Ks = 24832.60 N/m 

Therefore, Ks [Rear]= 24.9 N/mm. 

Since Ks (Front) = Ks (Rear), 

Therefore, Kw (front) = Kw (Rear). 

6. CAD MODEL AND DESIGN ANALYSIS 
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analysis results were strictly executed, and only safe 
parameters were taken into consideration. This is super 
important to get everything just right for performance. We 
use great CNC machining & other techniques to create parts 
exactly as we need them. CAD simulations help us choose the 
right materials. Sometimes, we face small challenges during 
manufacturing. So, we make little changes, like adjusting the 
screw threading for eyeball joints, pushrods, & tie rods. 
These tweaks help us fine-tune things like toe-in and toe-out, 
caster angle, camber angle, and scrub radius. Because of this, 
our final prototype really meets all the performance and 
reliability standards needed for automotive use. 
 

 
Figure -9: Actual Fabricated Model 

 

 
Figure -5b: Actual Fabricated Model  

 

8. RESULTS 
 

Table -1: Total Deformation (Static Structural Analysis) 
  

Sr. no Part Name Maximum (m) Average (m) 

1. Hub 1.996e-005 7.1984e-005 

2. Hub Upright 6.1354e-005 2.4055e-005 

3. Wishbone 
(Upper) 

7.3964e-003 2.1455e-003 

4. Wishbone 

(Lower) 

6.5447e-003 2.0861e-003 

 
Table -2: Equivalent Stress (Static Structural Analysis) 

 

Sr. 
no 

Part Name Minimum 
(Pa) 

Maximum 
(Pa) 

Average 
(Pa) 

1. Hub 4635.3 5.7606e+007 1.3578e+007 

2. Hub 
Upright 

868.59 7.852e+007 8.6185e+005 

3. Wishbone 
(Upper) 

6.0726e-002 1.23486e+009 2.3560e+003 

4. Wishbone 
(Lower) 

0.14268 2.4019e+009 1.3344e+009 

5. Bell Crank 
(Front) 

10310 1.2966e+007 7.2078e+006 

6. Bell Crank 
(Rear) 

582.7 1.2604e+007 5.6019e+006 

 

9. CONCLUSIONS 
 
We put a lot of care into designing, analyzing, & making our 
suspension system. Every little detail was important to us. 
We focused on getting the best performance, making it last 
long, & keeping costs down. Using fancy Computer-Aided 
Design (CAD) tools and simulations, we built the suspension 
system according to competition rules and regulations, such 
as jounce and re-jounce of ± 25 mm, and ground clearance of 
30 mm, compact in design. We used finite element analysis 
(FEA) to double-check that our design would be strong, safe, 
and reliable. Sticking closely to what we set out in the CAD 
models helped us keep things consistent during 
manufacturing. Quality was key during this phase. This 
Improved maneuverability, comfort, & overall sportiness of 
the vehicle. Thanks to our smart approach, we managed to 
keep prices competitive without skimping on quality or 
performance. We made sure everything went through tough 
quality checks so the final product would meet all our goals. 
In conclusion, all our hard work in design, analysis, & making 
has led to a fantastic suspension system that's just right for 
the FSAE Vehicle. By mixing high-tech tools with smart cost 
choices and careful quality checks, we've created something 
great. For teams new to FSAE, focusing too much on 
complicated engineering stuff can end up wasting time for 
only a bit of performance improvement. So, for FSAE teams, 
it is better to always start from basic engineering principles 
and develop specific components of their vehicle. This 
approach makes everything simpler and helps them finish 
sooner, allowing more time for testing and making changes if 
needed. Teams that finish their cars & get to compete are 
likely to learn the most and get valuable experience from 
Formula SAE. 
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