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A SURVEY AND RESEARCH ON THE EXISTING
MODELS OF ELECTRIC RICKSHAWS IN DHAKA
AND THEIR POSSIBLE IMPROVEMENTS
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Abstract— The research paper explores potential e-
rickshaw enhancements in Bangladesh, a rapidly growing
market that offers employment and transportation. However,
the industry faces challenges in stability and security,
particularly in uneven terrains. Factors such as weight
distribution, tire quality, suspension characteristics, brake
performance, and road conditions can influence instability. To
address these issues, improvements in vehicle design,
maintenance procedures, and training protocols can be made.
The center of gravity (CG), a key parameter affecting stability,
can be improved by lowering it, instructing drivers in safe
driving techniques, and implementing maintenance schedules.
Implementing these improvements can enhance the efficiency,
safety, and environmental sustainability of e-rickshaws,
potentially increasing the dependability and sustainability of
Bangladesh's transportation system.

Keywords— Center of Gravity, E-Rickshaw, Measurement,
Stability, Safety, Solar Panel.

I. INTRODUCTION

E—chkshaws have gained popularity in Asia due to

their affordability and environmental benefits, making
them a popular alternative to traditional gasoline-
powered vehicles. In Bangladesh, the e-rickshaw sector
has grown significantly, providing employment and
income for millions of people daily. The high
population density and insufficient public transportation
infrastructure contribute to the growth of the industry.
As of 2017, around 1.5 million e-rickshaws were
operating in Bangladesh, providing work for over 4
million people. However, the sector faces challenges
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such as stability, safety, and maintenance. Stability is
influenced by vehicle design,
weight  distribution,  tire
quality, suspension, and road

conditions.  Safety issues
include careless driving,
inadequate vehicle
maintenance, and lack of

safety equipment. Despite these challenges, the e-
rickshaw sector in Bangladesh has the potential to
continue its rapid expansion and development in the
coming years.

II. BACKGROUND STUDIES

E-Rickshaws gained popularity in China in the early
2000s due to their affordability and environmental
benefits. They spread to other Asian nations, including
Bangladesh, where usage increased in the mid-2000s and
by the 2010s, the sector became a significant source of
employment and income [1].

E-rickshaws in Bangladesh come in various
configurations, from simple Fig. 1: Traditional Rickshaw
[29]

and inexpensive to intricate
and expensive. The
CNG model is the
primary inspiration,
but these models are
expensive and
difficult to maintain.
The PORAG-001
model, produced by
Runner Automobiles e N
Ltd. [2], is slightly Fig. 2: PORAG-001 model E-
better but has Rickshaw [2]

disadvantages. It has a heavy, lead-acid battery and a
1000-watt electric motor, leading to instability and
increased weight. Maintenance is costly and not
compatible with dual operating methods. Most available

N
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options are less expensive. On the other hand, the
traditional modified model will provide some extra
benefits such as [3].:

*  Low upfront cost

» Easy to maintain

* Dual operation system

Note: The mechanical paddled rickshaw, an essential

form of Bangladeshi transportation since around 1930,
is essentially the traditional model we're working on [4].

III. REASONS AND EFFECTS OF E-RICKSHAW BAN:

On Dec 15, 2021, the High Court of Bangladesh
again ruled banning battery-run three-wheelers,
including e-rickshaws, from operating on highways in
the country [5]. Chief Justice Hasan Foez Siddique
decided in response to a written petition filed by a
lawyer, who argued that the battery-run vehicles pose a
significant risk to public safety due to their tendency to
overturn and cause accidents [6] [7] [8]. In 2011, the
Bangladesh High Court approved a ban on e-rickshaws.
In the latter part of 2014, the High Court decided that all
unlicensed battery-operated vehicles must be prohibited
from operation.

The basic problems of rickshaws are as follows:

e Brake Issue: E-rickshaws with only front-wheel
brakes face stability issues due to the lack of rear-
wheel brakes, which can cause skidding and loss
of control [8] [9].

e High CG Point: E-rickshaws with a high center of
gravity (CG) can pose a significant risk to drivers,
passengers, and road users. The battery and motor
are typically mounted above the rear axle, raising
the CG, making the vehicle unstable and
potentially toppling. [10] [6] [7].

e Uncomfortable Passenger Seat: E-rickshaws
often have uncomfortable passenger seats due to
narrow or hard seats, inadequate cushioning, and
rigid suspension systems [11] [9].

e Uncomfortable Driver Seat: E-rickshaws often
lack ergonomic elements and uncomfortable driver
seats due to rough, uneven roads. [12].

e No Re-Useable Energy Source: E-rickshaws use
non-renewable energy sources like lead-acid
batteries, which are inconvenient, expensive, and
contribute to environmental pollution.

e No Suspension System: E-rickshaws often lack an
adequate suspension system, causing discomfort
and increased wear and tear on the vehicle [7] [13].
For low-cost E-rickshaws, more sophisticated

suspension systems may be too expensive or
complex [12] [14].

The Financial Express article discusses Bangladesh's
proposed ban on battery-run vehicles, arguing that
despite safety concerns, an outright ban may not be the
best solution [15].

IV. DATA COLLECTION

Survey-1:

An inquiry was conducted to ascertain the primary
challenges encountered by individuals while riding
rickshaws. The obtained responses can be approximated
as follows:

Table 1:Survey 1

Total No Seat Narro Reckle Poor
number | Suspension |height |w  Seat|ss driving/ | Braking
of people | and too high | Space poor system/

Passenger driving Fear  of
Comfort skills Accident

50 40 20 35 8 30

Survey-2:

In this survey, we focused on collecting responses
from drivers who have been operating -electric

Collected data

No Suspension and
passenger Comfort

Fig. 3: Data Collection Chart

rickshaws for at least a year. In addition to this, they
have several issues with the current version of the E-
Rickshaw.

o Electric rickshaws' battery and DC motor weigh
approximately 54 kilograms, making the vehicle
very heavy.

o The configuration of the seats could be more
conducive to a comfortable driving experience.

o When a motor is operating the rickshaw, they
frequently experience discomfort when trying to
keep their feet still because there is no suitable
place for them to keep their feet.

o Most of them didn't feel comfortable using the
braking system of the rickshaw either.
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Measurements: The next thing we did was get some
actual measurements of the E-Rickshaw model.
However, it was challenging work because the values
that are used for measurement are unique to each
rickshaw. After that, we concluded that the best course
of action would be to perform in-depth measurements
on approximately ten E-rickshaws and then calculate the
mean value of those measurements.

Fig. 4: Traditional Rickshaw Measurement

Table 2: Measurements

Measurement

(inch) R G 4 B c D ¢ | F

1 14 15 71 38 215 705 23 20.4
2 14 135 698 38 226 71 254 19

3 139 14 705 38 225 71 268 198
4 14 4 71 37 (225 |68 242 217
5 14 14 71 38 (221 70 27 |22
6 137 13 72 38 219 71 278 205
7 13.9 145 705 38 21 728 25 21

8 14 15 71 375 225 706 248 228
9 14 13.8 694 38 227 694 265 199
10 141 138 709 38 22 709 276 20
11 14 145 70 379 217 685 262 215
Average 13.96 |14.1 70.65 37.85 22.09  70.34  25.85  20.78

V. INSTABILITY ISSUES

Rollover Instability: Rollover instability in three-
wheeled vehicles, such as e-rickshaws, is a significant
concern due to their inherent instability. The elevated
center of gravity (CG) and narrow track width increase
the likelihood of rollover incidents.

Fig. 5: CG point of old model:

Calculation of weight shifting during brake:
We know [16],

a b Wel — W,
_ bt d fr"a
heg = Rf(l)+Rr<l)+(Wtan9 >
Here,

Height of CG, %, = 14 inch (In traditional model)
W;= Shifted weight while brake
6 = created angle between rear wheel to ground while
brake
Radius of Wheels (Front and Rear), R = 14 inch [R = R¢
=R
AB =71 inch, BD = 38 inch
So, BC =19 inch
Now, AC=/=+vAB? — B(C?
=y (71)? = (19)?

= 68.4 inch

Now,

[{reg = R (T) - R E%)} x Wtan 6| + W,

Wf =

Table 3: Wf Changes according to CG height

Wf changes according to Hf
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Height of CG point (Hcg) inch

The graph illustrates a decrease in weight shifting
when the Center of Gravity (CG) point height of E-
Rickshaws is reduced. The height was reduced from 14
inches to 8 inches. Reducing the height to less than 8
inches may result in complications pertaining to speed
bumps and uneven road surfaces.

The Lateral Instability: Lateral stability is a crucial
aspect of vehicle design, ensuring a vehicle maintains
balance while traveling along a curved path. Extending
track width and lowering center of gravity can enhance
stability [7] [17].
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Wobble Instability: Wobble mode, a driving
condition where the vehicle's center of mass oscillates
between two positions, can pose a safety threat to

Driver
position Passenger

. position
Flexible front

steering column Flexible body and

frame of real wheels

Fig. 6: Wobble Instability

drivers and passengers. Researchers from TVS Motor
Company Ltd. and the Indian Institute of Science
conducted a study using ADAMS-CAR to analyze the
stability of a three-wheeled vehicle. The study found
that stability depends on the wheelbase, and adjusting
the steering wheel and passenger seat is crucial for
maintaining stability [13].

VI. PHYSICAL COMPONENTS MODIFICATION:

Front wheelbase: The rickshaw's wobble mode,

where the vehicle's center of mass oscillates between
two positions, can be improved by adjusting the
front wheel position. This can reduce rollover and

wol?ble rr Fig. 7: Front Wheelbase
during b _ _.__

ey Ty

B

steering mechanism closer to the driver and

relocating the front wheel further [13].

Rear Wheelbase: Relocating rear wheels towards
posterior region can enhance stability and passenger
comfort, especially with suitable suspension system,
resulting in an aesthetically pleasing configuration [13].

Suspension: E-Rickshaws require a well-functioning
suspension system to enhance rider comfort and

Fig. 9: Front Wheel Suspension

balance. A study by MIT students focuses on an
enhanced suspension system for bicycle-powered
rickshaws, using tire rubber as the spring component
[18].

Rubber springs, known for their hysteresis and self-
damping properties, offer a cost-effective and extended

Fig. 10: Rear Wheel Suspension
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lifespan compared to metal springs. The suspension
operates within the 10-20 Hz frequency range, aligning
with E-Rickshaws' primary operational frequency. The
3D Experience Platform from Dassault enables the

braking force, preventing skidding and loss of control.
This comprehensive approach to braking accommodates
various driving situations, promoting a safer and more
confident driving experience for drivers and passengers.

application of digital multi-disciplinary technology in
designing and constructing an electric rickshaw capable
of transporting an 800-kilogram passenger load [18].

Driver Feet Rest: The E-rickshaw driver's footrest

Fig. 14: Speedometer

Fig. 11: Feet Rest

system features a foldable and adjustable footrest,
providing a personalized and customizable experience.
The foldable feature enhances mobility and access to the
vehicle's controls, while the adjustable footrest height
allows for easy adjustment to accommodate leg length
[19].

Fig. 15: Headlight

Speedometer: The instrumentation panel of the E-
rickshaw features an analog speedometer, enhancing the
driving experience by providing a visual representation
of the vehicle's speed [22].

Headlight: A headlight enhances safety and
visibility, allowing drivers to anticipate obstacles and
dangers at

Fig. 12: Steering Handle

Modified Steering Handle: The steering handle in
E-rickshaw  ergonomics has  been
redesigned, incorporating Harley
Davidson principles to improve driver comfort [20].
The handle's ergonomic design minimizes Wwrist
movement and forceful gripping, promoting a more
comfortable driving experience [21].

Fig. 7: Front Wheelbase greater distances.[23].

Lower CG Point: The safety of the E-rickshaw is
significantly enhanced by incorporating a lower center
of gravity (CG), which reduces the likelihood of tipping

Braking: The addition of brakes on both front and rear
wheels ensures a balanced and evenly distributed

Fig. 16: Low CG point
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or rollover incidents, thereby enhancing overall stability
and maneuverability [24] [25].

here are some of the benefits of a lower center of
gravity (CQG):

» Improved Stability

* Better Handling

* Reduced Rolling Resistance

* Increased Braking Stability

* Reduced Pitching

Dual Driving Mode: The dual driving mode in E-
rickshaw technology allows drivers to switch between
two distinct modes of power, enhancing versatility and
energy conservation.

e Pedal Mode:

Y [

Fig. 17: Manual mode Fig. 18: Motor mode

e Motor Mode:

Fig. 19: Solar panel~

Modified Hood for The Solar Foldable Panel: The
Chinese hand fan system has been used to design a

Fig. 20: Side View
the
combining functionality with elegance. The hood can be

folding mechanism for E-rickshaw's  hood,

lu-l I'---l",

—— 1

unfolded and folded, providing ample coverage and
protection for the solar panels.

The Complete Model of E-Rickshaw (In SketchUp)

F =

— K i

Fig. 21: Front view Fig. 22: Back View

Fig. 23: Top View

VIL

A. Sketchup:

SketchUp, a cutting-edge 3D modeling software, was
used to create an innovative E-Rickshaw model. The
user-friendly interface and powerful tools allowed for
an immersive design process, bridging the gap between
imagination and reality [26].

B. Adobe Illustrator:

Adobe Illustrator is a vital tool for creating diagrams
with precision and visual aids. It allows for the precise
definition of forms, lines, and curves using
mathematical vectors, ensuring the integrity of visually
given information [27].

SOFTWARE USED

VIII. CG POINT SHIFTING CALCULATION
Width at CG (Center of Gravity) point,
d =d, * W.(%)

d, = Width at Rear Wheel
W, = Total weight on rare axis in %
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Table 4: Changes of CG point with weight added in a different point

Weight | Total . Distance
Distribution | yweight | Weight Width of CG
Weight (Kg) of CG
Parameters g on Rear| Total - from
(Kg) o Point
axisin | (kg) ) front
Front |Rear| % axis
Base 15 5 10 | 66% 15 29.7" 59"
Full Body | 100 20 | 80 | 78% 115 35" 70.5"
Battery +
Solar + 60 0 60 | 85% 175 |38.25"| 77"
Motor
Driver 60 60 0 64% 235 | 28.8" 59"
1 Passenger| 60 0 60 | 71% 295 32" 65"
2 Passenger| 60 0 60 | 76% 355 | 342" | 69.5"
3 Passenger| 60 0 60 | 79.5% | 415 |35.8" | 73.5"
90
z % = 735
&EJ 70.5 69.5
=70 65
8 59 59
S 60
E. 50
5
2 a0
o
% 30
g 20
g 10
0
0 50 100 150 200 250 300 350 00 450

In the illustration, it is evident that the position of the
center of gravity (CG) undergoes changes in response to

Total Weight (kg)

< (Fror

nt Wheel)

Middle Point

the distribution of weight applied to the E-Rickshaw.
However, the observed change is not of considerable
magnitude, and it is noteworthy that the center of
gravity (Cg) consistently maintains a stable position,
thereby contributing to the mitigation of "Rollover
Instability." If the center of gravity point moves forward
beyond a certain threshold, the likelihood of rollover
incidents increases. However, our modified structure
effectively mitigates this risk.

IX. SOLAR PANEL

The 10W SOLAR PANELS

L

il §
=

"WORTHY Solar Panel for Gate Opener, Chicken
Coop, Off-Grid Applications" is a solar panel designed
to provide a reliable and environmentally-friendly
power supply for various applications [28], including E-

Fig. 26. Solar Panel

rickshaws. Its compact dimensions (13.3 x 8.1 x 0.7
inches) and high efficiency solar cells make

Specifications:

Rated Power: 10W

Solar Cell: Monocrystalline

Maximum/Peak Voltage (Vmp): 18V

Open Circuit Voltage (Voc): 22.41 V

Short circuit current: 0.61A

Maximum current: 0.56A

Output Tolerance +3%

Temperature range: —40°C~ +85°C
Length of extension cable: 100cm (3.28ft) , 0.8mm? (18AWG

Size: 337*%200*18mm (13.3x8.1x0.7 in); Weight: 0.76kg(1.671bs)

Table 5: Technical Details of Solar Panel [28]

Panel Setup:

: Graph of changing CG points

A E B
(Rear Wheel Left) ————————————> (Rear Wheel Right)

Fig. 27: Specifications of 10W MONO SOLAR PANEL [28]
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Given that each "WORTHY Solar Panel for Gate Opener,
Chicken Coop, Off-Grid Applications" produces the following
specifications:

Voltage: 12V
Current: 1.5A
The +ve

‘ -ve

voltage
12 Panel

HEEEEEEE R

A
e

Fig. 28: Solar Panel Setup

remains the same (12V) when twelve of these panels are
connected in parallel, as it is unaffected by parallel
connection. However, the output current and power will vary.

Current Calculation:

For twelve panels in parallel:

Total Current = Current of One Panel X Number of Panels
Total Current = 1.54 x 12 =184

Power Calculation:

The power (in watts) can be calculated using the formula:
Power = Voltage % Current

For twelve panels in parallel:

Total Power = Voltage of One Panel x Total Current
Total Power = 12V x 184 = 216W

So, when twelve "WORTHY Solar Panels for Gate Opener,
Chicken Coop, Off-Grid Applications" are connected in
parallel, the combined output specifications are:

Voltag
e 12V 10W MONO SOLAR PANEL

(uncha 17mm
nged) I
Curren
t: 184

Power:
216W

200mm ‘

g

17mm s

#===1000mm

MP
PT:
The

1V Curve

Solar Panc

N 90% efficiency
\§ 80% effici

| I
MPPT

DC Load

+ Battery -

Fig. 29: MPPT Controller

Maximum Power Point Tracker (MPPT) is a highly
efficient direct current to DC converter that optimizes
the power output of solar panels.

Battery: A 48V total voltage is achieved by
combining multiple 12V batteries in a series
configuration.

Assume,
Each "WORTHY Solar Panel for Gate Opener, Chicken
Coop, Off-Grid Applications" produces 12V and 1.5A.

The 12 panels are connected in parallel.

48V
2v 2v 12V 122V

o o o o
/o\o\o\o

100Ah  100Ah 100 Ah 100 Ah

100 AH
Fig. 30: Series Connected Battery

The batteries are connected in series, resulting in a combined
voltage of 48V (4 batteries * 12V each).

Battery efficiency and charging losses should be considered in
this simplified calculation.

Calculate the Power Output of One Solar Panel:

Power per Panel = Voltage x Current = 12V x 1.54 = 18W
Calculate the Total Power Output of Twelve Panels in
Parallel:

Total Power Output = Power per Panel X Number of Panels
=[8W x 12 =216W

Calculate Daily Energy Production:

Daily Energy Output = Total Power Output x Sunlight Hours
Assuming an average of 5 hours of effective sunlight per day:
Daily Energy Output = 216W x 5 hours = 1080 Wh (watt-
hours)

Calculate Energy Stored in Batteries:

Energy Stored in Batteries = Battery Voltage x Battery
Capacity

Energy Stored in Batteries = 48V x 1004h = 4800 Wh (watt-
hours)

Calculate Charging Efficiency:

Charging Efficiency (%) = (Daily Energy Output / Energy
Stored in Batteries) * 100

Charging Efficiency = (1080 Wh /4800 Wh) x 100 = 22.5%

Brushless DC Motor: The E-rickshaw design
incorporates a high-performance Brushless DC motor,
optimizing efficiency, power, and dependability. This

%%

Climbing gear strong power

High-power motor, intelligent controller

Speed modification e

Fig. 31: Brushless DC Motor [29]
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Table 7: Specifications of DC motor [29]

PM Brushless DC Geared Motor for ElectricTricycle

Specification
Drive Mode Chain
Power 550W/700W/800W/1000W
Voltage 48V/60V
Rated Speed 600RPM
Chain Wheel with 14teeth 420 chain wheel

23.7cm/24cm/27¢cm

5.5CM*7CM*13.2CM
5.5CM*9.5CM*13.2CM

Color Black / Blue

Length of Motor

Mounting Size

Electric boat, lift/elevator, equipment modification, electric
tricycle/four-wheeler/quadricycle modification, etc.

Application
motor operates within a 48-volt electrical system,
achieving power outputs ranging from 550 to 1000
watts. [29]

Speed Control: 40 km/h is the maximum speed of an
E-Rickshaw now.
40 km/h = 666.67 m/s

Here,
Rear Wheel Speed _
Motor Speed
R Wheel Speed « -
ear wheet opeed & p oar Wheel Gear Radius

For 40 km/h or 666.7 m/s max speed, the rear wheel should
rotate at 298.96 rpm. For this, the motor’s full load speed must
be 427.09 rpm.

The new speed

14inch
limit we set for
A E-rickshaw
- safety is 30
O kmv/h or 500 ms.
So, the rear

wheel should
rotate at about
224.21 rpm, and
the motor speed
is 325 rpm.
Now, we can
achieve our

Fig. 32: Gear and Motor Radius

desired speed via two ways.
1. Modifying the Gear radius.
2. Limiting the voltage of the motor.

Modifying the gear radius: We can modify the
radius of Motor Gear and Rear wheel Gear to limit the
maximum speed at around 30 km/h. The graph below
shows us the ratio of motor Gear radius and rear wheel
Gear radius of the old model. In the old model the actual

ratio is (Rear Wheel Gear Radius, Motor Gear Radius)
= (2", 1.4").
For our new model the ratio (Rear Wheel Gear
Radius/Motor Gear Radius) should be about 0.525.
Now, for limiting the speed to 30 km/h we can change
the Motor Gear Radius to 1.05" and keep the Rear
wheel

Gear unchanged which will be (Rear Wheel Gear
Radius, Motor Gear Radius) = (2", 1.05") or we can
change the Rear wheel Gear to 2.67" and keep the motor
Gear radius unchanged (Rear Wheel Gear Radius,
Motor Gear Radius) = (2.67", 1.4"). The below graph
shows us the ratio for the new model.

Table 8: Comparison between New Rear Wheel Gear Radius
and, Motor Gear Radius

NEW
" 2.5
3
3 2 4421
o
% 15 /‘- 3,1.575
S 1 —_A412,1.05
=]
2 0.5 /G 1,0.525
2 0600
é 0 1 2 3 4 5
New rear wheel Shaft radius

% 15 =

. 2,14
= ’
% P
0o 1,0.7
° 0.5 /
2 0 ¢0,0

0 1 2 3 4 5

Rear wheel Shaft Radius

Limiting the voltage of the motor: We can also set
a limit to the input voltage of the Motor to control the
maximum speed of the vehicle. The old input voltage of

the motor was 48V. Now, new maximum input voltage
will be,

New speed % 0ld Volt
Old Speed oitage

325

=——X
427.09 48
=36.53~38V

New Voltage =

So, we need to step down the Motor voltage from 48
V to 38 V by using a buck converter.

X. DISCUSSION AND CONCLUSION

This study investigates how to improve e-rickshaws,
which are essential urban transportation options in
Bangladesh. It tackles a number of issues, including
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energy inefficiencies, braking, stability, and ergonomic
constraints. The study suggests several innovative fixes,
such as a lowered center of gravity, sophisticated
braking systems, two driving modes, and hoods with
integrated solar panels that fold up. By addressing the
dangers of tipping and rollovers, these enhancements
can enhance user experience, efficiency, and safety.
Ergonomics, adaptive traits, and sustainable energy
sources are also investigated in this research. The
discoveries have the potential to completely transform
urban transportation by bringing in more eco-friendly,
safe, and effective options. The significance of
innovation, sustainability, and the possibility of
improving transportation systems for the betterment of
society are all highlighted by this research.

XI. LIMITATIONS

The study aims to introduce novel improvements for
E-rickshaws, but it has limitations that need further
investigation and verification in real-world contexts.
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