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Abstract— Tadpole type vehicle is one of the rare vehicles in transport system having two wheels at the front and one wheel at the rear. 

The objective of this project is to design and develop the braking system for tadpole vehicle considering the dynamics of the vehicle. 

Various parameters required for braking of the vehicle such as static and dynamic loads, braking force required to bring the vehicle to 

halt, brake torque, and pedal ratio are calculated. The mathematical models using Simulink software are created using the obtained 

parameters to determine the stopping distance and stopping time of the vehicle. The various parts of braking system were selected from 

the market whose specifications are closer to our requirements. Modal analysis and thermal analysis of brake disc was carried out to 

determine the natural frequency and different mode shapes of the brake disc and the temperature distribution on the brake disc 

respectively. The CAD models were created for the selected parts using Solidworks software. The CAD models are used for reference to 

assemble the braking system of the tadpole vehicle. The assembly of the braking system for the tadpole vehicle was carried out based on 

the study of above parameters. 

 

Index Terms: Braking system, Disc brakes, Dynamic load, Pedal ratio, Tadpole vehicle, Static load, , stopping distance, Stopping time, 

Torque. 

 

I. INTRODUCTION 

A three-wheeler as the name states is a vehicle with three 

wheels. The Configuration of three-wheeler is divided into 

two types. 

1. Tadpole Configuration 

2. Delta Configuration 

The tadpole type has two wheels at the front and one wheel 

at rear. Braking system is one of the most vital parts of an 

automobile as it is a concern of safety for the driver, 

passengers and other civilians travelling on the road, so it is 

essential to develop an effective braking system. Tadpole 

vehicle is a new trend in the automobile industry as 

transport/logistics vehicles, used in city for delivery 

purposes. 

Braking system refers to the integration of parts whose 

work is to decelerate or completely stop the vehicle in motion 

or to keep the vehicle stationary when it is at rest. It converts 

the kinetic energy into thermal energy due to friction. The 

main concept of this project was to develop a working 

braking system for the tadpole type vehicle. In a hydraulic 

brake system, when the brake pedal is pressed, force is 

applied to the master cylinder piston, which then forces fluid 

from the reservoir into the pressure chamber, creating 

pressure throughout the entire hydraulic system. The brake 

caliper will then exert pressure on the brake pads, pressing 

them up against the brake disc to create friction. This friction 

will generate brake torque and slows down the vehicle. When 

the vehicle is decelerated, the vehicle weight is transferred to 

the front axle, therefore more braking force is required at 

front wheels to stop the vehicle.  

 
Figure 1: Brake system of Tadpole vehicle 

II. METHODOLOGY 

 
Figure 2: Methodology 
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III. BRAKING DYNAMICS 

A. Static Load 

The forces acting on a vehicle that does not decelerate, 

either moving at a constant velocity or stationery is illustrated 

in Figure3. Due to rear-front weight distribution, the front 

axle carries significantly higher loads than the rear axle.  

 
Figure3: Static axle loads 

Fzf +Fzr  = m × g                                                                    (1) 

Fzr × L = m × g                                                                             (2) 

B. Dynamic Load 

When the brakes are applied, the brake pads come into 

contact with the brake disc, the torque which is developed by 

the wheel brakes is resisted by the circumference of the tire. 

The braking force is directly proportional to the torque which 

is generated by the wheel brake before locking.  

 𝐹𝑧𝑓,𝑑𝑦𝑛𝑎𝑚𝑖𝑐 =
𝑚 × 𝑔 × 𝐿𝑟

𝐿
+

 𝑚 × 𝑎 × ℎ

𝐿
                            (3) 

 𝐹𝑧𝑟,𝑑𝑦𝑛𝑎𝑚𝑖𝑐 =
𝑚 × 𝑔 × 𝐿𝑓

𝐿
−

𝑚 × 𝑎 × ℎ

𝐿
                             (4) 

C. Brake line pressure 

The pressure in the brake hoses depends on master cylinder 

size and how much force should be applied to the master 

cylinder via brake lever or pedal. As deceleration increases, 

the normal force at the rear axle decreases and relatively less 

pressure is required on the rear brakes in order to prevent the 

locking of rear brakes before the locking of front brakes. In 

our case, we have one wheel at the rear due to which the 

amount of brake line pressure will be high when compared to 

a four-wheeler.  

Torque at the front left = Torque at the front right 

𝑇𝑜𝑟𝑞𝑢𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑓𝑟𝑜𝑛𝑡 𝑤ℎ𝑒𝑒𝑙 (𝑇𝑏𝑓) =
𝐹𝑏𝑓

2
× 𝑅𝑤                 (5) 

𝑇𝑜𝑟𝑞𝑢𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑟𝑒𝑎𝑟 𝑤ℎ𝑒𝑒𝑙 (𝑇𝑏𝑟) = 𝐹𝑏𝑟 × 𝑅𝑤                   (6) 

𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑓𝑟𝑜𝑛𝑡 𝑟𝑖𝑔ℎ𝑡 𝑎𝑥𝑙𝑒

=
(𝑇𝑏𝑓𝑟)

𝑟𝑒 × µ1 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑒𝑠
                            (7)  

𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑓𝑟𝑜𝑛𝑡 𝑙𝑒𝑓𝑡 𝑎𝑥𝑙𝑒

=
(𝑇𝑏𝑓𝑙)

𝑟𝑒 × µ1 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑒𝑠
                           (8) 

𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑟𝑒𝑎𝑟 𝑎𝑥𝑙𝑒

=
(𝑇𝑏𝑟)

𝑟𝑒 × µ1 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑒𝑠
                           (9) 

𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =  
𝑐𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑙𝑜𝑎𝑑

𝑝𝑖𝑠𝑡𝑜𝑛 𝑎𝑟𝑒𝑎
                        (10) 

D. Mechanical Advantage/Pedal Ratio 

Pedal Ratio is very crucial during braking. You need to 

measure the pedal height to the pivot point to determine the 

pedal ratio and then divide the pivot measurement to the 

lower arm which controls your rod to the master cylinder. 

𝑃𝑒𝑑𝑎𝑙 𝑟𝑎𝑡𝑖𝑜

=
𝑃𝑒𝑑𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 × 𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑚𝑎𝑠𝑡𝑒𝑟 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
                        (11) 

E. Brake Proportioning 

The relationship between front and rear brake forces 

achieved by applying pressure to each brake and its 

corresponding gain is defined by the term "brake 

proportioning." Up until one of the axles locks up, the brake 

decelerations that can be performed are just the sum of the 

braking gain (pressure/torque) and level of application. As 

the brake force on an axle decreases due to lockup, some 

degree of vehicle control is lost. Bringing both axles to the 

locking point simultaneously is the optimum design. By 

adjusting the pressure appropriately based on the brakes 

fitted on the vehicle, it is possible to match the brake outputs 

on the front and rear axles. Afterward, proportioning 

modifies the brake output at the front and rear wheels in 

accordance with the highest traction forces available. The 

peak coefficient of friction and immediate load are the main 

contributors to the highest traction force on the axle. A 

dynamic load transfer from the rear axle to the front axle 

occurs throughout the entire deceleration in such a way that 

the load on the axle is the sum of the contributions from the 

dynamic load and static load-transfers. 

 
Figure 4: Wheel lockup 

In Figure 4, the horizontal axis represents the rear brake 

force which is proportional to rear brake pressure and the 

vertical axis represents the front brake force, proportional to 

front brake pressure in addition with brake gain.  
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The red line denotes the front lockup whereas the yellow 

line denotes the rear lockup. The front wheel locks up when 

the car is braked to a level that is above the front brake force 

limit, which results in the loss of steering control. The rear 

wheel locks up when the brake pressure exceeds the rear 

brake force limit, which also throws the car's balance off. The 

ambiguity requires careful consideration in the design of the 

brake system because it has safety implications. 

IV. SIMULINK MODEL 

 
Figure 5: Brake dynamics model 

 
Figure 6: Stopping distance v/s time 

The Figure 6 represents the longitudinal displacement with 

respect to time and in the graph, the pink line indicates the 

stopping distance which is obtained as 19.7m from initial 

velocity of 40 kmph to final velocity of 0 kmph indicated by 

the purple line. The stopping time was obtained as 2.16 

seconds 

V. DESIGN AND ANALYSIS OF BRAKE SYSTEM 

A. Design of Brake system 

The Computer Aided Design (CAD) of various parts of 

brake system were modelled using Solidworks and the 

assembly of the whole braking system was done in order to 

visualize and assist for the fabrication of the vehicle. It is also 

used for determining the weight of the assembly and also for 

performing the analysis of the system. 

 
Figure 7: CAD model of brake pedal assembly 

 
Figure 8: CAD model of front wheel brake assembly 

 
Figure 9: CAD model of rear wheel brake assembly 

 
Figure 10: CAD model of vehicle assembly 

B. Thermal Analysis of Brake Disc 

Thermal Analysis for the disk brakes is done for 

understanding the distribution of temperature which may 

cause crack initiation and spot melting. When the brakes are 

applied, friction takes place between the friction pad and the 

brake disk. These frictional forces oppose the motion of the 

disk, due to which heat is generated in the disk and it 

distributes over the disk. The heat generated in the disk is 
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dissipated by different modes of heat transfer like conduction 

and convection. The analysis was carried out in Ansys 

workbench where the model from Solid works was imported 

and meshing of element size 4mm was used. The boundary 

conditions were given as heat flux on the area swept by brake 

pad, the modes of heat transfer like conduction, convection 

and radiation, the coefficient of conduction of cast iron, film 

coefficient of convection and atmospheric temperature were 

taken into account.[10]  

𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐛𝐫𝐚𝐤𝐢𝐧𝐠 𝐩𝐨𝐰𝐞𝐫 𝐚𝐭 𝐰𝐡𝐞𝐞𝐥 [𝒒(𝒐)]: 

𝑞𝑜 =
𝐾(1 − 𝑠) × 𝑢 × 𝑎 × 𝑊 × 3600

2(778)
                                (12) 

𝑞(𝑜) =  0.7 × 0.5 × 0.9 ×

𝑞𝑜                                                 (13)  

𝑤ℎ𝑒𝑟𝑒,  
0.70 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑛 𝑓𝑟𝑜𝑛𝑡 𝑎𝑥𝑙𝑒   
0.50 = 𝑠𝑖𝑛𝑐𝑒 𝑜𝑛𝑒 𝑓𝑟𝑜𝑛𝑡 𝑏𝑟𝑎𝑘𝑒 𝑟𝑜𝑡𝑜𝑟 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑  
0.90 = 10% ℎ𝑒𝑎𝑡 𝑙𝑜𝑠𝑠 (𝐻𝑒𝑎𝑡 𝑙𝑜𝑠𝑠 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡) 

𝑆𝑤𝑒𝑝𝑡 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐷𝑖𝑠𝑐 𝑅𝑜𝑡𝑜𝑟 =
𝜋

4
(𝐷2 − 𝑑2)                 (14) 

Final braking power in (
𝑁𝑚

𝑠
) =  

𝑞(𝑜) 

𝑡
                           (15)  

Heat flux(H) in (
W

𝑚2
) =

𝑃𝑜𝑤𝑒𝑟

𝐴𝑟𝑒𝑎
                                         (16) 

 
Figure 11:  CAD model of brake disc 

 
Figure 12: Meshing 

 
Figure 13: Temperature distribution on Front Disc 

 
Figure 14: Temperature distribution on Rear Disc 

From the thermal analysis done on the brake disc, the 

temperature distribution on the font disc ranges from 

515.46K to 407.1K as shown in Figure 13 and on the rear 

disc, it ranges from 486.29K to 392.75K as shown in Figure 

14.  

C. Modal Analysis of Brake Disc 

The Modal Analysis on the Disc Brake is carried out to 

find the system’s dynamic behaviour i.e., natural frequencies 

and mode shapes. The objective of performing modal 

analysis for a component is to obtain natural frequencies 

which should not fall under the frequency range of vibration 

source and road excitation frequency. The analysis was 

carried out in Ansys Workbench in which the 

three-dimensional model of brake disc was imported and 

meshing of 4mm element size was carried out on the disc. 

The brake disc assembly was examined considering free-free 

boundary conditions which allows the component to vibrate 

freely without any interference of other components.  

Mode shapes of the Brake disc 

Table 1:  Natural frequencies of disc 

Mode Frequency [Hz] 

1 1422.2 

2 1422.8 

3 1634.9 

4 1650.3 

5 1900.1 

6 2667.5 

 
Figure 15: 1st mode 
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Figure 16: 2nd mode 

 
Figure 17: 3rd mode 

 
Figure 18: 4th mode 

 
Figure 19: 5th mode 

 
Figure 20: 6th mode 

The natural frequency and the mode shapes of the brake 

disc are determined using the modal analysis and the natural 

frequencies of different modes are shown in the figures 

above. The frequencies of the brake disc are greater than that 

of frequency generated by the vehicle. Hence the selected 

disc is safe and do not fail under dynamic conditions.  

VI. RESULTS 

Table 2: Vehicle design parameters 

Gross weight of the vehicle 450kg 

Weight distribution (front: rear) 0.67:0.33 

Wheelbase 2.438m 

C.G. Height 0.4 

Number of wheels on front axle 2 

Number of wheels on rear axle 1 

Vehicle Deceleration 0.45g 

Tire radius 0.268m 

The following results were obtained from the analytic 

calculations and Simulink models. For an efficient braking 

system for the design of the tadpole vehicle, using the 

parameters as stated in the table 2, the required braking 

parameters are calculated and the results obtained are 

tabulated in table 3. Using these parameters, the different 

braking system parts are selected based on our requirements. 

The modelling of the different braking parts was carried out 

and the thermal and modal analysis for brake disc was 

performed. 

Table 3: Brake Dynamic results 

Static force at Front 2944.21N 

Static force at Rear 1470.29N 

Dynamic force at Front 3270.13N 

Dynamic force at Rear 1144.4N 

Torque at Front 350.55Nm 

Torque at Rear 245.35Nm 

Front Clamping load 4906.91N 
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Rear Clamping load 3434.35N 

Front line Pressure 2.40Mpa 

Rear line Pressure 1.68Mpa 

Pedal Ratio 2.26 

Stopping Distance 19.7m 

The results of the thermal analysis indicates that the 

temperature distribution on the font disc ranges from 

515.46K to 407.1K and on the rear disc, it ranges from 

486.29K to 392.75K and is found to be safe for the vehicle’s 

performance. The results of the modal analysis indicates that 

the brake disc can withstand the natural frequency of the 

vehicle and also the road excitation frequency and hence is 

safe to use. The various parts of the brake system were 

purchased and assembled accordingly on the tadpole vehicle. 

 
Figure 21: Brake assembly at front and rear 

 The front and rear wheel assembly including the braking 

system are shown in the fig 21. After the assembly of the 

tadpole vehicle, the brake bleeding was carried out to transfer 

the brake fluid equally in all brake callipers and to remove the 

entrapped air in the brake hoses for the proper actuation of the 

brakes to ensure smooth braking. 

 
Figure 22: Brake Pedal and Master Cylinder Assembly 

 
Figure 23: Vehicle Assembly 

The Figure 23 shows the complete assembly of the tadpole 

vehicle consisting of all the systems like chassis, braking 

system, powertrain, suspension system etc. 

VII. CONCLUSION 

 An effective braking system for the front wheel drive 

tadpole type electric vehicle has been successfully developed. 

Initially, the case study on various braking dynamics 

involved during braking were studied and based on the study 

various braking dynamic calculations were carried out. Based 

on the results obtained, various braking parts were selected 

which suited our vehicle requirements, design of the same 

was carried out. For the brake disc, thermal and modal 

analyses were performed to evaluate how well it will work 

under the conditions of our vehicle. The various braking parts 

were purchased and assembled during the fabrication of the 

tadpole vehicle. Multiple test runs were carried out to assess 

the effectiveness of the braking system.  

VIII. SCOPE FOR FUTURE WORK  

 Design and implementation of Anti-lock braking system 

for tadpole type electric vehicle. 

 Design and development of regenerative braking system 

for tadpole type vehicle.  

 Implementation of electrohydraulic brake-by-wire 

system for tadpole vehicle.  
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NOMENCLATURE 

 𝐿 = 𝑊ℎ𝑒𝑒𝑙𝑏𝑎𝑠𝑒  
 𝐹𝑧𝑓 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝑙𝑜𝑎𝑑 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑎𝑥𝑙𝑒 

 𝐹𝑧𝑟 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝑙𝑜𝑎𝑑 𝑎𝑡 𝑟𝑒𝑎𝑟 𝑎𝑥𝑙𝑒 

 𝐹𝑧𝑓,𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑙𝑜𝑎𝑑 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑎𝑥𝑙𝑒 

 𝐹𝑧𝑟,𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑙𝑜𝑎𝑑 𝑎𝑡 𝑟𝑒𝑎𝑟 𝑎𝑥𝑙𝑒 

 𝐹𝑏𝑓𝑙 = 𝐵𝑟𝑎𝑘𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑙𝑒𝑓𝑡 𝑎𝑥𝑙𝑒 

 𝐹𝑏𝑓𝑟 = 𝐵𝑟𝑎𝑘𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑟𝑖𝑔ℎ𝑡 𝑎𝑥𝑙𝑒 

 𝐹𝑏𝑟 = 𝐵𝑟𝑎𝑘𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑎𝑡 𝑟𝑒𝑎𝑟 𝑎𝑥𝑙𝑒 

 𝑇𝑏𝑓𝑙 = 𝐵𝑟𝑎𝑘𝑒 𝑡𝑜𝑟𝑞𝑢𝑒 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑙𝑒𝑓𝑡 𝑎𝑥𝑙𝑒 

 𝑇𝑏𝑓𝑟 = 𝐵𝑟𝑎𝑘𝑒 𝑡𝑜𝑟𝑞𝑢𝑒 𝑎𝑡 𝑓𝑟𝑜𝑛𝑡 𝑟𝑖𝑔ℎ𝑡 𝑎𝑥𝑙𝑒 

 𝑇𝑏𝑟 = 𝐵𝑟𝑎𝑘𝑒 𝑡𝑜𝑟𝑞𝑢𝑒 𝑎𝑡 𝑟𝑒𝑎𝑟 𝑎𝑥𝑙𝑒  
V = initial velocity 

 U = final velocity 

 s = stopping distance 

 re = Effective radius 

𝑈𝑓𝑟  = Longitudnal force acting on front right axle 

 𝑈𝑓𝑙= Longitudnal force acting on front left axle 

 𝑈𝑟 = Longitudnal force acting on rear axle 

 𝑃𝑓𝑟  = Vertical force acting on front right axle 

 𝑃𝑓𝑙  = Vertical force acting on front left axle 

 𝑃𝑟 = Vertical force acting on rear axle 

 𝐼𝑌𝑌 = Pitching moment of inertia  

µ=Coefficient of friction between road surface and wheel 

  µ
𝑟
=Coeffficient of rolling resistance 

µ1= Coefficient of friction between brake pad and disc 

surface 

 𝑞𝑜= Average braking power in Watt   𝑞(𝑜) = average  

braking power absorbed per hour by one half  

or one side of one of the front brakes  

S= tire slip  = 0.08 

H=Heat flux   

 


