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Abstract—Wwith growing time, there are upcoming new
technologies related to driving mechanisms but éadied to
massive emissions and violation of nature laws. Oil
consumption is going high and nearly half of therld/ail
consumption is through automotive sector. Thusetliemeed
for some source, by which we can prevent our natlihes
could be done via various methods. One such isswgaging
the use of hybrid trikes. Generally tricycles aesd preferred
by humans because they require more human effoey t
cannot be reversed, doesn’t provide the comfortshbil
rollover stability is less and are slow in speed.

Thus this segment aims at developing a reciprogatin
reversible drive mechanism in a three wheeler trikéch has
not been incorporated till now and brings out vaso
advantages. Viewing into the context of INDIA, @a@not
drive any vehicle without reversing, thus this nzatsm
allows a vehicle to be reversed and further, ibalsduces the
human effort required for the vehicle to move i@hitorque
increases). This hybrid vehicle allows, increasing speed of
vehicle and making it an all- wheel drive. Furthgrspension
system is incorporated such that the full frameuspended
and provides at-par comfortability and excellentlloeer
stability to the vehicle. Other advantages inclutav
maintenance cost, always in running condition, ghigaprice
and one of its kinds when it comes to eco -friemdhicles.
Keywords— Hybrid, Reciprocating, Rollover, Suspension,
Trike

l. INTRODUCTION
With the invention of bicycle, thereafter came shblws
similar to that of bicycle which can carry moredsaand are
self-stabilized. Talking both about bicycle as wels
rickshaws, with increasing load, human effort imged. After
that came vehicles including 4 wheels but is nat-feiendly
and are expensive too. There are always effortedace the
human power required, to increase the comfort zavidsh
are leading to new developments in technology of
automobiles.
Taking the view point of a cycle, if it is possilie convert
rear wheel drive to front wheel the pedaling canmagle easy

and less effortless and further effort can be reduirough

reciprocating motion of the pedal. Since front axée to steer
plus power is also delivered to it plus suspensign needs to
be taken care of and crank placement on it makesnitplex

and thus this papearovides a way of keeping alf them in

a better way with proper installation. Also the egsible

feature of this vehicle is one unique thing whids mever
been incorporated in any pedal driven vehiid carries
much of importance when it is a 2 seater.

Il. AIM OF THE RESEARCH
We are developing a technique of eliminating spetekn a
three wheeler, 2 seater, tadpole configured hybyie and
instead, using a reciprocating pedal drive on thatfwheels
to increase the starting torque or to decreaséthgan effort
and to make the vehicle reversible.

1. MECHANICAL DESIGN OF A MODEL
3.1 FRAME DESIGNING
It was done in consideration of force distributi&i@S (factor
of safety) and Deflection of beam which thus gaige to a
fully triangulated frame with proper load distrilmrt. Frame
design was ideated from HAWK a nature bird and tthes
vehicle was named HAWK
The results of stimulation gave a satisfactory galhich is
generally/ theoretically correct for further movarhein
respect to design procedure
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" 3.2STEERING DESIGNINC
L It involved simple Ackermann Gecetry with the use of tiller
arm. This kind of handle bar provides less steeeffort and
thus is comfortable or the driver. Further caldolas giving
the following parameters:

. Turing Radius: 2.7 r

Yield stress =350 Mpa. Deflection=2.1m

g 1 . Steering Arm: 127 mr

"ii ol | . Lock Angles: 28 deg. ¢41 deg
Tl «  TieRod: 0.83r
f— . Offset: 101.6 mn

0 50 00 163071300
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Induced stress = 101 MPa F.0.8.=
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Further the design also proved that the steeringhar@sm is il
very close running to pure rolling point at turniag the error \
produced is very less. )
The method used the peter eland’s spreadsheet which
calculated the error (deviation from pure rolling\e@). ‘
The plot below shows the error shifting from negatito ma‘az—«t‘;!
positive between 2m turn to 3m turn. Thus this psothat (
between these regions the vehicle is very clogaute rolling
condition and also the turning radius of this véhis 2.7. ‘
Therefore this result proved very useful in contektthis
vehicle. ‘
'CONSTANTS (editable) 200 4.
\Centreline to kingpin 3 4590 right
g:eeﬁngarmmng‘th B %_g: = 3.3 SUSPENSION DESIGNING
(aigernng amm angle C b 0.2 * .
Handlebar pivat offset d 00 &"\ We used the Mac Pherson strut type suspensionnsyfste
Handleb ] — 0 0 . . .
s T g | proper handling at comfort criterion. The results the
| Wheslbase I ] suspension calculations gave the following features
Front wheel offset (fram kingpin) 101.6
Wheel diameter 4pg4 1. Mac Pherson strut type
Handlebar offset (fram D) 1] - 2 . f -I .
Handlabarlangh 0 £ . Diameter of coil spring-51 mm.
Rear wheal ofiset (Windchaetah) 101 z l 3. Diameter of Spring wire-7.01 mm.
1 7] S I T W e 3N ; | 4. No of turns-11
turn |fdeal Acks Th = =200 200 AGD .
B T Lt 5. Roll Centre Height = 39.87mm.
-2000( -39.69) -3721) -2712] 01 3141 B 6. Deflection = 55.88 mm.
-3000( -26.65| -20110) -21.00) -0.9| -233
-5000] -1566] -13.07] -1366] -06] -146 7. Camber=-1.5°
-10000 -1.59 -692] 710 02 -T.4 .
Soo00]  372] =s5| 360 01| 37 Jm‘x The results of the suspension also relates to aroome
S el e R B e which shows that the vehicle is very less pronseotimver
100000 0.72 073[ 073 00 0.7] B )
20000 355 are| 367] 03] 36 5 because of less shift of roll centre horizontallyso the
10000 6.92 759 738 02 72 . . . . . . .
T T e e T e e v N camber is maintained negative while at corneringchvis
a0u] 010l 28n| Jdath) 5 A2 _ very much required for the stability of the vehicle
20001 27.21] 38969 3397 @3] 312 -800 i K
Also various graphical plots have been shown fa th
Also graphically it was proved, the same point tdesl justification of rollover and camber characteristiat
above and the curvature plot is shown below: cornering and dive nature.

For analysis of suspension, suspension analyzdr was
used which showed the following results.
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3.4 DRIVETRAIN DESIGNING

No bk wNRE

Material = AISI 1018

Pipe diameter = linches
Thickness = 2mm.

Front wheels = 20 inches diameter
Rear wheels = 26 inches diameter
Hub diameter= 5.5 inches
Guide=6.4 cm.

Fal
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Since being a front wheel drive both wheels needeble
free wheels. Therefore Universal Joints are incaeal in
both front wheels for their separate motion.
Now, the design of reciprocating pedal drive inesicbne
primary crank, one secondary crank and a U shafzedkc
Primary crank is a pivoted crank whose pivot pailhbws
the force to be multiplied at the other end. Thiank
allows the motion to be transferred from vertickne to
horizontal plane and the secondary crank functooway of
transferring that horizontal force to the U shamednk.
This crank provides the multiplied efforts to theckhnk
and finally with this force, the U crank rotatesneerting
linear motion into the rotatory motion of the framtle.
Specifications:
1% pivoted length = 240mm.
2" pivoted length = 140mm.
Length of £' crank = 380mm.
Length of 2° crank = 265mm.
U crank (Ixb) = 60x50 mm.
Stroke = 120mm.
Now, let us assume force applied at pedal by humi20N
therefore, Force at the end of’Zpivoted length= F=
120x240/140 = 205.7N
Torque at front axle = 205.7 x 0.062.34Nm
Now for a normal cycle of sprocket ratio of 2.331atroke
of 0.18m. So, Torque at'Isprocket = 120x0.18=21.6Nm
and thus Torque or"@sprocket= 21.6/2.33 9.02Nm
Thus the initial torque for starting is high withrse human
effort, in case of the reciprocating pedal drive.
Further, if the same amount of torque is requiredhat of
cycle then the force reduction is about(%20/0.06) x
(140/240) =89.44 Nonly. Percentage reduction in force =
25.46%.
Motor is also used for powering a rear wheel making it an
all- wheel drive vehicle.
Motor and battery specifications:

1. Max. Power = 400watt
Max. Rpm = 1500
No. of batteries = 2
Current rating = 35 amph
Voltage = 2x12 = 24V.

ok N

V. RESULT AND DISCUSSION
This vehicle is designed considering the envirornpaint of
view as eco-friendly is the word now-days and texghe
vehicles for short distances with less attainalpleesgls. The
vehicle is made considering the following aspects:
1) Comfort and ergonomics
2) Design and safety
3) Marketing Targets
The cost of vehicle is also reduced when manufadtun
large quantities and also targets a large numbegreople to
promote eco-friendly approach to set a trend far filiture
looking at the present status of environment arstisuability.
The scope of the vehicle is not limited; the futteeget can be
made to design the vehicle in all terrains to tatge greater
audience and facilities.
The design is also not constraint as it can be fieadiike on-
board charging systems, higher utility and alsofednt
concepts and variants like side visors and diffesensors and
actuators

V. CONCLUSION

In this paper, the vehicle is designed considethng other
designs .The vehicle is designed and tested innttmnal
event SAE-Efficycle 2014 and won the prize for this
reciprocating drive that we have incorporated in\ahicle as
an innovative idea. The design was also appreciateithe
Technical Paper event in the SAE- North India Caorios
and won the first prize .Further development cadleo the
acceptance at the global level and manufacturing.
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