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ABSTRACT

This paper aims to design and test a foldable, lightweight wheelchair propelled by a pair of electric
motors. Starting from literature review, the research team carried out the design and solid modeling of
proposed wheelchair. Solidworks software was used to make the computer model. The wheelchair frame
comprised of a chair like frame with two pairs of wheels on front and back. The defined electric
wheelchair is completed with the coordination of manual and electric system. A pair of electric motor is
fitted on wheels at backside which are controlled by the electronic controller powered by the battery.
The folding mechanism developed on the wheelchair was aimed for ease of transport and storage. The
frame material was selected to be aluminum alloy. Lithium ion battery and geared electric motors were
used in the prototype and motion control was done by joystick. Locking mechanism was used for frame
locking during operation. The prototype was subjected to different tests. The unfolded dimensions of
wheelchair were 850mmx620mmx1400mm (0.738m?) and whereas the folded dimensions were
1100mmx620mmx520mm (0.354m?) that resulted 52.03% reduction in volume. The mass of wheelchair
was measured to be 22kg. The tested data of wheelchair was found to be 10 km approximately.

Keywords: Foldable, Solidworks Model, Stability Test, Volume, Wheelchair

1. INTRODUCTION

A wheelchair is a chair with wheels, used when walking is difficult or impossible due to illness, injury
or disability. There are wide varieties of wheelchair according to needs as indoor or outdoor, sports or
medical, etc. In terms of the power used for propelling, it can be classified as manual and powered
wheelchairs. Motorized or powered wheelchair is a wheelchair that is propelled by means of an electric
motor [1]. The energy required to propel the wheelchair is chemical energy from the battery. An electric
system consisting of input, controller, battery, microchip, motor, etc. are integrated in wheelchair.
Several studies have shown that both children and adults benefit substantially from access to a means of
independent mobility, including power wheelchairs, manual wheelchairs, scooters, and walkers [2].
Motorized wheelchairs are useful for those unable to propel a manual wheelchair or who may need to
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use a wheelchair for distances or over areas which would be fatiguing in a manual wheelchair. Not only
physically challenged people even this can be utilized by other people for short travel within a limited
boundary like as inside a university or any working areas [3]. Motorized wheelchairs are designed for
indoors, outdoors or even both. Folding ability of the wheelchair make it easier for the transportation
and compact design occupies less space.

In 1655, Stephan Farffler, a 22-year-old paraplegic watchmaker, built the world's first self-propelling
chair on a three-wheel chassis using a system of cranks and cogwheels. However, the device had an
appearance of a hand bike more than a wheelchair since the design included hand cranks mounted at the
front wheel [4]. An electrically propelled tricycle was developed by the R.A. Harding Company in
England in the 1930s. The electric-powered wheelchair was invented by George Klein who worked for
the National Research Council of Canada, to assist injured veterans after World War II [5].

2. PROBLEM STATEMENT

Manual wheelchairs are troublesome to operate for differently able and weak people [6]. Non ambulatory
children lack access to the wealth of stimuli afforded self-ambulating children. The lack of exploration
and control often produces a cycle of deprivation and reduced motivation that leads to learned
helplessness [7]. In case of Nepal, till date, electric wheelchairs are imported from abroad and have been
time and cost consuming. Also most of them are difficult to pull over the lane or ground while folded.

So, this research was aimed to decrease the height resulting in decrease of overall volume of the
wheelchair and uses the local resources available for the complete production. It was expected for ease
of transportation and storage through the help of a locking mechanism.

3. RESEARCH OBJECTIVE

The major objective of this research was to design and test the foldable electric powered wheelchair. The
specific objectives are as follows:

e To design the wheelchair frame and allocate the position of components.
e To select the lock and folding mechanism.

e To fabricate the wheelchair including all the components.

e To test the performance of the wheelchair as per standard guidelines.

116



Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

4. RESEARCH METHODOLOGY

Followings were the research activities conducted sequentially for completion of the task.

Problem Detailing
Literature Review
Concept Development
Material Availability
Design Calculation
Computer Aided Drafting
Fabrication

e N

Performance Testing
Final Reporting

—

5. DESIGN SUMMARY

5.1. MOTOR

Table 1: Motor power calculation

S.N. | Term Formula** Value

1 Rolling Resistance R; = pux mx gx cos© 13.53 N

2 De-Alembert’s Force: Fe=mx a 23.8 N

3 Component of weight down the incline (Fw)= mx g xsinl0° 238.49 N
4 Aerodynamic Force (Fa)=1/2 x px Ax Cx(V,)? 2422 N

5 Total force Fi=R/+F¢+Fy+F, 300.04 N
6 Largest torque requirement Foxr 45.006 Nm
7 Power requirement (500 W selected) Fxv 501.07 watt

5.2. BATTERY

A motor with 250 Watts was selected to draw 8 A current at maximum [8]. So, supplying current to both
motors being 250 watts each, the battery must provide 16A at most. The average speed of wheelchair is
6 Kmph and average travel distance of a wheelchair in a day is 8 Km travel distance in a day with full
charge. The time of use of wheelchair is 8/6 =1.34hrs. So, the capacity of battery is = 16x 1.34 = 20.8
Ah (20Ah is selected)

117



Performance Testing of Foldable Electric Powered Wheelchair

5.3. WHEELCHAIR FRAME
S.N. | Terms Formula [9] Value
Itimate load
1 Factor of Safety s = _Limate Joad. 1.5
allowable load
(Gx): (Gx)centric+ (Gx)bending
) Total Stress on Pipe for Eccentric _ P My 4. > 00120911
Axial Loading orox =t o= m
solving for diameters
wEl
3 Critical Load on Pipes for Buckling T T2 dy = 0.015m
solving for diameters
P
4 Average Shear Stress on Joint Pins rave = A d =0.00108m
solving for diameter
5 Average Bearing Stress on Joint pins ob = A d=6.18%x10"°m
solving for diameter
L _ Mmax
6 Bending Stress on Joint Pins C oy d=527%x10"3m
solving for diameter
7 Design of Bolt for Shear Stress oall = A d=744x10"*m
solving for diameter
8 Design of Bolt for Bearing Stress ob = td d=4.83%x10"%m
solving for diameter
£ _ Miax
9 Design of Bolt for Bending C ou d=381x10"3m

solving for diameter

5.4. STRENGTH ANALYSIS OF FOLDING LOCK MECHANISM

Figure 1: Analytical Calculation of Working Mechanism of Folding Lock
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The folding lock was tested for strength as below:
Moment about centre = 800 X 0.2 Nm = 160 Nm

80 Nm moment is supplied by each side’s lock system in order to lock the wheelchair folding.

Ry = 0.065 X sin 45" = 0.05 m

F, X R, = 80 or,Fb=%=1600N

Lock material’s dimension is 1 X b X h from turning point to the base of it.
The shear average strength withstood by it is

_ F, 1600
“Ixb  0.03x0.02

05 =27 x 107N/,

F, __ 1600
0.008xb  0.008x0.02

Bearing,oy, = =1x 107 N/m2

The bearing and shear stress withstood by bolt holding the lock material is,

F, 1600
= = =1x10’N
% = 0.008xb _ 0.008 x 0.02 /m?
F, 1600 x 4 N
% T Tx (0.008)2  mwx0008 32X 107 %12
)

Comparing the above data with the Mechanical Properties of the materials [10], it is concluded that
lock material is strong enough to hold the folding while operation

Figure 2: Unfolded Front View of the Wheelchair Figure 3: Folded Front View of the Wheelchair
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6. PERFORMANCE TEST

6.1. STATIC STABILITY TEST

Downbhill without load Uphill without load ~ Sideways incline without
load

=N WA N X
[NeNoNoNeoleReoE=-N-]

Angle in degrees

mTest] = Test2 mTest3 ®Average

Figure 4: Static Stability Test Chart

6.2. DETERMINATION OF ENERGY CONSUMPTION OF ELECTRIC WHEELCHAIR

S = N W bk 0O X

Lap 1 Lap2 Lap 3 Lap 4 Lap 5 Average

= Velocity (m/s) Current (A)

Figure 5: Comparison of Current and Velocity for each 20m Lap distance

The average value of velocity was found to be 1.83 m/s and Average consumption of current on 20m
distance was 6.64 A.

Rated Ampere hours of battery =20 Ah
Total Distance = 100 m
Total Time= 54.8 sec

From calculation, theoretical range of travelling = 9.84 km
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6.3. MAXIMUM SPEED AND STOPPING DISTANCE

o8}
—

stopping Distance (m)
g w

NN b
o 9 ®

1.5 1.6 1.7 1.8 1.9 2 2.1
Initial Velocity (m/s)

Figure 6: Stopping Distance with respect to Initial Velocity

6.4. DIMENSION TEST

S.N. Wheelchair Length Breadth Height Total Remarks
condition (m) (m) (m) volume (m%)

1 Unfolded 0.85 6.20 1.40 0.738 | 52.03% volume

2 Folded 1.10 6.20 0.52 0.354 | reduced

6.5. OBSTACLE CLIMBING TEST

The Obstacle climbing test was carried out and it was concluded that the obstacle could not climb
obstacle of height more than 3 cm.

7. CONCLUSION

Referring to the major objective of this research, the Foldable Electric Powered Wheelchair was
designed, fabricated and tested. During this, following conclusions were drawn:

1. The wheelchair frame was designed and modeled in Solidworks Software.

2. Four-bar folding mechanism and folding-shelf locking mechanism were used which resulted in
52.03% volume reduction.

3. The fabrication of designed wheelchair was done and different components were fitted to form up
a fully functional wheelchair.

4. Maximum stability was obtained on downhill condition whereas the theoretical range for wheelchair
was calculated to be 9.84 Km.

8. RECOMMENDATIONS

The following recommendations were drawn for the future improvement:

a. Use of motors with solenoid brakes can be introduced in order to overcome the braking limitations.
b. Suspension systems can also be used for shock absorption and comfort.

c. Wheels of larger radius can be used in order to climb obstacles of higher height.
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