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Abstract - Mistake isn’t an exception from a small kid to our beautiful Mother Nature. Because of these mistakes there exit 
a number of people with wide variety of abilities and inabilities. This includes the ones who can’t walk, talk, see,and hear 
and so on. Not that these people do not perform their daily chores or can’t do things, they perform all the tasks, but quite 
differently from the population of people who are said to be normal! Thus we refer these who are physically challenged as 
the ‘Differently abled’. People who can’t walk, move around the walk able distances with the use some aids like the 
wheelchair, walking stick etc. and their locomotion for a distances that aren’t walk able are presently being done with the use 
of the attachment with two extra wheels that are attached to the rear part of the vehicle that they ride. But these attachments 
have a lot of disadvantages in it apart from the only advantage that it relieves the rider from the act of balancing the vehicle. 
Thus the concept of ‘Leaning Attachment’ was developed which is named after its functionality of leaning. It is an 
attachment that could be fit to any commercially available mopeds with slight modifications. This fits to the front part of the 
chassis, replacing the single front wheel and thus converting the two wheeler moped to a leaning reverse trike. 
 
 
I. INTRODUCTION 
 
1.1 GENERAL INTRODUCTION 
 
1.1.1 TRIKE: A vehicle in which one wheel at the 
front and two wheel at the rear is generally called as 
trike similarly vehicles with two wheels at the front 
and one wheel at the rear is called Reverse trike. But 
the reverse trike configuration provides more stability 
and safety where it is required the most. 
 
1.1.2 LEAN: Everybody who rides a two wheeler 
leans. That is because a vehicle in a turn experiences 
inertia that is proportional to the momentum of the 
vehicle. This is very similar to the centrifugal effect 
that a body in a circular motion experiences i.e., the 
body in the circular motion tends to develop a 
centrifugal force pushing it outwards from the centre 
of the circular path, the force being proportional to 
the momentum of the body. Similarly the vehicle in a 
turn experiences a centrifugal force which tends to 
push the vehicle away from the turn 
tangentially.When the biker turns the bike without 
any lean, the inward force due to friction, will create 
a torque at the bike’s center of gravity, acting 
outwards the curve. This will cause the bike and the 
rider to tip over. When the biker leans inwards the 
curve, as he turns, there will be an inward torque due 
to gravity. This torque, depending on the angle of 
lean, will balance the outward torque created by the 
centrifugal force. As far as the biker balances the two 
torques throughout the curve, he will make a proper 
and stable turn. 
 
1.2 3D VIEW OF THE LEANING 
ATTACHMENT: 
PARTS NAMING: 
1. Clamp      
2. Lean lock 
3. Calliper 

4. Disc 
5. Stub axle 
6. Lower A-arm 
7. Suspension 
8. Hub 
9. Upper A-arm  

 
Fig 1: CAD model of Leaning Attachment 

 
1.3 CONSTRUCTION: 
The leaning attachment as shown in the figure 
consists of a central frame of the attachment that is 
fastened to the front chassis of moped. The two upper 
and the two lower A-arms are connected to the 
central frame through a pivot point, and the other part 
of the arm goes to the wheel hub of the attachment. 
There is a short member on the central frame called 
as the suspension pivot to which one end of both the 
suspensions are connected. This pivot is the only 
member of the attachment that stays upright all the 
time thus helps in achieving leaning. 
 
For the ease of understanding the concept of the 
Leaning attachment could be classified into many 
sub-assemblies/ sub-systems as: 
1. Frame 
2. Suspension system 
3. Steering system 
4. Braking system 
5. Lean lock 
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II. OBJECTIVES 
 
2.1 EASILY ATTACHABLE 
The Leaning attachment is to be constructed such that 
it would be easily fastened to the chassis of any 
moped with slight modifications replacing the single 
front wheel of the stock vehicle and performs its 
dedicated function. 
 
2.2 TECHNICAL ADVANTAGES 
The attachment fastened to the vehicle gives the rider 
a lot of technical advantages in the ride such as 
 Leaning is possible 
 Turning radius at a given speed is lesser 

compared to the no lean ride  
 Easy manoeuvring and cornering  
 Comfortable ride  
 Better Mileage     
 
2.3 COST EFFECTIVE 
When compared with the cost and functionality of the 
conventional rear attachment, our leaning attachment 
would be very much cost effective towards the 
function it performs and the comfortability it 
provides. 

 
III. METHODOLOGY 
 
3.1 Problem Analysis: 
Every product has disadvantages along with its 
advantages, and the disadvantages would be the 
problems faced by the user of the product. 
 
3.1.1 LARGER TURNING RADIUS AT A 
GIVEN SPEED: 
The radius of turn taken by a vehicle which doesn’t 
lean would be always greater than the vehicle that 
turns with leaning. The figure below provides the 
paths taken by the vehicle to turn with (red) and 
without (green) leaning. 

 
Fig 2: Turning with and without lean 

 
3.1.2 LOSS OF TRACTION OF THE 
TRANSMISSION WHEEL AT THE BUMPS 
AND POT HOLES 
Whenever the vehicle with the convectional 
attachment hits a road with a lot of humps, bumps 
and pot holes the single rear transmission wheel 
losses the traction with the land due to the other stiff 

springs on the other two rear wheels of the 
attachment as the picture shows below 
 

Fig 3: loss of traction at the bumps 
 
3.1.3 EXPERIENCING IMBALANCE AT 
CORNERING 
When this vehicle hits a turn at a speed of more than 
30kmph, due to the centrifugal force that acts towards 
the inner side of the wheel from the centre of the turn 
due to which the inner wheel tends to lift and creates 
imbalance to the rider at the corners. If the vehicle is 
taking a right turn, the vehicle’s right sided wheel is 
lifted as shown in the picture below 
 

 
Fig 4: Experience imbalance 

 
3.1.4 MILEAGE DROP 
The conventional rear attachment attached to the 
vehicles totally makes it a four wheeler with added 
weight of the metal pipes and shock absorbers. The 
rolling friction of the vehicle is increased and thus 
more power is required to propel the vehicle and 
hence the mileage drops by 10-15kmph. 
 
3.1.5 DISCOMFORTING RIDE 
The experiencing of the imbalance at the corners, 
transmission of more shocks to the rider, need to slow 
down the vehicle to a very low speed during 
cornering, etc. all together would obviously give the 
rider a tiring and discomforting ride.   
 
3.2Concept Development 
The concept of the leaning attachment is brought out 
from the mere concept to reality initially by drawing 
some conceptual drawings of the attachment.  
The linkage of the conceptual attachment is modeled 
on chart paper to understand the relative movements 
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of the links. After this is done, the actual conceptual 
drawing of the attachment is drawn until satisfaction 
and some of the conceptual drawings are shown 
below. 
 

 
Fig 5: Conceptual drawings 

 
3.3 MODELLING 
It is a stage wherein the concept is brought in to 
virtual reality .After the conceptual drawings are 
finalized the dimensions of it are constrained based 
on our requirement and calculations. The side view, 
top view, front view of the drawing is developed 
according to the dimensions .A cad model is 
developed according to the 2D drawings. 

 
Fig 6: CAD Model 

 
3.4 DESIGN AND ANALYSIS 
The design and analysis of each sub-assembly are 
discussed separated as follows:  
 
 
3.4.1 FRAME: 
A vehicle frame, also known as its chassis, is the 
main supporting structure of a motor vehicle to which 
all other components are attached, comparable to the 
skeleton of an organism. Similarly the frame of the 
leaning attachment supports all the other components 
such as A-arms, suspensions, lean lock, suspension 
pivot etc. This part of the frame fits to the front part 

of the chassis through the clamps as shown in the 
figure below. 

 
Fig 7: Frame and Clamp 

 
Fig 8: Part drawing of frame 

 
This frame is made of structural steel which is having 
a yield stress of 250MPa, the outer diameter of the 
frame is 40mm with a thickness of 1.5mm 
 
FORCE ANALYSIS OF THE FRAME: 

 
Fig 9: Force analysis of frame 

 
SECTION: 3 

 
The point A and B is consider to be fixed  
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From data handbook,    
R1=(Pb2/L3)*(3a+b) 
R1=(1700*3302)*(3*120+330)/4503 

R1=1401.807 N 
 
R2=Pa2*(3b-a)/L3 

R2=1700*1202*(3*330-120)/4503 

R2=233.7185 N 
 
R1,R2are Reactions 
 
[MC]max=(-Pab2/L2)+R1a   
 [Mc]max=Maximum bending moment 
[MC]max=(-1700*120*3302/4502)+1401.807*120
 σb=Bending stress 
[MC]max=58510.1733 
σb=[MC]max/Z=58510.1733/3003 
σb=19.48 N/mm2 

 
SECTION: 2 

 
σd=P/A=1700/238.76  
 σd=Direct stress 
σd=7.120 N/mm2 
σb=M/Z=1700*120/3003.32 
σb=67.924 N/mm2 

σtotal=75.044 N/mm2 

 
SECTION: 1 

 
σs=P/A=1700/238.76   σs=Shear 
stress      
σs=7.1200 N/mm2 

σb=M/Z=1700*120/3003.32 
σb=67.924 N/mm2 

 

σtotal=75.044 N/mm2 

 

Since the maximum stress obtained is 75.044 
N/mm2.The factor of safety is 3.331.The frame was 
subjected to static analysis in the ANSYS software 
,the free ends of the frame was considered as fixed 
and a load of 1700N was applied at the point where 
suspension arm is pivoted. 

 

 

 
Fig 7: Analysis of frame 

 
Max stress=152.48MPa 
Max deformation=0.91mm 
Factor of safety=1.63 
Since the stress induced is well within the yield stress 
of the selected material and the factor of safety was 
found to be 1.63, hence we can say that the design is 
safe for the applied load. 
 
3.4.2 STEERING GEOMETRY 
 
King pin distance = ac = 680mm 
Wheel base = db   = 1190mm 

 
Fig 8: Ackerman mechanism 

 
ACKERMANN ANGLE:  
 
tan ɵ' = (ac /2) / db 
tan ɵ' = 340 / 1190 
ɵ' = 15.9° 
 
FOR TRUE ROLLING: 
 
Cot φ – Cot θ = Kingpin distance /Wheel base 
Cot φ – Cot 44 = 680 / 1190 
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Cot φ  = 1.5714  
1 / Tan φ = 1.5714 
φ = 32.45°  

 
 
 
 
Tan Φ = 1190 / x 
X = 1870.0859mm 
R = x-(680/2) 
R= 1530.08mm 
 
3.4.3 DECIDING THE SPRINGS 
Assumptions made:  
 Sprung mass = 200 kg(approx.) 
 dynamic Factor : 2.5 
 mass distribution considered is 50:50 (Rear: 

Front)  
 Mass per wheel (Front) = 50 kg  
 Mass per wheel (Rear) = 100 kg. 
 
FRONT SPRING 
Angle of inclination of the strut = 560 (from 
horizontal) 
Point of attachment of strut = 220mm from chassis 
end   
Reaction force acting on the wheel 
 = (Mass per wheel * 9.81) N 
  = (50 * 9.81) N = 490.5 N 

Fig 9: Force analysis of suspension 
 

Considering the wishbone hinges as the point about 
which moment is taken; 
Distance of strut pivot point from hinge point = 
220mm  
By taking moment about the hinge points: 
 
 490.5 * 270= Spring Force * 220  
 
Therefore, Spring Force = 601.1 N 
 
Considering the dynamic factor, 
Dynamic force acting on the spring = 1504.94 N 
 
Depending on the ride conditions and road quality for 
a moped, it is concluded that the optimum spring 
travel should be approx. 30mm. 
Hence, Required Spring Stiffness 
=Dynamic Spring Force/ Spring Deflection 
 = 1504.94/30 

 =50.16N/mm. 
 
3.4.4 FRONT WISHBONE  
The front wishbones are also called as A-arms and 
the dimensions are decided on the basis of 
dimensional constraints of the vehicle. The 
wishbones have unequal length. The upper wishbone 
is shorter than the lower wishbone. The advantage of 
having different lengths is that when the car takes a 
turn a negative camber is induced which increases the 
stability.The strut is mounted on the lower wishbone 
and the hub is attached to the wishbone by a pivot 
joint. 

  
Fig 10: Front wishbone (A-Arm) 

 
ANALYSIS OF DESIGNED COMPONENTS 
Analysis of all the parts was done using Ansys14.As 
the strut is attached on the lower wishbone due to 
which most of the load acts on the lower wishbone. 
The wishbone was tested on Ansys14. The two hinge 
points and ball joint were considered as fixed points 
and a load of 1504.94N (load on spring) was applied 
at the strut attachment point.  
 

 
Fig 11: Part drawing of wishbone 

 

 
 

ϴ = Maximum turning angle of inner wheel 

ϴ' = Ackerman Angle 
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Fig 12: Analysis of lower A-Arm 

 
 
Maximum stress=153.93MPa  
Maximum deformation=1.34mm  
Factor of safety=1.59  
 
Since the stress induced is well within the yield stress 
of the selected material and the factor of safety was 
found to be 1.59, hence we can say that the design is 
safe for the applied load. 
 
3.4.5 HUB 
It is the part of the suspension system that supports 
the two ends of the A-arms and connects it with the 
wheel assembly. 
The point where A-arms is attached is considered as a 
fixed and the load of 1700N was applied on the other 
end where the stub axle is pivoted. 
 

 

 
Fig 13: Analysis of Hub 

 
Maximum stress=30.24MPa 
Maximum deformation=0.017647mm 
Factor of safety=8.267 
Since the stress induced is well within the yield stress 
of the selected material and the factor of safety was 

found to be 8.26, hence we can say that the design is 
safe for the applied load. 
 
IV. DIFFERENT CASES 
 
The different cases/conditions of the leaning 
attachment are discussed as follows:  
 
CASE 1: WHEN VEHICLE IS TRAVELLING 
ON A STRAIGHT ROAD  

 
Fig 14: Attachment is linear in a straight road 

 
The vehicle when travelling on a straight road, travels 
smoothly with the steering (handle) being straight and 
the shock absorbers acting minimally due to the 
unevenness of the road profiles.  
 
CASE 2: WHEN VEHICLE IS LEANING 

 
Fig 15: Attachment during lean 

 
When the vehicle takes a turn, say towards right then 
the rider tries to lean towards the right, then the frame 
attached to the chassis of the vehicle pushes the upper 
right A-arm through its pivoted joint to the right at a 
much larger angle than the lower right A-arm. 
Simultaneously the left upper A-arm is pulled to the 
right proportionate to the right top A-arm, similarly 
the lower left A-arm. Meanwhile, the suspension 
pivot on the lower part of the frame maintains its 
verticality by the pivoted joint and supports the two 
ends of the shock absorbers and thus allows for the 
leaning of the attachment and so the vehicle leans. 
 
CASE 3: WHEN THE VEHICLE HITS A 
BUMP/POT HOLE 
When the vehicle is travelling in a straight road and 
hits a bump or a pothole both wheels travel 
upward/downward guided by the A-arms and the 
shock absorber is compressed proportionate to the 
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height of hump or pothole and the speed of the 
vehicle.   

 
Fig 16: Attachment position during hump 

 
 
CASE 4: WHEN VEHICLE HITS A HUMP OR 
POTHOLE ON ONE SIDE DURING A TURN 
 
When the vehicle is taking a turn, say right turn and 
when one of the wheel hits a bump or a pothole 
during leaning then the vehicle takes place as per case 
3, but the wheel in the hump or pothole travels further 
upward or downward guided by the A-arm. 
 
CONCLUSION 
 
1) EASILY ATTACHABLE 
The Leaning attachment is constructed such that it 
can be easily fastenable to the chassis of any moped 
with slight modifications replacing the single front 
wheel of the stock vehicle and performs its dedicated 
function. 
 
2) COST EFFECTIVE 
When compared with the cost and functionality of the 
conventional rear attachment, our leaning attachment 
is very much cost effective to the function it performs 
and the comfortability that it provides. 
 
3) ABCD (ANY BODY CAN DRIVE) 
Unlike the conventional rear attachment which is 
used only by the differently abled, the leaning 
attachment could be used by anyone who finds the act 
of balancing the vehicle difficult, thus called as 'Any 
Body Can Drive' 
Thus the 'Leaning Attachment' is so far a successful 
project fulfilling all its objectives and providing a 
better ride  
 

 
SCOPE FOR FUTURE WORK 
 
1) ACTIVE LEANING:  
The attachment being used by the differently abled, 
has to make the act of balancing the vehicle easy for 
them, so a mechanism is being suggested to be 
worked on.  
The mechanism consists of the slot within which the 
top pipe of the frame moves, the two lengthier links 
which moves towards and away from each other 
varies the leaning of the vehicle, and the other two 
shorter links are connected to the actuator at one side 
and to the two lengthier links on the other side. 
The actuator should be programmed in a such a way 
that it actuates according to the speed of the vehicle, 
i.e., it should be given the input of speed such that the 
actuator is at its top end when the vehicle is at rest 
and at the bottom end when the vehicle is at faster 
speeds. And the actuator must extend and retract 
proportionate to the speed of the vehicle so that the 
leaning is limited to only a few degrees during the 
lower speeds, while allowing for the maximum lean 
during higher speeds. 
To the existing model of the leaning attachment, a 
platform is created on the lean lock on which an 
appropriate rating of the actuator is selected and is 
mounted on the platform. The actuator end is 
connected to the two links. 
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