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ABSTRACT
Traditional rickshaw are powered by the rider and therefore slow and energy sapping. To reduce energy usage and move fast enough for city traffic,
the human powering system is replaced by a motorcycle engine. The modified rickshaw consists of a motorcycle with the rear wheel removed and
attached to a passenger compartment to sit 3passengers. The drive system consists of a chain drive coupled to a sprocket on a shaft that constitutes an
axle on the passenger compartment. The chassis and body of the passenger‟s compartment were constructed in the form of a space frame and has
coiled spring and damper suspension system. The modified rickshaw was tested and has a maximum speed of 50km/h when fully laden. The system
is statically and dynamically stable.
Keywords: Development, Puller Effort Reduction, Comfort Ability, Redesign Rickshaw.

I. INTRODUCTION
A cycle rickshaw is a human-powered vehicle for hire, usually with one or two seats for carrying passengers in
addition to the driver. Cycle rickshaws are widely used in most major cities across the world and not just in Asia
where largely replaced less-efficient rickshaws that are pulled by a person on foot. In Bangladesh the rickshaw is
pulled by man setting in front of the passenger. The person who pulls the rickshaw is called the rickshaw-puller
(Gallagher, 1992). Conventional human powered tricycles are amply available in different cities in India. However,
they are not ergonomically designed with respect to rickshaw puller and passengers comfort and maneuverability.
There are different literatures available both at the national and international level on improved tricycle design
development in manual, mechanically assisted and electric hybrid mode. However, for improved design in electric
hybrid mode, the success story is very limited mostly because of high cost involved to economically very poor
rickshaw pullers, unwillingness of illiterate rick-Shaw puller to adopt new technology, non-availability of easy
after sell services and most importantly inadequate quality assurances from inventors as well as manufacturers.
However, researchers are putting effort to address the inherent inefficient mechanical design of conventional
rickshaw. The states of these rickshaws are mainly of archaic and old design and as a result, the design and
manufacturing of these rickshaws are not in line with technological advancement in the recent past. Therefore, the
present study is concerned with design and development of a motor cycle powered rickshaw for short city trips as
an alternative mode of transport.
The regular cycle rickshaw could be divided into three main components – the front bicycle frame, the lower angle
iron chassis and the wooden passenger seat structure. The main structure is essentially bolted together. The rest of
the parts like wheels, handlebars, forks, brakes etc. are mounted on the main structure. The basic bolted-on unit is
not only flexible but is often misaligned. This makes the vehicle inefficient. The puller has to put extra energy while
paddling. The rear passenger seat is made out of thick planks of wood, which are nailed together. The passenger is
perched up high on a spring, coir and straw filled seat is small, slopes forward and is extremely uncomfortable. The
absence of any suspension system is enough to give a backache to anyone. It is also very unsafe because this small
seat sits on top of the wooden frame and comes out very easily. Often, on application of brakes, it catapults the
87 | P a g e

Online ISSN: 2456-883X

Website: www.ajast.net

Asian Journal of Applied Science and Technology (AJAST)
(Quarterly International Journal) Volume 3, Issue 4, Pages 87-102, October-December 2019

passenger out onto the ground. The seat is close to the meter above the ground and the step height is over half a
meter making it very inconvenient especially for the elderly and the women to climb up. The footboard height of 46
cm (18 inches) in these rickshaws makes it impossible for the elderly, the obese, and the pregnant women to board
in the same manner without any help (Kom, 2002).
II. DESIGN ANALYSIS AND CALCULATIONS
In this research work it was assumed that no friction exist between parts and the force on the engine to be constant.
In the rickshaw frame, the rider‟s weight is assumed to be1400 N and that all the weight is placed on the seat. It was
assumed that all the reaction forces are equal to the weight. In the carbine, the weight of the passengers to be
conveyed (3 passengers) which assume to be 70 kg each a rate of average human. In addition to be 687 N and
uniformly distributed. The back shaft is assumed to be simply supported and carrying a uniformly distributed load
of 950N carriage weight inclusive.
Design and Specification
The Cycle rickshaw is an important mode of transportation in many small cities and towns in Bangladesh. The
principal idea is to develop a modern cycle rickshaw that could demonstrate the possibility of growth of this
traditional mode of transportation in Bangladesh to counter the growing demand of alternative means of
transportation. Issues such as ergonomic, road safety, low maintenance and longevity of the vehicle are
consideration in the design process.
Determination of force applied on the engine
In this project write up it was assumed that no friction exist between parts and the force on the engine to be constant.
In the rickshaw frame, the rider‟s weight is assumed to be 1149 N and that all the weight is placed on the seat. It was
assumed that all the reaction forces are equal to the weight. In the carbine, the weight of the passengers to be
conveyed (3 passengers) which assume to be 70 kg each a rate of average human. In addition to be 687 N and
uniformly distributed. The back shaft is assumed to be simply supported and carrying a uniformly distributed load
of 950N carriage weight inclusive.

Fig.1 Ax 100 Engine
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Engine Parameters
Analysis: While testing a newly developed rickshaw engine we consider a jincheng AX100 of 95kg testing engine
propels from standstill to a top speed of 93 km per hour in 10 seconds. If the same engine is used in to convey
passengers of mass210 kg, how many seconds will elapse before the rickshaw achieves a speed of 100 km per hour?
Given:
Maximum power (kw/r/min):
Maximum speed (km/h):

6.8/1500
93

Dry weight (kg):

95

We have: v = 93× (1000/3600) = 25.83 m/s
We know that, a = v/t or average acceleration of the test engine
a = 25.83/10 = 2.59 m/s²
We also know that, F = ma.
Hence Force applied by engine is F = 95 × 2.59 =246 N
By applying the power formula,
P = F v, the peak power of the engine is P = 246 × 25.83= 637W
Determination of Basic Chassis Reaction
The bottom chassis consist of members of cross section as shown in Fig.2

Fig.2 chassis cross section
In the rickshaw, the chassis and frame or structure forms the cross-section for the attachment of the various
components as well as the body. It carries the power train, i.e. the engine, the frame which supports the engine,
wheels, body, transmission, the braking system and the springs. They also provide the basis upon which loads are
carried. The chassis layout of a motorcycle powered rickshaw is depicted in fig.2 above.
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Principally, the two types of auto body construction of a modern tricycle are the uni-body construction, and the
body and chassis frame construction. The major difference between the two is that the uni-body or integral
construction involves having individual metal parts joined mainly by welding to make up the body assembly and
also provide overall body rigidity through an integral all steel welded construction, while the body and chassis
framer construction prepares the body separate from the chassis frame and afterwards join both of them at some
reinforced points.
The following are the design criteria of the chassis we have considered for modification.
S.No

Description

Dimensions(Mm)

1

Overall Length Of Chassis

2136

2

Overall Width Of Chassis

1310.6

3

Overall Height Of Chassis

1219.2
Table1. Specification of chassis

The loading on chassis consist of passengers including the rider, engine , seat and the body which the masses are
show in table 2 below.
S.No

Component

Mass (Kg)

1

Body

359

2

Chassis

450

3

Engine

50

4

Rider

70

5

Passengers (3)

210

6

Seat And Interiors

10

Total

1149
Table 2. Approximate masses of main component

Material properties of the chassis frame are given in the following table.
property

Si units

Modulus of elasticity

20000mpa

density

7800kg/m^3

Poisson ratio

0.3
Table 3. Material properties of chassis frame
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Chassis calculation and reaction
Chassis is simply clamp with Shock Absorber and coil spring. So Chassis is a Simply Supported Beam with
uniformly distributed load. Consider Load acting on long member is 2183. N. Length of the Beam is 2136 mm.
Uniformly Distributed Load is 2183/2136 = 1.0221 N/mm. We can assume the uniformly distributed load to be
1N/mm.

Fig.3 Simply Supported Beam
Now taking the reaction around the Support A.
Rᴀ= W × l × (l-2×c) / (2×b)
=1×2136× (2136 -(2×292.1))/(2×1816.1)
=912.5722N
Rᴃ= W ×l× (l)/ (2×b)
=1×2136×2136 / (2×1816.1)
=1256.1246 N
Calculation of Shear Force &Bending Moment
Shear Force At A
V1= Rᴀ = 912.5722 N
Shear force just on left side of B
V2= Rᴀ-W× b =912.5722 - (1×1816.1) = -903.5278 N
Shear Force just on right side of B
V3 =V2+ Rᴃ =-903.5278+ 1256.1246 = 2159.6524 N
Shear Force at C
V4 = 0
Location D where Shear Force Changes Sign is
912.5722 mm right to A.
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Bending moment at A
M1=0 Nmm
Bending Moment at D
M2= Rᴀ×912.5722 –W× (912.5722^2)/2 = 416394.010 N.mm
Bending Moment at B
M3= Rᴃ×c =903.5278 × 292.1 =263920.470 N.mm
Bending Moment at C
M4= 0 Nmm
Calculation of Stress on Chassis
Moment of Inertia of Hollow Square cross section of member under study is given by
I = (a^4-a1^4)/12 = (38.1^4-31.75^4)/12 = 90915.13235 mm^4
Section Modulus of the section is given as
Z = I/ (a/2) =90915.13235 /(38.1/2) = 4772.447 mm^3
Stress produced on beam is as below
Ϭ= M/Z = 416394.010 / 4772.447 = 87.2495 N/mm^2
Determination of shaft diameter using toque
When a shaft is transmitting a power from driver equipment to the driven equipment, It is necessary to calculate the
shaft diameter from the torque based on the maximum torque that can be transferred through the shaft or the
maximum amount of twist in the shaft.

Where
τ = Torsional stress induced at the outer surface of the shaft (Maximum Shear stress).
r = Radius of the shaft.
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T = Twisting Moment or Torque.
J = Polar moment of inertia.
C = Modulus of rigidity for the shaft material.
l = Length of the shaft.
θ = Angle of twist in radians on a length.
We assume the shaft is transmitting 657kW at 1500 RPM in determining the suitable diameter we consider the
maximum toque to exceed the mean by 30%. Also take the maximum allowable stress to be 70mpa.
Given data
Power (P) = 657 W
Speed (N) = 1500RPM
Operating Torque (TOperating) =?
Maximum torque that can be operated on the shaft = 30% to the operating torque
TMax = 1.3 x TOperating
We have power (P) = (2 π N T)/60 = (2 x 3.14 x 1500 x T)/60
657 = 157 x T
T = 4187.2 N-m
Operating Torque (TOperating) = 4187.2 N-m
Where TMax = 1.3 x TOperating
TMax = 1.3 x 4187.2
TMax = 5443.36 N-m
Maximum torque that can be operated on the shaft (TMax) = 5443.36 N-m
From this maximum operating torque, we can find the shaft diameter with above equation

5433.36 x 103 N-mm = (70Mpa (N-mm2) x π x d3)16
d3 = 395585.735 mm
d = 73.40 mm
Final Shaft diameter is 73.40 mm
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Determination of length of Chain

Fig.4 Illustration Chain Centre To Distance

Fig.5 Main View Chain Center to Distance
For calculating center to center distance of a rickshaw chain the below formula is been used:

Chain length pitch: L = 2CP + N + n2 + P (N –

…………………

C= Center to Center Distance
L= Chain Length in Pitches
P= Pitch of Chain
N= Number of Teeth on Large Sprocket
n= Number of Teeth on Small Sprocket
Using Equation ( 1 ) as an example to calculate center-to-center distance: Center to Center
Data:
L = 33
P = 0.25
N = 42
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n = 14
= 0.258[2(33)−(40+14)+√(2(33)−(42+14))2−8𝜋2∙(42−14)2 ]
C = 0.258[66 -54 + √66 – 54) – 8 π 2. (42 -12)2
= 0.258 (12 + √ (12) 2 - 8π2.784]
= 0.258 [12 +√144 – 224 π 2
= 0.258 [12 + √144 – 35.6507
= 5.781 Inch
Which in meters = 0.145M
The distance between the big and small sprocket is 0.145 meters.
Determination of Spring Design and Analysis
The suspension is the system of tires, tire air, springs, shock absorbers and linkages that connects a vehicle to its
wheels and allows relative motion between the two. Suspension systems serve a dual purpose – contributing to the
vehicle‟s road holding and braking for good active safety and driving pleasure.
As well as for keeping vehicle occupants comfortable and a ride quality reasonably well isolated from road noise,
bumps, vibrations, etc. For the work, the suspension system adopted is shown in Table 4.
Suspension

Type

Front

long-arm Dual hydraulic shock absorbers Rear

Rear

Fully floating axle shaft & Different Unit, Swing
Arm, Cylindrical Springs, Assisted by Two
Telescopic Shock Absorbers
Table 4: Suspension System

The other spring parameters adopted for the research is depicted in table 5.
Spring material UTS Wire

143

Kgf/mm2

diameter (D)

8.00

Mm

Mean Diameter (D)

50.00

Free Length (Lf)

245.00

No. of active coils (Na)

13.50

Modulus of Rigidity (G)

80000.00

Mm

N/mm2

Table 5: Other Spring Parameters
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Parameter Identification
When taking into account the lever arms, the adopted spring stiffness of the front and rear suspension units is
25N/mm and 21N/mm respectively. The rear dampers were set to a maximum to reduce the rear module roll in
transient states. To evaluate the damping coefficients with this setting, a damper was tested separately on a test
bench at several operating frequencies. The data was used to obtain a linear coefficient for the damping in
compression and in rebound. The front and back suspensions‟ configuration is shown in Fig.6 and Fig.7
respectively.

Fig.6 Front Suspension

Fig.7 Rear Suspension
Spring rate is a ratio used to measure how resistant a spring is to being compressed or expanded during the spring's
deflection. The magnitude of the spring force increases as deflection increases according to Hooke's Law. Briefly,
this can be stated as.
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F = s𝜹
Where;
F = force the spring exerts
s = stiffness of the spring
𝜹 = deflection of the spring
The spring stiffness of a coil spring may be calculated by a simple algebraic equation or it may be measured in a
spring testing machine.

Where,
s = stiffness of the spring
d = wire diameter = 0.5 Inch
G = spring's shear modulus (e.g., about 12,000,000 lbf/in² or 80 GPa for steel)
N = number of wraps = 11
D = diameter of the coil = 4 Inch
s=

= 133.17 N/mm

Stiffness of springs typically have units of N/mm (or lbf/in). This is an example of a linear spring stiffness of 133.17
lbf/in which means for every inch the spring is compressed, it exerts 133.17 lbf. A nonlinear spring stiffness is one
for which the relation between the spring's compression and the force exerted cannot be fitted adequately to a linear
model. For example, the first inch exerts 133.17 lbf, the second inch exerts an additional 146.47 lbf (for a total of
279.64 lbf), and the third inch exerts another 159.77 lbf (for a total of 439.41 lbf). In contrast a 133.17 lbf/in linear
spring compressed to 3 inches will only exert 399.51 lbf.
Therefore, the deflection of the coil spring in inches when loaded with three passengers of net weight 449.44 Ibf
can be calculated from equation 3.1 since we‟ve gotten the value of our spring stiffness to be 133.17 N/mm
According to equation above.
F = s𝜹
Therefore,
𝜹=
𝜹=

= 3.37 Inch

𝜹 = 0.085598 M
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Fig.8 Suspension for the motorcycle powered rickshaw
Determination of Ergonomic Analysis
This part of the project write up discuss the factor used in the redesign the sat arrangement, leg room, head room ,
ventilations to achieve optimal riding experience.
Seat Arrangement
For the design of a rickshaw seat, only the relevant dimensions are to be considered which include the seating
height, sitting shoulder, buttock-popliteal length, popliteal
Height and shoulder breadth or elbow-to-elbow breadth, as shown in Fig.9 below.

Fig.9 Relevant anthropometric measurements for the design of the rickshaw
With the new modification of the seat both passengers and rider tends to enjoy a comfortable ride in which
achieving optimal riding experience is certain.
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Proposed Seating, head room, leg room Arrangement

Fig.10 Proposed Seating, head room, leg room Arrangement
The design consideration are been carefully made and measurements taken, tested to detect if comfort ability is
achieved which include the head and leg room is convenient for all passengers and riders.

Fig.11 Head and Leg Room Test
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III. TEST ING
The various parts of the machine were assembled, the rickshaw to see if desired result is attained. Testing of
machine materials used basically in the mechanical design and construction of the rickshaw requires various tests
and balance in its static and dynamic as well as its physical and mechanical properties to enable their state standard
and efficient use in load bearing with or without load application.

Fig.12 Motorcycle Powered Rickshaw
The rickshaw was tested to see if desired result is attained. The test was done to check its balance in its static and
dynamic state with or without load application. Static test confirmed the tricycle stability, properly aligned, since
all the extra weights were installed as low as possible to the center of gravity of the rickshaw Dynamic test
conducted confirmed also the stability, easy maneuvering, the effectiveness of the braking system, the approximate
distance covered per kilometer hour. The rickshaw performed efficiently and effectively when the tricycle was
loaded with the actual load capacity of 687 N and moved for 10 s. It also moved effectively without tilting or
observation of any inconvenience when tested with a load capacity of 1400 N at the same distance.
Determination of Issues Identified and Solution
The ergonomics issues that are identified are mentioned below:
1. The pullers are forced to sit a highly inclined trunk position due to the large distance between the seat and the
handle. This trunk position is causing back pain and severe discomfort.
2. The absence of a back rest makes long distance rides uncomfortable.
3. The pressure on the toe is high because of the short foot pedal.
4. The positioning of the hands is not at the optimum levels for all rickshaw pullers because of the
non-customizable design of the existing cycle rickshaws.
5. No roof cover for the pullers (rainy season is a nightmare)
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6. Ingress and egress problem for elderly passengers due to high positioning of foot rest and seating.
7. Uncomfortable seating space for passengers
Solutions
The solution proposed includes:
1. Powering the rickshaw with motorcycle engine
2. A canopy for the driver and passenger
3. riders chair is design to be more comfortable and convenient
4. weight distribution improves upon better stability
Drive train tensioned more to prevent chain from jumping off the sprocket
IV. CONCLUSION
The aim of this thesis is to design a modern vehicle that have as wide an impact as is possible without causing
disruption to our vital transport network. It will bring economic security to the motor cycle powered rickshaw
driver with the creation of a regular income stream; it will generate substantial, sustainable capital for investment
into upgrading rickshaw garage infrastructure, bringing health and other social benefits to rickshaw drivers. The
expanded cities of U.S. are developed because of automobiles. Most European cities have integrated the public
transport systems like rail, subways, bus and trams with private cars, taxis and cycles to cover the "last mile". A
similar thing could also be possible in our country where motor cycle powered rickshaws can provide the
transportation to cover the last mile or kilometer.
This thesis has two main objectives: firstly, to make a cycle rickshaw that will bring comfort to passenger and
driver; and secondly to target as many people as possible in a positive way. The new design motorcycle rickshaw
has a new look and comfort after riding the same, more people will be attracted to it and the morality of people will
change. While driving the new design cycle rickshaw driver finds ease and for long time they operate the same and
more money can be earned for the living of their daily life. As the new designed motorcycle rickshaw can be easily
made by less costly but strong material which are available and the technology is not complicated. More people will
adapt the new designed motorcycle rickshaw.
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