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Abstract - This paper discusses about design of regenerative brake test rig for three-wheeler with the use of kinetic energy 
recovery principle. Paper also discusses in detail about steps carried out in designing test rig. This paper is divided into three 
parts designs of flywheel, coupling device and cone clutch. Flywheel is used for kinetic energy recovery since it has long life 
and high energy density as well as maximum power output. For flywheel design new electric power train vehicle standards 
are used. For transmission of power from motor to rear axle chain drive is used since it has positive drive and higher 
efficiency. For engagement and disengagement of flywheel cone clutch is used. After theoretical design calculations all the 
results are cross checkedand give proposed test setup. 
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I. INTRODUCTION 
 
Braking is one of the key features of vehicle in which 
producing force that opposes the motion of wheel, 
thereby reducing vehicle’s speed or bringing it to a 
halt. When the brakes are applied, hydraulic pressure 
actuates in the master cylinder as a result of which 
brake pads under pressure rub against the surface of 
rotor. Thus, the friction comes into play and kinetic 
energy of rotor and eventually wheel gets hampered. 
In this process, kinetic energy gets converted into 
heat energy which is dissipated to the surroundings. 
Hence, a part of energy extracted from engine gets 
wasted and further energy is required to accelerate the 
vehicle [11]. Regenerative braking system is an 
energy recovery system that recovers significant 
amount of kinetic energy of vehicle that 
unnecessarily gets wasted during braking. The 
recovered energy is stored in a suitable storage 
system (battery or flywheel). “Stop and go”, 
“decelerate and accelerate”, that’s usually the scene 
of traffic in the city which results in a lot of braking. 
The kinetic energy of vehicle is given by equation: 
 

퐾.퐸. =
1
2푚.푣  

Where, E=kinetic energy of vehicle 
m=mass of vehicle and v = velocity of vehicle 
 
Ideally, this is the amount of energy which is 
available for recuperation when brakes are applied. 
This energy which usually gets wasted on the 
application of conventional brakes can be recovered 
with the help of regenerative braking. The efficiency 
of regenerative braking mainly depends on the type of 
energy storage system and drive train. Energy storage 
system should be good enough to store the energy 
and should also be capable to release the stored 
energy or power. The transmission system should be 
efficient to transmit the power to the driving wheels 
to propel the vehicle. The amount of work done by 
engine is reduced and thus the fuel consumption is 

reduced. Hence the fuel economy and overall 30 % 
efficiency gets improved. Regenerative braking not 
only improves the efficiency by saving the energy but 
also improves the performance of vehicle by boosting 
the acceleration of vehicle [11]. 
With increasingly serious environmental pollution 
and energy crisis problem, electric cars more and 
more get people’s attention and favor. The world’s 
biggest carmaker also continuously introduces new 
electric vehicles. Due to characteristics of the electric 
vehicle’s motor and battery, it is convenient for 
recycling braking energy. Research and design of 
braking regeneration system are always focus to the 
electric car manufacturers. At present, there is no 
uniform standard for the evaluation and test of pure 
electric vehicle braking energy recycling system. 
Industrialization and commercialization of pure 
electric vehicles requires establishment of a unified 
and reasonable test methods for braking energy 
recovery [7]. 
 
II. COMPONENTS OF REGENERATIVE 
BRAKE TEST RIG 
 
1. Flywheel 
Flywheel is a heavy rotating mass that stores the 
kinetic energy or the mechanical energy of rotating 
wheel in the same form (rotational energy). This 
process of recovering energy is more efficient. The 
losses involved during energy transformation are 
avoided, because the energy is being transmitted in 
the mechanical form throughout the cycle. In case of 
recovering the energy through motor/generator and 
battery system, energy losses occur as mechanical 
energy is being transformed into electrical energy 
while charging the battery and during discharging 
electrical energy gets converted into mechanical 
form. 

퐾.퐸. =  
1
2 퐼휔  

Where, E=rotational energy of flywheel 
I=moment of inertia of flywheel 
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휔 =angular velocity of flywheel 
The amount of energy stored by flywheel depends 
upon its mass, radius and rotational velocity. Thus, 
the maximum energy stored by flywheel can be 
enhanced by increasing moment of inertia and 
angular velocity of flywheel [11]. 
2. Motor 
The motor which is used in electric vehicles is BLDC 
(Brushless DC motor). This motor is the heart of the 
whole electric vehicles. BLDC motor control is the 
main control of inverter, the commutation which is 
achieved to control the order of conduction on the 
inverter arm bridge. If BLDC motor to get control, 
we must know the rotor location, thus it can 
determine the commutation. Hall Effect sensor are the 
sensors which are used commonly for predict the 
rotor position [1]. 
3. Coupling devices 
Device used for engagement of flywheel and motor 
during normal running condition. And disengagement 
of flywheel and motor during braking so motor act as 
generator. To get more accuracy of test result ensures 
minimum losses during engagement and 
disengagement. A freewheel or overrunning clutch is 
a device in a transmission that disengages the 
driveshaft from the driven shaft when the driven shaft 
rotates faster than the driveshaft. When a vehicle 
going downhill or any situation where the driver takes 
his or her foot off the accelerator pedal, closing the 
throttle; the wheels want to drive the engine, possibly 
at a higher RPM. To avoid this from happening we 
use a freewheel unit which disengages the driven 
shaft from the driveshaft. 
4. Power electronics 
Sophisticated electronic circuit is necessary to decide 
when the motor should reverse, while specialized 
electric circuits route the electricity generated by the 
motor into the vehicle's batteries. In some cases, the 
energy produced by these types of brakes is stored in 
a series of capacitors for later use. In addition, since 
vehicles using these kinds of brakes also have a 
standard friction braking system, the vehicle's 
electronics must decide which braking system is 
appropriate at which time [15]. 
5. Control Electronics 
A microcontroller is required to read the Hall Effect 
sensor feedback and decide the required combination 
of the switching [2]. A Hall effect sensor is 
a transducer that varies its output voltage in response 
to a magnetic field. Hall effect sensors are used 
for proximity, switching, positioning, speed 
detection, and current sensing applications. 
 
III. FLYWHEEL ENERGY STORAGE SYSTEM 
 
FES works by accelerating a rotor (flywheel) to a 
tremendously high speed and maintaining the energy 
in the system as rotational energy. When energy is 
extracted from the system, the flywheel rotational 
speed is reduced a consequence of the principle of 

conservation of energy, adding energy to the system 
correspondingly results in a raise of the speed of the 
flywheel. A typical FES system mainly includes three 
parts: flywheel rotor, motor/generator and power 
conversion subsystem. In electromechanical systems, 
the flywheel rotor is accelerated by motor generator 
when operating in motor mode, the energy stored in 
the flywheel rotor is increased by accelerating the 
rotor to higher speeds, i.e. the FES is being charged. 
When required the energy stored in the flywheel rotor 
can be released by operating motor generator in 
generator mode producing electricity. 
A flywheel is a heavy rotating body that acts as a 
reservoir of energy. The energy is stored in flywheel 
in the form of kinetic energy, The flywheel acts as an 
energy bank between the source of power and the 
driven machinery. 
The functions of the flywheel are as follows: 

1. To store and release energy when needed 
during the work cycle 

2. To reduce the power capacity of the electric 
motor or engine 

3. To reduce the amplitude of speed 
fluctuations 

 
Flywheel Materials 
Traditionally, flywheels are made of cast iron. From 
design considerations, cast iron flywheels offer the 
following advantages 

1. Cast iron flywheels are the cheapest. 
2. Cast iron flywheel can be given any 

complex shape without involving machining 
operations 

3. Cast iron flywheel has excellent iron 
flywheel has excellent ability to damp 
vibrations. 

However, cast iron has poor tensile strength flywheel 
compared to steel. The failure of cast iron is sudden 
and total. The machinability of cast iron flywheel is 
poor compared to steel flywheel. 
 
IV. DESIGN PHASE 
 
To find kinetic energy 
퐾.퐸. = 푚. 푣   ………M= 320 kg, v = 25 km/hr 

퐾.퐸. =
1
2 × 320 × 6.944  

 
퐾.퐸. = 7716.0493 퐽 
To find Power 

푃표푤푒푟 =
퐾.퐸.
푇푖푚푒 

Power = 7716.0493/10 …… Stopping time 10 s 
= 771.60 W 
To find dimensions of flywheel 

퐾.퐸. =  
1
2  퐼 휔  

휔 =
2휋푁
60  
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휔 =  
2휋 × 2000

60 = 209.4395 푟푎푑/푠 

퐼 =
푀푅

2  

퐼 =  
휌푉푅

2  

퐼 =
 휌퐴푡푅

2  

퐼 =
 휌휋푡푅

2  

퐾.퐸. =
1
4휌휋푅 푡휔  

7716.0493 =
1
4 × 7100 × 휋푅 × 0.01 × 209.4395  

푅 = 0.056 푚 
 
........ρ = 7100kg/m3 for Grey Cast Iron FG 200 

Thus, diameter of flywheel is taken as 112 mm 

 
Figure 1: Design of Flywheel 

 
Analysis of flywheel 
 

 
Figure 2: Modal analysis of Flywheel 

 
Modal analysis shows that for 3382.2 Hz frequency 
maximum deformation is 82.225 mm. Here operating 
range of frequency is near about 210 Hz hence 
assumptions made during design were correct and 
design is safe. 
 
Design of Coupling Device 
A chain drive consists of an endless chain wrapped 
around two sprockets. A chain can be defined as a 
series of links connected by pin joints. The sprocket 

is a toothed wheel with a special profile for the teeth. 
The chain drive is intermediate between belt and gear 
drives. It has some features of belt drives and some of 
gear drives. The advantages of the chain drives 
compared with belt and gear drives are as follows: 

1. Chain drives can be used for long as well as 
short center distances. 

2. Chain drive is positive drive 
3. Efficiency of chain drive is from 96 % to 

98% 
4. Atmospheric conditions and temperatures do 

not affect the performance of chain drives. 
 
Roller Chains 
It consists of alternate links made of inner and outer 
link plates. A roller chain consists of following five 
parts 

a. Pin 
b. Bushing 
c. Roller 
d. Inner link plate 
e. Outer link plate 

 
1. To find kW rating of chain 
Assumptions 
a. No. of teeth on driving sprocket (푍 )= 21 
b. Speed reduction 3:1, hence no. of teeth on 
driven sprocket (푍 )= 63 
c. Simple roller chain with only 1 strand 
K1 = 1 
Ks = 1.4  (Service factor for heavy shock) 
K2 = 1.26 (Tooth correction factor) 

푘푊푟푎푡푖푛푔표푓푐�푎푖푛 =  
푘푊푡표푏푒푡푟푎푛푠푚푖푡푡푒푑 × 퐾

퐾 × 퐾  

푘푊푟푎푡푖푛푔표푓푐�푎푖푛 =
0.7716 × 1.4

1 × 1.26  
= 0.85733 
 
2. Selection of chain 
From Design data book 
Therefore, chain number 08 A is selected at 2000 rpm 
Data for 08 A are as follows 
From design data book we have 
 

Pitch 12.7 mm 

Roller diameter(d1) 7.95 mm 

Width (b1) 7.85 mm 

Transverse Pitch 14.38 mm 

 
3. To find pitch circle diameter of driving and 
driven pulley 

퐷 =
푃

푆푖푛
=

12.7
푆푖푛

= 85.21 푚푚 

퐷 =
푃

푆푖푛
=

12.7
푆푖푛

= 254.78 푚푚 
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4. To find No. of chain links 
Assumptions 

a. The number of pitches or links of the chain 
should be always even. 

b. The number of teeth on driving sprocket 
should be always odd. 

 
The center distance between sprocket wheel should 
be between 30 P to 50 P 
Taking mean value = 40 P 
∴ 퐶푒푛푡푒푟 푑푖푠푡푎푛푐푒(푎) = 40 푃 = 40 × 12.7 
푎 = 508 푚푚 
No. of links = 123 
 
5. Corrected center distance (a) 
a = 507.24 mm 
 
Dimensions of driving sprocket wheel 

 
Figure 3: Design of sprocket 

 
a) Outer Diameter = 91.86 mm 
b) Root diameter = 77.05 mm 
c) Tooth flank radius = 30.7138 mm 
d) Tooth side radius = 12.7 mm 
e) Tooth Width = 7.4575 mm 
f) Tooth side relief = 1.58 mm 
 
To find tension in the chain 

푉 =
푍 × 푃 × 푛
60 × 1000  

=  
21 × 12.7 × 2000

60000  

= 8.89 푚/푠 
Chain tension is given by 

푃 =  
1000 × 푘푊

푉  

=
1000 × 6.26

8.89  
= 704.16 N 
for 08 A 
 
Braking load = 2500 N 

∴ 퐹푎푐푡표푟표푓푆푎푓푒푡푦 =  
2500

704.16 = 3.55 
 

Analysis of sprocket 
 

 
Figure 4: Static structural analysis of sprocket 

 
Static structural analysis shows that for chain tension 
of 704.16 N, maximum deformation is 4.62e-5 mm. 
Sprocket design is capable to handle such small 
deformation. Hence, assumptions made during design 
were correct and design is safe. 
 
Design of cone clutch 
Cone clutches are friction clutches. They are simple 
in construction and are easy to disengage. However, 
the driving and driven shafts must be perfectly 
coaxial for efficient functioning of the clutch. A cone 
clutch consists of two working surfaces, inner and 
outer cone 
For design of cone clutch uniform wear theory 
considered. 
Required conditions 
Power = 0.85 kW 
N= 2000 rpm 
From design calculations following results are 
obtained 
Torque to be transmitted = 4.05 Nm 
Material for shaft C45 
Diameter of shaft = 20 mm 
Semi Cone angle = 12.5 0 

 
Figure 5: Proposed Test Setup 
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CONCLUSIONS 
 
Design is important stage for any product 
development process. As it decides life of product. In 
this paper initial design of regenerative brake test set 
up has been discussed.   Each component design is 
cross verified and has been found safe. 
Theoretical design calculations were analytically 
compared with the help of FEA software. Modal 
analysis of flywheel shows that for 3382.2 Hz 
frequency maximum deformation is 82.225 mm. Here 
operating range of frequency is near about 210 Hz. 
Also, Static structural analysis shows that for chain 
tension of 704.16 N, maximum deformation is 4.62e-
5 mm. Sprocket design is capable to handle such 
small deformation. In above both cases assumptions 
made during design were correct and design is safe. 
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