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ABSTRACT

From the beginning of our civilization, automotives have been always all integral part of the society, bicycles or
what we commonly called cycles is the primitive stage of all automobile. The term Efficycle stands for what we
called all efficient cycle or hybrid cycle. It is the special kind of cycle moves with higher efficiency than the normal
bicycle which has the maximum 60% efficiency & increase in magnitude is almost impossible. In regard to the
recent surge of development in the automotive industry, and the growing need for alternative energy source for
mobility in day to day scenario, this project carried aims at providing an energy efficient human powered three
wheel electric vehicles capable of carrying two passengers. All the features like drive train, differential,
suspension, brakes, steering, and frame structure has been designed to comply with the requirements of the people.
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INTRODUCTION

The tri-cycle has the unique frame structure, desigfor maximum stability, manoeuvrability and safef the
passengers. It consists of a tad pole configurd2&n1R] and the independent steering which praviseximum
driver control and least turning radius. The fraofethe vehicle is designed for optimum space wtlian for
housing the motor and the chain differential. Thféetential facilitating a boost of energy of veldc The drive
train comprises 2-free wheel sprockets for comlgjrtire power obtained from the two passengers. Ehécle is
front wheel drive which helps in off road condition

A literature survey before the design phase, altbws to determine the basic raw material requifBue
dimensional tolerance and the process for manufiactin order to optimize the manufacturing costl anake it
commercially viable, the concept of DFM [design foanufacturing] was utilized. The FMEA [failure meodnd
effect analysis] enabled us to fix the potentiallpems in the design phase itself. Hence a comailgrdeasible
and production ready vehicle was generated.

TECHNICAL SPECIFICATION

Vehicle Details
Overall dimension -77.3X46X56.5, Kerb weight-8Ckap Gross weight -250kg
Table-1 Vehicle Specification
Vehicle configuration Tad pole configuration (2F 1R)
Vehicle perfor mance Maximum speed of vehicle:- 40kmph, Acceleratiof.5m/$
Chassis structure Approximately pentagonal chassis with rectangukame work to provide maximum space for mounting pf
Power PDMC Motor , 400W, 24V
Steering Type: - bell crank mechanism, steering wheel islu$arning radius:-2.67m
Suspension Front suspension:- wishbone suspension, Rear ssispenmono shock absorber
Brakes Front:-disc brake, Rear :-disc brake
Wheel Front wheel diameter:- 28 x 2.35 inches, Rear wtigheter:- 28 x 2.35 inches
Seating Parallel seating arrangement
Electrical Battery -12V (2No’s), connected in series to giv&/2
Safety Seat belts , kill switch, covered chain mechanidnivjng kit, front impact reducer(innovation)
Additional features Chain Differential, bell crank steering system
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Table -2 Performance Targets

Vehicle configuration The wheels are not in straight line capable ofydagrtwo riders with a maximum dimension of 100x6C
Seating arrangement The seats are placed parallel. maximum seatindihisig Inches &rider height is up to 190.3¢
Chassis structure Must be made up of steel alloy with minimum diametiel inch
L oad char acter Weight of riders, PDMC motor, battery, utility b
Brakes Positive locking brakes on all wheels. Disc brakest be mounteon the wheel and not on the drive a
Power Must be driven by both human in addition to elecpowe
Safety Kill switch should be accessible to both ridershi¢ée to con_sists CROLL-OVER protection andFRONT
IMPACT protection

DESIGN METHODOLOGY

VECHILE CONSTRAINTS

Driver-oriented Cockpit design while designing cockpitiali phase vehicle took a force of 8G. This cormdli
should be according to the industries compliance. p&rform the analysis on ANSYS software. The tesals
satisfactoryafter analysis we found that deflection occur oimythe front part of the cockpit. While designi
cockpit design we have taken 6.2 foot height far passengers to ride it comfortal

Light Weight, Compact and Simple -Light weight of the vehicle is ansidered while designing. And ¢
requirement was to design compact vehicle so thaton of designing human driven vehicle is easyabse ir
human driven vehicle power required to move thdalelis provided by the passeng

Structural Rigidity —As a roll cage can resist a force of 8G while pemiag analysis we have testified roll cage
4 conditions:-

e Frontimpact e Rear impact « Rollover impact e Side impact
FRAME CONFIGURATION
» Driver-oriented Cockpit desi¢  « Light weight, Compact and simple e Structural rigidity

* Rule Book Compliance » Easy egress during mishap
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Fig. 1[Design Methodology]

Table -3 Materials used

Option Selection Criteri Material Selected Properties
AISI 1018 Rulebook compatibilit ASTM A 106 grade B . _
ASTM A106 GB Weighi, Cost oD=1 UTtli?L(;tsérsters_sfégﬁ\/Fl’ga
AlIS11020 Market availabilit Thickness= 2.8mm -

POWER TRAIN

The most significant advantage of the chain driystesn that reinforces our commitment to it is itsligy to
transmit large torquewithout slipping. Also, torque transmission is ipgadent of weather conditions and -
pressure, while the friction drive system was vegpendent on those unpredictable factors. A chaive
transmission is also more efficient than a fricttiive system. Very high radial forces in a friction dridesign pu
large stresses on bearings and more Power il@igttion than in a chain drive syste

Power Transmission Combination -

(i) Combination of both drivers (ii) Only motor (iii) Single driver mode (iQual driver mode
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Each driver have their own pedal system which isneated to 44 teeth sprocket and it is connectaxthter small
sprocket by chain mechanism which is attached @cctiain differential box, and this differentialrismit torque to
front two wheels, 44 tooth sprocket is also plaaith is connected to differential, second sproékennected to
rear wheel by 18tooth sprocket by chain. Vehicla asso run on electric, PMDC motor of 400W, 24V siyp
1400rpm. Motor transmits power by reducing gedorat

Differential Box

Differential we are using is Chain type differehtiRifferential box is placed in the front axle. &®vn gear is
replaced by 40 tooth sprocket. Which is connectedriven sprocket? It is simple, high mechanicdiciincy,
reliable, space saving, less weight.

Brake Parameters

Brakes
Front & rear = disc brake
Calculation
For de acceleration = 0.69
= 5.88m/$
When we covering 50m in 15
sec then velocity should be
v = (50/15) = 3.33 or 12kmph

V2= + 2as
s = (3.33)/(2x 5.88)
s =0.942m

This means we can stop the
vehicle from 1m distance only
Time required = (3.33/5.88)
=0.56 sec
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Fig. 2 Power Train and Speed Control of Motor
Suspension
The suspension used in the front of the vehiclgighbone type suspension and in the rear the mioocksabsorber
is used. We have performed calculation on SUSPENSNNALYZER V2.0 and the calculation was satisfagtor
according to our need of the vehicle.

Table -4 Suspension Calculation

Vsruspenson A nalby

Animate

Graphs Other Specs  Adjust Optimize

File Edit Reports Zoom Preferences Help
Front View} Side View ] Top Yiew ] Mo View ] [ Dynarnic Dive Fall Steer
This is a view from the rear of car [right side of screen is actually right side of car].
Gain bazed on 1" Dive.
-
-
L -
= -
Toe-ln Gain: - 36" Foll Center HE: 13.32 Turm Radius: None Foll Center Left: 1.72 Toe-n Gain: 12"
Camber Gain: -1.99 Caster Gain: 05 Caszter G aine - 91 Camber Gain: - 93
| Suspension Data
Location Type Lt Out (] Lt Height [v] |Lt Depth 121 IR Out ) |Fit Height [ |Fit Depth 2]
Upper Ball Joint. in Input 4 14.683 o 19.4 14.689 o
Upper Frame Pivot, Front. in |nput 11.45E 13.2549 5.9 11.45E 13.2549 5.9
Upper Frame Piwot. Bear. in |hput 11.45E 13.258 53 11.45E 16.9247 59
Lowveer Ball doint, in lhput 19.4 a8 5.9 19.4 a -5.9
Lower Frame Fivot. Front. in [[5T=1¥13 11.45E 10 5.9 11.45E 10 53
Lower Frame Piwot. Bear. in |hput 11.45E 10 53 14.5447 8.70395 11.9648
Tie Rod on Center Link Input 77494 12 51253 5.5459 1z -5.5872
Ti= Fod on Spindle. in [[5T=1¥13 19.4 10 -B. 48439 19.4 10 -B.B225
Steering Swivel Axiz Upper. in_ |lnput [cle] (O o o o a o
Steering Swivel Axiz Loweer, in |Input [cle] (O a a a a a
Center Link Pivots. in lnput o o o o o o
INNOVATION

During front collision of vehicles, all force isatnismitted to the components of the vehicle and mgsbrtant thing
is driver not safe so to overcome and to preveeds various safety measures are taken placdéajs, sensors,
etc). So to reduce it we make a mechanism to hhkbkercollision force and prevents from other congs of the
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vehicle. We take from the concept of power gripjpewhich 3 springs are placed between two handts. bais
wrist exercise mechanical device. So that in feddé of our vehicle, one part is fixed to the fraamel other part is
free to move. Two springs are placed between thdrnchwvhelp to absorb or to reduce collision forceostl
important is drivers are safe. More efficient, legsar and reduction of cost.

Front Collision Bar

Fig. 3 Front Cpllision Bar
RESULT AND ANALYSIS

This human powered hybrid vehicle (HPHV) is ecedfidly which is one of the advantages for environm&n

reduce the rolling resistance, it should consideyua the weight and properties of material. The ponent and
frame using the right materials which ensure tremee not over design. Also, the alignment of shafakes and
pedal should be high accuracy which can reducgdni@nd heat loss. In addition, the design offtame should be
considered the loading distribution. The evenlydiog distribution can reduce the extra energy lpsimough
moving.

Also, the losses may because of the bad suspealgpmment which affected by toe, castor and cambie. track,
width and bending of the frame will also affect thtability and cornering. The design should alsosater the
ergonomic which provide the best sitting positionthe driver.

Recyclability and Green Approach

The primary purpose behind the design and fabdnatif the vehicle was to go in sync with the GO @&RE

anthem.

 The concept of (reuse, reduce, recycle) was apiatepyr applied during the fabrication process dstla
material used in the frame are recyclable. The éraitso sports few resale parts hence absorbingotiheept of
reuse.

» Since the drive chain is a combination of pedalaland motor driven, this hybrid technology is ptitin free
and supports the environment.

» The key feature and innovation in the design

SOLID WORKSMODEL

\Viiv

Top View Isometric View
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Isometric View of Mock Up with Driver

Front View

Side View

Fig. 4 ANSY S model
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Roll Over Impact =4500 KN

Fig. 5
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Fig. 6 Final Vehicle design

CONCLUSION

This vehicle is completely with the new concept ahdnges the automobile industry in the future.tééted all the
parameters of the vehicle like

» Designing test in ANSY!- 5500 KN

*  Front Impact test 5000 KN

* Suspension testoK

» Brake Test—- OK

» Acceleration Test -©OK

e Steering Geometry OK

To conclude the new pedal kart has achieved reduailting resistance by ducing the weight dramaticallfrom
42 to25kg] The weight decrease is mainly due to the desigheokart and use of material. The wheel alignnadi
the kart was also well position in order to minimthe effect of welding deflectio

Things suchas the rotation of the wheels aparts, steering and further weight reduction caniea® a highe
performance kart. These measures can be implementld karin near future.

In addition, further testing of the kart and finmé will be needed in order to find the best sgttidopéully, the
new kart can bring pedal kart technology into a tewer of playing ground and produce flying colarghe future
This vehicle is may be called Bsture of New Worl

REFERENCES

[1] ND Butt, Machine Drawing, Charotar Publishing Hou, India, 2014, 49.

[2] SK Hajra Choudhuryklement of Machine drawing, Media Promoter Publisher Pvt Ltd, Ind2009, 1.

[3] OP KhanaMaterial Science, Dhanpat Rai Publication, Indi2012, 1.

[4] Kripal Singh,Automobile Engineering, Standard Publishes-Distributors, India11, 1- 2.

[5] Richard Stone and Jeffery Baffutomotive Engineering Fundamentals, SAE Publication, US, 2004, 1.

[6] David Crolla, Automotive Engineering: Powertrain, Chassis System and Vehicle Body, Butterworth-Heinemann
Ltd, USA 2004, 1.

45



