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Abstract

Works of this semester is basically composed of two parts, which is the designing and
manufacturing of a mini mecanum wheeled prototype, and the design of the actual chair,
including the design of the big mecanum wheel. For the mini-prototype, firstly three differ-
ent mecanum wheel designs are manufactued with 3D printing and tested. Based on those
mecanumw wheel tests, the number of rollers is increased to assess the vibration/jumping
problem of the wheels, the dimension of the arc of the rollers increased to establish a con-
tact between ground and mecanum wheel, the roller is covered with heat shrink tubes to
create enough friction and avoid the slippage, and finally the flange geometry is changed
in accord with the changes in the rollers. Having this, the mini prototype is tested using a
mini brushed DC motor and a control system which we also use in actual chair. Accord-
ingly, the multi-directional movements are observed on the prototype as desired. For the
actual project, further modifications are made on the mecanum wheel design, as on the
mini-prototype the rollers can slide back and forth, which was a problem for the actual
project, as the chair will carry a significant load unlike the mini-prototype. Therefore, we
have added 10 mm protrusion to each inner side of the holes on the flange to stabilize
rollers, as it decreases the surface area and the friction. Furthermore, to prevent the shaft
movement we observed in mini-prototype, we have place a M4 bolt nest to the outer sides
of the holes to fix the shafts that holds the rollers. Assessing those, we have also placed
a linear bearings to the inside of the rollers, so that the high load on the rollers can be
carried. Testing our completed design on a CAD software, we have started the manufac-
turing of the flanges of the mecanum wheels with a 3D printing with material being PLA.
Furthermore, rollers are made on a CNC machine in machine shop, with material being
delrin. The shafts that holds the rollers are purchased from OSTIM and they are cut into
the desired size with grinding (94 mm). For the control system appropriate battery is pur-
chased by visiting several battery stores by considering our requirements and the budget.
Accordingly, two ORBUS 12V /24 Ah gel batteries are bought, as connecting them in series
provides enough voltage for the motors and it can last for sufficient time considering the
fair. For the controller we have purchased Dual MC33926 controller, as the motor controller
used in mini-prototype cannot draw the required current for the big motors. Lastly, for
the chassis an agreement is made with a company on OSTIM (Planet Mekatronik) to build
a base from a sigma profile and a sheet metal. For the motors, we have used two pillow
blocks, and a motor coupling to lengthen the shaft. Those components are used to ensure
that the load on the motor shafts would be distributed to the chassis safely to avoid the
motor shaft’s failure. Accordingly, the batteries and motors will be placed on that base

and the assembled wheels would be attached to run the system with our control model.
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1 Introduction

1.1 Problem Definition

With current power soccer chairs, it is not possible to perform most football movements with the
battery powered chairs used for power soccer. Power Soccer game plays an important role for
disabled people to integrate into society. Thanks to Power Soccer Chairs, disabled individuals
can socialize by participating in sports activities and moreover, they can create a new career for
themselves by playing this game professionally. With increasing the mobility and the smoothness
of the game, the sport will be more attractive and popular. Hence, it increases the number of
people integrated into society and increases motivation. Currently, the power soccer wheel chairs
are only able to move like a car. Thus, lack of maneuverability makes it hard for players to
perform many of the tricks that soccer players without disabilities perform [1]. In order to
eliminate this constraint, the goal is to allow the power soccer chair to move in every direction.
In particular, the chair should be able to make lateral movement as well as it should be able to
rotate around itself. Increased maneuverability, and degrees of freedom would allow players to
have more control over the ball and it would also increase the speed of the game; hence, the joy

of the game for both viewers as well as players would increase.

1.2 Requirements and Constraints

The constraints and requirements according to the goal of the project are given below.

1.2.1 Regulations

For power soccer wheelchairs, the regulations are determined by FIPFA. Two major constraints

introduced by the regulations are given below :
e No way to trap the ball and no concave surfaces are not allowed.
e The maximum speed wheelchair can attain should not exceed 10 kph [2].
Those two are the most strict rules that FIFPA emphasized; therefore those are the main
considerations that is considered throughout the design process [2].
1.2.2 Dimensions

FIFPA’s regulations are also followed for dimensions, as it can be seen in Fig. 1. Although there

is no strict restriction, the dimensions should be such that player should be able to touch the
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front guard with his/her feet without fully extending his/her leg. Furthermore, the maximum

length and the width of the wheelchair is provided in the Fig. 1 [2].

OVERALL SIZE OF THE
GHAIR (BUMPER TO BUMPER)
Length 1400mm MAX
HEAD REST Width 825mm MAX
(OPTIONAL)

z

PLAYERS FEET MUST
BE WITHIN THE FRONT
GUARD

NO PART OF THE CHAIR, '(
SEAT OR HEAD REST
TO 'OVERHANG' THE
REAR BUMPER OF

THE CHAIR FRONT GUARD

REAR GUARD

ANTI-TIP WHEELS
(excluded from overhang) SIDE GUARD

REAR WHEEL DRIVE CHAIR

Figure 1: General Structure of Power Soccer Chair

3]

2 Concept Selection

2.1 Wheels

Since the goal of the project is to provide multi-directional motion, mecanum wheel is selected for
the wheels of the chair. Thanks to their design, mecanum wheels can provide multi-directional
motion without the need of using a rotary encoder or servo motor. Their comparisons with
other wheels such as swivel and omniwheel can be seen in Table 1. Before arriving at final
design different mecanum wheel designs are tested with varying plate and roller configurations,
as explained in Design section in more detail. Accordingly, the finalized design of the mecanum

wheel plate and the roller along with their connecting parts is provided in Appendix B.
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Wheel Concept

_ Mecanum Wheel
_ Swivel Wheel
I Orni Wheel

Meranun

Citeia  Weidhis  Ratiig ~ Weigted
Score

Cost 20

4
Feasibility 30 4 it
Rohustness 20 5

5

Duabily 30

Total Score: 45

Rank: it

Table 1: Design Matrix for Wheel Selection

2.2 Motor

For the motor, brushed DC motor is selected. It is one of the cheapest option and easy to
control. In light of the analysis provided in the detailed design report, the required power to
move the chair was found to be approximately 1 kW. Since there would be four motors, 250 W
power is required per motor. Accordingly, its comparison with other options such as hub and

brushless DC motor can be seen in Table 2.

Motor Concept

— o
-

I 5rushed DC Motor
Criteria  Weights Rating  Weighted
Score

Rating ~ Weighted [ Brushless DC Motor

Score

0.7

4 2
Reliability 30 3 0.9 -- 3 0.9
Cost. 20 5 1 -- 4 0.8
Efficiency 15 3 045 4 0.6
Total Score: 375 3
Rank: 1 _ 3

Table 2: Design Matrix for Motor Selection

2.3 Control Architecture

In control algorithms, inverse kinematics of the 4 wheeled mecanum robot is used to determine
the required rotation of the each wheel. In addition, DC motor control models are implemented
to provide the determined rotational speed to each wheel. Current mecanum wheel robot proto-
types use discrete motions such that, robots can move in predetermined directions rather than
moving in every direction. In this project, continuous control will be implemented with the
help of derived inverse mecanum wheeled robot kinematics.In Fig. 2, the configuration of the

detailed circuit design is provided.
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12V 500 RPM GearMotor \

-_J l-
£3 m\.mE Il

g8ty

HC-05
Bluetooth
Module / L298-N Motor Drivers

Joystick

[4
Arduino Uno 11.3 V 38 Li-Po Battery

Figure 2: Circuit Scheme

Accordingly, as it can be seen in Fig. 2, for the speed controller L.298N is chosen as it
allows the simultaneous control of two motors and could withstand the required voltage and the
current drawn by the motor. Its comparison with other speed controller options can be found
in table 3, and its another advantage is that it is a pulse width modulation controller; therefore,

it eliminates the requirement for the usage of extra receiver batteries.

Speed Controller
Criteria Weights Rating ~ Weighted Rating ~ Weighted .
Score Score _ E=C

Capability 25 6] 0.75 5 1125 w2
Flexibility 25 3 0.75 5 125 BN
Accuracy 30 2 0.6 4 1.20

Total Score: il 4.1

Rank: 3! _ 1

L %3

Table 3: Design Matrix for Speed Controller

On the other hand, as it can be seen in Fig. 2, joystick allows us to control the speed and
direction of the power soccer chair. Hitting the switches at just the right time in a precise
sequence is not easy; therefore the joystick option is more desirable unlike switched systems.
Furthermore, Dual Head Array sensors react to proportional input which ensure more intuitive
drive. When the situation requires rapidly changing directions, it’s very helpful. Dual Head Ar-
ray also uses two types of sensors: proximity sensors, embedded in the foam, which perceive the
head in space; and pressure sensors located behind the foam, which respond to force. However,

the immense price of dual head array joystick, makes it undesirable option for us. Hence, we

=~
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have picked LCD (regular) joystick compared to that as it can also be seen in the design matrix

on table 4.

_ Regular Joystick
I 1oystick with Dual Head Array
Cost 20
Capability 25
Flexibility 25
Accwracy | 30

Total Score:

Rank:

Table 4: Design Matrix for the Joystick

2.4 Battery

In this project, the output values and the capacity of the battery are very important as it should
generate electricity during the match period and it should generate enough output values to feed
motors to get velocity and control the other mechanisms of the power chair. According to project
constraints, the minimum determined volt value is 12V and the maximum determined volt value
is 24V. As a result, the gel battery is selected among other options (see table 5), as it has longer
capacity and it is the battery type that is currently used in almost every power soccer chairs.
Furthermore, gel batteries are resistant to vibration, as it can absorb the impact. The battery

that was purchased can also be seen in Fig. 13

Power Supply Concept
G| Wik [ AGM Battery
I G- Battery
Specification 30 [ Lithium Polymer
Safety 30
Dimensions 20
Cost 20
Total Score:
Rank:

Table 5: Design Matrix for Battery Selection



ME 482 - Mechanical Engineering Design Multi-Directional Power Soccer Chair

3 Codes and Standards

Codes and standards that is followed to construct the main design and prototype is presented.

e ISO 16840- 3:2014: This is a standard for wheelchair seating. This code indicates the
test techniques to decide ideal wheelchair seating design to endure static and cyclic load-
ing. In addition, it provides disclosure requirements for the hardware components on the
wheelchair. In this project, this standard is utilized to take into account the loading and
determine the required strength of the chassis. Moreover, it will also be useful when the
actual chair is manufactured and the hardware components are attached, as it provides

disclosure requirement for the hardware components [5].

e ISO 7193:1985: This standard is utilized while specifying the dimensions of the wheelchair.
According to this standard, the dimensiins are resolved in light of mobility as well as
accessibility of the engines. It is applied to both manual and electric wheelchairs. Thus, it
is used in our project to limit the dimensions of the chassis design. Since maneuverability
is significant in a power soccer chair and the accessibility of the motors is important for

maintenance, this code was very useful in designing the chassis. [6]

e ISO/FDIS 7176-14: This standard is used for the standardization of the requirements and
test methods for electric wheelchairs’ power and control system. Thus, the standard is

utilized while testing our control system [8].

e IEEE 1187: This standard is for the installation design of the battery. The standard

expects basically six centimeters clearance in either sides of the battery [9].

e [EEE 1578: IEEE standard will be utilized for Stationary Battery Electrolyte and Man-
agement. This standard is mostly worried about safe use of the battery. It gives control
procedures as well as guidelines with respect to fire security. Through electrical maltreat-

ment tests, it informs how batteries act during dangerous circumstances [11].

e ISO 7176-7:1998: This standard will be adhered to measure the dimensions of the wheelchair.
It gives standard strategies to measure the dimensions of the wheelchair. For example, leg
length is measured by removing the seat pad and measuring the distance between back
tip of the cage and the front tip of the seat cover. On the other side, the seat width is
measured by determining the distance between the outer edges of the seat covers at the

rear of the wheelchair [13].
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4 Design

Our design mainly consist of two important concepts. One is mecanum wheel which gives the
system omni-directional movement capability. The other one is body of system, which includes
chassis, controller, battery unit, motor and transmission system. The Fig. 3 shows the finalized

design including all the components.

Frame*
Joystick™
Confrgl Unit—

Balterny—

Figure 3: Detailed Design

4.1 Mecanum Wheel Design

In the conventional power soccer chairs, mecanum wheel is not used and price of mecanum wheels
are highly expensive since it requires sensitive design and manufacturing process. Therefore,
design of mecanum wheel is especially important and should be analyzed under a separate
heading.

In the Fig. 18, plates indicates the flange of wheel. There are two flange; one is without
shaft and other is together with shaft. There are 10 holes which are 45 degree tilted and aligned
uniformly with opposite side (see Fig. 4).
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Figure 4: Tilt angle for the holes

In addition to conventional mecanum wheels, in our design flanges have 10 mm protrusion in
order to stabilize rollers without sliding on the inner shaft. This protrusion helps the rotation of
rollers with decreasing surface area, hence the friction. It was the precaution and development
after we faced with sliding problem in prototype. In addition to protrusion, there is one more
development was added after the prototype stage; M4 bolt nest is placed to the outer side of the
holes in order to prevent shaft movement while the wheel is moving. With these two method

first we prevent the sliding of roller on the shaft and secondly the inner shafts are fixed.

e \

Motor and wheel
connecting part

M3 Bolts

Figure 5: Final mecanum wheel design

For the inner shaft 8mm mercury steel are used for it’s precise tolerances. Inside of the
rollers, linear bearings are placed since there is high load on rollers. Bearings are fixed by both
inner side and outer side. After all the components are placed, fasteners are used to connect all

the parts.
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4.2 Chassis Design

There are three different frame for power soccer chair and the possible structures for the frame
are discussed in previous reports. The chosen structure is rectangular cage design and this is also
used in the current power soccer chairs. The advantages of this structural design is impact and
movement capability. The rectangular frame made up of aluminium 6063. That is also provide
weight gain in positively. The sharp corners of the rectangular frame also another advantages
for players. This frame enable user to move faster and hit the ball faster as such design more
lighter and create more impact. The determined design shown on Fig. 6. Moreover, further

pictures can be found in Appendix A.

Figure 6: Illustration of designed structure of frame

4.3 Controller Design

To provide uninterrupted control, inverse kinematics are implemented to the software. With
that way, velocity in x and y coordinates as well as angular velocity of the body are given by the
user as a joystick input and wheel speed is calculated with inverse kinematics. For visualization
purposes, forward kinematics are implemented as well. Forward kinematics are used to draw
a path and test the controllers. Detailed MATLAB function can be found in Appendix E.
Implemented Arduino codes can be found in Appendix F. MATLAB library Mobile Robotics
Simulation Toolbox provides the necessary tools.[15] In addition, Arduino library for algebraic

operation is also used for implementation on Arduino. MATLAB simulation for the path of the
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mecanum wheeled robot for given velocity inputs can be seen in Figure 7. Simulink model for

the full robot simulation including velocity and rotation inputs can be found in Figure 8.

Robot Visualization

-0.5

Figure 7: Visualized Robot Control on MATLAB

Four-Wheel Mecanum Kinematics

X Vel Vahe
[
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| wheelSpd  bodySpd bodySpeed
4 075 05-025 0 025 05 075 A
X Linear Velocity [m/s] FourWheel Mecanam Sedy Speeds v vy vl
Forward Kinematics
¥ Vel Vale
X Vel
. Robot
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| %‘ w e bt wheelSpd pose pose F Visualizer
4 075 05-025 0 025 05 075 1
Y Linear Velocity [m/s] A"-ula’ " Four-Wheel Mecanum Four-Wheel Mecanum Simulati Robot Visualizer
g Inverse Kinematics ——
Angular Vel:Vahie
|II| 1 |II|II|II |I I‘ " |II |I I| II| Pose [xy theta]
-15-1.2-08-06-0.3 0 03 0.6 08 1215
Angular Velocity [rad/s] L
WheelSpeeds

Wheel Speeds (w1 w2 w3 wd]

Figure 8: Simulation for Robot Motion

10
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5 Prototype

5.1 Mecanum Wheel Prototype

In this part, the manufactured mini mecanum wheel for the mini prototype is discussed. As
mentioned, mecanum Wheels are composed of plates, rollers, and pins (see Appendix B). Plates
and rollers are produced with the additive manufacturing method (3D printing) as is mentioned
above. Since the manufacturing of the mecanum wheels requires tight tolerances, additive
manufacturing is preferred. As it is illustrated in Fig. 9 the aluminum coupler, rollers, inner
shafts and the flanges are assembled successfully thanks to the tight tolerance of CNC machine
and the method of additive manufacturing. Due to the fact that the movement of the mecanum
wheels to be towards the desired direction, the importance of the tight tolerancing must be

ensured in order not to experience vibrations and the slippage in the wheels.

-
i “

Figure 9: mini mecanum wheel

5.2 Controller Prototype

Controller system of the mini prototype follows the same principle with the actual project,
which is discussed in section 5.3.Furthermore, the circuit design is provided in Fig. 2, and the
assembled circuit for the mini prototype can be observed in Fig. 11. On Fig. 10, the components
that are used in the control system is provided. In that figure from left to right, the components
are as follows: Dual MC33926 motor controller for the actual chair, L298N motor controller for

the mini prototype, Ardunio UNO, and a joystick with a shield.

11
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Figure 10: Controller components

5.3 Prototype of Whole System

The mini prototype is assembled with our bare hands. For the assembly of the mecanum wheels,
we combined the plates and rollers that we took out of the 3D printer and assemble them using
the connecting parts. The assembled configuration of the mecanum wheel is provided in Figure
9.First, we start with the assembly of the mecanum wheel. We manufactured the wheelbase
plate as two different components, roller and shaft coupler through the 3D printer. Roller shafts
are obtained by cutting with a saw as a piece of 3mm diameter brass rod. Wheelbase plates and
shaft are mounted on each other through M4 bolts and nuts. M3 bolts are used for fasteners.
Rollers are assembled together with a shaft coupler. The first design was created for the stepper
motor but due to the higher cost and controller need, we alternatively solve the motor need
with geared DC motor. After the box was manufactured with a 3D printer we also printed the
motor case as a holder of a DC motor. M3 bolts are used to mount the motor coupler to the
box. Then, motors are connected to the main circuit. Used electronics are basically, Arduino
for the controller, motor controllers and Bluetooth receiver. Li-Po batteries for power supply.
Electronic parts are combined through cables and holders. Fig. 11 is the finalized version of
the mini prototype. The finalized mini prototype is controlled with a Bluetooth module, and it

successfully completes the multi-directional motions, as desired.

12
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Figure 11: Finalized mini prototype

5.4 Manufactured Mecanum Wheel

In this section manufactured mecanum wheel for the actual chair is provided. Parts are manu-
factured as indicated in the design section. Rollers are made from Delrin in CNC and we attach
linear bearings into the rollers. The two flanges are manufactured with additive manufacturing
with material being PLA. Fig. 12 is the assembled version of the mecanum wheel for the actual
chair, and its technical drawings are provided in Appendix D. The completed mecanum wheel
is manually tested on the ground and it rolled, as desired (mecanum wheels should go with a

slight angle when a force is applied parallel to the ground).

Figure 12: Assembled mecanum wheel

13
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5.5 Battery

Before select the correct battery type, first power requirements of the system is analyzed. Even-
tually, it is decided that 24V and 24Ah power is adequate. Therefore, two Orbus 12V/24Ah
gel batteries are connected in series and used in system. In Fig. 13 you can see the battery.
Batteries are connected to system towards, motor controllers and power up the Arduino and

system.

L/RBUS
6-DZM-24

12V/24Ah

Figure 13: Purchased Battery

5.6 Brushed DC Motors

For motors important selection criteria were torque and power need. Besides, for economical
solutions pre-purchased motors are selected which is available in the stock of machine shop,
Bilkent. There are four 24V brushed DC motor. They combined with shaft motor coupler for
transmission. In Fig. 14, the shaft motor coupler (red part), which is manufactured in OSTIM,
Planet Mekatronik can be seen. Moreover, pillow block ball bearing attached to the motor shaft

can also be seen in Fig. 14

Figure 14: Brushed DC motors

14
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5.7 Chassis

Chassis is one of the main elements of the power soccer chair. All components of the power
soccer chair is connected to the chassis including the mecanum wheels. Since the chassis is one
of the most crucial elements of the design, the required analyses are employed carefully. The
analyses are illustrated in the Appendix I.

Initial design of the chassis was included aluminum 6061-T5 hollow cylinder bars. The bars
are planned to welded into each other. However, due to the rough process of welding aluminum
bars and the high expenses of the process, it is decided to change the chassis material as the
30 x 30 mm closed sigma profiles. Thanks to the lightness of the sigma profiles, one can obtain
mechanically strong and light chassis. Furthermore, sigma profiles offer easy of assembly. The
length and the width of the chassis can be adjusted easily if any change is required in the
geometry. Thus, flexibility of changing the dimensions, lightness and well-distributed load along
the chassis can be obtained using the 30 x 30 closed sigma profiles. As a material of the chassis,
aluminum 6063-T5 is selected similar to the previous design. In addition to that, sheet metal
is located on the sigma profile in order to obtain more space for cabling, batteries and motors.
The design is illustrated in Fig. 15. In light of the analyses provided in Appendix I, 3 mm of

thickness is found out to be adequate for operating loads.

Figure 15: Finalized platform for the chassis

Furthermore, the motor chassis connection in detail can be found on Appendix H.

15
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6 Conclusions and Discussions

In conclusion, the main goal was to provide the multi-directional movement to the power soccer
chairs, which includes a rotation around itself and a diagonal motion. Accordingly, manufac-
turing a mini mecanum wheel, and using the controller architecture mentioned in Section 4.3,
we have successfully obtained the multi-directional motion in our mini-prototype, which is con-
trolled with Arduino and a Bluetooth module. For the actual chair, manufacturing the mecanum
wheel was the hardest part due to its high cost and the limited budget of the project. Although,
we need to use aluminum for the flanges of the mecanum wheels based on our static analysis,
we had to change that material to PLA, so that it would be cheaper and easily manufactured
by additive manufacturing. Therefore, because of that whether these wheels can withstand a
seating of a person is questionable. For the chassis, deciding to go for a base composed of a sigma
profile and a sheet metal (see Fig. 15), instead of the actual power soccer chair chassis we have
designed (see Fig. 6), is again because of the budget of the project, as the latter option requires
welding, which is very costly. All these decisions are made by getting multiple pricing offers from
multiple companies; therefore, decisions are made carefully and neatly. Furthermore, original
power soccer chairs can reach up to speed of 10 kph; therefore, based on our analysis in our
previous reports, we have concluded that the required power for the motors is 250 kW. However,
due to the limited budget, we used the brushed dc motors available in the stock of the machine
shop, so that no budget is allocated to the motor. Therefore, it would not be possible for chairs
to reach that speed with that motor power (90 kW). However, in overall, the main goal was to
provide the multi-directional movement, and our mecanum wheel design, and the control system
can easily be implemented to other systems (not limited to power soccer chairs). If the platform
we made from sheet metal and sigma profile provides the multi-directional motion as desired
when it is controlled by a joystick, it can easily be evolved into a power soccer chair by using
more powerful motors, stronger material for the mecanum wheel, and building the frame of the
chair on top of our platform. Furthermore, it can also be implemented to other systems such as
forklifts. Thus, in light of the limited budget we can conclude that we achieved our goal, which
can lead to promising further applications. In overall, our work is balanced equally, as we were
divided into the control system team, the chassis team, and we worked on the mecanum wheel
design all together, as it is the most challenging part of this project. Furthermore, our device
would be even safer than the current versions, as it provides more maneuverability; therefore,

players/users can avoid accidents more easily.
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Appendix A- Final Chassis Design

Figure 16: Chassis Design

Appendix B- Final Mecanum Wheel Design

Plates

Motor and wheel
connecting part

M3 Bolts

Figure 17: Final mecanum wheel design
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| . |

Figure 18: Manufactured and assembled final mecanum wheel design

Appendix C- Control Algorithm

Algorithm 1 Main function

Set pin modes according to connection scheme
Initialize motors

Initialize communication channels as data

Initialize inverse kinematic matrix as inverse kinematic
Initialize motor control model as motormodel

while data # 0 do
Process the incoming data to get required speed and direction

Index the data to map individual wheel speed
Put indexed data to inverse kinematic matrix to get motor rpm for individual wheels

Put individual wheel speeds to motormodel to get required motor voltage

call setspeed() function for each motor with required motor voltage

end

Algorithm 2 setspeed() function

Input: Required motor voltage, assigned pin
Map input voltage to a PWM signal between 0-255
Output: Send PWM to motors
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Appendix D- Technical Drawings

4 3 2 1

@ 10J50
D /\_L D

DETAIL ¢

SCALE 4:1

UNIEES CIFERWES SFECFED: Frast DERUER AND
CAMENSICHE AIE I MLLIAET S AR SHARF
SURFACE FRSH BOGES
POLERANCES: 4+

wear: A 0.4 rim

AHGRLAR

30 MO SCALE DRAWIG EER0N

MAME SEHANRE BATE me
pewwns| Dorvk Onaf ¥idinm L0120z

o First Roller Design

ARCL
PG
aa MATERAL WG MO

A PLA-Polylactic Acid roller 1A

WERSHT: SALEE| SHEE 1 OF

sounwon#mmm Praduct. Forln’mnd:lagllu Only. 2 ]

Figure 19: First Roller Design

21



ME 482 - Mechanical Engineering Design Multi-Directional Power Soccer Chair

4 3 2 1

26,00 @10.90 ©
L,/'/
F " F
= |
™ 7< 1
( A
""-.._____‘_-___
E|l 8§ E
e 13,00
1,50 e
f/’ F
pus
Dl /f— 5 D
[ 0 2
G- -
=] S a

DETAIL A

SCALE 4:1

UMIES, OIFERWEE SECFER: | FRas CEBUI AND o X 3
DRENZICHS AR M MLLIMET S REAK Duai BT SoME R BEISOH
SRFACE RS EDGES

T ERAES:

oy
AR
ANGILAR /:’Cl.4 mm
HAME EHATLRE bale HiE
okawr: Corvic Onat Yidem Ity el

Second Roller Design

A
MEG

A | P-LA;-PoIvIc:cﬁc Acid ro||er o A

WEHI: EALER] SHER! § OF

SDLIDHID!# Educational Product. For Inm.cﬂm@uu Omly. 2 ]

Figure 20: Second Roller Design
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Figure 28: Mecanum Wheel Plate (Flange) Design

30



ME 482 - Mechanical Engineering Design Multi-Directional Power Soccer Chair

w
N

4

45°
]

2,00

vy

N

@24,00
]
]
@ 32,00
@ 18,00
15,00

Al KB

L

A\

e

27.50

@ 15,00
@ 18,00

D o 31,50 D
@ 32,00 27,50

W
-

7l
V AI_I_ 2,00

SECTION ee

UMLESS OIMERMGE SFECIFED: Fragt DEBURR ANE Ter R
IHMENSICHS K FE M MLLIMET SRS BREAK SHARP 202 MO SCALE DRAWING EEARON
SUREACE PRI BOGES

LB aNEs: +
UNEAR: 0.4 mm
ANCGLAR F T

Bt M:A:rwm— i la.r:‘:.l,;:zz [ o
oxo Mecanum Wheel Shaft
A PLA Pelylactic Acid shaft M1A

snunwon]*mmﬁmd Product. Forln’nucﬁugllu Only. 2 ]

Figure 29: Mecanum Wheel Shaft Design
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Appendix E- MATLAB Function for Kinematics

function computeMatrices(obj)
/% Creates the forward and inverse matrices given the object's
/4 kinematic properties
% Create inverse kinematics matriz (body speeds to wheel speeds)
obj.invMatrix = [ 1, -1, -R;
1, 1, R;
1, 1, -R;
1, -1, R ] / obj.wheelRadius;

end

classdef FourWheelMecanum < handle

properties
wheelRadius = 0.1; / Wheel radius [m]
wheelBase = 0.074; /, Wheelbase [m]
wheelTrack = 0.14; / Wheel track [m]

end

properties(Access=private)
fwdMatrix = zeros(3,4); /% Transformation matriz from wheel speeds to body speeds
invMatrix = zeros(4,3); / Transformation matriz from body speeds to wheel speeds

end
methods

function obj = FourWheelMecanum(wheelRadius,wheelBase,wheelTrack)

7 FOURWHEELMECANUM Construct an instance of this class

7 Unpack parameters
obj.wheelRadius = wheelRadius;
obj.wheelBase = wheelBase;

obj.wheelTrack = wheelTrack;
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/% Create forward and inverse matrices

computeMatrices(obj);

end

function bodySpeeds = forwardKinematics(obj,wheelSpeeds)
/4 Calculates linear and angular velocities [@m;vy;w],
% in the *body* frame, from wheel speeds [wl;w2;w3;wi]
bodySpeeds = obj.fwdMatrix * wheelSpeeds;

end

function wheelSpeeds = inverseKinematics(obj,bodySpeeds)
/% Calculates wheel speeds [wl;w2;w3;w{] from linear and
7 angular velocities [vz;vy;w] in the *body* frame
wheelSpeeds = obj.invMatrix * bodySpeeds;

end

function M = getForwardMatrix(obj)

/4 Returns forward kinematics matriz (wheel speeds to body speeds)

M = obj.fwdMatrix;

end

function M = getInverseMatrix(obj)

/4 Returns forward kinematics matriz (wheel speeds to body speeds)

M = obj.invMatrix;

end

function computeMatrices(obj)

/% Creates the forward and inverse matrices given the object's

% kinematic properties

R = (obj.wheelBase + obj.wheelTrack)/2;

% Create forward kinematics matriz (wheel speeds to body speeds)
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obj.fwdMatrix = [ 1, 1, 1, 1;
-1, 1, 1,-1;
-1/R, 1/R, -1/R, 1/R ] * (obj.wheelRadius/4) ;

/% Create inverse kinematics matriz (body speeds to wheel speeds)

obj.invMatrix = [ 1, -1, -R;

1, -1, R ] / obj.wheelRadius;

end

end

end

Appendix F- Arduino Code with Inverse Kinematic Oper-
ations

#define end 11
#define inl 4
#define in2 5
#define enB 12
#define in3 6
#define ing 7

// define the same for 2 more DC motors
// TODO Change the output pins

#define enC 9

#define inb 0

#define in6 1

#define enD 10

#define in7 2

40



17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

ME 482 - Mechanical Engineering Design

Multi-Directional Power Soccer Chair

#define in8 3

int motorSpeedA = O;
int motorSpeedB = 0;

// two more motor speeds

int motorSpeedC 0;

int motorSpeedD 0;

Matrix<4,3> inv_kinematic_matrix;

Matrix<4,1> motor_speeds; // index O maps to first motor speed

Matrix<3,1> joystick_input;

int wheelRadius = 0.1 // [m]
int R;

int wheelBase = 0.074;

int wheelTrack = 0.14;

R = (wheelBase + wheelTrack)/2;

inv_kinematic_matrix = {1, -1, -R, 1, 1, R, 1, 1, -R, 1, -1, R};

void setup() {

pinMode(enA, OUTPUT);
pinMode (enB, OUTPUT);
pinMode(inl, OUTPUT);
pinMode (in2, OUTPUT);
pinMode(in3, OUTPUT);
pinMode(in4, OUTPUT);
pinMode (enC, OUTPUT);
pinMode(enD, OUTPUT);
pinMode (in5, OUTPUT);

pinMode (in6, QUTPUT);
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pinMode (in7, OUTPUT);
pinMode (in8, OUTPUT);
Serial.begin(9600);

}

void loop() {
// TODO change these to Tead ardu joystick
int xAxis = analogRead(AO); // Read Joysticks X-azis
int yAxis = analogRead(Al); // Read Joysticks Y-azis

int rotation = analogRead(A2); // Read rotation input

joystick_input = {xAxis, yAxis, rotation}

//Serial.printin(yAzis);

// Y-azis used for forward and backward control
// TODO map the numbers for ardu joystick
y_velocity = map(yAxis, 0, 1024, -255, 255);

x_velocity = map(xAxis, 0, 1024, -255, 255);

w_velocity = map(rotation, 0, 1024, -255, 255);

motor_speeds = inv_kinematic_matrix*joystick_input; // 4zl matriz (vector)

// index the matriz to get individual motor speeds
motor_speedl = motor_speeds(0,0);
motor_speed2 = motor_speeds(1,0);
motor_speed3 = motor_speeds(2,0);

motor_speed4 = motor_speeds(3,0);

if (motor_speedl < -10) {
// Set Motor A backward
digitalWrite(inl, HIGH);

digitalWrite(in2, LOW);
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else if (motor_speedl > 10) {
// Set Motor A forward
digitalWrite(inl, LOW);
digitalWrite(in2, HIGH);

}

if (motor_speed2 < -10) {
// Set Motor A backward
digitalWrite(in3, HIGH);
digitalWrite(in4, LOW);

}

else if (motor_speed2 > 10) {
// Set Motor B forward
digitalWrite(in3, LOW);
digitalWrite(in4, HIGH);

}

if (motor_speed3 < -10) {
// Set Motor C backward
digitalWrite(inb5, HIGH);
digitalWrite(in6, LOW);

}

else if (motor_speed3 > 10) {
// Set Motor C forward
digitalWrite(in5, LOW);
digitalWrite(in6, HIGH);

if (motor_speed4 < -10) {
// Set Motor D backward
digitalWrite(in7, HIGH);
digitalWrite(in8, LOW);

}

else if (motor_speed4 > 10) {
// Set Motor A forward
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digitalWrite(in7, LOW);

digitalWrite(in8, HIGH);

}

// After arranging direction get the abs value for pwm signal

motor_speedl

motor_speed?2

motor_speed3

motor_speed4

abs (motor_speedl) ;
abs (motor_speed?) ;
abs (motor_speed3) ;

abs (motor_speed4) ;

analogWrite(enA, motorSpeedl); // Send PWM signal to

analogWrite(enB, motorSpeed2); // Send PWM signal to

analogWrite(enC, motorSpeed3); // Send PWM signal to

analogWrite(enD, motorSpeed4); // Send PWM signal to

motor A
motor B
motor A

motor B

Appendix G- Arduino Code for Initial Circuit Test

#define
#define
#define
#define
#define

#define

end 11
wnl 4
wn2 5
enB 12
wn3 6
wng 7

// define the same for 2 more DC motors

#define
#define
#define
#define

#define

enC 9
wnd 0
wn6 1
enD 10
wn7 2
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16 #define in8 3

17

18 int motorSpeedA = 0;
19 int motorSpeedB = 0;
20 // two more motor speeds

21 int motorSpeedC = 0O;
22 int motorSpeedD = O;
23

22 void setup() {

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

pinMode (enA,
pinMode (enB,
pinMode (inl,
pinMode (in2,
pinMode (in3,
pinMode (in4,
pinMode (enC,
pinMode (enD,
pinMode (in5,
pinMode (in6,
pinMode (in7,
pinMode (in8,

Serial.begin

void loop() {
// TODO cha

int xAxis =

int yAxis =
//Serial.pri
// Y-azis us
// TODO map

OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
OUTPUT) ;
(9600) ;

nge these to read ardu joystick
analogRead (A0); // Read Joysticks X-azis
analogRead (A1) ; // Read Joysticks Y-azis
ntln(yAzis);

ed for forward and backward control

the numbers for ardu joystick

if (yAxis < 450) {

47

48 // Set Motor A backward
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digitalWrite(inl, HIGH);
digitalWrite(in2, LOW);
// Set Motor B backward
digitalWrite(in3, HIGH);
digitalWrite(in4, LOW);
// Set Motor C backward
digitalWrite(in5, HIGH);
digitalWrite(in6, LOW);
// Set Motor D backward
digitalWrite(in7, HIGH);

digitalWrite(in8, LOW);

motorSpeedA = map(yAxis, 450, O,
motorSpeedB = map(yAxis, 450, O,
motorSpeedC = map(yAxis, 450, O,
motorSpeedD = map(yAxis, 450, O,

}

else if (yAxis > 500) {
// Set Motor A forward
digitalWrite(inl, LOW);
digitalWrite(in2, HIGH);
// Set Motor B forward
digitalWrite(in3, LOW);
digitalWrite(in4, HIGH);
// Set Motor C forward
digitalWrite(in5, LOW);
digitalWrite(in6, HIGH);
// Set Motor D forward
digitalWrite(in7, LOW);
digitalWrite(in8, HIGH);

motorSpeedA = map(yAxis,

motorSpeedB = map(yAxis,

, 255);
, 255);
, 255);

o O O O

, 255);

500, 1024, 0, 255);
500, 1024, 0, 255);
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motorSpeedC =

motorSpeedD =

}

map (yAxis, 500, 1024, 0, 255);
map (yAxis, 500, 1024, 0, 255);

// If joystick stays in middle the motors are mot moving

else {

motorSpeedA
motorSpeedB
motorSpeedC

motorSpeedD

// Prevent buzzing at low speeds

if (motorSpeedA < 20) {

motorSpeedA = 0;

}

if (motorSpeedB < 20) {

motorSpeedB = 0;

3

analogWrite(enA,
analogWrite(enB,
analogWrite(enC,

analogWrite(enD,

motorSpeedA) ; // Send PWM signal to
motorSpeedB) ; // Send PWM signal to
motorSpeedA) ; // Send PWM signal to

motorSpeedB); // Send PWM signal to

Serial.println(motorSpeedA) ;

Appendix H- Arduino Code with Bluetooth Module for

Prototype Testing

//Motorl:
//Motor2:
//Motor3:
//Motor:

Left front

Right back

Left back

Right front
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#include <AFMotor.h>

#include <SoftwareSerial.h>

SoftwareSerial bluetoothSerial(9, 10); // RX, TX

//initialize motors pin

AF_DCMotor motor1(1, MOTOR12_1KHZ);

AF_DCMotor motor2(2, MOTOR12_1KHZ);

AF_DCMotor motor3(3, MOTOR34_1KHZ);

AF_DCMotor motor4(4, MOTOR34_1KHZ);

char command;

void setup()

{

bluetoothSerial.begin(9600) ;

void loop() {

//Set the baud rate to your Bluetooth module.

while (bluetoothSerial.available() > 0) {

command = bluetoothSerial.read();

Stop(); //initialize with motors stoped

switch (command) {

case

forward();

IFI:

break;

case

IBI:

back();

break;

case

ILI:
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left();
break;

case 'R':
right();
break;

//Forward right

case '1':
forward_right();
break;

case '2':
backward_right () ;
break;

case '3':
forward_left();
break;

case '4':
backward_left();
break;

case 'b5':
rotate_right();
break;

case '6':
rotate_left();
break;

case '7':
Stop(Q);

break;

void forward()

{
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motorl.

motorl

motor2.
motor2.
motor3.
motor3.

motor4.

motor4

setSpeed (255) ;

.run (FORWARD) ;

setSpeed(255) ;
run (FORWARD) ;
setSpeed (255) ;
run (FORWARD) ;
setSpeed(255) ;

.run (FORWARD) ;

void back()

{

motorl.

motorl

motor2.
motor2.
motor3.

motor3.

motor4

motor4

setSpeed(255) ;

.run (BACKWARD) ;

setSpeed(255) ;
run (BACKWARD) ;
setSpeed(255) ;
run (BACKWARD) ;

.setSpeed(255) ;
.run (BACKWARD) ;

void left()

{

motorl.

motorl

motor2.
motor2.

motor3.

motor3

motoréd

motor4.

setSpeed(255) ;

.run (BACKWARD) ;

setSpeed (255) ;
run (BACKWARD) ;
setSpeed(255) ;

.run (FORWARD) ;
.setSpeed(255);

run (FORWARD) ;

//Define
//rotate
//Define
//rotate
//Define
//rotate
//Define
//rotate

//Define
//rotate
//Define
//rotate
//Define
//rotate
//Define
//rotate

//Define
//rotate
//Define
//rotate
//Define
//rotate
//Define
//rotate

mazimum veloctty
the motor clockwise
mazimum veloctty
the motor clockwise
mazimum veloctty
the motor clockwise
mazimum velocity

the motor clockwise

mazimum veloctty
the motor anti-clockwise
mazimum veloctity
the motor anti-clockwise
mazimum velocity
the motor anti-clockwise
mazimum veloctty

the motor anti-clockwise

mazimum velocity

the motor anti-clockwise
mazimum veloctty

the motor anti-clockwise
mazimum veloctity

the motor clockwise
mazimum velocity

the motor clockwise
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void right()

{
motorl.
motorl
motor2.
motor2.
motor3.
motor3
motor4.

motor4.

}

//Motorl:
//Motor2:
//Motor3:
//Motory:

.run (FORWARD) ;

.run (BACKWARD) ;

setSpeed(255); //Define
//rotate
//Define
//rotate
//Define
//rotate
//Define
//rotate

setSpeed (255) ;
run (FORWARD) ;
setSpeed(255) ;

setSpeed(255) ;
run (BACKWARD) ;

Left front
Right back
Left back

Right front

void forward_right()

{
motorl
motorl
motor2.
motor2.
motor3.
motor3.
motor4.

motor4.

}

.setSpeed(255) ;
.run (FORWARD) ;

//Define
//rotate
//Define
//rotate

setSpeed(255) ;
run (FORWARD) ;

mazimum veloctity

the motor clockwise
mazimum velocity

the motor clockwise
mazimum veloctity

the motor anti-clockwise
mazimum velocity

the motor anti-clockwise

mazimum veloctty
the motor clockwise
mazimum velocity

the motor clockwise

setSpeed(0); //Define mazimum velocity

run (BACKWARD) ; //rotate

the motor anti-clockwise

setSpeed(0); //Define mazimum velocity

run (BACKWARD) ; //rotate

void backward_right ()

{
motorl.
motorl.
motor2.

motor2.

the motor anti-clockwise

setSpeed(0); //Define mazimum velocity

run(FORWARD) ; //rotate

the motor clockwise

setSpeed(0); //Define mazimum velocity

run(FORWARD) ; //rotate

the motor clockwise

o1
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138 motor3.setSpeed(255); //Define mazimum velocity
139 motor3.run(BACKWARD) ; //rotate the motor anti-clockwise
140 motord.setSpeed(255); //Define maximum velocity

141 motor4.run(BACKWARD) ; //rotate the motor anti-clockwise

2}

143 void forward_left()

s {

145 motorl.setSpeed(0); //Define mazimum velocity

146 motorl.run(FORWARD); //rotate the motor clockwise

147 motor2.setSpeed(0); //Define mazimum velocity

148 motor2.run(FORWARD) ; //rotate the motor clockwise

149 motor3.setSpeed(255); //Define mazimum velocity

150 motor3.run(FORWARD) ; //rotate the motor anti-clockwise
151 motord.setSpeed(255); //Define maximum velocity

152 motor4.run(FORWARD); //rotate the motor anti-clockwise

13}

154 void backward_left()

15 {

156 motorl.setSpeed(255); //Define mazimum velocity

157 motorl.run(BACKWARD); //rotate the motor clockwise

158 motor2.setSpeed(255); //Define maximum velocity

150 motor2.run(BACKWARD); //rotate the motor clockwise

160 motor3.setSpeed(0); //Define mazimum veloctity

161 motor3.run(BACKWARD) ; //rotate the motor anti-clockwise
162 motor4.setSpeed(0); //Define mazimum velocity

163 motor4.run(BACKWARD) ; //rotate the motor anti-clockwise

164 }

165 void rotate_right()

16 {

167 motorl.setSpeed(255); //Define mazimum velocity

168 motorl.run(FORWARD); //rotate the motor clockwise
169 motor2.setSpeed(255); //Define maximum velocity

170 motor2.run(BACKWARD); //rotate the motor clockwise
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}

motor3.
motor3.
motor4.

motor4.

setSpeed (255) ;
run (FORWARD) ;
setSpeed(255) ;
run (BACKWARD) ;

void rotate_left()

{

motorl
motorl
motor2.
motor2.
motor3.
motor3.
motor4.

motor4.

.setSpeed(255);
.run (BACKWARD) ;

setSpeed(255) ;
run (FORWARD) ;
setSpeed(255) ;
run (BACKWARD) ;
setSpeed(255) ;
run (FORWARD) ;

void Stop()

{

motorl
motorl
motor2.
motor2.
motor3.
motor3.
motor4.

motor4

.setSpeed(0);
.run(RELEASE) ;

setSpeed(0) ;
run (RELEASE) ;
setSpeed(0) ;
run (RELEASE) ;
setSpeed(0) ;

.run(RELEASE) ;

//Define mazimum velocity
//rotate the motor anti-clockwise
//Define mazimum velocity

//rotate the motor anti-clockwise

//Define mazimum velocity
//rotate the motor clockwise
//Define mazimum velocity
//rotate the motor clockwise
//Define mazimum velocity
//rotate the motor anti-clockwise
//Define maximum velocity

//rotate the motor anti-clockwise

//Define minimum velocity

//stop the motor when release the button
//Define minimum velocity

//rotate the motor clockwise

//Define minimum velocity

//stop the motor when release the button
//Define minimum velocity

//stop the motor when release the button
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Appendix I- Analysis of the platform

S
b B D D A

Max stress

Figure 36: Analysis of the chassis platform

Appendix H- Motor Chassis Connection

Figure 37: Motor Chassis Connnection
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