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Abstract: The braking quality is considered the main execution of the adaptive
control framework that impacts the vehicle safety and rides solace astoundingly
notably the stopping distance. This research work aims to create a pattern and
design of an electromechanically adjusted lever that multiplies the applied braking
force depending on the inputs given by the sensors to reduce the stopping distance
of the vehicle. It is carried out using two main parts of the two-wheeler vehicle:
the first part deals with the detection of load acting on the vehicle and identifying
the required braking force to be applied, and the second part deals with the micro-
controller which activates the stepper motor for varying the mechanical leverage
ratio from various loads on the vehicle using two actively movable wedges. The
electromechanically operated variable braking force system is developed to
actuate the braking system based on the load on the motorcycle. The MATLAB
simulation and experimental work are carried out for various loading (driver
and pillion) conditions on a two-wheeler. The results indicate that the proposed
electronically operated braking system is more effective than the conventional
braking system for various loads and vehicle speeds. Specifically, the stopping
distance of the vehicle is decreased significantly by about 4.9% between the con-
ventional braking system and the simulated proposed system. Further, the experi-
mental results show that the stopping distance is condensed by about 4.1%. The
validation between simulated and experimental results revealed a great deal with
the least error percentage of about 0.8%.

Keywords: Load adaptive braking system; load transfer effect; minimal stopping
distance; variable mechanical leverage ratio

1 Introduction

1.1 Background

Ride comfort is a significant element in the design of two-wheeler vehicles and intelligent transportation
frameworks. Simultaneously, ride comfort is impacted by different variables, for instance, vibration, sound,
temperature, visual stimuli, and vehicle assembly plan. An incredible number of examination studies have
been directed to further developing ride comfort, especially in the field concerning ride awkward
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inclination brought about by vertical vibration, and a lot of dynamic and latent suspension control
calculations were advanced to further develop the vertical vibration [1,2]. Notwithstanding, the
inconvenience feeling isn’t just gotten from the vertical vibration, however, it is additionally brought
about by measure of vehicle speed increase and jerk in the longitudinal direction, which is how much
change in vehicle speed increases [3–5]. This present circumstance is exceptionally normal when the
vehicle is speeding up or decelerating. Regardless, there is still little exploration regarding this matter
[6,7]. Along these lines, we are just concerned about one of the elements that affected ride comfort,
which is connected with vehicle longitudinal dynamics. Meanwhile, with the improvement of electronic
control innovation, the kind of brake framework is additionally evolving [8,9]. Among the many
schemes, Load adaptive brake system is an intelligent system which adjusts its braking according to the
driving situation.

1.2 Related Works

The reason for a vehicle brake framework is to control the speed of the vehicle in a protected way.
Security requires the accomplishment of both a generally short halting distance and directional control
during heavy braking. In the past, it has been the driver who needed to track down this equilibrium.
Intelligent braking frameworks can now help the driver. Progressed frameworks can start and deal with
the braking occasion. Blend vehicles can have different brake control advances on the various parts and
this can bring about less than ideal execution, in any event, when one section has an intelligent brake
framework. The similarity of brake innovations is significant. Based on the needs, a robust literature
survey is carried out for intelligent braking systems and illustrated in Table 1.

Table 1: Literature review on braking approaches

Ref.
No.

Year Methodology Inferences

[10] 2021 Adaptive control method and variable
combined brake system

- Proposed to condense the threat of rollover
accidents owing to misapplication of the front
brake when anxiety braking.
- An average of 6.37 m/s2 (0.65 g) maximum
deceleration was attained with an average
handbrake lever force of 154.29 N.
- For front brake failure, an average of 3.38 m/s2

(0.34 g) deceleration was attained which is greater
than the homologation necessity of 2.9 m/s2.

[11] 2021 Integral sliding mode and proportional
Integral control

- The proposed controller comprises vigorous
observers for the assessment of non-measurable
vehicle states and strictures like vehicle mass and
road grade.
- It had a substantial effect on control enactment
and vehicle protection.

[12] 2020 Electro-hydraulic brake (EHB) system, and
modified PID controller

- Realized active brake regulator and brake
boosting at the same time.
- Validation of the model was carried out between
Simulation and experimental demonstration to
assess the viability of the system and the
efficiency of the control strategy design.

(Continued)
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Table 1 (continued)

Ref.
No.

Year Methodology Inferences

[13] 2020 Improved sliding mode controller - Suggested a comprehensive control arrangement
for vehicles fortified with the brake-by-wire
(BBW) system targeting guaranteeing braking
comfort.
- A new braking objective arrangement technique
was suggested based on vehicle braking comfort
(separated into mild, medium comfort, and
emergency brake).

[14] 2020 Adaptive cruise control strategy - Active decelerating process was projected using
graded control.
- Upper decision-making regulator was intended
grounded on a model predictive control algorithm.
- This proposed model deaccelerated the vehicle
effectively with superior driving comfort.

[15] 2020 Adaptive fuzzy sliding-mode control - Proposed an innovative fuzzy sliding-mode
device scheme under an adaptive control
approach.
- Sliding mode factors are controlled by fuzzy
logic controller conferring to the slip ratio tracking
error between the optimal and actual slip ratio.

[16] 2018 Wheel slip control (WSC), proportional-
integral (PI), sliding-mode PI, and integral-
sliding-mode control techniques.

- System configuration, mathematical design of
the WSC, and state estimator were demonstrated
experimentally in this work.
- Standard on-board vehicle sensors and
extremum-seeking algorithm were adapted with
state and parameter estimator to assess the
adaptation of the reference wheel slip depending
on current road conditions.

[17] 2016 Fuzzy based adaptive control - Suggested a slide mode optimizer and it did
online monitoring on the wheel slip to preserve
steadiness.
- Slide mode optimizer was adjusted using a fuzzy
controller with a set of well-defined instructions.

[18] 2009 Active braking control - Focused on the plan of a state-of-the-art active
braking controller for two-wheel vehicles that
could handle a panic braking on curves.
- Tested on a very comprehensive multibody
simulation prototypical of a two-wheel vehicle.
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Generally, in a two-wheeler, balancing the vehicle is quite more difficult than in a four-wheeler. This is
the reason which may lead to the increasing accidents are very high when compared with four-wheeler
vehicle accidents [19]. Basically, when designing any conventional mechanical braking system, it is used
to consider two parameters i.e., one is speed, and another one is a load. In the conventional mechanical
braking system, it is used to design the disc brake for variable speed with a fixed load. But in real-time,
when the vehicle comes to the on-road condition, it may vary both speeds, as well as load, which may
increase the stopping distance of two-wheeler vehicles [20] when compared with a four-wheeler. During
sudden braking in a two-wheeled vehicle, the normal dynamic reaction forces are varied between the tire
surface and road, due to the vehicle load transfer effect from the rear side to the front of the vehicle when
the less pillion load is available in the vehicle [21]. So, researchers developed the interconnected
mathematical model to compute normal load carrying at each tire and built it into a high fidelity vehicle
model [22]. Brake pressure force was spread according to the predicted load. Simulations were conducted
using the mathematical model to inspect normal dynamic reactions under different load conditions. To
minimize the accidents, the lowest amount of stopping distance must be achieved. It is consummate with
the help of maximum deceleration of the vehicle. This highest deceleration of the vehicle depends on the
highest braking force [23]. If applying braking force exceeds the maximum frictional force limit between
tire and ground surface in a vehicle slipping will occur due to the locking of wheels. Hence an optimum
braking force [24,25] helps to attain the least possible stopping distance without slipping the vehicle
wheels. In the conventional or normal braking system in a vehicle, there is no additional system included
to achieve the least stopping distance for different drivers and pillion load. This may be the reason for
increasing the number of accidents in a two-wheeler.

1.3 Objectives

Based on the inferences from existing works and gaps, this work focus to attain the following objectives:

– To create a pattern and design of electromechanically adjusted lever that multiplies the applied braking
force depending on the inputs given by the sensors.

– To detect the Load acting on the vehicle and to identify the required braking forces to be applied.
– To propose a microcontroller-based novel framework that activates the stepper motor for varying the
mechanical leverage ratio from the various loads on the vehicle.

– To minimize the stopping distance using a powered leverage ratio framework.
– To validate the proposed model with simulation and experimental work against various load conditions
in a two-wheeler.

1.4 Organization

The rest of the article is structured as follows: Section 2 presents the modelling of the system; Section
3 describes the proposed methodology adapted for this work; Section 4 demonstrates a detailed simulation
study to find the vehicle parameters; Section 4 illustrates the fabrication of the proposed desogn and results:
Section 6 concludes the article based on the observed outcome form the proposed scheme.

2 Modelling of the System

2.1 Centre of Gravity (CG)

During the static load condition, a motorcycle’s front-wheel axle load distribution is measured by using
the digital weighing machine. After finding out the front wheel axle load distribution in the vehicle, the
relevant moment about the rear axle wheel is taken to compute the motorcycle center of gravity (CG) in a
horizontal location. Fig. 1 shows measured the wheel axle load distribution in static conditions by using a
digital weighing scale. To measure the motorcycle CG in the vertical position rear wheel of the vehicle is
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lifted to a minimum height and observes the weight distribution on the front wheel axle by using the digital
weighing machine a formula is given in an Eq. (1) is used to calculate the CG in the vertical position of the
motorcycle. Fig. 2 shows measured the CG in the horizontal and vertical positions in a two-wheeler. Table 2
shows measured the motorcycle axle loads acting on the front wheel axle and rear wheel axle when it is on a
flat surface and the rear wheel is lifted for various pillion load conditions. Table 3 shows measured the
motorcycle horizontal and vertical locations of the CG.

Figure 1: (a) Axle load is measured by using the weighing scale (b) Lifted rear wheel to find the vertical
digital location of CG

Figure 2: (a) Motorcycle weight distribution in level (b) Motorcycle weight distribution when the rear wheel
is lifted

Table 2: Measuring motorcycle axle load

Sl.
No.

Motor
cycle
weight W
(kg)

Driver
load
(kg)

Pillion
load
(kg)

Motor cycle
total weight
Wt (kg)

Reaction force
on front wheel
Wf (kg)

Reaction
force on rear
wheel Wr (kg)

Reaction forces on the
front wheel in lifted
condition Wlf (kg)

1 143 50 0 193 66 77 69

2 143 50 10 203 78 115 96

3 143 50 20 213 79 124 98

4 143 50 30 223 79 134 99

5 143 50 40 233 80 143 102

6 143 50 50 243 80 153 103

7 143 50 60 253 81 162 106

8 143 50 70 263 82 171 109
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Height of CG from the ground level

ðHÞ ¼ H1 þW2f � L � Ln

Wt � H2
(1)

where, Wf =Motorcycle front axle weight when it is on a level surface; Wr =Motorcycle rear axle weight
when it is on a level surface; Wlf =Motorcycle front axle weight when rear-wheel lifted from the ground
surface; Wt =Motorcycle total gross weight =Wf +Wr; W2f =Motorcycle front axle weight is added when
rear-wheel lifted =Wlf−Wf; L =Motorcycle wheelbase length when it is on level surface = 1330 mm; H1

=Motorcycle front hub height from the ground surface = 300 mm; H2 =Motorcycle vehicle rear wheel
hub height is over the static front wheel hub; Ln =Motorcycle new wheelbase length when the rear wheel
is lifted.

2.2 Motorcycle Braking Dynamics

Motorcycle axle load in static condition:

When the motorcycle is in static condition or running with a constant velocity on a flat surface and the
various reaction forces are measured with the help of the digital weighing machine are the same has been
illustrated in Fig. 3. The load acting on the vehicle is distributed from the front axle to the rear axle.
Therefore the static axle load performing on the vehicle is changing in the front axle and rear axle. Motor
cycle load distribution in the static axle condition is rear axle load in static to the whole motorcycle
weight, designated with small Greek letters; a formula is given in an Eq. (2).

Figure 3: Axle load (a) Static condition (b) Dynamic condition and load transfer effect during braking

Table 3: Motor cycle CG calculation

Sl.
No.

Motorcycle total
weight Wt (kg)

Distance of C.G from
Front-wheel Lf (mm)

Distance of C.G from
rear-wheel Lr (mm)

Height of C.G from
ground-level H (mm)

1 193 827 473 583

2 203 849 451 586

3 213 868 432 585

4 223 887 413 598

5 233 902 398 600

6 243 915 385 615

7 253 928 372 631

8 263 940 360 647
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static axle load distribution ðcÞ ¼ Fzr
W

(2)

where,

Fzr = Axle load in a static condition at the rear wheel, N; W =Motorcycle vehicle weight, N

The relative axle load in a static condition at the front wheel is given by

1� c ¼ Fzf
W

(3)

where

Fzf = Axle load in a static condition at the front wheel, N

During no-load conditions vehicle value is as high as 0.59, representing that only 59% of the motorcycle
weight is handled by the rear axle. These results show that when the vehicle has less load at the static rear
wheel one of the mainly significant issues is mechanical brake balance analysis to avoid early rear brake
confine is required.

Motorcycle axle load in dynamic condition:

When the brakes have been used in vehicles in dynamic conditions, the torque produced by the brake is
resisted by the circumference of the tire where it makes contact with the ground surface. Earlier brake lockup,
the amount of the braking forces is a direct utility of the torque produced by the brake. For the hydraulic
operation of the brakes, Eq. (4) is used to influence the actual braking forces in dynamic conditions.

Fx ¼ ðPl � PoÞ � Aca � gc � BF � r

R

n o
(4)

where; Fx = Total braking force N; Pl = Hydraulic brake line pressure (approximately 6.20 N/mm2); Po =
Pushout pressure, required to bring brake pads in contact with disc (0.05 N/mm2); Aca = Caliper cylinder
area (diameter 32 mm); ηc =Wheel cylinder efficiency (assumed 0.98); BF = Brake factor (assumed 0.7)

r = Effective disc radius; R = Tyre radius (300 mm).

The motorcycle is decelerating on a flat road surface when the brakes are applied, at the moment
develops various forces, and the load transfer effect on a two-axle vehicle is illustrated in Fig. 3. Apply
the moment balancing Eq. (5) at the rear tire to the ground surface to find the front axle’s normal
dynamic force.

Fzf ;dynf ¼ ð1� cþ xaÞ W; N (5)

Similarly, apply the moment balancing Eq. (6) at the front tire to the ground surface to find the rear axle’s
normal dynamic force.

Fzr;dynf ¼ ðc � xaÞ W; N (6)

Examine the Eqs. (5) and (6), the results show that the normal axle forces in the dynamic condition are
linear to deceleration ‘a’, i.e., straight-line relations. During sudden braking, the amount of load transfer
effect of the rear axle in the dynamic condition is given by the terms χaW in Eqs. (5) and (6). The normal
front axle and rear axle load of a typical motorcycle are illustrated in Figs. 4 and 5 for the empty, driver-
only, and additional every 10 kg cases, considering driver weight (50 kg) is constant. The theoretical
value shows that dynamic axle loads, that the front axle load is significantly higher at higher
decelerations than that associated with the rear axle. For example, the static front axle load has increased
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drastically from 854 N to 1618 N for a 1 g, but the rear axle load has decreased in static load condition from
1039 N to only 275 N for a 1 g stop.

2.3 Design of Disc Brake

In general, the hydraulic operated braking system is designed, first concentrating the force developing in
the braking system and the corresponding movement of the frictional brake pads. If sufficient pressure is
developed in the braking system, then pads are moved smoothly axially against the disc rotation inducing
the kinetic energy. The required braking force and braking torque are calculated using the mathematical
Eqs. (7) and (8) for different pillion loads on the vehicle and the results are shown in Fig. 6.

Figure 4: Dynamic front axle loads for constant driver load of 50 kg and various pillion loads

Figure 5: Dynamic rear axle loads for constant driver load of 50 kg and various pillion loads

Figure 6: Braking force vs. load
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Case 1: Driver and the vehicle weight = 193 kg

Braking force at tyre Ft ¼ m � w � Lf=Lþ m � h (7)

Braking torque at tyre Tt ¼ Ft � Rt (8)

where, Ft = Braking force at tyre, N; Tt = Braking torque at tyre, N; Lf = Distance of C.G from front wheel; L
=Wheel base = 1300 mm; Rt = Radius of the tyre = 223.6 mm; μ = coefficient of friction = 0.7.

The above Eq. (7) is used to calculate the braking force at different loading conditions in Table 4.

3 Methodology

A load adaptive braking force system is planned designed and applied to the rear axle of a motorcycle to
develop the maximum braking force between the tire and the ground surface and reduce the stopping distance
of the motorcycle and thereby, improving the safety of the rider. In the existing braking system, the pressure
develops in the master cylinder and the mechanical leverage ratio is kept constant. Hence the efficiency of the
braking system was poor when the motorcycle weight gets changed. Therefore, to improve the existing
braking system a load adaptive braking force system is suggested in the present work. In this system the
pressure develops in the master cylinder varies by adjusting the mechanical leverage ratio of the brake
pedal based on the pillion load on a motorcycle during the static condition. Hence the maximum brake
force developed between the ground surface and the tire is controlled based on the pillion load on a
motorcycle. A typical motorcycle is selected to implement the load adaptive braking system. An optimum
leverage ratio will be determined based on the various pillion load and vehicle geometry of the typical
motorcycle, keeping the effective disc radius and the rider weight constant. To change the leverage ratio a
stepper motor is used to move to the position of the pivot pin. Whenever the load on the motorcycle is
changed, the microcontroller will send a signal to the stepper motor to vary the position of the pivot pin
of the brake pedal to change the magnitude of hydraulic brake line pressure, when the motorcycle is in
static condition as shown in Fig. 7. Also, brake fluid reservoir supplies an optimum amount of fluid
through master cylinder and non-return valve based on the movement of push rod. It is also revealed that
the optimum braking force is a function of the vehicle geometry and pillion load on the motorcycle.

Table 4: Different braking forces at different pillion loads

Sl. No Load (kg) Load (N) Braking force (N) Braking torque (Nm)

1 193 1893.33 598.60 133.85

2 203 1991.43 647.49 144.78

3 213 2089.53 697.32 155.92

4 223 2187.63 743.96 166.35

5 233 2285.73 791.95 177.08

6 243 2383.83 835.04 186.71

7 253 2481.93 877.88 196.29

8 263 2580.03 920.92 205.92
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3.1 Law of Lever

Taking moment balance with respect to the fulcrum point i.e., pivot pin

Fr � a ¼ Fm � b (9)

Fm ¼ Fr � ða=bÞ (10)

where, Fr–Force applied at brake pedal by the rider; Fm–Force develops at the master cylinder; a–Distance
between the line of action of force applied at brake pedal to pivot pin; b–Distance between the line of action
of force develops at the master cylinder to pivot pin; a/b–Mechanical leverage ratio

Table 5 shows that the same Lr value obtained for the different braking forces applied at the pedal
indicates that the pivot point in the pedal is fixed. It also shows that in the case of the load from 193 to
263 kg is varied, the pressure rises in the caliper and also in the brake line. If the pressure raises in the
caliper exceeds the critical pressure, wheel locking happens and skidding occurs.

Figure 7: Schematic diagram of the load adaptive braking system

Table 5: Fixed pivot point–braking force, leverage ratio, force applied at pedel

Sl. No Load (kg) Lad (N) Braking
force (N)

Fixed leverage
ratio Lr

Force at brake pedal
by the rider (N)

Force at brake pedal
by the rider (Kg)

1 193 1893.33 598.60 2.80 213.78 21.79

2 203 1991.43 647.49 2.80 231.25 23.57

3 213 2089.53 697.32 2.80 249.04 25.39

4 223 2187.63 743.96 2.80 265.70 27.08

5 233 2285.73 791.95 2.80 282.84 28.83
(Continued)
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The above problem is overcome by the implementation of the variable leverage ratio mechanism in the
existing braking system. The same braking force is obtained by changing the Lr value by applying minimum
pedal force at all load conditions.

3.2 Stopping Distance

Case 1: Breaking force at 193 Kg

Apply Newton’s second law in the existing braking system to calculate the deceleration and stopping
distance of the motorcycle for various loads and vehicle velocity using the mathematical Eqs. (11) and
(12) and the results are tabulated in Tables 6 and 7.

Table 5 (continued)

Sl. No Load (kg) Lad (N) Braking
force (N)

Fixed leverage
ratio Lr

Force at brake pedal
by the rider (N)

Force at brake pedal
by the rider (Kg)

6 243 2383.83 835.04 2.80 298.23 30.40

7 253 2481.93 877.88 2.80 313.53 31.96

8 263 2580.03 920.92 2.80 328.90 33.53

Table 6: Comparison of deceleration, velocity and stopping distance at different vehicle speed with different
load

Sl.
No

Loading
condition
(N)

Leverage
ratio

Maximum
traction
capacity (N)

Motor cycle
deceleration
(m/s2)

Stopping
distance V =
40 kmph (m)

Stopping
distance V =
50 kmph (m)

Stopping
distance V =
60 kmph (m)

1 193 2.80 598.60 3.10 19.90 31.06 44.74

2 203 2.80 647.49 3.19 19.35 30.20 43.51

3 213 2.80 697.32 3.27 18.85 29.42 42.39

4 223 2.80 743.96 3.34 18.50 28.87 41.60

5 233 2.80 791.95 3.40 18.16 28.34 40.83

6 243 2.80 835.04 3.44 17.96 28.03 40.39

7 253 2.80 877.88 3.47 17.79 27.76 39.99

8 263 2.80 920.92 3.50 17.63 27.51 39.63

Table 7: Braking force, variable leverage ratio

Sl. No Load (Kg) Lad (N) Braking force (N) Variable leverage ratio Lr

1 193 1893.33 641.83 2.930

2 203 1991.43 691.79 3.155

3 213 2089.53 742.65 3.384

4 223 2187.63 790.02 3.598
(Continued)
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F ¼ m � a (11)

V2 ¼ 2as (12)

where, V = velocity of the vehicle m/s; S = stopping distance m; a = Deceleration of the vehicle m/s

3.3 Variable Leverage Ratio Calculation

The area of the master cylinder and the area of the caliper is kept constant to maintain the critical
pressure in the master cylinder. So to obtain the same braking force the Lp is varied.

Case1: Driver and the vehicle weight = 193 kg

The required leverage ratio is calculated by using the mathematical Eq. (13) for different rider and pillion
loads.

Ft ¼ 2 � m � Fp � Lr � Ac � r=Amc � R (13)

where,

Ft = Braking force in N; Fp = Force applied on the pedal = 392.4 N; Ac = Area of the calliper = 803.84
mm2; Amc = Area of the master cylinder = 226.8 mm2; R = Radius of the tire = 223.6 mm; r = Radius of the
disc = 65 mm; μ = Coefficient of friction between the brake pad and disc = 0.35.

Table 7 shows the different load and braking forces and the corresponding position of a pivot point in the
brake pedal also results in reveals that the braking force and leverage ratio are linear in Fig. 8.

Table 8 shows the optimum braking force produced in the braking system by changing the position of
the brake pedal leverage ratio and with minimum pedal force by the rider in all the load conditions

Table 7 (continued)

Sl. No Load (Kg) Lad (N) Braking force (N) Variable leverage ratio Lr

5 233 2285.73 838.74 3.817

6 243 2383.83 882.23 4.014

7 253 2481.93 925.43 4.208

8 263 2580.03 968.81 4.404

Figure 8: Braking forces with a leverage ratio
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concerning different loads. The results show that the minimum braking pedal force by the rider is sufficient to
stop the vehicle.

4 Simulation for Finding Vehicle Parameters

In this Simulation, vehicle deceleration, stopping distance, and variable leverage ratio are calculated
using the Simulink model as shown in Fig. 9. The vehicle is mostly used to design for moving forward
direction or backward direction alongside its longitudinal axis. To analyze the entire vehicle using
Simulink in MATLAB and select the Longitudinal Vehicle Dynamics block model a two-axle vehicle,
with two similarly sized wheels. The set of Simulink input signals at front dynamic braking force and
rear dynamic braking force FxF, FxR are applied at the front wheel and rear wheel contact points, and also
the incline angle beta. The longitudinal block computes the velocity of the vehicle V and the front axle
normal force in dynamic and rear axle normal force in dynamic FzF;dyn, FzR;dyn on the vehicle as a set of
Simulink output signals. But in this simulation work FxF and beta are set to zero at the level road, when
the brake is applied only at the rear wheel.

Table 8: Pedal force applied by the rider, variable leverage ratio, braking force

Sl. No Load (kg) Force applied at brake
pedal by the rider (N)

Force applied at brake
pedal by the rider (Kg)

Variable leverage
ratio (Lr)

Braking
force (N)

1 193 219.05 22.33 2.93 641.76

2 203 219.05 22.33 3.15 691.10

3 213 219.05 22.33 3.38 741.33

4 223 219.05 22.33 3.60 788.11

5 233 219.05 22.33 3.82 836.22

6 243 219.05 22.33 4.01 879.18

7 253 219.05 22.33 4.21 921.84

8 263 219.05 22.33 4.40 964.67

Figure 9: Simulink model for finding deceleration, velocity, and stopping distance vs. simulation time and
variable leverage ratio
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The output FzR;dyn from the longitudinal vehicle dynamics block model is multiplied with ‘mu’ at the end
of the third second of the simulation time and given that product as input for the vehicle dynamic block. The
following plots as shown in Fig. 10 are obtained the Deceleration, Velocity, and stopping distance from the
MATLAB simulation for the different load conditions with braking time.

Fig. 10 show that the stopping distance of the motorcycle depends on the vehicle’s speed. When the
speed of the vehicle changes from 40, 50 and 60 kmph then the motorcycle stopping distances were also
changed. But, the mechanical leverage ratio and vehicle deceleration won’t depend on the speed of the
vehicle. When the load of the motorcycle vehicle varies from 193 to 263 kg, the mechanical leverage
ratio and vehicle deceleration were changed. Table 9 shows the optimum braking force produced in the
braking system for all the load conditions, considerably by changing the mechanical leverage ratio in the
brake pedal. The results show that even though the vehicle load varies from 193 to 263 kg proportional
amount of stopping distance of the vehicle is reduced significantly when the adaptive braking system was
used.

Figure 10: Changes during braking
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5 Fabrication and Results

5.1 Stepper Motor

The stepper motor needs to perform a unique action as it should move the brake pedal pivot point in both
directions i.e., the forward and backward direction along the X-axis to the position of the vehicle. However, a
normal stepper motor offers a rotation movement only in its shaft axis. Therefore, a novel mechanism is
required to convert the rotational movement of the motor to the linear movement of the brake pedal pivot
point. Consequently, a simple thread and nut mechanism is used to convert the rotational movement to
linear. The motor output shaft is connected to the thread, nut having with similar pitch, and size is
attached to the pivot point. Henceforth, the rotation movement of the thread is converted into linear of the
pivot point by fixing the stepper motor case with the vehicle frame (Fig. 11).

5.2 Master Cylinder

The foremost mechanisms adapted in the hydraulic braking system are the master cylinder and piston.
They are a significant element of the hydraulic braking system, which starts and controls the action of the
braking force. Additionally, a reservoir is attached at the bottom of the master cylinder, which is used to
store the brake fluid. Then the brake pedal actuates the master cylinder to generate the necessary braking
force for the vehicle until halts (Fig. 12).

Table 9: Comparison of deceleration, velocity and stopping distance at different vehicle speed with different
load

Sl.
No

Loading
condition
(N)

Leverage
ratio

Maximum
traction
capacity
(N)

Motor cycle
deceleration
(m/s2)

Braking
efficiency

Braking
efficiency
%

Stopping
distance
V = 40
kmph (m)

Stopping
distance
V = 50
kmph (m)

Stopping
distance
V = 60
kmph (m)

1 193 2.93 641.83 3.326 0.339 33.899 18.56 28.97 41.73

2 203 3.15 691.79 3.408 0.347 34.738 18.11 28.27 40.72

3 213 3.38 742.65 3.487 0.355 35.541 17.70 27.63 39.80

4 223 3.60 790.02 3.543 0.361 36.113 17.42 27.19 39.17

5 233 3.82 838.74 3.600 0.367 36.695 17.14 26.76 38.55

6 243 4.01 882.23 3.631 0.370 37.009 17.00 26.53 38.22

7 253 4.21 925.43 3.658 0.373 37.287 16.87 26.33 37.94

8 263 4.40 968.81 3.684 0.376 37.550 16.75 26.15 37.67

Figure 11: Stepper motor
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5.3 Brake Pedal

The brake pedal is a foot pedal that moves the piston in the brake master cylinder. Depending on the
mechanical lever ratio and the input force applied by the rider, the incompressible brake fluid applies a
greater force to the brake pads against the rotational movement of the disc. The material used in the
fabrication of the brake pedal is mild steel. It is used primarily because of its availability and the ease of
machining. The slot is machined using a vertical milling machine. Holes are provided on the brake pedal
surface so that the rider will have a good grip on the pedal surface. It also helps in dropping the total
mass of the brake pedal (Fig. 13).

5.4 Pivot Pin

The pivot pin is the component about which the brake pedal pivots. The movement of this pin helps in
achieving the different brake pedal ratios. The pin is made up of mild steel for its availability. A hole is drilled
at the center and internal threads are provided such that the stepper motor output shaft can transmit the axial
load for the sliding movement of the pivot pin within the slot provided in the brake pedal (Fig. 14).

Figure 12: Master cylinder

Figure 13: Brake pedal

Figure 14: Pivot pin
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5.5 Construction and Operating Method Leverage

The load adaptive braking system is an adaptive system that varies the braking force at the wheels based
on the input from the load (kg). A microcontroller is used to which the various electronic components such as
a stepper motor, an Adriano Uno, 4 * 4 keypad, 16 * 2 digital display, and a driver controller circuit are
connected. Based on the input (i.e.,) the load (kg), the microcontroller determines the leverage ratio and
moves the pivot pin within the slot, so that a precise brake force is exerted at the tire-road interface
thereby enabling an optimum braking and minimum stopping distance preventing the wheel lock-up of
inefficient braking (Fig. 15). When the mechanical brake pedal depresses by the driver, a braking force to
the pedal position is transmitted to the tire. Based on the inputs from the load, the microcontroller
calculates the pedal position, and the optimum braking pressure is developed in the master cylinder.
When the load value is entered in Adriano Uno, a microcontroller instructs the stepper motor drive
control to rotate. When the square threaded output shaft rotates, the collar screwed to the shaft slides
away from the motor or towards the motor based on the direction of rotation of the output shaft. Hence,
the collar slides away from the motor, it exerts a force corresponding to the motor torque and thus the
pivot position is changed. The output shaft of the master cylinder is attached to the end of the pedal as
shown in figures. Thus, this lever force presses the piston inside the master cylinder causing the build-up
of pressure within the cylinder. This rise in pressure is exerted as the force on the rotor through the
caliper pads.

5.6 Discussion

In Table 10 the results show that when the vehicle load varies from 193 to 263 kg with different vehicle
speeds the proportional amount of stopping distance of the vehicle is reduced significantly when the adaptive
braking system was used instead of the conventional braking system.

Figure 15: Weight of the bike, rider, and pillion
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From Fig. 16, it is perceived that the stopping distances changes with the vehicle speed. When the speed
of the vehicle was 40, 50, and 60 kmph and the proportionate amount of stopping distances are changed, then
the results are compared to the conventional braking system with the proposed braking system (theoretically
and experimentally). The result shows that the modification braking system gives the optimum result in all
the conditions (different loads on the vehicle and the various vehicle velocities). In general, the mechanical
leverage ratio and Deceleration are depended on the vehicle load and are independent of the vehicle speed.
When the vehicle has a minimum load, i.e., a motorcycle weight of 143 kg and a driver weight of 50 kg
(193 kg), then the optimum mechanical leverage ratio become 2.93 and the respective deceleration of the
vehicle is −3.23 m/s2. In addition to driver weight, a pillion load of 70 kg is added to the motorcycle,
then the optimum mechanical leverage ratio become 4.404 and the deceleration of the vehicle attains
−3.64 m/s2.

Table 10: Comparison of deceleration, velocity, and stopping distance at different vehicle speeds with
different loads in all the conditions

Velocity
(kmph)

40
(kmph)

50
(kmph)

60
(kmph)

40
(kmph)

50
(kmph)

60
(kmph)

40
(kmph)

50
(kmph)

60
(kmph)

Proposed system

Load (kg) Conventional system Simulation Experimental

193 19.90 31.06 44.74 18.56 28.97 41.73 19.11 30.45 42.68

203 19.35 30.20 43.51 18.11 28.27 40.72 18.65 29.72 41.35

213 18.85 29.42 42.39 17.70 27.63 39.80 18.21 28.31 40.82

223 18.50 28.87 41.60 17.42 27.19 39.17 17.84 27.87 40.02

233 18.16 28.34 40.83 17.14 26.76 38.55 17.53 27.32 39.54

243 17.96 28.03 40.39 17.00 26.53 38.22 17.24 27.09 38.94

253 17.79 27.76 39.99 16.87 26.33 37.94 17.05 26.75 38.51

263 17.63 27.51 39.63 16.75 26.15 37.67 16.95 26.43 37.98

Figure 16: (Continued)
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Figure 16: Velocity vs. stopping distance

6 Conclusion

In this work, a modified variable braking system is proposed in the rear axle of the motorcycle to
improve the performance of the conventional braking system under different load conditions. A small
modification was done to the existing braking system where the brake pedal was available on the
motorcycle. To optimize the conventional braking system, it was used to design and operate
electromechanically. Therefore, a microcontroller was used to send the signal to the stepper motor to
change the position of the brake leverage ratio based on the load cell input to the controller. The load cell
was placed under the motorcycle seat; it was used to measure the various pillion loads on the motorcycle
and accordingly, it will give input to the microcontroller. From the performance of the proposed scheme,
it is concluded that the motorcycle stopping distance of the vehicle was reduced significantly than of the
conventional braking system when the positioning of the brake pedal pivot point changed based on the
pillion load on the motorcycle. In the future, this proposed scheme can be applied for four wheeler
vehicles with revised vehicle parameters.
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