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Abstract

The handbrake (parking brake) is a crucial safety system in automobiles, which helps to lock the
vehicle's motion and facilitate parking. Traditionally the operation of hand brake is done manually
by a lever, and during the releasing of hand brake it can be mistakenly remains in applied condition
(engaged position) by the driver. This accidental engagement can cause significant damage due to
heat generation on the brake drum and shoes, potentially leading to further accidents when the
brake is applied, potential locking up of wheels while driving. To address this concern, we propose
the design and fabrication of handbrake release system by accelerator. This system will eliminate
the risk of human error associated with manual operation and ensure the safe and reliable

engagement and disengagement of the parking brake.
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1. Introduction

The handbrake plays a pivotal role in ensuring both safety and functionality. Its primary function
is to maintain the vehicle's stationary position when parked. Engaging the handbrake ensures that
your car remains in place, especially on uneven or inclined surfaces, thereby preventing unintended
movements. Due to inappropriate working of handbrake sensors, human errors, malfunctioning of
Hand Brake, it can be lead to major accidents. In light of these challenges, it becomes evident that
the handbrake's operation and safety can benefit from innovation and improvement. The handbrake
has two functions: slowing down a moving vehicle and keeping it stationary on a slope [1].
Veeramanikandan et al. [2] used a ratchet mechanism with Solenoid valve to engage and disengage
hand brake. Shedge et al. [3] developed a seat belt activated hand brake system, in which the seat
belt of the car activates the parking brake through a pneumatic cylinder and deactivates hand brake
when seat belt attached. Dalvi et al. [4] fabricated the electro mechanical parking brake system. It

engages the handbrake when the ignition is off and the seat belt is removed. It disengages the
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handbrake when the ignition is on, the seat belt is fastened, and the foot brake pedal is pressed [5].
A systematic approach was given [7] for the design and development of parking brake systems for
cars. Ishak et al. [7] developed a one dimensional model of leading-trailing drum-type brake
system and conducted experiments on a test bench also verified it with the hand brake system in
the vehicle. The mechanical efficiency of various types of cable constructions from different
industries has been studied by Stoloff [8] for parking brake systems. A seat belt assisted automatic
hand brake system was developed [9-10] for four wheeler vehicle.

Day et al. [11] performed finite element analysis of commercial vehicle drum brake system
in the presence of mechanical and thermal load and studied the effect of lining wear due to heat
transfer at the friction interface. Wolf [12] introduced the mathematical model to analyses heat
transfer in brakes and calculated temperature distribution in disc and drum brake of a light truck
through finite element method. Tirovic et al. [13] analyzed the stresses and deflection of a
commercial vehicle disc brake calipers though finite element techniques and digital image
correlations. Hwang et al. [14] investigated the effect of temperature in a solid disc by 3D
modelling for repeated braking in a vehicle and also studied the thermal distortion and thermal
stresses. Xiaoyan et al. [15] modelled a model of full automobile using ADAMS software and
optimized the braking performance. McKinlay [16] demonstrated the influence of rollway on the
parking brake system. Author used the finite element method based simulation software to analyze
the change in contact pressure at the frictional interface during rollway event.

Limpert [17] analyzed various types of brake systems such as mechanical, hydraulic, air,
and anti-lock brake systems. Author also investigated the brake failure considering partial and full
brake failure. Koylu and Cinar [18] studied the effect of change in pressure in anti-lock brake
system considering three different dampers. In this article authors will design and analyze hand
brake release system to make cars safer with an Automatic Handbrake system. Instead of using a

manual lever, that works automatically based on the car's ignition key.

2. Feasible Study

2.1 Force calculation
Here, force calculations are done as followed by Ishak et al. [7]. Schematic representation of force
on hand brake lever, drum brake cable is shown in Figure 1. For attaching pawl at 9'" teeth there

is a requirement of 350N force at hand brake is expressed as follows:



Fnw=350N,L; =10 inch, L, =2 inch
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Figure 1. Schematic representation of force on hand brake lever, drum brake cable
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Where, Fip — applied Force on handbrake lever, Fc — force on drum brake cable
Cable Efficiency is 80% (standard).

Thus, F. = 1750x0.8 = 1400 N (at the drum brake Actuator lever)

2.1.1 Force in Drum Wall by brake shoe as shown in Figure 2.

Lever length, L3 = 4 inch

Shoes Extension, Ls = 1 inch

x L,

C

Force at shoes, F, = =5600N @ b

4

Force at the pawl of hand brake Fc = F, = 1750 N (3)

Where, F, = force on pawl link Feoe

Figure 2. Forces at parking brake lever
Length of the link on the pawl is 3.5 inch — 1 inch so that mechanical advantage on the pawl will
be achieved. So that force required to release pawl from teeth will be expressed as follows:
F =t sy (4)
’ 3.5
2.1.2 Now the same force will be required at bell crank lever output. Fbhou= Fp’= 500 N
Now effort required the input of bell crank will be given by:

Fb, = w — 250N 5)

Thus, less force will required at bell crank input of bell crank due to mechanical advantage of
bell crank lever.

2.2 Motor requirement



Weight = 28 kg (wheel + drum brake + shaft)
Radius of wheel =0.19 m

Angular velocity at starting w1 =0

Maximum angular velocity w2 = 2nx120/60 = 12.56 radian/sec (6)

Inertia of the wheel, I = 2 x mx 12 = 0.5054 kgxm? @)

Angular acceleration of wheel at time 7 = 1 second, a = (w2- w1)/t = (12.56-0)/1 = 12.56 rad/sec?

Torque required, 7= Ixa = 0.5054x12.56 = 6.347 N-m (8)

Power Required, P = Txw> = 6.347 x 12.56 = 79.72 Watt 9)
P=0.106 HP

Power of Motor available P =0.17 HP or 0.17x746 = 126.82 watt
Speed of available Motor N = 1440 rpm or w = 150.79 rad/sec
The difference in the power required and power available of motor created an issue regarding the
speed. Hence, here authors used a gearbox for reduction of speed and increasing the torque.
Gear ratio = 1:4

Torque of motor = Power/angular velocity = P/@

71=0.841 N-m

2.3 To Calculate RPM and Torque of gearbox both at input and output
From Gear train ratio: N2/N1 = T1/T>» = D1/D> (10)
RPM at input of gear box is N1 = 1440 rpm, D1 = 2 inch, D> = 6 inch

N> = (N1xD1)/D> = 480 rpm (11)
Torque at input of gear box is T1 = 0.841 N-m

T> = (T1xN1)/N2 = 2.52 N-m (12)
Output rpm of gear box

N3=N/4=120rpm  (gear ratio) (13)

Torque at output of gear box is: 75 = T2 x 4 =10.08 N-m, diameter are D3 = 2.28 inch, D4 =3.07
inch.
Speed of output shaft: Ns = (N3xD3)/Ds = 89.120 rpm (14)
Final Torque on shaft: 74 = (75xN3)/Ns = 13.57 N-m (15)

The final value of toque at shaft for rotating wheel is 13.57 N-m; which is greater than required value of

torque 6.347 N-m.



3. CAD model of modified hand brake system: schematic representation of CAD model is

presented in Figure 3.

507.65
__113.60
% [ e 1 |1
S o o - — 1l
I _ 3 N \| |/ =] 20.00
) A
Loy N
=] a \ / i
< — —
e I o | | ©25.40
e = 55.01
S
o
=

TRUE R32.70

304.80

1219.20

482.60

450.85

Figure 3. Line Diagram of Project Model (All dimensions in mm)

In Table 1 presented the various component (i. e. frame, shaft, pedestal, drum brake, wheel, L-
shaped channel, gear box, motor, accelerator, hand brake, modified hand brake, link, bell crank
lever, bicycle sprocket, bike sprocket, and brake cable) of physical model with its specifications,

images and functions of these components.



Table 1. Schematic representation of parts, dimension, functions of developed model.

Component Name

Specifications

Component image

Function

Frame

Mild steel
Length - 48-inch
Breadth - 24-inch
Height - 15 inch

The metallic frame act as a
skeleton for the entire model and

provide rigidity and stability.

Shaft

Pedestal

Diameter - 1 inch
Length - 12 inch
Material - Mild Steel

Diameter - 1 inch
Material - Carbon Steel
Company - UCP

(a) Shaft

(b) Pedestal

Support and rotate the wheel.

To provide support for a rotating

shaft

Drum brake

Wheel

Channel (L shaped)

Width - 3-inch

Diameter - 8-inch

Material - Cast iron
Company Name - Ford Figo
(Car) 1.2 L

Width - 6-inch

Diameter- 14-inch

Material - Steel

Company Name - Ford Figo
(Car)1.2L

Length - 5-inch
Width — 4.75-inch
Depth — 4 inch
Thickness - 0.23inch
Material — Mild steel

(a) drum brake
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(b) Wheel

(c) Channel

*Note - Wheel Drum Brake assembly is fixed on
the channel

To provide support for a rotating

shaft.

Rotation with respect to shaft.

To support Drum  Brake

assembly.




Gear Box

Motor

Make - Godrej

Pulley input Dia. - 6 inch
Gear ratio- 4

Material- PVC

Make - Godrej
Capacity - 0.17 HP
pulley Dia. - 2 inch
Material - copper

Speed reduction and increase
torque. It is connected to shaft

and rotate it.

To provide power to gearbox.

Accelerator
Mechanism

Length - 6.5 inch
Breadth — 3 inch
Height - 1.5 inch
Weight - 300 gram
Material - Mild Steel
Brand - Samrat

Handbrake

Modified Handbrake

Material - Mild steel

Length - 11-inch

Breadth - 2.5-inch
Thickness- 1 inch

Company Name - Mahindra
Bolero car

Diameter of Hole - 0.23 inch

Material - Mild Steel

Slot Length - 1.5 inch

Slot Breadth - 0.5 inch
Length of Link - 2.5 inch
Thickness of Link - 0.19 inch

Release of the Hand Brake and

regulate the motor rpm.

To ensure the vehicle does not

roll away when parked.

Link

Length — 7 inch
Breadth — 4 inch
Diameter — 6 mm

Transmits the force between
accelerator pedal and bell crank lever.




Bell Crank lever Angle — 120° Direction changing mechanism.
Length — 7x7 %nch Changes the direction of effort
Breadth — 0.6 inch )
Thickness — 0.11 inch applied.

Bicycle Sprocket Inner Diameter - 35 mm To transmit power from gearbox to

Teeth - 18T

shaft with help of chain.

Bike Sprocket

Tooth Diameter — 61 mm
Teeth — 14T

Rotates only in one direction.

Brake Cable

Diameter = 1.5 mm

Transmits the force from the
accelerator pedal to the hand brake
pawl.

Also, it helps to transmit braking force
from hand brake to rear brakes.

Spring

Spring constant = 5.56
No of coils = 28

To store and absorb pulling energy. It
pulls down the hand brake lever.




3.1 Solid works model: schematic diagram of solid works model is given in Figure 4.

Figure 4. Schematic representation of Solid works model of developed product
3.2 Fabrication of hand brake system: schematic representation of developed product

or physical model is presented in Figure 5.

Accelerator  Modified hand brake Wheel Shaft

-

- Brake%le ~ Pedestal /

Gear box Motor

Frame Sprocket

Figure 5. Physical model of developed parking brake system
4. Conclusion

In conclusion, a strong and dependable solution for vehicle safety is demonstrated by the design

of the hand brake system with the help of accelerator, which makes use of an extensive



mechanical mechanism. The system is engineered with great care to provide exact control,

durability, and responsiveness. Incorporating mechanical components improves simplicity

while also being more affordable and easier to maintain. The efficacy of the hand brake

system's design is highlighted in this research, along with its potential to improve overall

vehicle safety and operational efficiency.
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