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The Study on Designing and Making Power Lifting Wheelchair using Mecanum Wheels
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We reported the design, prototype, test drive, and mechanical & electrical engineering analyses
of a power-lifting wheelchair using mecanum wheels. Mecanum wheels enable translational and
rotational movement of the device in any direction on the ground. The power-lifting capability
enables the seated individual to reach the standing height of a non-disabled individual. This
mecanum wheelchair is fully controlled by the joystick attached to the armrest. The motion of the
wheelchair and lifting action of the seat were studied using statics and dynamics. We believe this
mecanum wheelchalr is a prime candidate for commercial production.
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W = Weight

N = Normal Force

F =Force

T = Frictional force on the wheel
v = Linear Velocity

u = Coefficient of Friction

® = Angular Velocity

o = angular acceleration
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Table 1 Various standing wheelchairs

Name | Chairman G2 LCEV RAPT
Comp. | Permobil | Wassily Levo Nita
Nation | Sweden Ttaly Swiss Taiwan
*Front
Wheel *Manual | *Thick
) *Small .
Drive Diving and| Frame
*Tiltin, Volume Power | Structure
Content & *Drive in .
Seat K standing | *Foldable
. . | Standing
*Drive in . *Seat Level] Armrest
. Position
Standing Control
position
Price
19,000,000/ 6,800,000 | 6,800,000 | 6,500,000
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Fig. 2 Force vectors on mecanum wheels
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Fig. 3 Various motion patterns of mecanum wheels
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Fig. 4 Free body diagram of wheels
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Table 2 Results of equations of motion

Ig T, o | ag(=re) F
kg m? |N-m|rads®| m/s | Newton

value 13.5 382 | 2.56 | 0.256 35.9
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Fig. 5 Electrical diagram of wheelchair drive
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Fig. 6 Block diagram of wheelchair drive
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Table 3 Output on microprocessor

Pin No. Output Data
0 PWM input for Motor1(High:100%)
1 Direction input for Motor1
(High:CW, Low:CCW)
2 PWM input for Motor2(High:100%)

[¥5]

Direction input for Motor2
(High:CW, Low:CCW)

4 PWM input for Motor3(High:100%)
Direction input for Motor3
(High:CW, Low:CCW)

PWM input for Motord(High:100%)
Direction input for Motord
(High:CW, Low:CCW)
*CW:Clockwise, CCW:Counter Clockwise
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Table 4 Wheelchair motions by motor control

M 1 M2 M_3 M 4 Motion
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Forward
DIR:HI DIR:HI DIR:HI DIR:HI
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Backward
DIR:IL.LO | DIRLO | DIRILO | DIR:LO
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Right
DIR:L.O | DIR:HI DIR:HI DIR:LO | slide
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Left
DIR:HI DIR:LO | DIR:LO | DIR:HI shide
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Rotate
DIR:HI DIR:LO | DIR:HI DIR:LO | Clockwise
PWM:HI | PWM:HI | PWM:HI | PWM:HI | Rotate
DIR:LO | DIR:HI DIR:LO | DIR:HI CCW
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Fig. 7 Lifting circuit of the seat
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Table 5 Design contents applied to the wheelchair

Contents Design Contents applied to mecanum
Parts wheelchair

forward/backward/left/right, transla-
tion, rotation

Mecanum wheels . . .
- precisely stable motion with four

mecanum wheels

- revolute joint in backrest, armrest,
Wheelchair Seat [seatto adjust the angle
- seat belt and support for upper body

- confirmation of the static/dynamic
stability concerning with the center
of gravity

Main Frame |- footrest to control the height with

user’s foot length

- to secure the room of battery, motor|

for the assembly convenience

- joystick to control the speed and
directions

- relay circuit for the seat up/down
Controller Y P
control

- control circuit for the steady lifting

speed of the seat
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Fig. 8 Assemble of the mecanum wheel
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Flg 9 Llftmg Wheelchalr using mecanum wheels
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Fig. 10 Two positions of mecanum wheelchair
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Table 6 Main Specifications and characteristics

Specifications Characteristics
Height of seat 0.6m vertical height
Operation time 6-8hours/one time charge
Motion modes & [Forward/backward/left/right/diagonal
directions translation/rotaion, skid steering
5.65km/hour(1.57m/sec) :unloaded
Speed

4.9km/hour(1.36m/sec):loaded

Speed in slope road
1 m/sec(70% of normal speed)

(10% slope road)
Time to reach the
1 sec
normal speed
Rotatig speed 8 rpm(0.84 rad/sec)
moment of stop during forward
Stability of motion
M
rollover SafetyFactor =—=%-= 206 =2.16
M, 952
Time to stop within 1sec
Others soft start and stop function
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