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Summary

Small Size League {55L) Soccer at RohoCup vses 1he comiplexily of a well known human sperl teo
extend the capabilities of mebile robotics as well as automated computer control. The game creates
ar crvirenment where tochnically complicated miniature soccer robots are required 1o perfarm the
tasks based on cemputer algarithms to outsmart similar systems, 550 creates a publically accessible
windaw into complicated systems that an autsider iz capabie of comprehending. Examples of 851
plattarms are shown in Figure 1 below.

Figure 1: FLI_Fighters RobaCup Winning Team 2003 {Left], Some B-Smart robpts with different covers {Middlel, Winning
robots playing for SKUBA i 2008 [Right} F1]E2] [3]

University of Cape Towrn (LIC T Robaotics and Agents Research Laberatery [RARL) began research into
devaloping modules for 350 from 2005, The final design which incorporated all madules required lor
5L with similar specifications to the international teams can ba seen in Figura 2.

Figure 2! University of Zape Town Final Small Size League Rohot Design

Pags | d



ISMALL SIZE LEAGUE ROBOT; UCT 2013

Tnis document is a repert on the research and design benind 10e censtruction of a fully functional
S5l team for RoboCup, |his document initially reviews the past and current systems usad including
mechanics for locomotion, kicking and ball control and integrated electronics reguired for each
module.

The tollowing system madules and prapertios wore deemed vital for a 550 robot:

+ Locomotion
= Ball Contral Systems
¢ Control and Communicatian

= Power Systems

Tecnnically speaking the modules individually are not comples, however attempting to £ all
subsystems inte the tight size canstraints of 180 mm diamaetenwith 150 mm height changes the
complexity of the overall design drastically. Once these madules had bheen identified, desien for
manufacture and assembly principles were applied with empnasis on modularity for discrete testing
and case of replacement.

1. Locomotion Module

The key aspect nf S50 saccer is the speed at which the gamao i played, & typical robat has the
capability of moving at velocitioy of groater than 3 myis. On g field with a length of &m, this means a
robot rould potentially be amewiere on the field in under 3 seconds. With such a dynamic
oovironment quick and agile contral far the locemotion of the robet was essential.

The locomatien assemhbly comprised of a Maxon CCAS flat 50 W moter operating each of the 4 amni-
wheels onthe rebot. Fach wheel was operated by an independant controller implarmenting
propartiznal control aver and ahaove the integrated centroller embedded in the moter, The driving
modules had the potential to get the rebot to reach a stratght specd of 4 m/fs however these speeds
ware net ohtained oxperimantally because of The size of the playing field.

2. Ball Control System

The most significant aspect of a soccer robot was the capahility of interacting with a ball. 1he Ball
contral systems include systems such as the main kicker, chip kicker and dribbler. These systems are
responsiblo for kicking, lifting and halding the ball far eacn robot.

The primary companent on the ball control systom was The main kicker, Maximum permitted ball
speeds in 550 was 10 m/s. Toe fastest kick performed repeatedly by UCT's dosign wis S mys. The
syatem was not as kicking effective as the veteran international teams although a safe and
repeatable systom was dovelopod.

Page | e
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3. Control and Communication

Because of the inherent dynamic nature of the pame, guick response time was essential to compte
the latest data with the smallest propagaticen delay, The contral module was responsible for
aperating all the subsystems an the robot with mimimal processing time needed before reacting to
new instructions.

As the full system was desipned 1o operale gutonomausly, an intertace was croated to manually
contral robots during testing and using the Logitech ¥ Rumblepad contraller. The images shawn in
MNeure 3 below are a guide to operating the 550 robots. The controller which is connected 1o the PC
while the interface is running connects and controls the S50 robot,

451 CONTACL N TEHFACE
PTG asanRes T
el

s il

¢ 'Y .

Figure 3: Logitech Burnblepad Controller [LefthManual Controlling [nterface for the 550 Robot{Middle], Operating S50
rabot {Right)

4. Power Systems

The robats in S5L pack & fair punch, and as & result consume significant power. A safe, reliable and
lasting power system was needed for low valtage control of both majars and eleciranics.
Additionally the kicking maodule relied on an electro-mechanical kicker which demanded a
significantly higher voltage for aperation. The power systam for the kicker shouwld the-efore alsa be
included in the power system.

Concluding Remarks

Cnce the systen had been manufaciured and assembled, various tests were performed 1o gauge the
actual performance against the design specifications that were set at the start of the project. Cverall
the robot perfarmed very well, meeting all the design requirements that were reguired, ant only
missing the aptional chipper madule ambaitions.

The final robot without cover can heseenin Figure 4 and weight of the robot was significantly highar

than SKUEBA although this could be attributed to the fact that UCT had more power in lacomotion
and electrical kKicking potential.

Page | f



[SMALL SIZE LEAGUE ROBOT]

Suggesied improvements that could be made to the system include lurther weight reductions,
increasing the efficiency of the solenoid system, remaval of the integrated motor controllers and

design of discrete moter controllers, and improving Lhe fine movements of the 550 Robot

Figure 4: UCT Final 551 Robot
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1. Introduction

Figure 1.1 A Small Size Leagua (55L) Robot Soccer mateh|3

Hizterically robots have been used to perfoerrn repelitive tasks reguiring little or ne “conditional
logic””. These simple tasks would (it into the dirmy, dull and dungercus category which is where 1he
field of rehot design thrives [4]. Ihe demand for robets in commercial environments is increasing;
howeyer these require the ability to make use of complex algorithms and have large amounts of
conditionai logic. The lack of robots in business and preduction could imply these systems do nat yeal
meet the requirements dictated by the commercial applications. This deficit petantially ccours
hecause this field is in its infancy thos further research is needed to create mobile robots robust
enough to handle tasks involving complicsted condiztional logic, ReboCup provides such 4 platform in
which hese fiezlds of concern can be competitively tackled.

[he RehoCup lederssion is 4 non-grofit arganization based in Switzerland and was established to
create & competition that inspires peopie to overcorne the challenges faced when producing
complicated, muobile, rohotic platferms[5][6]. RoboCup hosts an annual competition with four
divisions: Roholun Bescua, Robofup@mHome, RobaCup lunior and RoboCup Soccer where Small Sire
| eague (5510 is @ subdivision of Robolup Soccer shown in Figure 1.1, The annual contest creates a
windaow into the world of robotics; a realm pravigusly inaccessible to the public [5][7].

Cone linng login: derdsions bazod an moltisle monitored inpuls esulling with t~& pote-tial for ~urrerous poasible outeomes
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Rabotup Saccer was launched with the intontian et not only intraducing a popular sport to robatics,
but ane which provided sufficient challenges te inspire the growth in the industey that = sought.
RoboCup Sorcer aspires to field an autonomous soccer teamn that could challenge and defeat the
FIFA World Cup Champions in the year 2050 [7) This woeld be & remarkable achievement
cansidering robots to date do not have the agility ar the tactical abilities of a human. Different
leagues were established to focus on different issues arizing from each league with the goal of
bealing FIFA's champions in 2050, These leagues are Simulation, Mid Size league (MS1), Standard
Platform League (SPL) Humanaoid and 550 (6],

S5L 5occer is played on a 6m x Am miniature soccer field by bwo oppasing teams with the aim of each
team to score as many 2oals as possible in the opponent’s goal area. Each team may not consist of
more than 5 rabots on the field.

The game tirme is split into two equal 15 minute halves with a 10 minute break between the halves.
Asowith saccer it a conflict with the 550 game rules ocours, time is stopped and continped once the
canseguences of the offence have heen carried out.

Each team is supplied identical information obtained by 2 cameras placed 4 metres abave the field
and shared via an 350 vision programme provided by the RobeCup organisers. Each team uses high
level contral to determine how to play and compete using this data. & wireless link allows the host
machine to communicate with each robat. A simiplified diagram of this is given balow (Figure 1.2},

—

Figure 1.2: Pictorial desciiption of 350 configuration [Bj

LICT has not participated in Robofup Seccer internalionally, although there have heen natianal
compelitions inwhich UCT was victarious, The robats that competed in the last competition shawn
in Figure 1.3 were based on a differential drive.
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Figure 1.3; Last UCT 551 competition robot which used a differ ential drive

A differential drive maotion is identical to the meticn of a tank; the crientation of the rebot neesds to
be in the direction of intended travel More agile rebots using mechanically complicated armni-
directional systems have emerged in 550 internationally. In 2005, an undergraduate student from
UCT: Craig Inman-Bamber built an omni-directional prototype in a 2 wheel configuration as shown in
Figure 1.4,

Fipure 1.4; 3 wheel omni-directional platform created by Ceaig lnman Bamber [5)

The orini-directional platform greatly increases maobility as the rabot is capable of maving in any
direction whilst having the front facing any orientation. In 550 competition in 2011, all robots utilised
amni-directional wheels for locometion. Every year the competition improved significantly and the
mechanical challenge faced was to incorporate larger and more powerful compenents and
accessories into the space restrictions.
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The scope tor the project was the research of 551 and then the desipn and construction of aleam of
at least 7550 rohots capable of performing competitively in an International ReboCup competition,

A low level operational software structure needed to be created to allow for future development in
high level controlling systems, & single uncovered rohot is shown in Figure 1.5.

Figure 1.5; Final LCY 550 Robot

The fallowing chapters bogin with background rescarch into the past and present camparahble
robotic piatforms used in S50, followed by a detailed list of spocifications far bath mechanical and
eleclrical requirements, then detailed analysis of the design of the systems, and finally the testing
and conclusions and recommendations drawn from those tests,
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2. Background Research

I arder to develap a competitive 550 rabot platform it is imperative to understand the rules and
restrictions (or the game which govern the design for each robat and campanents. Current
competitive designs, as well s the path cach design underwent in its history would provide a
bascline for any design as well as all faults other teams make would reduce the patential pitfalls with
the LCT design. Similarly to any athlete, determining factors that could provide any advantage in
speed, agility, strength or stamina would be bencticial to gain an edge over the competition.

2.1 The Rules and Regulations for SSL
The rules af 550 have been adapted over the years to converee to the RaboCup goal in 2050 6], This
section covers the rules from 2010 a= these regulations would affect deosign apecifications an a 550
Rabiot,

2.1 Game Structure
The game is played by two opposing teams with the aim of each team to score as many poals as
possible in the opponcnt’s goal arca. A goal is scored when the ball is legally meved through the
appasition’s goal posts during a section of game play,

As stated earhier in the introduction, a team may not consist of more than 5 rabots on the field. One
of these 5 robots needs to be designated the goal keeper and the match may not start unless each
team consits of at least 1 robot

Any robot can be replaced provided the following rules are followed.

s The roforee needs to be informed before a substitutien takes place

s Acreplacement may only be done during a stoppape af play

s lieplacemoents are carried out [ram the halfway line

*  Nomore than 5 robats por side on the field at any point of time

¢ It the replaced robol was the gnalkeeper, a hew goal keeper noeds to be allocated and the
referee needs ta be informed [9)].
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2.2 Rule requirements and restrictions in SSL

2,21 TFicll
The playing field iz a level green felt or mat on top of 4 hard surface. The dimensions for the field can
be seenin Figure 2.1,

Fipure Z.1: The overall layout of the 551 playing field [2]

The field boundary is a large rectangle with length 60%0mm and a width of 4050mm. An addilional
675mm on each side of the boundary is allocated 1o ensure there is no conflick with amething on the
field. 25%0mm of the 875%mm is dedicated to the robots, while the additional 425 mim iz where the
human assistants are permitted to walk, Al lines are L0mm wide and run along the boundary. Each
line iz included in the areait borders. There is a line acrass half the length of the field and is denated
the half way line [9].

A circle with a diameter of 1000mm is placed in the centre of Lhe half way line. The goal posts are
situaled midway along Lhe widlh of the boundary rectangle.
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There s an inner ‘T situated around each goal on 1he inside Lhe field (Figure 2.2).

Figure 2.2: The Defensive Araa af each Goal [49]

The inner ‘0" denotes the defence arca for the rebots. The consequences for offences cammitted in

this rogion are mMore severs,

222 Goal Pasi:
I'he goal is 700mum long and 180mm deep. The walls are required to be 20mm thick and 160mm high

from the surface of the playing field as seen in Figure 2.3 [9].

Figura 2.3; Goal posts (viewed from above} (3]

A round steel crass bar no larger than 10mm in diameter must be placed on top of the goalmouth. It
shauld he dark in colour and sit 155mm ahove the playing surface. & net is secured from this bar to
the rear al the goal posts. This ensures a goal can only be scored if it enters the goals within the
heignt af the rohots and through the posts [9]
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2.2.3 Robot
Each robot must be able to fit into a 180mm 10 cylinder and not exceed a height of 150mm (Figure
2], The top of the robot must be flat to conflorm to shape requirements which are discussed later
insection 2.3.6.

MAX ] %3 mm

Figure 2,: Tha magimum sice of a robot [9F

2.2.4 Ball
A standard go!f ball weighing 16g with a diameter of 43mm 1= vsed in 550 It s painted orange to
assist the vision systerns that provide infarmation 1o the robaot systems.

2.3 Rules Affecting Design and Construction
Design and construction tocuses on the factors within the rules that restrict or control the manner in

which a robot may interact with objects during the game

2.31 Kicking

In order to kick a golf ball at sufficient spesds with repeatability, a hizh power robust system nesds
to be used. Safety standards dictate that @ robot must not have inits construction anything that is
dangeraus to itself, another rabot or humans 9],

High power systems are by no means safe but the vagueness ot the above rule has lent itself to o
degree of flexibility throughout the years, Kicking devices have ranged from pneurmatic systems 1o
high voltage electrical systems but it protected within the body of the 551 robot, i could be

considered safe

In terms of the power of a kick, the only restriction found states that “aAn indirect free kick is alsa
awarded to the opposing team if 2 robot kicks the ball such that it exceeds 10 m/s in speed” [9]. This
specified the limit that was placed on the kicker :peed which was specified to no greater than 10

m;'s
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2.3.2 Dribbling

The hall can be actively held against the surface of the rabot provided it is spinning towards it The
dribbling module has a roller that makeos contagt with the ball which ensures that the ball has
backzpin; keeping the hall in contrel at all times. An amendment to the rules in 200% conditioned
that the dribkler kar had to be a uniform cylinder from end to end; absent of any concave shapes cut
into it. Turthermore, The bar cannat reslrict motion in any direction or remeve a degree of freedom
of the ball. The raller may nat be coated in adhesive matcorial or anything that may leave residue on
the ball or fiold %) The spin cxerted on the ball must be perpendicular to the playing surface as
indicated in Figure 2.5 Any deviation from the ahove iz in direct violation of the rules.

Dribbler.-Device {Side View)

eitedd backsp-iv

Figure 2.5: Dribbler locatian on 550 platfarms [9)

When reviewing 2008 Team Description Papers (TDP), one can observe 1he Skuba medifications
formulated to comply with the new rules set out in 2009 (Figure 2.6},

Figure 2.6: SHiABA Dribble Bar 2008 {Left], Oribbie Bar 2009 (Right]{10]§2]
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2.3.3 80,20 BRulz
This rule states that during the same, 8 rebot may nol cenceal more than 20% of the ball when

viewred fram above; thus leaving 80% sutside the shape of the robot This rule is necessary as the
vertically positioned vision system is required to view the location of the ball at all times. Figure 2.7

below is a good illustration ot this rule,

Figure 2.7; 80720 Rule explained Graphically [9]

2.3.4 {Chipping

If a ball has been chipped and reached a height of greater than 150mm, a goal will net be scored
unless the ball makes constant centact wilh Lhe playing field again [9]. This implies that the ball
neads to be below 150mm for a goalio be scored,

2.3.5 Locomotion
& robot may not damage or leave any residue on the field or the ball at any point [9]. The wheels

may nolb have claws ar Velcro 1o improve traction for motion. No residuc or damage Lo Lhe playing
surface is permilled when Lhe robot moves during a game.

2.3.46 Shape
Each robot is required to conform to an identification standard. These are the rules governing thr
shape of the rohot when viewed from above. The exact dimensions of the shape rules are shown

below in Figure 2.8,

\“\“":.: : | "’f

Figure ?.&: Shape Requirement for a 851 robot [5]

The centre larger circle s coloured either yellow or hlue for team indication. The four cuter circles
are uniquely celoured and are used in a distinct configuration te identify individual robots and its

Page | 10



[SMALL SIZE LEAGUE ROBOT]

UCT 2013

bearing. These colours and ID's were essential far the S50 vision software to correctly identify all
elements and provide a matrix of informaticn.

24 Team Description Papers
Submission of Team Description Papers [TDPs) was a reguirement for the Llop 8 teams of the
previous year, and encouraged for the other competilars. The TDP coniain infarmation relevant to
the team's accamplishments that aided them to their success. kach 10F was freely dewnloadable for
cach yoar Lhat the project has boon nan,

Table 2.1 cantaing all TRPs considered and thorr placement over the years which determing ther
significance in Lhis dissertation. Any particular team canndl change everything in a single year so
gach TOF tends to focus an the areas of improvement and thus all TOP need to be combined to get
an overall understanding of current 850 desizns and improvemaents. Thee TOE from the following
tearns have been read and are considered in the fol owing soctions:

Table 2.1: Team Ranking and TOP placerment based on year

¥ear Team S Placement
2009 ' Seobal2] . 1
200y AoboDrapgons[11] o
2009 Plazma-z[12] aff
2009 Odens[13) 4" -
2009 KIKS[14] o - KQ Guarters (Skuba)
2009 Cralragons[1s] KO Guartors (Qares)
2009 Zjunlict[16] KO Quarters {Flazma-Z)
2009 B Smart[L7 KO Guartess (Robolrrgans)
2002 Ef Foroo[LE KO oofare quarters [B Smart)
2002 Imimartals[19] KO oofare quartors (KIES)
2008 MLz ko befare quarters (ZjuNlict]
2008 Roborel|21] i " KO hefore quarters {Ooens)
2008 BRacks[22] _Elim natec se‘ore KO
2008 | Eagle K-ights-RozoBolls[23, - clim nated oefcre KO
| 2009 Crwgrizito-CU| 24 3 Elim™~aled 2e'oie RO t
2002 Pa:sian[25] Elirm ~azed sefore K
o 200s - “ﬁﬁ-_cé_rn:-ridp;{_—'[ih_]. - ) _'__E:_Iirn;at{_—'d oefores K
2009 RoboFET Elirm. ~ated »efore KO
2009 [hungerBats[77] Elirminated before KO
2008 Austrian Cubos[28] tiimtinatnd bofore KO
2009 Shasaity[72] MR
2004 FURGBOL[ 30 CMEF p—
2009 Krainui[31] GHF
2009 QNI 32] MF
2008 _B-::utnia Drago:. Kn'ghts[23] S pNe
2008 ' criprapons(34) 2" -
2008 Skubal 10 3 B
2008 . ALS Arns|35] b O Cuarters IZjuM el
2008 A-5mart[1] KO Quactars [Plas=a-7f)
2008 T FANTASIA| 6] KC Claartors [CMDragens)
2008 ReboDragons[37] KO Doarters [Skokal
2008 ~ Eha nui[33] - K betore quarters (5<ulba)
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JO08 Botnia Dragon Knghls|29] KO oe'ore quarters (AUA Ares)
2008 : MARL[A0] KO oefore quarters [B-5marl)
2008 ) KIES[41] Eliminzted bofosn KO
2008 Eagle Knig~ts BEoboBulls[42] Eliminated bofo-n KO
2007 Parsian]d41 ] Elirminated befase KO |
2008 Robodackels[43] Eliminated belfore K0
2008 | ! - Eliminated orfore KO
| 2008 | ERForce 46) Eliminated onforn KO
2007 FURSHEOL'4/] -  Eliminatnd ocfore KO i
_ 200y RFC Camoridgn[48] Eliminated netore KO
2005 Caribiso-CU49] a _ Nat K~own

[50]

Inthe TRA there are definite sections that each team discussed; subdivisions were created to assist
in the understanding of difterent modules:

= Electronics for Control
Robot cantrallers {single/distributed cantraller), wireless link between the host system and
indvidual rokots

s  Maoators and Wheels for Locomaotion
Mumber af wheels, choice of motors and speed encoders, pear ratia and gear connectians,
Dmni o wheel design and assemibly

« Ball Contral Module
Ornbbler motars, new desipn of back-spinning bars, gear ratios, assembly

»  Main Kicking Madule
High valtage peneration, quantity of stared electrical enerpy, solenoid desizn and
canstryction, kicking times and speed

»  Chipping Module
Mechanical design of chipping camponents, salenaid type and chip distance

*  Battery Pack
Battery Wo'tage, capacity and runtime

+ Software
Game Prediction, game tactics, simu'ation

«  ision Systems
Befare 2009 RoboCup did not offer vision woftware ta pravide robot information. Each team
developed their own information gathering camera/software integration.

These systems were individually investigated to determing the optimal path for design and
implementaticn.
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241 Electronics for Contral
Contral for an 550 robet varied from team to team depending an their competitivencess and their
ceperience in 550 The more experienced teams such as Skebo, Austeion Cubes, Robalrogons and
Plazma-Z used a single high density board [11][12][28] [51]. These incorparated controller boards
typically include motar controllers, debugging components (LFDs and buzrers), wireless modules and
controlling |Cs or FPGAS ar both [Figure 2.9,

Miguee 2.9; Skuba Main Conteotler Board [51]

Less oxperieneed tearms Wypically used a more modular approach to their circuitry to reduce
complexity, Az of 2010 R Cambridge intended chapging from their zsingle hoard design to a
madular design to simplify debugging msues. Fach circuit could be individually tested to ensure
stability and the possibility of easy and cost effective replacement, U-Smart used a discrete system
with the associated data flow given below in Figure 2,10,

- Forboard

..................... ke s g s

Rabbitboard

i i

. Kickerboard | Motorboard

Figure 2,10: Controf Board Data flow for 8-5mart {17]
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the Sowbaord acts as the wireless link to the host system and iz used for the communication of high
level intelligence. The two main foci tor the wireless modules were transfer speeds and physical size
as the shortost communication time possibile belween transmizsion was desired and size 15 always 4
concern [13] T15] The computdtion of 350 inslruct ons was centralised to the hest machine, howeveor
it comenunication could be sent at a higher level to the robotz some computation could be done in a
decentralized manner and less data would need to he transtesred across Lhe wireless link. The
decentralisation of computation could improve owerall 1=ansfer times. The hest machine was capakble
ol campuling viable mewes Taster than the communication modules could transmit those particula”
moves to a robot,  Ihe host machine would be giver proporticnally more processing time Tor
computation ot the next frame if 4 smaller rumber of byles were sert le each rebot. A simple
example of sending less data could be sending a desired peosition instead ot individual motor
valocities. The rebot weould need to pertorm in the same mannor with the smaller data stream (or it
to improve tho rosponse time ot the enlire Leam.

lhe Bahhitbogrd would receive intormation from the Foxboord, determing what aperations needed
tor be dore wilth the information recelved and contml the infarmation to each of the Matarboards
and would operate the Kickerhoard [117],

2.4.2 Motnrs and Wheels for Locomotion

2429 Matars (Ised in 551
The previous ratioral competitions were not as competitive compared to curent international
standards. The omni-directiznal plattarm used motars with @ power oulput of less than 4 [5].
Figure 2,11 shows the omni directional prototype made by Inman-Bamber in his final year project
[5]: the configuration would not be possible for competition as there is no space for any othe-
systems on the platform.

Figure 2.11; UCT 551 Frototype Motors [5]
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Skuba, Plozma-Z, HalboDragans, CWBrogons and several other teams wsed Mason FCA5 30w
brushless motors [2][11] [12][34]. These motars have a large output power and occupy a compact

area {Figure 2,12]

Figure 2.12: 5kUIBA using Maxon ECA5 30W Motors

These motors come with opticonal extras such as internal spead controdlers and shaft encoeders The
more expericnced tearms control the mator windings from their own controller boards with shaft

ENCOLEFT.

2.4.2.2 Methods of Locomotion
UCT has never participated internationally in BoboCup 5510 The last national competition was in
2004 which LICT placed 1st. During the last competition, the robots operated with a differential drive
system. This older system would not provide sufficient agility in current competition {Figure 2.13).

Figure 2,13 LCT Differential Drive 550 Rabot
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Az & differential drive is similar te tank, the robal could only move forwards and backwards with this
drive system. The ball cantrol modules were located an the frant of the robat and could only control
the ball white facing it

Presemly rebots in the competition can still enly handle the ball while it is in front of the robot,
however they are able to mowve in any direction and able to rolate fo any crientaticn at the same
time, allowing for rmuch better mability and ball control.

An omni whee! is a standard large wheel with smaller wheels located on its circumterence with their
direction of mation at an angle [typically 45" or 907 to the larger wheels direction of motion. Figure
214 i anexample af 4 907 amni-wheel used by SKUBA in 2009

Figure 2.14: SKUBA 2009 490" Omnk-wheel (2|

& conventional wheel without slipping only provides motion along the axis of this rotation. Qroini-
whee!s provided controlled motion along their drive axis and the additicnal sialler wheels provide
free metion along each smatler wheel's rotational axis. Using computed contrel with at least 3
wheels positioned accardingly, a robot cou’d have full planar control In Robadup, this means every
rabot can mowve in ary direction at any paint in time and simultaneously rotate to a defined bearing.
An omni-directional platform can be used with 3 wheels like UCT's first prototype made by Inman-
Lamber [5).

The number and position of the mators on the robots would directly affect the manoeuvrability,
llsing 3 wheels located along the wertices of a triangle shown in Figuwre 2,15 would produce a
triangular velocity profile also provided, The 3 wheeled platforms have a significant advantage aver
the differential drive counterparts because of their ability to move laterally without changing their
orientation.
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Flgure 2,050 UCT S5L pratotype [exposed) created by Craig (nman Bamber and theoretical velocity profite.|5)

The 3 wheel desizn is hecoming ohuolele due to its sharp nature af the passible velacity prafile
thipure 2,150 Most tcams in SaboCup S50 now use a 1 amni-wherel dosign, The 4 wheel syatems
were superiar to the 3 wheel equivalents bacause their profile is more uniform for a glven randam

divection with additional driving power on the ground [Figure 2.16).
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Figure 2.16: Plarma-Z (2005 4 ormni-wheel design and velodity grofile from their design, [12]

There are 2 mam Lypes of omni-wheels commonly used in RobaCup. There are 4% and 92" amni-
wheels. Lach wheel type has bonefits and drawbacks. Although all teams use the 90° omni-wheels in
551 to reduce calculation complexity and reduce wheel sice. The following soctions give a brief

description on these differcnt types
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0" Omni Whee!

90° omni-wheaels are on all the robots competing in 551 The smaller mini wheels surrounding the
larger whesl create points of contact with the ground betause the robal will rest on a mini-wheel,
The outhne created in red on Figure 72,17 is an effective circumference for the omni-whec!| created
by the irrcgularity of Lhe mini-wheels. The 90" omni-wheel wall coll over this cHective outer
circumference and the number of mini-wheels is approgmatcly inversely propartional Lo Lhe ride

vibiration.

Figure 2,17 : 90" Omni wheel cireumference indicateng Flat sections

Imcreasing Lhe number of smaller whoels may make the ride less bumpy, but increase the maowing

parts and complexity for cach wheel.

4537 Ol Whee! (oke Mecunwm Whee!]
A 45" omniowhee! uses rollers inslead of mini-wheels, These rollers are offset 457 an the main
wheels circurnferance which can be seen in Hgure 2,18,

Figure 2.18: Al model of 3 45" amnl-whee| {Mecanuim Wheel) used primarily in MSL[52]
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AE" amni wheels have a lower ride vibration as the rollers improve the effective circumference of
the wheel & drawback to A5 amni wheel is that it is wider than the 90" omni-wheel, The 45" omni-
whael jz toe wide for use in 550 as it removes internal space which s neaded Tor ball control
systams, In MSL the mora common emni-whazl is the 457 varsion. The Awustrion Cubes used it in their
MEl rabots in 2010 {Figure 7.19).

Figure 2.1%: Austrian Culbes M5L Rabat {20104

Becauze of the maximum size restrictions in 551, a larger whesl diameter forces the motors inwards
to follow the circumtcronce eequircmnents and less space i available in the rabiot for the ball cantrol

systoms Thiz is illustrated in Figure 220 belaw.

Figure 2.20: 3pace lost due 1o inoreasing omni-wheel diameter 35 a result of size restrictions
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2.4.3 Ball Control Module
A dribbler module is a back spinning bar that makes contact with the ball while clase to that
particular robot. The bar spins the ball which in turn makes the ball roll againzt the robot.

The dribbler is ezsential to contral the ball when recening a pass and moving around the field, Figure
2.21 is the dribkler bar of Robasiiragons 2010 team. The new rules require the bar to be cylindrical
with no change in circumference a'ang the entire back spinning bar.

Figure 2.21: The dribbler bar for the RobaDragans [20808) [1E]

Tearns have slightly different arrangements with different motors and rotational speeds which can
be seenin Table 2.2,

Tahle 2.2; Table Indicating dritbier motor and backspin har speeds

l2am Motor Fower Rating Maximnum RPRk
Skuba (2010} | Maxeon EC16 15W , 13000 -
RoboDragons{2010) Maxon ECLE 150 | 14444
CODENS[2000 Maxon RE-Taxid 11W Mot Disclosed
_Skuba [2003] _ Maxan EC16 15w 13000
B-Smart (2008) Faulhaber 2224U0065R | Not Disclosed Mot isclosed o =

This shaws that the teams wha shared their matar infarmation it their ETDRs typically used the
EC16 15W Maxon metor with approximately 100008PM,

2.4.4 Main Kicking Maodule

2.4.4.1 Frieumalic
PFrneumatic kickers are used in the Ausirian Cubes in their MSL, The high pressure airis forced into a
pistan and the ball can be kicked at variable speeds by vsing a throttling valve. Implementation of
preumatics has failed with £ H-Force in S50 due to unretizbility when reducing the size of the system
[4G]. When ER-Forre systems were performing optimally, they could not achieve Kicking speeds
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similar bt the other competitars [46). Tha size reguirements an 550 make it difficult to have discrete
systems (oreach modula.

2.4.4.2 Flectro-Mechanical
The majority of teams that submitted literature in the last 3 years used electro mechanical leickers.
The electro-mechanical kickers used in 550 use @ linear actuatar or solenoid to kick the golf ball. A
solenoid 15 @ lensth ot wire wound on a hollow shell If the wire has a current flowing through it, a
mdenetic motor farce (MMPF s induced within the shell. The MMF pulls the ferromagnetic material
to the centre of the field which is in the centre of the coil illustrated in Figure 2.22. This will displace
the non-magnetic material and provide linear actuation. The conversion of electrical energy to
mechanical kinetic enargy weing the solenoid typically has a low efficiency, Because the nan-
magnetic material has a short impact time with the golt ball, & large amount of energy needed to be
dizzipated in that short period of time.

Non-Magnetic Magnetic cross-section : _
Material Shield of 3 Coil Ferromagnetic Material

s

Centre of Coil

Figure 2.22: Concaptual sketch of a selenoid kicker

An Electro-mechanical kicker would allow ewery actuator to be electrical. This would minimize the
number of components needed and also decrease complexity.

The energy from the battery would need to be converted to a higher potential und then that stored
energy would need to be created into kinetic energy through the salenoid. This can be broken down
into 2 separate systems: the electrical system which converts Lhe low DC voltage to the high GO
voltage and then activiles the salenaid; the mechanical selenoid which uses Lhe producad MMF and
kicks the goll ball.

The rules stated that Lhe ball may nat Lravel at more than 10mfs and the rabot could not be unsafe
for olher robaots or people observing the zame.

Each team with an electro mechanical kicker uzed a charge pump to gencrate a high vollage. The
amount of energy stored was proportional to physical size of external capacitors, Table 2.3 below
gives a descriptian ot some teams and their electrical canfigurations.
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Tabic 2.3: Electrical Informatian relevant to kicking for each team

UCT 2013

Toam Charging Capasitor Flagtrical Frergy | Acisween Fvrharizal Clfiziznzy ()

Vo taoe (V] value [ukl A Specd el | Sneray )
Skubal 2010 250 E400 1EE.75 17 A2 L.qi
Austrian 120 AR LEG al P 4.1
CrLbes LA
lrmatals Ginh S 1o0s 3 LEia | K3
[ nEn
Kobnlragons 250 A5 TER T2, ‘1 1784 1.22
3000
Z-qmat ] 220305 44 2 14y At
Relnic
BN B 200 200 R ! 1125 1.15
V009
2otnia a0 BRGT 116 1% 7.453 4323
Crapor
Enigats
(2059
KIKS 12004) 200 A ] 1 3312 4.14
FAMTASIA B 4400 a4.8 M by 4.54
V205R
Fabolackets Al 2006505 P ) P ran
EANERH

From Tahle 2.3 above, the following graph can be generated from the data from each team [Figure
2.23%
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Electrical Energy |
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Figure 2,23: Graph of Kicking Speed v, Stored Electrical Energy
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If the kicking solenaids were similar a correlation between the energy stored for a kick and the final
speed would be identified, The overall efficiency of the conversion from electrical to mechanical
energy is vital for high kicking speeds, and Lhis varies widely belween team to team.

Flectrical Kicking systems have a low efficiency when converting from electrical to mechanical
energy. The marginal differences between teans efficiency create significant ball speed differences
on the field.

2.4.5 Chipping Module
All robots that had chip kicker modules used the same bank of high valtage capacitors as the kicker
to receive a burst of energy. As physical space was already limited, it was impractical to have more
than one high energy source avallable on the robots, For the chipper module, different teams had
vastly different designs. This was possibily anindication that na one team had found a solution which
fulfilled all the requirements one might place on a chip module.

The main issue with the chip kicker was that all the forward space is occupied by the dribhler and the
main kicker. Three different designs are investigated.

« Flat Solenoid
+  Multiple Solenoids
+ Rear Solenoid

2.4.5.1 Flat Solenafds
Skubo designed a flat plate type selenoid that could be placed under the main kicker shown in Figure
2.24. It did not generate as much farce as the main kicker but could be placed below and inline with
the chipping device, When activated, the plunger strikes the ball below the bali's centre of gravity

forcing it wertically and forward.

Figure 2_}4- Shuba 2009 Flat plate solenold kicker

This system was compact and according to their results in competition ¢apable of working
consistently. Another team that successfully used the flat plate solenoid is MAL (2005 [20].

Fage | 23



[SMALL SIZE LEAGUE RCBOT]

2.4.5.2 Multiple Solenoids
The centre channel of the S50 robot was occupied by the main kicker. Some teams had developed a
system that provides force on each side of Lhe main kicker pushing a plunger benedlh the main
kicker. Figure 2.25 shaws both smaller solencids on each =ide of the main kicker on HoboDragons.

Figure 2,25 Robolragans {2009) Rabat chasas clearly showing the iacation of maio and secondany solenoids[37]

The requirements placed on these side solenaids are that they respoand in an identical manner when
they are activated. If it does not, it could create large side forces and damage the chipping
components. The croators of the Austrions cubes advised against building a multiple solenoid
arrangement because of their initial testing and their system’s self destructing.

2.2.5.3 Kear Solenoids
Another possibility was to place a secondary solenoid close to the back and used linkages to push
the chipper paddle. The additional mechanical linkages reduce the efficiency of an already weak
salenoid and were typically ineffective. Some teams with rear solenoids include the Avstrion Cubes
and Parsign. Their systems could perform chip kicks, although efliciency is lower than that of Skuba
for the corresponding year.

2.4.6 Batlery Pack
Most teams used a single LiPo 35 battery shown in Figure 2.26, This ea<ily has enough instantaneaus
power for everdhing to run and is light and small ta fit into the robot.
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Figure 2.26: Lilp battery typically used in 550 [12]

Same teams operated with twa batteries, the first for contralling circuitry and the secand to run
power dapalivations. This would remove the electrical noise on the logic power supply because it s
operating off 3 completely different supply. However two batteries would oroupy more space inthe
robot and require both to be replaced during a battery change.

2.4.7 Software
System software can be broken down into 2 sections: low level and high level. Law level contains ali
the simple algarithes that are required to operate an individual robot; these inelude motor velocity

control, wireless communications and kicking romraands.

Hizh level cantrol cantains game prediction, path planning, game tactics, play making, and winning
strategies which govern what 1the low level control needs Lo be daing,

Good high level contral is crucial for the S51 team to function and perform competitively; howeyer
the projec seope would be oo large for @ single MSe student and is nat included in Lhis project

Low level software would be micrecontroller code used to govern the speed of each motor to
perferm a required action by the supporting higher level code or individual cammands of the [lost
PE.

248 Vision Systems
Retore 2009, vision was individually done by each team. Currenlly there is an open source program
called 558 wision which monitors the field makes correction for camera skewing and produres a
matriz of infarmation for earh team to process. This removes any of the advantages some teams
walld get before the game of saccer had begun,
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2.5 UCT Undergraduate Research
Two undergraduate projects were assigned to the 550 program in 2010 These projects were run
concurrently with this MSe project. The two undergraduate projects were; creating a 4 omni wheel
locomative platform with integrated systems and designing and constructing a hall cantrol module.

AT | Locomotive platform
Mroen the TOPs, the majority of teams preferred the Maxan L2345 30W brushless mators. After a
preliminary study conducied prigr to the project it was detenmined that the S0W equivalent was
insignificantly larger with a negligible price increase. Maxan 50W motars were purchased with
internal speed contral in order to simplify motor control,

fAr G Sechu built UCT s first 4 omni-wheeled locomctive platfarm shown in Figure 2.27[53]. He
apted for a spur gear arrangement with an idler as a gearing match could not be found withaut the
icdlar.

Figure 2.27: UCT's first 4 Omni-whested Prototype

The wheel assembily was made up by an omni-whes , ECA5 50W Maxon matar, and 1hree gears
located by the halding bracket which can be seen in FHgure 2.28. The additional gearing created
additional vitwation, camplexity and noise. After the completion of the prototype, the space under
the motors it the wheel assemblies could not be used and wiss wasted. The height of the motors
also increascd the contre of gravity (LG), An alternative spur gear arrangement was investignted
without an idler gear.
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Figure 2.28: First version of the four omni-wheel motor assembly

2502 Ball Contrel Module
tr David Lwabona was responsible far designing and implementing the mechanical systems
necessary for ball manipulation far 550 The three core subsections were: a kicker, a dribbler and a

chipper [54].

He successfully integrated the 3 modules into the space constraints delined far him shown in Figure
279 Each af the core elements was tested and anly the chippor module didn't meet the desired

expectations.

b >

Figure 2.29: Ball Contral Module created by Mr David Lwabona in 2010[54]
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2.6 Concluding Remarks

I 551 the game is dynamic and high paced, many maodules are combined to create a successtul
resbiot. Candensing the list of modules to four separato systems; Locomation, Ball Control Systems,
Contral and Communications and Power Systems s beneficial for 3 modular approach.

If these systems were not stable at high speeds, it would be beaten by a more effective team. This
placed requirements foe high power an the rabat soot caald respand to commands quickly and high
data transfer speed with a low latency. & 3 wheel desisn would offer more space on the robaot, but
thir 4 whoe! deosigns have greater agility and make tho 3 wheel desian obsolete.

The 45" omni-whesl affers more stability than the 907 countorpart. Because space is vitally
irmportant, the 45 wheel will nat fit an the rabot and a5 such, all teams in 550 only use 907 amn-

wheels,

It teams that have been competing for several years and maintzain a high raok typically use a =single
integrated circut board which has gone throush many revisions and contains many debuzging
capabilitios. It would be foalish to belicve this could be undertaken in a single iteration of these
circuit boards. This is the first tirme UCT has attemmpted to make 3 full 551 team and & modular
approdach would be better for the tearm as well a3 & gononic board to assist in low loved control on

supparting projects.

Althouzh maost teams used a single lower valtape battery, we will attermpt a larper voltage hattery in
order to reduce the currents in the wires for power gurposes and thus keep consistent power
thraughaout. |his should also improve kick charging times. A higher voltage motor will have maore
tarque Aand should have a lower output speocd and require less gearing. With these conziderations, it
spemed that deviating from the norm of the other teams would be beneficial,

Page @ 28



[SMALL 5/ZE LEAGUE ROBOT|

3. Specifications

lram the Backgraund Research in Chapter 2., It §s possible to descritie the requirement s necessany

tor a successtul and campetilive rooot as an overview, e intormation in Table 2.1 provides

functional abjectives that can be used to determine successful integration,

Table 3.1 : Table of Specifications

" 'No. | Demand (D} Requirement Measureable Final Outcome
N _[ Aim{a} Outcome
Manoeuvrability _
1 o C-ea~fa 4 Orini-wheo! Plarto-m Yes/No fat
|12 o Full Omni-ci-ections mandeuv-zbility Yesiho s I
3 D Risher acceleration and velogity ~han Yes/No Yes '
s provicus JCT protolypes Accol: l_E.rr'.,-fa;'-' Accel & .-1,“-_;:
el: 064/ Veli 3m/fs |
3 A Accolorat ar anc Velecby similar La high Lier TN Yes,
Learr s in campetition (nternationa ly AccE 5T Ao bomfs
) _ Vel 3.5 myy
i _ Power Specifications
a o " Capab e ol g ayine witha. t hartery Sl oEEmE | full game
. oplacoment P aying aggmessively wilh Full gare (30 mind
| frequent kicking
) | wireless Enmmuni_l:aliun N i
5 A High -cvel commancs sent for o =i ¥esfNo Yes
5 d -eclional speFg control
| Ball Contral Systems
: | Dribbler ]
6 D Urbb er capzures & ~d controls galf ball with fes/Na ey
rover e
| Kicker - -
B _ £ Kioser capable of kicking groator than 10m /5 1a0mfs ! 4.02m
|7 D Kick mulziple times in short su toesslon e Mo i Yeu, 2 senords
. Chipper ) o - ¢
8 a Successfuly chpwith a height greaser shan 150 Yertically Apprax ratoly
150 Conarr
= Controller Boards
9 ) D Mogu ar Circuit Bosrd Lesip: YesiNe | Yo
n D High Leve Spred contre! corr munica- on fesfNo res
11 ) Whedls ¢z .58 ng harm 10 playing sarfate Yos/No : Yes
;12 b | Robots it within spacn constra ~ls 1RO0m.m crameter Yes
. ~50mim hefzht
13 . »] During p-ay roboss <ic< slower than Z0m/s YosfNo Yes
Time 3
14 [»] Cpe-alional "ezm befare Mecembnr 2021 Trs/Na Ys

Fach specification labelled abaove is justified in greater detail.
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3.1 4 omni-wheel platform:

A 3 wheel| design had been implemented already and does nat have the desired speed and traction
believed to be required far SSL competitively. A 4 wheel design was the requirement to improwve
traction and mavement.

3.2 Full amni-directional movement;

The robot needed to be capable of maving in every direction with similar velocities. [T the robot were
to behave inan amni directional manner, it would simplify higher level cantralling algarithms when
the robot is required to move perpendicular to the current diraction of travel.

i.:  Competitive acceleration and velocity:

The intention was to compete internationally and to be considered competitive. This implies the
apposition do not have significant differences in velocity and acceleration to LCT's design.

3.4 Battery reguircments:

The hattery was required to power the rebot a minimum of halt the game to aliow tor a replacement
at half tirme. It would be ideal it it did net need replacement during the half time,

3.5 High level commands sent to the robot:

& high level command sent to a robot can be achieved faster than low level command When high
level commands are sent, it would reduce load on the host machine. The reduction in load yields a
higher averall refresh rate of commands from the host machine and an gverall higher response time.

3.6 Ball Control Svstem:

Successtul dribbler madules control the ball long enough for it to be kicked or moved with the
contrelling robot. Withowt a working ball contral madule, the ball would bounce off the robot and
could not be cantralled, This component was essential for a successful team.

3.7 Kicking:

551 7010 rules dictate the ball may not be kicked at avelocity greater than 10m/s. Some teamsin
the competition were capable of kicking at the speed limit. If ULT could achieve similar speeds the
project has a better chance at being competitive

3.8 Chipping:

Same teams had the ability to lift the ball off the playing field and over robots. This allowed the
game to he played in a non-planar fashion which made game tactic algorithms more complicated
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and sophicticated. UCT rebots having a similar chipping madule would be beneticial in maintaining
competitian,

3.9 Modular Design:

Conlreller boards are the most espensive electrical components Multiple generic boards are more
cost effective to manufacture in the event of a board failure. Each board could be simply replaced in
the event of a single failure. & modulsr design reduces debugging time, kecause the problematic
component/board can be located faster.

3.10 High Level Speed Control:

I lerwe level contral was irmplemented, more data would need to be transferred from host machine to
individual robots resulting in longer communication times. Cemmunication times are the greatest
factor in reducing the respanse time of individual robots. When 2 sharter message is sent at the

sarne speed, edch robat can respond faster

3.1 Wheels do not affect playing surface

The rules state that a rebat may net compete if there is any damage to the playing surtace or ather
robats.

3.12 Size Requirements

The maximum size requirements are absolute, and Greaking this rule would resolt in exclusion Tor
that particular robot.

3.13 Maximum Allowable kick spced
A kick of greater than 10m/fs is not allowed in accordance wilh Lhe rules and UCT cannot play
competitively.

3.14 Operational Team before December 2011

A Mational 5350 competition was grganized for early December 2011 between four Universities, UCT
was required to have an operational team for this caompetition.
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4. Conceptual Design

Mepically the conceprual design determines the overall shape and underlying structure of the topic in
the design, howeyer with the strict si7e reguiremeants already placed on the rabot by the rules, and
the motors selected based with concurrenl projects, concepts were based on positioning of modules
and diflerent gearing structures. Once the allocated space far each module had been cstablished,
different moter gearing and placement confipurations were considered to adhers to sice restrictions.

4.1 Module Placement
An S50 robet had well defined modules essential [or successful gperation, These key modules were
Lacometion, Ball Contral Systerns, Contral and Communicaticns and Power Systems. The ball control
swstern wis ysed from M Lwabgna’s final year project. Figure 4.1 shows the concept of 4 base plate
aned the space required far the ball contrel rodule.
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Figure 4.1: Capcept placement far base and kall contral marule

|he available space on the sides of the ball control module necded Lo house the motor assembly,
Figure 4.2 shaws the proposed locstion for Lhe locometicn assembly for the rebot.

Figurae 4.2: Concept placemant for the lacomation assernbiy

The battery was the next concern gnee the larger and heavier compenents had heen located on the
robot. The optimal lacatien for the battery would be as low to the ground as possible because the
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battery mass is significant to the averall centre of gravity {CG]. Additional factars that were
considered were placing the battery in a location for ease of replacement while also keeping the CG
at the centre of the rebot. The final concept shown in Tigure 4.3 had the battery lecated at the front

of the robal abiove the Ball contral modale,

Figure 4.3: Concept placement for the battery

The kicker electronics were the campenents and electronics that are asctociaied with the high
voltage required for kicking excluding the solencid. This medule had the electrical potential energy
to be very dangerous. The desire was to place it close 1o the solenoid to minimize high current wiring
and keep the module discrete for removal when not being utilised on the rabot. The proposed
placement for the kicker madule was at the rear a2 shown in Figure 4.4

Figure 4.4: Concept placemeant far the kicker electronicy
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The final madule for the robat was ils contral and communicatian module. The remaining space
available was above the battery module as seen in Figure 4.5_ 1t was beneficial to place the
cantrolling electranics higher up in the raobot because it had a low density and little significance on
the CG. Additional benefits were eate of replacement and debugging during testing,

Figure 4.5: Concept placement for the contral electronics

After the placement for all components was finalised, the design pracess began achieving the
desired constraints shown in Figure 4.6

Fipure 4.6: Final concept layout far the robot

4,2 Gearing
The locomative module constraints had been established interms of the robot alternative gearing
splutions became necassary, as the priginal solulion fram Mr Sechu would not meel the criteria.
Different gearing methods would have to be investigated.

4.2.1 Hevel Liearing
A bevel pear arrangement on the motor modules would allow the motars to be placed orthogonal to

the wheel shaft. The initial cancepts were to place the motor directly ahove each wheel and create a

symmetrical drive aszembly.
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4.2.1.1 Yerticul Bevel Gears
In a similar marner to having the wheeks smaller, if the motors were placed above the wheaels, large
matar diameter forced longer shafls on the omnisawcheel side of the bevel pear arrangements which
partially rermoved the space from the centre of the robot. Additionally with the motors placed
verlically, the hewght of the centre of gravity [(CG) of the entire robat would increase as the matars
are placed higher which in turn would reduce the maximum acceleralion befare teppling.
Agditionally the space created by raising the melors could not be adequately utilised with any of the
largar components. The inability 1o optimise the additional space created by raising the matars, and
the reduction in potential acceieration, the vertical bavel gears were discarded,

$.2.1.2 Angled Bevel Gears
fs the vertical bevel arrangement forced the motors higher, if the design were ta be carmplicated,
and the motors weare set at anangle the GG would be lowered and the space that couldn’l be used
patentially could be filled. [he machining process far angled mintar brackets weuld reguire time on
the CHC mill which was a bottleneck within the UCT workshop and the design would have a langer
lead time. If the motors were angled 1o the rear or frant, this would offset The C6G which would load
different wheels with different weights and increase he risk of a single wheal wheel-spinning,

4.2.2 Internal Spur Geacing
Aninternal gear on the drive assembly would increase the density of the overall drive unit, SKUBA

implements an internal gear arrangement on their amni-wheel which can be seen in Fgure 4.7,

Figure 4.7; SKUBA wheel configuration in 2009[51]

The internal gear arrangermoent appeared promising; however internal gears with acceptable
maodules and size could net be affordably sourced which removed i1 as a possible concept,
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4.2.3 External Spur Gearing
As Mr Sechu had already created an cxternal spur gear arrangement with an idler, an alternative

spUr gear arrangermant was investigated without the idler goar

The ariginal dezign parameter was ta source external gears with a ratia of approximately 2 and a
module of 1. Mo solution for a symmetrizal module could be found and thus a hybrd design was
investipated, and a workable salution was lound for a gear ratio af 2 and 4 module of 0.8 without an
idler. The hybrid external gear configuration provided a greater density in design and became the

solution for the design framework,

4.3 Summary

Thiz chapter defined the prablem of space constraints within S50 and created a systematic approach
ta create madules ancthe rebat that would fulfil the specifications. These modules could individualby
canform Lo space requirements and make the appraach moaore structured. Once i was determined
that each module had the potential ta fit within the conztraints, a mare detailed mechanical
approdch to cach module was necessary. Different gear arrangements were briefly investigated Lo

determine the best approach for design.

Chapter 5 covers the mechanics associated with cach maodule discussed within the conceptual
desizn and brings 4 solid structure tooa 550 rabot.
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5. Mechanical Design

Figuie 5.1: 551 Robot and Cover

In S5L, Lhe space reguirements to which the roboat must confasm created difficully whieh filtered
down 1o each component and module. Figure 5.1 is a fully assembled S5L rabot with the cover
placed on the left of it. The clearance between the cover and the maximum permissible size 15 less
than mm. Figure 5.2 is a coversd 550 robe ready lor aparation

Fipure %.2; Covered 550 Robot
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lhe robot design was forussed on complete madularity such that any piece could be removed and

replaced withio Lhe interval of 10 minute between halves. Tigure 5.3 15 an exploded view of the

madules created which make up a S50 Hobot.

Kicking
- Electronics
Module

Controlling
Electronics

Battery

Locomotion
Assembly

Base and
Sclenoids

Figure 5 3: 450 Final Design [Exploded Vview)

Fusebeoard

Dribbles

Each of these discrate systems is broken down In more designed dotail in the following pago:s
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5.1 Base and Solenoids
The hase is the backbone of the robo and was the essential foundation for all the other modules
Size canstraing prevented the solenocids from heing discrete modules that sorewed anto the base,
The indwidual pieces were slotted intg cutaway grooves an the base, These components age the
merst dithicult to remove if neceszary, Flgure 5.4 shows the components thal make up the complete
structure of this secticon,

Sclenoid Tap
Bracket

Kicking
Solenoid

Solenoid Bottom

Brackets
Kicker Guides

Figure 5 4: Base and Solenoids {Fxploded View]

5.1.1 Kicking Solenoid
The solendaid design was used from a provious final year praject presented by David | wabona [54]
Figure 4.5 shows the timal kicking solenoid exposed without wire. Modificaticns to the kicking
strength resulted in the salenaid self dostructing in “dry” fires due to the increase in foree when

using the ariginal model created by Mr Dwabona,

Pape | 39



[SMALL SIZF LEAGUE ROBOT!

Fpure 5.5: Mam Kicking solenoid wathout wire [Exploded View)

. -‘----_\_' -“- .
a— Kicker

Shield Top

The ariginal design incorpo-ated a thread on the kicke- piece screwing into the core, As the threac
was created from the sotter shaft material, the thread was not capable of supparting the tensile
lorces during the arresting of the bar, Figure 5.6 shows three tests created t determine which

section of the pleces needed to modified. The first test with the simple bolt prompted that a new

design was necessarny.

Simple Bolt
Nz Madification

Yimple Bolt
One Maodificition

super-glue

£

Point o

Failure

Figure 5.6: Snlenoid balt breakages

Full Assembly
One Modilicalisn
super-glue
2 separaze tailures

Fainss af

Falure

The secand test was aimed at determining the additional strength required. Superglue was placed in
Lhe thread and contact surfaces which had no sffect on the durability of the kicking pieces. This may
have been because superglue is brittle and cannet sastain shock loads. The thire of sipnificance was
aimed at determining whether any ather portion of the shaft needed madification. It became
evicent thit the shall diameter cannot be reduced close to the kicking paddle as the momentum of
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the aluminium paddle placed additicnal stress on the shaft pieces which would wear after several

kick oycles,

Ihe designwas modificd to incorparate an M4 threaded bolt between the shaft and core pieces
where the pieces woere separating, This stud provided a more secure connection between the 2
pieces. Additionally the shaft piece diarmeter was not reduced when reaching the kicker paddle to
increase the cross sectional area, as well as the cut out in the shaft piece was rounded to reduce
stress loading which can e scen in Figure 5.5 on the previows page.

Cifferent gauge wire was wrapped around the core to determine an eptimal wire gauge, This is
discussed in the Testing Section. A fully wired core i shown in Tigure 5.7.

Fipure 5.7 Colled solenoid used in the kicker

The final module befare being placed onto the base is shown in Figure 5.8, The solenoid baolt resets
fram the rear spring. The optimal length of magnetic portion of the solenoid balt was caloulated by
M1 Lwahona in hes final year project. The ratios between the inner core and shaft lengths were
changed to compare thearetical and practical results, with negligllbie differences in final kicking

spEed.

Figure 5.8: Klcking Sokeroid off the base
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512 Chipper
The chipper solenoid design was used from a previous undergraduate projert presentad by David
Lwabona (545 A 4lat solenaid was implemented far chip kicking, Wire was coiled around the chip
bady ilems and inserted inla Lhe base. Figura 5.9 shows the 4 components that make up the chipper
solanoid.

Chipper
Body 2

Flat
Core

Flat

Chipper ‘

Body

Figure 5.9: Chipper sobenoid (Exploded View)

5.2 Dribbler
The dribblar section was designad in 2011 by David Lwabona shortly atter handing in his final yaar
project. The assembled rompanents in Figure 5.10 are hingad to the base to absorbh impact from any
ball, This saction woauld be connected to the halding brackats which are sprung forward to provide
resistance 10 slow incoming balls,

Figure 3.10; Swinging Drikbler components
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Figure 5.11 indicates the pieces reguired far this module to correctly function.

Dlrn perStang
Damper Stard

Dr:hhllrMntnr
' Drilabler Bracket
Swing Arm p S
ator
‘ ‘Driver Pulley
Eh1p

s hip Stop
Sy Swang

Swing

Pin

[ -] Stop

Flgure 5.11; Dribbler module (Exploded Yiew)

The initial assembly far an operational dribbler reguires: the motar, driver pulay, drive belt,
hrackats, swing arms, backspin bar and bearings which can be s2en in Figure 5.12,

Figure 5.12; Basic Dnibbler Assembly
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The front view of the robot without chipper can be seen in Fizure 5,13 below.

Figure 5.13: 55L Robot Front Close up view of Dribbier Aszsembly

5.3 Locometion Assembly
The linal design incorporated a spur gear design over the hevel goar design because of the reasons
listed in Table 5.1

Table 5.1: Different Gearing Comparison

Spur Gear Bevel Gear
Lower Centre of Gravity Hizher Centre of Grawity
Cheaper Mare Lrpansive
Maore compact Less comparct

The now dosign was improved by removing the idler gear and madifying the gear ratio. This
modification optimized space by creating different motor brackets for the front and back. The final
lgcomotion assembly secured to the base can be seenin Figure 5,14,
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Figure 5.14 Locomation Test Assembly

5.3.1 Onmni-wheel Assemhbly
The reason for an S50 Robot's agility was due to the use of omni-wheels. An omni-wheel is 2 whee|
that provides grip far locomation in one direction, while allowing for slip in a different direction to
allow for full planar and rotational motion.

The exploded assembly of an omni-wheel can be seen in Figure 5.15. Each piece is clearly visible
excluding the faur M3 x 12mm CH screws which secure the whole amni-wheel assembly. The
camponents required ta make an omni-wheel were 2% 494 ball bearings, Lx 0.BM L0T spur gear, 2x
half wheels, 24x mini wheel with O rings.

Page | 45



[SMALL SIZE LEAGUE ROBOT]| m

494 Bearing

0.8M
S0T Gear

Half Wheel

Half Wheel

Figure 5.1%: Omni-wheel |Exploded Yiew]

The half wheels were created symmetrically to reduce component variaticn which reduced
machining tme, and allowed less spare components to be needed. The CHC mill was essential for
milling the mini whesl shatt holes visible in Figure 516

Figure 5.16 Half Wheel Component (CALY)

The minl wheels were machined cut of briass hecause it praovided lesz friction between The
aluminium halt wheels, An additional benefit of using brass is that it would be easier ta machine to
tulerance ralther than plastic,
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Figure 5,17 Brass mini-wheel without an O-Ring [Left} Drawing showing sizes in mm [Right}

 Rings were added onta each mini-wheel ta pravide hetter traction on the playing surface, The
onmi-whees required 1he tightest tolerances throughout the robat becausze any error in the shaft
zlots far the halt wheals would result in greater play or no play Tor rotation of the mini-wheels.
Fizure 5,18 shows the camponents ta create the amni-wheel assembly

: y

| _
e

Bl o

Flgure 5.18; Omai-wheel assembly

The gears were soacifically selected from a KIK catalogue and modifisd to reduce the weight, locate
a bearing and act a3 the nut tor M3 = 12mm cheese head balts. The final assembled cmai-whool can
he seen in Figure 5.19 balaw,

Figure 5.19%: Assembied ormni-whesd
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The amni-wheels were securet anto separate steel shafts az a precaution to protect the motars in
the event of inevitable impacts the wheels would receive from balls ar passible rabot impact Figure
L. 2005 @ cross section of the wheel fitting onto a tixed shaft cn the front assembly, The size of the
new external sear roguired d slot fo be cut inta the base The slat for the gear wias not cut through in
an attempt toominimize the fibres trom the ficld getting caught in the rotating sections of the robat,

\

dmm Internal Circig

dmm stecl wheael
shaft

M3 thread an
spuUr gear

Gear slotted into base

Figure 5,20 Omni-wheel placement {Cross Section]
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5.3.2 Front Assembly
The front bracket shonin it Figure 5.21 the maotor s placed on the gear centre distance adjacent to
1he wheel The Front wheel assembly was mirrored on cach side with a bracke! used to connact 1he
frant wheel assemblies and stiffen the chassis. This bracket was the flooring for the battery which s
pasily slotted, The battery was secured with an elastic band for quick replacement,

FCas Motor

Front Motor
Brack=t

Wheel Shaft

0.2M
25T Gear

Omni-wheel

Figure 5.21: Front Motor Mount [Lxploded View)

The front drive unil motors were lowered oy machining away from 1he frant of the rooot as much as
possible. Cut outs were made to the base in arder 10 accommodate for the new motaor lncations. The
motar {red) in Figure 5.22 can be seen Intersecting with the base structure, and thus a weight saving
cut out was placed at 1he same Ipcation,

Figure 5.22: Front Motof Drive Unit [Cross Section}
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The addilional space in the front was needed for the ball control maodule, Figure 523 is an overhead
view of the space created by offsetting the front metors 1his horizontal angle of gear centre
distance could not be dane on the rear motors g5 the space reguired overlaps wilh the fronl malors,
[ e motors for the rear needed 1o be localed inoa differenl manner to the fronl motars and a hybrid
desipn was crealet.

Figure 5.23: Front Maotor Assembly (Top View] altowing space tor the Ball Control Module

Lidd Hear Assembly
Az staled earlier, the rear motors could not be placed at the same gear centre distance ac the frant
mator withowt clashing. The solution was Lo have Lhe motar sit vertically above the gear pair. The
rear motar madules can be seen in Figure 524 and Fgure 5 25, The raised height of the motars at
the: back created additional space for the kicking selenod.

ECA5 Motor

.50

IET Gear Roar Motor

Bracket

Wheel Shaft
Cmni-wheel

e
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Figure 5.24; Rear motor mount from front (Exploded Yiew)

Figure 5.25: Rear motor mount from sear [Exploded View]

The motor brackets aliow for front and rear wheel modules to be assembled before mounting to the
base. An assembly of the rear motor mount can be seen in Figure 526 without an omini-wheel.

Figure 5.26; Rear motor bracket
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The motars and wheel shafts fit into the motar brackets and are secured with B3 x B OF5% screws,
Figura 527 shows the cut outs in each of the brackets for the motors and the wheel shafts, If the
Brackets did not incorporate the cut auts, the motars would have internat conflicts with the kicking
salenaid.

Figure 5.27: Sobidwarks Render af the matoe rackets [Rear View)

& Tront and rear motar bracke: are shown in Figure 328 below, The motor and shaft cut outs were
vsed to locate the motor and shaf respectively.

Figura 5.28: Front and rear motor bracket with whecl shaft
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5.4 Mounting of Controlling Electronics
The cantrol for the robat was zoverned by a cluster of five Freescale HCSOSGMUCOS0DEGTLEA
microcontrallers shown in Figure 5.29. Fach microcontroller operates on an individual Maotar Control
Board [MCB) which is discussed in Chapter 6.

figdre 5.2 Contralling Electronics Module

The controlling electranics fit completely anio the front cover. This created the possibility for amy/all
of the boards to be easily replaced if necessary, The wiring required to operate the 551 robot was
kep! toa minimum to allew Tor easy connecticn and simple wiring, This was alse achieved by a
comrnon bus connection on the MIB. Figure 530 shows the location of each motor specific board

placed an the robot,
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Maotor Controlier
Board [Top Right)

Attachahle
Wireless board

Motor Controller

o Matar Controlle
Board (Back Left) oner

Board {Master)

Maotor Controller

- . Maotor Controller
Board (Back Right)

Board (Top Left}

Figure 5.30: Controlling Electranics for a 550 Robot [Exploded View)

The Attachable wire.ess baard is the communication link between The hast PC and the Master MCE.
Data was transmitted to the Master MCB Lhrough an UART protocol from the attachable wireless

board which was de<:gned to be placed on the tap of the <tack
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5.5 Mounting ol Kicking Elcctronics Module
The kicking modules compnse of anything that preduces or cantains a high veltage ather than the
salenoids. Thiz system shown in Figure 5.31 was required te be medular to reduce the danger
associated with the robot. All efferts wera made 10 ensure this module was kept safe from the rest
of the robot,

Fipure 5.31; Kicking Moduic

The capacitors are physically too bip to fit on the Kickerboard itself and were externally wired in
parallel to the Kickerboard. Figure 5.32 shows the espleded laycut of compenents and the mounting
brackets. The Kicker Bracket allowed the Kickerbaard FCB to bie removed from the capacitar maodule
if necessary.

Capacitors

Kicker Bracket
Kickerboard

Back Cover

Figure 5.32: Capacitors and Kickerboard module (Exploded view)
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The external winng for the capacitors presented exposed high veltage wires, Silicon scalant was
tested at 400V DC to determing whether it could porform as an insulatar and shield the exposed
wires. The sealant provided pood insulation and was used (or all high voltage exposed wires.

As high valtage could potentially be present afier the board power has been remaved, additional
fiwed components were added to ensure the capacitors wauld return to a safc known state. This was
dane with the relay and resistors shown in Mgure 5.33 and explained furi her in Chapter B

Figure 5,33 Capaator Discharge Modulo
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5.6 Cover
The 550 cover was respansible for protection of all components within the robot. The cover was also
used to canfarm to the shape reguirements in the 550 rules, The final cover was formed with tibre
glazs using a female mould to ensure a quality finish on the outward facing side and painted klack in
accordance to the rules in 551, Figure 534 is a completed cover o 3 851 Rabot on the field.

Figure 5.34: Completed 5351 Cover

5.6.1 Mould Construction
A4 picce mould was used to create the cover, This was necded to onsure the cover could be easily
remaved fram the mould after construction. The mauld was constructed out of Supawood, as it was
cost effective and strong enough to hold =hape after machining. The four parts of the mould are
shown in Figure 5.25.

Side
Panel

Top Plate
S5ide

Fanel

Front Panel

Figure 5.35: Mould Assembly [Exploded)
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5611 Constructinon of the side paaels of the mould
The height of a completed side panel was 160mm comprising of 8 layers of 20mm Supawood. The
Side Panels are constructed using a stack of identical picces as no machining tool could plunge
vertically deep enough to construct the cambined piece.

lhe individual pieces were glued into pairs to reduce the number of parts and machining time. Threp
Grnrn holes were drilled to locate the parts during moulding, construction and machining. 1he

proparation of the Supawood bofore boing cut oot can be secnin Figure 536,

Figure 5. 36: Mould side panets befare machining

After the paired blocks were secured, they were milled using the CMC Milling machine (Figure 5.37)

Figure 5.37: Mould side panel in the pracess aof machining

after 4 pairs were machined, they woere securely glued and secored wsing the location hales. A single
side panel can be seenin Figure 538 Two side pancls were croated to produce the shape necessary
for the cover.

Figure 5.38; Mould side panel
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5.6.1.2 Top Plate of the mould
The Top plate is used to locate all other pieces on the mould, It has an additional circular boss to
provide spacing far a washer far securing the cover anto the S50 Robot, Figure 5,39 shaws the
circular boss and the lacatian holes for the side pancls during the machining process,

Figure 5.3%: Mould top plate being machined

5.6.1.3 Front Panel of the mould
The front panel was a piece of square material high enaugh to be taller than the final part. Curing
the moulding pracess, all pieces are screwed together to ensure a tight fit

After the fibre has been moulded, the cover has nat bean cut ta the correct height. The first cover

part is shown in Figure 5.40.

Figure 5.407 551 Cower made using the mauld

The additional fibreglass was measured, and black tape was placed on the cutting seam. The tape

was placed to reduce fraying from cutting.
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Figure 541 shows the final black cover with the top securing indent visible. The final covers have the

ability 1o take a full impact kick from UCT s solencid kickers with no visible damage and still conform
to the size and shape reguirements in the rules,

Flgure 5.41: Frnal S5L cover

5.7  Summary

Thiz chapter has dealt with the design behind Lhe mechanical systerns that corbine Lo produce a 350
ratat, Structure was fermed around the four modules discusced in earlier chaplers.

The mechanical desizn can be summarized as Tollows. The design began fram a well known problem
and strict space constraints an every madule. Once a subsystern was capahble of fitting into the
allocated space preliminary testing was conducted to determine whether a revision was required.
After each system passed basic assessrent, foous was placed on integrating all subsystems to create
a full 550 robot.
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6. Electrical Design

A small Size League (5500 robot required many electrical modules [or il te function in competition,
These individual madules could be dasignad into anintegrated S50 rebot board ar could be built ina
discrete manner for augmentation and individual testing, The more experienced teams develop
camplele integrated boards for their rabots, Teams with minimal experience opt for a niodular
approach to reduce the cost of g single laull. Because thiy was the first time UCT built a complete
system, the design of Theie modules were constructed in a discrete manner on Printed Circuit
Boards (PCRY. Some PCB contain multiple hundred components each and was described interms of
their functional modules rather than their components. Fach green block in Figure 6.1 was a PCLE on
a 550 robat. Allof the PCE excluding the Oribkier Mator Cantralier were designed and built far this
thesis,

P38

"

{ifT]

Switck

i)

art

Ltsd

iNC) | i .

II |

| kick | chip
ESuIrrlnid Sr o Hnigin

Figure 6.1: Wiring diagram for a 550 robot

L LD Erachzr [raneiwy Hirgr: o

The battery chosen to operate |he LUCT S50 robot was a Hyperien 65 250 2500mAh shown in Figure
6.7 on the lollowing page. The nominal voltage for this pack is 22.2 W however a battery does not
have a fixed vollage. The | iPo battery voltage was in the range of 25.2 v — 18 and all circuitry
reeded to be capakle of operating acrass the full range of voltages. A higher voltage battery should
also improve kick charging times. Additionally selecting higher voltage mators would provide mose
torgue than lower voltage counterparts and =hould have a lower output speed and require less

gearing.
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per Fai'e

CX G' LiPo Fon
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cilpayon 57223V

Figure 6.2: UCT 55L Aobat Balttery

As the battery voltage varies, the nominal voltage will be considered unless the worst case values
are neeted,

& description of cach PCB including design parameters, modules, schematic, construction, revision
modificalions and final function are described in detail in this chapter. This document provides Lhe
information nocessary to use the MCB created for 851, purposes.
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6.1 Motor Control Board

Figure 6.3: Motar Control Board

6.1.1 Desipn Parameters
The Mator Cantrol Board (MCEB] was designed to provide overall control and speed control for an 550
robiol. Additional requirements placed an theose boards were to be a generic platfarm to allow
multiple projectz within tne lab to have a simple integrated hoard that could function as 3 high leval
motor controller,

0ni1.1.1 Mrexon Motor Control
The fundamental purpose of the MCB was 1o contral a motor, and specifically Maxon motors which
the RARL was currently using far projects. The Maxon motars usec by UCT RARL had similar
contraelling wires namely speed, direction, and feedback. Depending an motor the analngue speed
voltage varies trom 0 — 108 W or 0 =5 Y. The mators with intograted controllers aperate off the
highor 10,8V while the external cantrollors operate off 9V logic The airection cantrol is a digital
input of 8% for both controller types. The feedback wire pravides a pulse train of & pulses of 54 per
revalution on the motor shaft.

6.1.1.2 551 Operation
Onan 55l robal the board worked in conjunction with 4 other cantroller boards. Fach board can
operate an an |'C bus, and has both BART lines available for communication with external
poripherals. an onboard dueal 8 bit DAC connected to a LM25E butior allows far a possibility of 1w
Maxon moters to be controlled, General digital I/0 gins are available for cutputs such as motor
direction as well as analogue inputs far battery manitoring.
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The critical specifications for 551 are briefly identified in Table 6.1.

Table 6.1' Design Parameters for the MCE

Specification . Justification _ e
Operate oft a minimum supply of 25.2 The rogbot battery hat a nominal voltage of 252V
Receive LART communication from another " The boards are an interface for low level devices
SOUrCD ; A to connect toa PLor higher level system.
Pessibility to Control multiple other modules Each MCB was required to operate multiple
(Motar(s), Kicker Board, Dribbler) (More [0 other deyices,
available than necessary} .
Small in size Easily fit into any applicatian
Communicate to similar devices Multiple boards working together

612 IPossible Funcrionality

This bpard is confipurable for most molar controller applications. The board cannal drive the molaor
power directly although it has sufficient control and communication to work as a high level dovice,
The cantrollor is a Mrerscale HOS08GMOIS0EGT 164 which could be programmed with 4
programming Rackground Debug Module (BN Additional modules were placed on the MOE Lo
create s mose versatile controlling platfarm. The meost significant addition for 551 was the stackable
connectors for Power, Reset and £'C lines. |he stackable connectors removed the need for a 5 wire
bus being connected to each MOB. The typical voltages and currents during opertaion are displayed
in Table 6.2 along with juslifications behind those expected values.

Table 6.2: Expected Operational VYaltages and Corrent for the BCE

__Useful Infermation o I ;‘
Factor o L Value Limiting Factor
Supply Volrage 154 30V LP317 + LM35E Maximum
Supply Voltage
Expected Idle current : 13-20mA  LED and supporting electronics

The final function of the MUCB varies depending on which functicn it will pperate when on the 550
rabat, In the fdoster positian, Data will arrive on the UART hine. Thr Data will be of the farm robsotid),
magaitude, aagle, ratatisn, Hemesut, controlByte and Checksum, This is discussed further in Chapter
7 relating to Software. Once the MOR has calculaled reguired actions, the information is sent
through the I°C bus to the ather MCE to initiate locomotion,
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h.1.3 Modules
Figure 6.4 is a layout of the modules that make up the MCB wilh each block located where the
module woukl be when viewing the board from above,
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Fizure 6.4: Simplified Madular Schematic of the Motor Control Board

Not cvery madule/component was needed lor 551, board components that are not necessary wore
not populated in arder 1o save on uniz pricing. Figure 6.5 shows a MUB that was used in a functional
robot.

Figure 6.5: Motor Control Board used on a S5Lrobot

1.4 Schematic
The full schemat ¢ of the MCB is shown below in Figure 6.6. Each of the Individual blocks in the
module section above is cxplainod in tull detal,
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h.1.4.7 Level Shifter and Diode Clamp
The expected analogue input voltage would be greater than 3.3 W and thus could destray the GT164
on the board. This module uses a voltage divider to reduce the input signal magnitude. If the signal is
still greater than 3.3 WV ar less than 0V the diodes will conduct to ensure the output of this module
does not excesad the safe range for the 1168, The current configuration in Figure .7 below a Y -
5V signal is expercted on the input side.

Figure §.7: Anatogue Voltage Protection Circuitny

6.1.4.2 FART Communication
RS-232 is a camman communication protocol. Aninterface 1€ called the MAX3232 was reguired to
convert T1L logictrom the G1164A to the logic levels tor RS-232, Figure 6.8 s the regquired setup for
this IC, The IC also requires a v, and V., which are 3V and OV respectively,

£ : |__._.- —_—
=

S .

Figure 4.8: MAX3I232 and required companents far operatian
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6.1.4.3 SV nan-tnverfing huffer
The nan-inverting buffer (FAHCT125} is a guad non-inverting TTL cormpatible 5 W buffer which
operates aff 5V, Thi= wasz eszential for canverting 3.3 % logic to buffered 5 % logic for the Maxan
Motors. Ngurs 6.9 i= a single buffer for the guad package.

Fipure 6.9: & Singfe BuFfer of the 74HCT125 iC

f.f.4.4 Bual & bit DAC + Analague Guiput Varviable Gain Buffer
The DAC chip was a FW¥M2219 which receives information from the 5P lines on the GT16A The DAC
can operate on both 3.3 % and 5 V. The GT16A aperates off 3.3 W and the DAC was forced to operate
an the same supply far 5Pl communicatian logic levels. The Maxan motors which operate off an
analogue voltage reguire the signal to be inthe range of 0 108 % The LAVI5E takes the D—3.3 W
signal and amplifies itto 0- 108 V. The resistars providing the non-inverting gain could be replaced
allowing the board to provide an analogue speed voltage tor different motors in the BARL [igure
£ 10 shown i the schematic for the BAC with analogus gains on the output stage.

A

I
|
AW

Figure 6.10: Deal 8 Bit DAC with an LM35E for additeanal modifiable gain
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f.l.4.5 Wide Range Power Supggly

ucT 2013

An 551 Robat operated aff a 252V battery and for this board to remain generic it woutd need to be
capable of operating off a wide supply range. Figure 611 below show the voltage rogulators an cach
PCE, This allows a board to operate on a voltage from 14 V- 30V The capacitors are placed

physically close to all 105 on the MCE,

LN

:

T

>
R

i
l
g

e
ol |

Figure 6.11: The Power Regulation for the MCB

6.1.4.6 L Communication skack

T

.

b

Eol

The communication stack was responsible for minimizing the wiring on the S50 robots. Earlier
vorsions of the MOB used wires as the bus, The stackable connector allows each board to have a
commuon bus of power, I°C and Resct without any wires as the boards can be stacked on top of each

ather. Figure 6.12 shows the connection an the stackable pins.

A

11 &

rrpinas i iy
-

|

| | |
gl |Ee & | &l

=€ LF

i @)
.

Figure 6.12: Stackable Connection Bus used on the MCE
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6.1.5 Board i ayout

Anacrurate diggram is given below in Fipgure 6,14 All measurements are in millimetres and the

conoectars and pin numbering are explained in Table & 4 on the following page.

Figure 6.13: Motaor Contral Board Layouw! Diagram
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Table &.3: Motor Control Board Pin Layout

&
Input / e Pin Pin
Py Description Pin Use Connector
Output no. | Mame
- : 3 1 2 Rercsive Line 1 oo the GTI64 [PTEL)
R5232 is 4 serigs ol slandards ‘or seral
comim.e nication batwee~ davices, An 2 [x1 Transier Ling 1 onthe GT1eA [PTED) p c
y . ILO-C AL
R&232 onbog d MAXI232 conve s thie - v, .
§ : 3 Rwd Receive L ~= 2 on the GT16A (PTC1) i~
stancrrdised RS232 agic 1o 3.2V TTL : el P
logic for the G11£4, d Te2 Trans’er Ling 2 on t=¢ GT16A P ILY)
5 GKD Referencs
Th= AR on the 311588, co~varts a ! £DCLIN Analog_e 1~out 1 {>TBS|
- & 17 au i
vollage “ang2e ol J-3¥ 10 J- 2558 Rit) °E i
o° 0 - 10241 1C Bit:. Sore Vo tapes 2 ADC2'N Analog..e npur 2 {3TRG)
AD: may be hig-e- the~ 3.3V, deca.se of Pico-clzso 3
' this she protectio- bu ILe~lo the =l
90are wen ronfigure: correcr y 3 | ARC3IN Analog. Inout 3 |21B/}
Iwaltape chvicer| allows “or any
posizive voltage.
. _ Mozor Sain Direct on (5 Y Bullerad -
il Mirection o = :
: CarnAl PTRI ConnB: PT22)
" The h"I:.KFJhé rI'I.L.1|..{_'I i:d-c:_-f e o .-EELEd 3" Efiect Serror fanoback . .
0“ srar Tt T“r "5“:‘:": LU'J-'_”E':[_U“ Lud 2 Monilor | (Prolected: Voltage Divider Conna: | D'€9°C1as2 2
i o . - ; o
Uzl reslrol spee <‘ ange rl_rr.-r-T an &n PIGC Zon~B: PTO3) P
moniter spEec, . Vollsge Soced G- LOaV
. naopue Yollsge Speed 0= 1)
3 Spead = ;
Py i53 1o NAC)
1 aND Reterance
3 IRe Common Rexel throughous: Lhe Stack
r . The connecios allow for a comron eset RETY
12515 Pin RS CoRrA] S s el wirad il Mico-clgso 5
ro=~ectori e b el w e DL 3 aNA I2{ Cata Linz (PTH.2} ain
to -he S-ack Co~-
] SCL 12C C ock Lineg IPTCL)
5 Y+ U-rezulates Power
1 Gmo Re’erence
12044 Pl Tha connecios allow Iur“a EOrmrnan 2 574 120 Rata Line (PT2) Pito-cliys 2
PR bius connection wh.chis &' ractly wired = s — .
L E ] to he Seack Son- 3 5CL 120 Coocle Ling (PTCH) pn
4 W L-regulated Powar
1 i LImregulates Power
i ; , ) 3
Stack Co=nis the conneclors Lhal - SDA 12C Dala Line (PTC2) ‘*3r: i
Stack Con~ a0w Lhe doard’s Lo be wiecked and 3 Xal 120 T o< Line (PTCS -1‘;;”
T s~ars a comm. ~icatios wilhoul the
o+ . 4 GNRD Re“e=nce 2x2 Min
aeC for wiring
i Comnrnon Resef shroughiou: the Stack Heacer
3 TRavsl neT
‘RST)
1 | PTG3_5Y | Caution: Sharcd with MAXON pins
2 BTDL PTL1
Digial /0 Adgitional 170 pins fo- config rable 3 ITnA Pibs 2%3 Min
w Analicatons g PICE 5V B ffered (PTDE) Feade-
5 GMNE Referance
[> GRD Referance
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6.2 S50 Kickerboard

Figure .14 Final version of the Kickerboard usod in 550

WARNING

Rpfore sirg this hoard, undesstgqn that it can gererate High GC voltages are 2ar store [a7g0 amau rts of ceergy. Jnder
cebain conditioas car shock or plectrocute énindividual. fthis hoard is heing uzed for b gh voltapes Lse oetrene cautionr,

2.1 Design Parameters
lhe Kickerboard shown in Figure 6.14 is a charge pump and the backbone to any electrical kicking in
S5L. The board was required to operate off an gnregulated battery voltage and charge external
capacilors to a fixed veltage by means of a charge pump. Ay the energy stored in the capacitors iy
similar to the petential of a defibrillater, safety features and indicators were essential to provida
warning and protection without hindering the tull potential of the device. Farlier revisians of the
kickerbkoard included total failure, electrically too noisy, over-heating and insufficient safety
respeclively.

Table 5.4 details the list of specifications for the Kickerboard. The design parameters were forced to
be more generic a3 Stellenbesch University had reguested to use this PCB for their S50 team.
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Takle 6.4: Design Parameters for the Kickerboard

Specification

Justification

Operate off a supply of 11 VDC 1o 30 VDC
Operate as a discrete module.

Possibility to be controllad by an external sourcp.

The robot battery has a nominal voltage of 22,2V
The Kickerboard can be tested off robot, with ng
additional tircuitry. G _

The dezign is intended to be incorporated with a
controlling MCE.

Small in size

Easily fit inta ary application

Commugicate to simias doevices
Store hiph voltape potential energy

fultiple boards working together

Lower wvoltages will not generate the currents
required through the solsnoid

 Lapable of discharging that energy in 20 ms

The kick duration will be in the range of 10ms |

Fecharge 1o a high energy state guickly

After a kick, the :—*nerg;f stored is reduced and
needs to be recoverced

The Kickerboard can generate a high potential voltaze that can be driven through a device on an

interval basis; High power in hort barsts. Table 6.5 specifies saome vseful information when

operating the Kickerboard.,

Table 6.5: Operating specifications for the Kickerboard

_ Useful Infn_r_r'niéf_ign

Factor Value Limiting Factor

Supply Yoltage 10V -30W LW 358 Maximum Supply
Vgltage |

E};;_}-__::c_ufed__ldle current o i _ A0mMA

Lowest Becemmended 14 kHz - 23 W supply Charging Current (1.5 A) -

Charging Fregquoncy { kHz — 12 W supply Inductos + Chasging IGBT
Temperature |

“The charging inductor has no series resistance other than its parasitic companent, This means if the

chasging is not stopped, itwill short out the suppby.

iCuty Cyele Dependant  During Testing: 50%)

Fage | 73



h.2.2 Preliminary Testing
Before attempting a PCB. a circuit was develaped and 1est1ed. it was initially constructed on
veraboard. The protolype baard performed suitably at charge timoes inthe order of abaut 30 s which
was not sultable for 551, The prototype provided a proof of corcept showe in Figure .15, and a
maore robust PCB was constructed

Figure 6.15: Kickerboard Prototy pe constructed as a proof of concept

623 Modules
Understanding the final Kickerboard modules is simaler if cach module is cansidered individually and
understaond as an element before considering the circuit in its entirety. Figure 616 is a complete
layout of all modules that make up a Kickerboard

|
Ext Kicking Ext Chipping
Pawer solernid Solenaid
Carnection Cannection Conneclian
6.2.4.2} (6.2.4.2)

lumpers:
CLE SEL
LVL _SEL
(6.2.4.E}

Figure B.16: Simplified Modular Sehematic of the Kickerboard

Page 74
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624 Schematic
The full schematic of the Kickerboard can be seen in below.

e g S e . _a_ R

.l 1 T "f -i ‘T §
_ 9% |+§ _
-_r;:ﬂf%}_._“_

Figure 6.17: Kickerbeoard [Fult Schematic]
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6.2.4.3 Switching Osciflator
A PWh signal was generated using a TL494, This |C was chosen based on the requirement of a wide
supply voltage of 10% - 30 %, The 3 key features are Lhe two potentiometers far contralling
frequency and duty oycle and the tramsistor which shuts down the PW M, The frequency and duty
cycle contral are directly related to charging time af capacitars and current through the charging
devices. The transistar seems redundant because there are enable pins lurther on in contralling
circuitry, howewver this fs crucial in ensuring a single charging cycle is not clipped short which is
discussed on page 79

1k \ i 5 A My
|
ﬁ = ’___'_"__"_! i Py
* i1E | Ii 3
l ==
£ = e
s . I ¥ g
. Lot - “
=z | L, ok
"
Gt 1 * i .
g _
:IE T I. 5 .
. AW lr. dg {;ﬂw.- + £ +
b
#
Figure 5,20 Switching Qscillater on the kickerboard
6244 Switching IGBT

The IGBTs on the Rickerboard are all handling large currents for their respective size. If the
Kickerhoard were operating on a slow oscillating froguency, the switching IGBT could be sinking 34,
The digital switching time lor the 1GET needs to be minimized in order to reduce the power losses
associated with swatching, & MICS020 which is a MOSFLT drver is used to convert the control signal
ter @ signal that has sufficient power ta drive the respective IGRTs.

P — J!q—*r

Figure 5,21 Charging |GBT with WIOSFET driwar
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h2.4.5 Kick/Chip IGBT
The Kick and Chip madules are identical in arrangement. The additional resistors are added to
ensure an jnput of 124 will not damage the MICS020 with an additional external resistor which can
be seenin Figure 6,22 as a pull down to reduce LM and prevent false triggering.

F
I_BJ-

Figure 6.22: 1GBT Driver for the Main Power MIETs

02,40 fumpers Sefiings
The jumpers are added far the possibility of changing the device from external control to internal
contral or visa-versa, The DACY input was assumed o be 5 %, which is converted to 3 W before the
jumper. This potential divider was added for hyateresiz, and as a result the potentiometer reguires a
bufter far consistency. The schematic is shown in Figure B.23,

[D0s

Figure f.23: lumper Configuration for LVE_SEL and Onboard CLE
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6.2.4.7 Board Safety/Charge Level Controller /System Enabile
The LM 358 is used as a comparator between the VlagSence and the CRG_LVE with hysteresis as
statod in Figure 6,25, The output from the comparator is denoted Charge Complete (£0), 1 he circuit
could nat simply be enabled or disabled, because shartening a single charge cycle caused devices to
heat up if the flvkack energy was not sufficient to push through the dicde to the external capacitors,
&z @ rosuit the charging logic was modificd 1o include the final pulse rather than shortening it which

can be secnin Figure 6.24

Otd System Maw System

Enahic Enasle
oo =171} o
P M L
I ik

Polin wickh
Fub skt Kasn Jusin '
Mazuabzn |
T | Ttk

hargs Bassaad

|
kg Pegrimd L T I

|

¥

|

|

g |_| I_I |—r - ttl l_| |_| I_!

Figure b.24; Kickerboard Resistor Transistor Logic waveforms

The logic blocks do not account far the first pulse bBeing cut short. The onboard WK was disabicd
when the board was not charging which eliminated the possibility of catching a shortened start pulse
and removed all possible accurrences of the shartened pulses.

The additional electronics are simplified trom logic bigcks and potentially inverted when converted
to resistor transistor logic which can be seenin Figure 625, Resistor transistor ingic was noceossary
pecause of the wide supply valtage required and the noise produced Iy the circuit during operation

cawsed taiiure with logic 105,

%

=
>
%
I

—

AR L
s R C W ! -
5 | 3 et e L 3

_-_-—4>Lm f, e

Figure 6.25: Resistor Transistar Logic for the Kickerboard
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6.2.5

h.2.5.1 Start-Up

Recommended Start-Up and Operating Procedure

Follow the instructions below in order to test the board. This should give one some insight as to how
to wse this system effectively. Please read thraugh the fnstructions cam pletely at least once betore

atternpting 1o use the board.

Prucedure

Reasoning/Ex per_TtatEns.

Imzure CHU 0¥ s floaling
{left disconnected)

Iesure Clock Select jurper s connected in the
Exte-nal configural o,

Defauls valic is ~igh, whicr s disabled.

Uaon starl-up, 4 cloc« o- logic Mgh is reccired to prevent the logic “rom
[atchi~z an.

Conrect the EXT CLK Loino.l power

T="s will lazch the cleck hig= o mart up anc Bnsurs nc- chargi=a

Ensure the Findl _evel Voliaoss is a=ing
acrmacenty montores WiapSenag)

T='swill ensure ane <nows weoen the system becomes dsﬂ&Ef cus and
ens.oes you can doo anything i* it begins charging.

Flug in Powe-

Largei~'liz cLrrenls as extena capecitors charge to corect veltage.

Wit for input current Tz oecome expecled ‘dle
Corswileh ol cystem

[l i aa L current is hig~ conti~cously — the device may be charging o shot
corcuiting somewsers, [winl 2sal most)

bezsure a- adjust the va teae of the Level
Splect ampes oo
[Lower jumper, Right side]

Graund the CRE_DNG pin

Connect the ! evel Seinet umger I~ imzer-al made. | Ensiring the boasd will disab'e cherg =2 at 1004

Initizlly acjust thiz voltage Lo sormethng low i ensire corect hoa-d
ape-aticn. (Recommend 1Y on pin —as chis s goorokimele y 100V autpur)

Trisenega'es Lme kicke- ooacd and its PWA will stars. Howewer wilh Lhe
jurnper disconnecies, the (GET wi'l nol activate, [Tis running czing toe
EXT_CLKE with no PAWYS signal

| Mens. e the ou Lputl PWHA -:.;..'a'-.re[urm o the
inter-al cleck on jumper o'-s.

Medify the Internal Dscillator to a suitas & hish recuency to ensue low®

correnl charging = itialy. The crarging froce cney is desendeLan supply
volzage. *Rule of thumb : frequancy = 1000*5upply Voltage,

Lisconnectec t~e CRGGIY and arsureitis left
: Flealing

Oefaull value is h'ph, which s disablog.

Connecl Lhe Sleck Seleet Juroer - inzernal mode | |

CGMDthe CRGE DN pin

Ens.ting the boward will I:|'|dr‘§-1E' slow yowhen enaxed.
Erisbles the boasd w0 charge to the selectod Vo tage with the welecled © ock
(Sct to a low output voltage and a slow charge frequency)

The hnard should stop at the desired output voltage and then can be used inthe desired way,
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6.2.5.2 Operating Guidelines

Do not chanpge the fevel Select Voltage when the system is maintaining a charged voltape:

The final output voltage vaes a camparatar with hyslaresic, If the capacitors are hatding a charge,
the charge level will be on the lower threshold and not the actual value, If you increase the
threshold to greater than the current charge vialue, the threshaold will jurmp higher which is
undesirable. & rule, onsure you are only changing the charge level when the capacitors have heen

discharged first.

Understand that the components that are connected to the High Voltage connectors are at charge

voltages:

The switching system compiates the connection to GNE when completing the circuit. This means
that the selenoid will he at a high valtage when it is plugged in and must be considercd dangerous at

all times,
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6.2.6 Board Layout
| ?g r—]
e
= r—[[r- 3| [ e g r—a

T
15E
' P o
o

W

g O ol

MICIO30 M1
w3
1

P_*:I P;_q R ":} tvi

TR £
I

|
™|

Figure 6.2e: Kickerboard Layout Diagram

The Kickerboard has the possibility of hurting an individual because ot the high potential voltages
generated. Once the Kickerboard bas been turned an, avoid both the component and solder side of
the beard between the 2 onboard capacitors and the capacitor connectors {Cap Connj indicated on

the diagram in Figure 6.26.
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Table 6.6 Kickerboard Pin layout

FAEE| z
Input / Description Rityy B Pin Use Connector
 Output na. j Name
- Spwer conmesson for the vl GG Gro.nd SR
Toaar Kicserbogd 7 ; T FTtery VotRan Shrouded
: 7 A W Exteryzl Relay Power
R Extornzl Capaoiton con-eclon {orte 5 1 GNE — ""L’;f""'rfj""
ek bioasn - - e Ll e
E: Ht I-1!;_j,h '-.{ullc'u'.:-:
- o : 1 Kizk 'GB| IGRT Collector Mteseria 2 gi”
Kick Conn Exlernal Kicker 50 gco ¢ Canneoion = = T Shronded
I ~ & h}," s laigh Waltaze i ]
o . i , . K Cp iaRT 1587 Col'ootor Paceniv 2 pis
Chig Core | Tesernsl O pper Selencic Connection = 3 T e Pl
o 1 =N e F:‘..EI'-;-:r'IIE:‘.';ce
i Yo 5e e scaed Capacitor Voliage Lovel |
- ) 3 “hip Chip Sie-al
e Ij‘n ol |;j.;-_.,--;,r-;.| Tul A VR m.Lo lam i s N e Kk .Elg{:*.al
R [irs lar contoo I||'.§E th\n Kickerouard - CF__ETDIS il e e Bl P ow & oin
REiEmma b EXl CLK Exler-al Clockine |
! RS . ExTema Final Yolzage Level Line
_._& T en> GAaund
6.2.0.1 Dutput Pin Labels arid Explanations
VEapSense: (Output}

ViiapSense provides an analogue vollage which iz the voltage on the calernal charged capacitors
scaled down by 100,

Chip and Kick: {Input)

TTL Lagic level compatible cnabile far the kick IGBT. Onboard protection allows a high signal to he 15
Woihese inpuls require the source to drive at least 4 ma.

idle State,

Kicking State.

Loy
High:

Charge Disable: {input)

Charge Dizable [CRG 05 is TTI Logic disakle for the charge pump. Grounding this pin will enable the
cystem proviced the feve! select valtage has not been reachad. If this pin is loft disconnecteod, s
default value is 3V which i dizabied

law:  Charging state,
High: Diabkled State.
EXT_CLK: {Input]

The board can operate on either an exlernal or internal clock. To use the external cleck, ensure the
aszaciated jumper i in the correct position. The external clack source Input is inverted when it
finally reaches the charging IGET.

Page | 83



[SMALL 51ZE LEAGUE ROBOT]

DAL V- {input)

The beard can aperate on either an external ar internal final vollage level Ta use an external level,
ensure the assaciated jumper is in the correct position. The external DAC Woltage is expected fo be
between & —5%. The S % signalis reduced to 3 W on board, and then works on the same ratio as the

WapSense signal. An example of this is given below.

41w s reduced o 246 W, which will rharge to a final voltage of 2468V,

6.2.62 Jumpers
There are 2 jumpers on the Kickerbaard. The first jumper is respansible far the origin of the charging

ICET clock while the second jumper is whether the final charging voltage is referenced on the board
or off the board. The lorations of the jumpers are indicated in Cigure 6.27 helow. The internal states

for both jumpers are highlighted in yellow.

1. CLE_SEL{INT/EXT]
2. LWI_SEL [EXT/INT]

Yyl
— : o fg ] INT/LNT

NOTE: Internal and

R :
I |
External are on opposite Pot 2 @EEW““F Pot3
p

sides for each jumper. Jumpers

rigure 6,.27: The [acatior ot Jumpers on the Kickerboard

6.2.6.3 LED Indicaiors
There are 3 | EDs an the kicker hoard indicated an Figure 5.28. They were arranged in such a way
that the power LED [green] is in the middle and the 2 red LEDs are on either side. The red |ED on the

lef 15 a Danger LED. 1t will remain litwhen the capacitors are at a voltage greater than 30Y. The red
LEL: on the right is the Frobled |E12 It will remain lit when the kicker charging iz enabled.

@
LEDCL: Enzhled [Red] m

[E122: Poawer {Green)

LED3: Danger {Red] DDD- MICS020
LED3 ED1
LEDZ

Fipure 6.28: The location of LEDs on the Kicker board
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h.2.6.4 Paotentiinneters
There are 3 potentiometers on the Kickerboard located cloze to the jumpers shown on Figure 629,

]
G ke : ~
Fot 1: Duty cycle adjust Fotl

Pot 2: Freguency Adjust m =

) et
Pot 3 Level Adjust RH000; ftads

Jlumpers

Each pot has a separate function.

Figure 6.2%: The location of the potentiometers an the Kickerhoard

Diuty cycle and frequency are far madifying the internal clock duty pecle and frequency. Level adjust
will change the tinal charge voltage if the jumper s in internal mode,

il Construction
All component's names and values are placed on the silkseroon layer except 1 component. The 20
resistor s not labelled. Fizure 530 below indicates the anly cempenent not labelled on the

silkscroon.

M Reosistor. Mot label|ed.

Fipure £.30: Sitkscreen gmissian of 3 valus an the Kickerbdard
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6.3 Fusc Board

The Fuze board is 2 commen power connection area for the battery to supply power ta each
individual companent and in the possible event of a failure potentially save the equipment. The
fuses are placed inthe apen for casy accoss to any fuse that may blow apen.

6.3.1 Design Parameters
Create a common fuse platterm for each module to connect, Provide a single connector for the
battery to pawer the entire rabot.

6.3.2 Fnssilble ¥uncrinnality
This board could be used in other robots as it has a commaon battery input and multiple fused
outputs, Figure 8,31 is the schomatic of the fuse board.

633 Schematic

0

© 00000

e

) [ 1

Figure 6.31: Schematic for the Fuse Board
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6,34 Board Layoui

N - |
<X

1
b A e e
(="t PSS .}—dl.'r_\_tl

&

Figure 6.32: Fuse Board Layout Diagram

Tahle 6.7: Fuse Board pin layout

uCT 2013

p Pin : :
Description ! Pin Mame Fin Use Connector
Input / M
Output
— Power connoction 1 Wt Battory Vollage Phoenix 2
2 far Lhe Fuze Board 2 G Gronad pin shrocded
i M1 Mosor L Fower
2 M2 flator 2 Fower
i I Mator 3 Power
The Scrow Terminal [, 14 Mator 4 Power
sdi provides an easy = = c T ——— GrrEw
T. L : | connection without |~ D srodad g - Terminal 9
£rmina thia fand Tor G GM Ground tor #3-1A4 pin
connectars = Crib+t lec Cribbler and Fleclronics power
a Kicker Kickor Powe-
. GH Grocod for Kickar and Cribkler and
Electronics
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6.4 LiPo Protectdon Board

LiFo frotection board ensures o battery cannot ke damaged through excescive discharging, & low
yoltagn warning i generaled and once the hattery voltage has reached a minimum, the Board
physically disconnects the battery with the use of a relay.

6.4.1 Design Parameters
Lithiurm Polymer {Lifo) katteries are notoricus for being particularly volatile if mistreated. Ay
mistreatment includes hrating, impact and over-discharge. Flectrically speaking the only
preventative moasure is cnsuring the battory woltage daes not go below a threshold voltage,

Table &.8: Deslgn Pararmckees for the LiPo Protection Boar

specification _ Justification

Opergte ofl a wide supply range The aim was to make this board as generic as
S possible

Operate as a discrete module. Meods to function complelely independent ly

Small in size ._ _ Easily fit into any application

Progide a low upltag:detect signal Infarmation that the battery voltage is beyws

Fhysically disconnect the battery bofare any If the battery mlta;-ge dips too low, the battery

damage can be done wil’ be ruined. Presumably this is not the case it

your rakbat 1urns off.

4.2 Possible Functionality
This madule can ke used with any battery groater than 14V application using a max of 104,

6.4.3 Muodules
Figure 6,33 is a simplificd layeat of the modules that make up the LiPo Protection koard.
s Remu azed
O Swwitch rONE C'ITJ'.
{ e 164481
Bazlery Inpul B '-MIDm”Ttar'?':'
(6.4.4.1) 154 441
OFf Switch Audible
] Warnin
A I OSFET i _lE"’f
[W crnentary] i6.4.4.6) izl
[6.4.4.5! £ LED
|| Power Ot 16.4.4,13;
1G.4.4.2%

Figure 6.33:; Simplified Modular Schematic of the Lifo Protection Board
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6.4.4 Schematic
The full schematic for the LiPo protection baard can be seea in Figure 6.34,

Ui —+
< l_‘ﬁ. = ol
> [&] 3 A
-y I
-— B Ve B
- } e il ;ri
O O
| 52 .|
Q—E:‘ i i
|
L8 h
VSR T' |
|
= &d l
' 1
# { - it A P

AA

A

Figure 6.34: LiPo Protection Board (Full Schematic)
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o.4.4.7 Battery Input
The battery input is any pawer input that this circeit woeukd isolate when the voltage were
determined 1o be low.

a.4.4.2 Peower Ot
Power out is directly connected tothe battery input when the circuit is on and the battery voltage is
greater than the determined threshaold,

6.4.4.3 Reluwy(Cail}
The coil of the relay iz held an while the battery voltage is higher than the determined threshald. As
zaan as the valtage iz tao low, the signal controlling the relay is removed and the mechanical
contacts open disconnecting the battery input source.

H.4.4.4 in Switch
The On switch is a jumper to allow the switch to be located an a different zurface. 1 pravides power
ta the cortrodling circuitry of the LiPo beard when closed. Once the control caomponents ars
functiomal, if the Battery inpad is greater than the threshold the raloy coil s energised and power oot

becomes connected to bHattery inpot.

a.4.4.5 Off Switch
The Off switch is 2 jumper to allow the switch to be located on a different surface. It is normally
closed, because it is in series with the relay coil. Opening this connection prevents the relay from
remaining apen and disconnects the power out from battery input.

6446 MOSFET
The MOSFET is the electrical contral far the circuits controlling cut-off. If the threshoid is reached,
the MOSFET becomes open and shuts down the board.

6447 Valtage Reguiator — Threshold Regulator
In the design of this board it became apparent that some systems might need a regulated power
supply before the relay coil anms. Thiz functionality s incorporated in this baard. The regulator
should alzo provide additional stability during current spikes on the battery, 1he threshold regulator
is a Zenar diode running on a constant voltage which can be seenin Figure 6305,

Page | 20



UCT 2013

!
P
1

[SMALL SI1ZE LEAGUE ROBOT]

F>
>
r‘
I
AR

WA

Figure 8,35; LiPno Peotaction Voltage Reguolation

fi.d. 4.8 Regufated Power Ouf
The reguloted power aut is an additional feature for any device that needs a constant wvellage, i this

were to he the only power board on a systern.

G.4.4.9 Saft Trigger
The saft trigger is an op-amp used as a comparator wilh Lhe pessitality of hysteresis seenin Figure

6,36, The fixed threshold came fraom the 2Zenar diade and the soft cut was determined by the voltage
divider. This arrangament is designed to cut on the 65 LiPo batteries used in 250 A ingic low is

produced when the threshold is reached, This logic lew would Lrigger the monastahle

Figlire 6,361 Soft Frigpar Dp-amg and configuration resistors

. d.4.10 Monastable
The monostatle was added 1o create a pulse of low Battery indication or warning before corrective

aclion may happen shown in Figure £.37. This system is a LM555 configured to act as a monpstable

with a fow seconds time constant.
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R

)|| ﬁTq 3 WA

I Monoatahle Dutput

] e

-
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Sodt Trigeger Inpul

A
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s
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Figure 6.37: Soft Trigger manostable tor a timed output

6.4.4.11 Soft Cut
The suft cut will ture off the board after the soft trigger has been activated and the monastable hay
rompleted its low voltage indication. The Up-amp soft triggcr and the munastable provides Lhe inputs
respectively. Toe soft trigger remains high in nermal operatioe the 20k resistar is not bypassed with
the transistor (T,). Once the soft trigzer has triggerad, The op amp output becomes low and the
auiput of the manastable transitions to high still cnsuring the 20k trassistor is not hypassed. If the
soft trigper ts still low, and the monostable timer has expired the 20k resistor is hypassed which
larces the hard cut to take effect. This section is optional, because the safl trigger can provide a
warning level and no action, If a LiPu s anly partially discharged and Lhen recharged it will last
lznger, toweyver it uncs applications require a kenger battery life the soft cut can just be an
indicatien and not a shutdown action, The module can be seen below in Figure 6.38.

} o = I voltage Divider

T 3 -
hMonostable Ty J i L | Hard Cut
il Ty | sz

T

Figure §,38 50ft Cut tramsistor arrgngermocnt

G6.4.4.12 Hard Cut-Off
The hard Cut-0ff contrals the MOSFET and determines whether the outpuot is connected to the
hatiery input via the relay. The threshold is set with 14e same Zenor diode used in the solt Lrigger
and the resistars are chosen to cul protecting a 65 LiPo pack. If tne saft cut transistor is soldered on
Lhe baard, the trassistor will force the +we input of the gp-amp low and the system will ture off.

Fape | 52



[SMALL 5I1ZE LEAGUE ROBOT! UCT 2013

- 3 —“M"“E
L oeg 0

Figure 6.349: Hard Cut with Optional Soft Cut transistar and cantrolling MOSFET

64413 Aunedible Warning/Signal/LED
The circuit was built to be generic so multiple exterial signals are placed an the board sa that the
uzer can chaose which they profor ta use. There iz an | FMindicator, 4 buzzer and @ 3 pin jumper. The
3 pinjumper has an apen collector from the LM555 on pin 1, the LIM555 output an pin 2 aned
reforence on pin 3 which can be scen in Figure £.40.

ol

Figure 5.4¢: Warning cutputs for the Soft trigger

6.4.5 Recommended Start-Up Procedure
The recammended start up procedure is very simple it you have already configured the hoard o
functien for yaur specific application . Table 5.9 is a guide for start up of the LiPo board.

Table 6.9 Recommended 5tart-Up for the Lifo Protection Board

Pracedure Reasoning/Expectations ] 5o
E-su-e troVMoltage dividers far the Torc~zu-nzhe LPo Protectios bogrd is configured to protect the
saoftirgger and hard ol AoR CoTech. batteny thatis bei-g pl_uggnd if.
Ensu e the halzory is connected inthe ' The oattooy solasizy on the connector and the Ext Powe-
correct oo arity. connector are oppasite. This was donc for “ezsoning o~ 350 to

: ensure che pattery could net co-~ect zo g~ytri-g else
Crosc thio ON switch This w' [ turn on tre dev ce.
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b Bnard Layout

The board was designed to fit onto a side of a LiFo 65 pack which is Lhe limiting 20mm width, The
regulated output power connector is not indicaled on Fipure G.41 below as it is not used in 551 . The
suldering lacation far it is below the capacitors. lwo 3.2 mm drill holes are indicaled on opposite
vorners of the PCB, The battom side af this baard cantains the SMD devices because it s a single
laryer board, Reter to the FAGIEF files as Lo walch companents you need ta remeve when configuring
the devices hawever the more important components are indicated. If ane wishes to remove the
saft cut feature simply da not solder the isolation transistor T, in Figure @38 and Figure 6 a1,

_'D.@

i
Sk ) By g

o -
b Al T

g ...
=0} ,F:

A Eaaminy

AR

Figure B.41: LiPp Protection Board Layout Diagram

Tablif,10; LIPo Protection Board Pin layout

Input / Sk Pin Pin ;
Description Pir Use Connectar
Dutput P no, Name
Batte Pawer connection 1 GND Ground Fhoenix 2 pin
el
i [ar the Kickerboard 2 V4 Baltery Voltage Shrauded
The oulput voliage if 1 V- Output Voltage Fhoenix 2 pin
Lat Power ks Ipu ; E P i oenix 2 pi
toe relay is armed 2 GND Ground Shrouded
Open Caollector
1 '3 I'I.:r
Soft Cut The saft ot alert (LS
[ : : 1%3 Pin header
Signals signals 2 Cut Li155s Cutput
3 GMND around
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6.5 Stackahle Wireless

Because the controller boards were generic, a wireless connection to the host machine needed 10
established to any MOB. The Stackable Wircless board achieved this, as well as connecting to the
MEB stack to remove 1he requirement of additional power wiring,

6.5.1 Design Parameters
An easy to use wireless hoard with low lateacy and high transfer cpeeds 15 difficult 1o find. Often
after finding such a dovice, gotting it to operate scamlossly is also a challenge. The stackable wireless
board i< ammed at remowing these difficulties. The board was desiznad with 1he infentions of Table
0.1 1 balow,

Takle 6.11: Design parameters for the Stackable Wireless boards

Specification ) Juﬁﬁﬁ.a_ﬁdn i -
The board would need to rogulate jts own - The aim was to make this board as generic as
wirtago. possiklo

Dperate as a discrete module. ) Needs to function compuleiely independently
Small in size Easily fit into any applicatian

The hpard necds to comply with the alroady Reduce the wiring required to got wireloss
created stacking standard. cormmunications connectod fo the MOB.

Features and external connections aeeded to be ' Ease of use outside of 550
simplified.

6.5.2 I"ossible Funcrionality
The module can operate on any voltage greater than 5W wsing the built in IM317 or an 3V if 1the
L1317 is bypassed. R523Z communication was placed on board to allow the device to interface with
a PCorsimilar media. This board is designed 1o operate in what is knopwn as transparent mode,
which implics the paired devices act as 3 wire bobwacn the two modules and nothing more.
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6.5.3 Schematic

LCT 2013

Figure .42 is the schematic for the Stackable Wireless board. The relevant modules include; Power
LF[3, stackable connectors, LM31/, decoupling capacitars, BAX3232 and connecior, AMB2520

wireless beard and finatly external pull down resistors.

T
¥ = = [ z |l NN 2
2 el = | ? ) e
| o
| =1l . i} I
—4

Figure 6.42: Schematic for the Stackable Wireless board

6.5.4 Recommended Start-Up Procedure

Because the AMB2520 iz a plug and play device, ance power has been connected il will operale as if
there is a fixed connecticn between the 2 modules if you transmit at the default BAUD of 33400,

6.5.5 Board Layout

The stackable wireless board is designed to fit on the stackable connection on the MCR. 1t has
opticnal drill holes for applications which require mounting. All sizing and locaticn information is

greenin Figure 643 on the following page.
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Figure 6.43; Stackable Wireless Board Layout Diagram

Table 6,12: Stackable Wireless Pin Layout

Input / o Pin Pin | :
Deseription : Fin Uise Connectar
Output 4 ne. Mam:
Bréiiiar 1 W Battery Voitage 5 i head
Stack conneetion for ? ONT M not connect (12C for MOR) DIIE}HLEI =l
Conn the s aONE ; “13] :
ihotterd 3 an Do not connect (120 for MOB) 44 ol hoadier
RErDLr 4 GMND Ground
R&737 1 Fix R line into AMBZE2D
RE232 Compatible 2 Tx Tx Line out AMB2520 picoclasp 3 pin
Connuctar 3 GND Ground
6.5.5.1 Jumper Possibility

The jumper an the board connects the stackable connectors to the input of the LA317. This can be
removed and the 33 line can be powered directly.

6.6 Summary
This chapter began with defining the electrical systems required to augment the mechanical systems
to create a robot, Once the proklem statement had been defined, specifications were placed on
cach PUG e create & task list for cach doesign.

After multiple revisions for some PCE, all specifications were met for all the FUB, The chaptor
continued by describing how each system was designed, how it operates, pin euots and other vital
informaticn in the use of the boards.

{nce the mechanical systems had been tied in with the electrical systems, integrating software was
Ihe only hurdle 1o produce a rebot that could he tested. The fellowing chapter introduces the
software systems that povern the architecture of a robot,
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7. Software and Algorithms

Small Sire League (551 ) s a fully autonamous saccer playing system with the inclusion af the hast
machine and camera system. The robots veceive commiands from the host machine after game
tactics have been camputed. The host maching subsystems aof 550 were nat within the scope af the
thesiz and as such the robets were nol fully aulonomous. Because the 550 rohots needed to be
ready to function autonemously & 1es1 bed needed to be created for thorough testing. |he 1est bed
needed 1o integrate with the operaticnal instructions the PC would send to controel the robots.
Figurc 7.1 shows informatian flow far the rabot and the in the testing cnvironment fram the
Lagitech cantroller 1o the individual rebot.

trformation Hiow Intormation Haw
3

Logitech Game
Cantroller

b4

Figure 3.1 Command information fiow far an 550 Robotl

7.1 Computer Software
Labwiew was the simplest software to integrate a Logitech Rumblepad controller to the PC as it uses
windows drivers. An application was made to contral an 854 team uzing multiple game cantrollers
for testing. Figure /.2 shows the epen application window for the PC operating the rebots, |he data

flow can be seen in Communication Protoccls in chapter 7.3,

gy g

Figure 7.2: 550 Cantral Intertace for the Computer
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The system was designed and tested on the Logitech  Rumblepad contraller. Controls were

matlched ta any PMlaystation soccer game. Figure 7.3 indicates the necessary contrals for the rabort,

9. Charge LN

0.

Oribbler EM 8. Sprint

Translatinnal Motion

3. Shoot

2. Pass

Rotation

Figure 7 3: Rumblepad Game Controller Controls

7.2 Rabot Software

7.2.1 Roubut Locamuoelion Conlrol Algorithms and Cnde

Movement infarmation for individual rebots could be sent in two possible methods, either sending

the desired velocity or sending the whee| speeds 10 the robot, Sending the wheel speeds would use

the Host PC computational power which is more than the S50 robot. However with sending rthe

motor spesds the communicarion link would have mare packets of dala to send to each robot and

reduce the effective refresh rate
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The velocity vector with rotation could be sent using 3 packets of data, Each packet of data was
assianed to a single byte and any rehot movement could be comprised of 3 bytes, The vector was
sent in polar co ordinates as it simphfied the requirad calculalions on the S50 platforms. Figure 7.4

assisted in creating the generic algorithem 1o caloulate motor specds.

Figure 7.4: 55L Motor Velocity Calculation

Lach maotor was sssigned & positive redation and an offset angle from forwards to their positive
ratation 3, ; which was hardeoded bazed on the final 550 desgn. Using polar co ordinates and the
same rotational direction for 9, the motor speed became A cos/@-dr, o) which included the direction
in the sign of the result. This created the wheel velacities for translatranal metion and a simple
positive or negative ratational offset could be added to all the velocities provided it dons not cxeeed
the mators maximum speed, These algarithms were simplificd and implemented on the 8 bt

Mo [arerioasir.

Figura /.5 on the tollowing page is a simplified flowchar for the code implementing Lhe volocity
calculation. A lookup table was used far cosing as the math library was not used o optimise the

speed of calculations,
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Figure 7.5: Simplified flowchart for wheel Velocity Calculation

All calcu lations were scaled to use unsigned chars and further increase calculation speed. An

additional redurtion was conducted with Lthe lookup table as cosine is an even function; anly ¥ of
the lookup takle was needed to correctly recanstroct the full graph.

i

7.3

Communication Protocols

UART Communication [PC to Master)

| or any ghven data communication therg are 7 bytes sent to the MCE. |he data is sent al a default
BALD of 38400, and in the order of Kobot!l3, Magriitude, Angle, Rototion, Timecut, Controf and

Checrsum,

Robotll

Bit7 Bith BilS BiL 4
Rohol 178 Robot 64 | Robot 32

Robot 16

Bit 3

Robot 8

Hit2

Robot 4

Bit 1

Rebot 2

BiLO

I [Forced Odd)
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Each Robet on the fizld is assigned a bit in the Babotil byte instead of 4 unique value. By sssigning a
kit instead of a value, a single command can be sent to any combination of rebots & breadeasl on
the field ran be achieved by assigning the number 255 1o Rebed!D. This could he used az an
elertronic safety and full field shutdown. Bit 00z masked 1 lor errer checking reasons discuzsed later,

Magnitude

5 Bit unsigned character 0 — 255

Magnitude 15 @ scale of the desired velecty Tar a rebol. A delailed description on robot metion can
be found in the testing section of tha main hody.

8 Bit unsigned character 0 — 255

Angle is a measure of the translational motion off line of the robats forward arientation. A detailed
description an rebat mation can ke found in the testing section ot the main bedy,

Eotation

8 Bit unsigned character 0 — 128 — 254 [Forced Even)

Rotation is a messura of how much offset needs to be added to the moter velocity to allow for
rotation as well as translational motion. Rit 0is rnasked O for error chacking ressons disoussed later.

limeout

5 Hit unsigned character 1 — 255 (Forced Cdd,

Himeput is an additienal maasure of safety. If a timer counting in milliseconds bacomeas greater than
the Timeout value the robot will stop all motors. Bit Qs masked 1 fer errer checking reasons

dizcussed later.
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control
Bil 7 Bit6  Bit5 Bit 4 Bit 3 Bit 2 Bitl | Rit U
KickerEn Basic Kick KickMerw kick Bit 1 Kick Bit 0 | Dribbler  Dribble 1

- harge) Enable | Enghle  Mow  {Foroed Odd)

e Contral contains all other aparatians which donot invaolve maverment. Kick, Dribble and charpe

far a kick.

Bit 7' This hit enables the charging of 1he Kickerboard ta hizh Voltages

Bit & Indication of whether a kick is desired or nat,

Bit 5: The robot must kick naw or wait for the light barriet” to indicate the presence of a ball,
Bit 4- The high bit in the power setting Tor a kick.

Bit 3: The low bit in the power setting for a kick

Bit 2: Activates the possibility of the dribbler,

Bit 1: The robat must dribble now or wait Tor light barrier to indicale the presence of a ball.
Bit 0 Macked 1 for error checking reasons discussed later

“Light barrier is an aptianal companent which could be added onta the robots ta allow for better
infarmation toowhether the ball is ina kickable position in front of the robot.

Chacksum

& Bit unsigned characier 00— #55

The CheckSum, was a truncated sum of ail the bytes sant in an unsigned char far additional errar

checking,

The number of bytes transimitted over the wireless link was reduced by not sending a start or stop
byte between devices. This complication required additional errar chacking 10 be placed on the
robats as the inforrmation between robots is @ continwous stream. This continuous stream created
the possibility of a single byte being lest in transmission and all following data being incarract. &
struciure was put in place to ensure incarrect data woulkl nat be accepted as data, and then once
talse data had been recognized, to skew the data further. Alter this had been dane multiple timas,
the system would wrap back to the working stream. There are 7 possible cases that need 1o be
considered for 7 byte data stream. 1he tables below indicate how the data is either ignared or
acrepted,

Table 7.1: Correct Data Stream from the Host Machine

Byte? Byte3
Angle Rot J
X EVEM QDD

Possible Data Stream

Required Parity
Probability of &cceplance
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The bytes that did not need the full resalulion were farcet cither add or even, because 4 bylos arp
forced either high or lew, theore is 3 pattarn inthe corrent information which noeds to exist for the
data to be accepted. Wilh the byios in the correct places, thiz siream waould be accopted,

Table 7.2: Skewed Data Stream Possibility 1

Byte? Brted 1' P:',.-'tre_f'l
Fol Tout Chyte
X EVEN D0 {00

1 1.5

CheckSum

Fossible Data Stream Mag fngle

Fequired Parity

Frobahility of Acceptance

With 2 single byte rotated in the data stream: last communicalions Cantrs! mistakenly assumed to
ke the first byte inthis stream, byte 4 doos not necd the requirement of being odd. The data is
ignored,

Tabie 7.3 Shewatd Data Stream Possibility 2

Ryted
Possible Data Stream Chyte HE Angle

Required Parity O

I Frobability of Avceptance

With two bytes rotated, now byte 5 is expocted ta be odd. The data is ignared.

Tahis 7.4: Skewead Data Stream Possibility 3

Bylell | Bytel
Tout

D

Pousible ata Stream

RBequirert Parity

| Probability of Acceptance

With the data shifted 3 bytes, the stream clashed with byle D and byle 3 and only g possibility of
passing onthe alher bytes. The data s ignored.

Table 2.5 Skewed Data Stream Passibility 4

ByieD
Paszible Data Stream | Rat
Requircd Parity aeD
Frobahbility of Acceplance

Byteld

With a 4 byle shift, Lhe byte 1is cxpected to be odd and would be even, The data is ignored.
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Table 7.6: Skewed Data Stream Possibifity 5

Byted Lytet
| Possible Data Stream Checksum RHEIH

Required Farity ach oDD

Probability of Acceptance

A5 byte shift, Byte 3 is expected to be even and the data is ignared.

Table 7.7 Skewed Data Stream Possibdity 6

I -0 oy [ne

| Possihle Data Stream Mag Angle Rot
} Fequired Parity

Eyted

Chyte Checksum I

abD 0D

Frobability of Acceptance

—
(¥a]
=
-

[

Finally on the 6 possibility, Gyte 3 1= expected to be even again and the data is ignored.

7.3.2 [} Communication [Master tn Slave/Slave to Master)
In the final design bi-directional communication wasz drapped, because 1the additional information
for the masier had adverse etfects on the perfarmance of the robots with the motor speed
contrallers. This is discuzsed further in the testing scction in Chapter &,

4 packet of information for the slave devices an the 1C bus has 3 bytes: Address, Dota, Control.
Address

The address byte is a requirement for I'C and each slave has a unigue addrezs which is created
during start-up of that partrcular device. Each controller board is given a 7 bit address and the least
significant bit would be 1 as the Master is writing to the slawves, The list of addresses can be found in
Tahle 7.8

Table 7.8: Table of Slave Mator Cantrel Board 120 addreszes

_ Control Board Address {(Hex) Address [Binary)
Top Lett - 103030 71% "
Tap Rizht 53 B0 RO
ottom left ~ BA 1000101 |
Bottam Right _BC _ 1000110% |

Bit7  BitE | Bits ‘ Bit 4 ‘ Rit 3 Bit 2 Bit1 | BitO

1 ] 8] o 1/0 1/0 | 1/0 1
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Data

The next byte is the data byte which is an unsigned motor speed value.

Lnsigned char Cata - 255

LontrglByle

The contralByte contans the necessary information to use the data byte. It contains the intended
motar direction, which DAC to write this data value and whether 10 reply with the current motor
velarity.

it 7 it BtS5 | B4 | Bit3 | Baz2 | Bitd Bita

DALA DACE | Direction  Reply X X X X

7.4 Summary

This chapter began with defiring the need for a software interface to control the robots manually
befare an autonomous systern could be developed. It is then explained how the locomotive
algorithrms were develaped in high level systems followed by creating identical algorithms on an 8
bit system.

Nata Struct ures and information: flow down to the lowest level throughout the robots was defined
and axplaired with nformation regarding ereor free commurication

New that the mechanical, electrical and software systems bave heer defined, testing could be
conducted on the discrete systems followed by systern integration and a firal robot could emerge
after testing.
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8. Testing and Results

Individual modules of the 551 robot were tested before integration of the full system. Some systems
and structures were constructed to perferm testing for the S50 systems.

#.1 Testing Environment
In order to test the modules and compilete assemblies, a testing area needed ta be constructed tor
the 551 robots. The first of which requirement was a fieid or playing surface.

83.1.1 Field
The field in S50 is well defined within the annual rules governing the competitian. All rules were
adhered to when constructing a field for UCT as shown in Figure 8.1,

Figure 8,1 UCT S50 Field in the Robotics and Research Agents Eaboratory

Half a finld would have boen adequate for testing; nowever a [acation for the competition needed to
be set and UCT was hoping to hast the competition which necessitated a full ficld being created.

8.2 Scaffold Soructare
in Accordance with the rules, 2 overhead cameras are required 1o be placed in the middle of goal
tine and the halbway line of cach side. These cameras needed to be located at a vertical height of 4m
above the playing field. Additional lighting was also placed onto the scaffolding to ensure the
minimum lighting requiremants were followod.

82 Locomotion
Ihe rebot movement was governed by 3 bytes, These 3 controlling bytes were fdagnitude, Angle
angd Ratation. Polar ca-ardinates were used in 550, booause it greatly reduced caloulation eomplexity

on the low level electronics.

8.2.1 Magnitude
The magnitude byte is a scalar factor which determines the rate of translational movenent. The full
byte is available for data. Sending a value of Qin the magnitude byte would step translational

moticn,
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822 Angle

The angle byte determines the direction the rebot will move witheut changing its current

orientation, 36 degree intervals are divided into 1he 256 possibilities for the angle byie which

increment in a counted clockwise manner when vicwing the rotot from above. Sending a value of 0

in the angle byte would indicate travelling forward. Table 8.1 provides a quick guide to 4 possible

Angle Bytes and the corresponding direction of travel provided Lhe Maognitude brele is nod cerg.

Table 8, 1: Angle Bybe Information Takke

Angle Byte Movement Direction | Keyboard Game Equivalent
i Forward e
I - Strafe Left A
128 ’ _Rewerse o g
192 | Strafe Right g
8.2.3 Rotalion

The rotation byte was respensibic for on the spot rotation of the robot, The nominal value for
rotation is 128 which is no qotation en Lhe platform. Reducing the rotation byle below 128 will make
the robot rotate left with magnitude equal to the offset from 128, Increasing the iotation value will
have 1he same effecl except wilth the robot rotate right,

The locomation lesls were canducted using a laptep with Labview software and a fully charged S50
Robot. Once the connection belween tesling PC ang 556 robat had been established the robot was
placed on the field and tests were conducted.

7231
In order to confirm omni-dircctional tra nslational movement the robot was requived to mowve in set

Transtutiona! Omei directiona] contool

directions at variable speeds withoutl changing its arientatlion. Tesls were conducted an a sirgighl
line section an the middle of the field. |n forward testing, the robot front was established with a
piece of 1ape an Lhe cover, and the ratiol was controlled ta meyve foreard down a ling scction. The
initial 1es1 condilion can be seenin Figure 8 2.

Figurc B.2: Forward translaticnal test stasting positlon

The robal was fully capable of moving in an omni-directianal manner, however accasionally during
motor acceleration and deccleration particular meters would respond faster, This marginal
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ditferential in metor speed would result fna mation ar rotation which was not desired. An example

o 1the typical oftset error can be seen in Figure 8.3

Fipure &.3: Faorward translational test resting position

Similar tests were conducted for left, right and reverse translational mation. This can be seen in

Figure 8.4

Figura &4: Left translational mowvement Tasting; Start {Left), Final Positian (Right]

In an attempt to remoyve the variance in the motar speed controller control rates, a closed loop was
created an the MUB. The loap determined the individual wheel spreds required for the desired
velocity wvecior and created 10 incremental steps for each motor to achieve before all motars
priocesd to the nest speed stop. The Master MOR would keep track of all moior speeds and
communicate updated information when all wheels were moving that its individual desired specd.
Ideally, this would ensure the wheel speeds were kept in closer ratios and hence reduce the averall

BIIC,

This modification to the system did net improve as the moters internal controller would ramp the
speed based on the desired value and the desired values were 1710 of the onginal produced
significantly slower rosponse rates. This systern did have an effect on the final offsat error, however
the robots were designed for speed purposes and the system was abandoned. The additional oftscts
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were minar and the camera system provides an addiional contral loep which would eliminate the
alfsels present at lower contral levels.

=33 Rotational Control
Far rotation testing, the robot was placed in the centre ot the tield and made to rotate. Multiple
turns woere conducted and the dewiation from the centre of figld was observed throushout the test.

b o p

Figure 8.5: Rotational Tosting: Start [Left) and Final Pasitioning (Right)

In & similar manner to the translatinnal tosts the rotation would keep the rabot on the same spot
during canstant ratatian, IF one motor were to change velocity at a different speed to the mataors
there would be deviations similar 10 1he translational mation. As stated earlier, these deviations
waould he scoounted for in 1he final camera control laop.

8233 Spevd Testing
Straight linc speed tests were conducted an the platform 1o determine whether the Incomaotive

speads were comparable to UC1's older modal, and current competitive models. The siraight line
tests provided the following results.

UCT 2005 Model . _Current Design SKUBA[Y]
Accel: LE mys’ Accel: G mfs fccel: 5 mys )
Vel 0.64 m/fs Vel 3 m/s _ Vel: 3.5 mfs ;

The S50 robot comfortably outperforms the older model, but tails 10 prove itself against SKUBA's
velocity statistics. Thearetically the 550 robot was capable of greater velocitics which could not be
tested as the robat would require stopping before colliding with another abject off fizld.

8.3 Ball Control Systems

831 Kicker
The kicker module was tested as a proup as each picce was core to the timal success of the module,
The final reguirement was kicking velacity and repeatability in terms of accuracy and time infervl

8311 Kicking specd
Inarder to keep test variables consistent thraughaut testing, 3 systoms were developed.

Page | 110



[SMALL SIZE LEAGUE ROBOT]

Aldincar specd sensor was desipned and bBuilt for testing. The sersar was milled friom a black of
HDPE, with 2 holes drilled harizantally through the piece which can be seen in Figure 2.6, &
photodiode and LED combination were placed inthe horizantal drilled holes, which created the light
baroics

Figure &.6; Linear speed sensor placed on its front

& slotwas cutinto a plate shown in Figure 8.7 which weould be secured to the test bench The ball
was placed in the slot as far back as possible. The placement of the ball increased repeatability and
provided maore consistent testing,

Figure 8.7: Ball guide and lacator

The combmation of the lincar specd sensor and ball guide allowed for accurately measurable and
repeatable testing far harizantal ball velocity. The combination can be seen in Figure 8.8
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Figure 8 8! Balf speed test setup

The kicker solencid was secured to the desk on a robot platfarm for fixed placement testing.

The linear speed sensor was tested ta ensure the validity of testing by determining Lhe repeatability
of the light barrier, The sensor digitally transitioned from a low te high transition from a hall
triggering the light harrier followed by g high to low transition when the ball left the sensor shown in
Figure 2.9,

lue: Cazacdor ¥ ikph Ees,
Yellow: Spead ap

Fink:  Capacior ¥ Low Hes)

Figure B.9: Vinzar speed sens.y calibrat’cn

Curing a kick, there are 3 stages that need to be considered,

Slage 1: The Kickerboard IGRT completes the circuil for the solensid and current begins to flow. The
current waveform was a function of the inductance of the salenaid and the resistance of the wire,
Dunng this stage, the ferramagnetic core would be gaining kinetic energy to impart arto the all,

Stage 2 The ball no longer receives kinetic energy from the kicker and travels away from the kicking
plate. This may be before the kicker core has reached its tront position,

Stage 3: The kicker core has reached 1he front pasition, and the circuit must be disconnected to
prevent unnecessary drain on the capacitor bank.
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Whior considering staee 1, the magneto motar force (MMT genarated by the solenoid i related to
the number of turns M) and current (1], and thus maximising the current wold produce the greatest
kicking speads. The waveform of the current was necded to determing how the impedance of the
solenoid afferted the current 'n the coil befare striking the bal due to the short strake,

Relationship between Inductance and Resistance
during a discharge cycle

-.‘}O ss B e I = O RS AR —

e | i@ 57 INCILICTANC R
R e Curres~: Waveforr

Gt o - - | oy INdUCtanoe
Curres Wavefor—

R — sz i INAUCLANCE
Curren: Waveform

Current [A]

m—High Ind cozance
Curran: Wavefor—

e H g N5 MUt RACT
Curren: Wavefar—

0] a0l 100 150 209 250 300

Tima [ms]

Ir the graph the area under graph is cnergy stored in the capacitors, A low inductance redutes the
tirme recuired to drain the caparcitors and offectively reduce the time 1o convert the sloctrical cnergy

to magnetic energy.,

Performing these tests was cssential to dotermine whether the energy stored in the capacitors was
being released irto magnetic potential: |he resistance determined the maxkimum current in the
selennid. The inductance affected the rate of change of the current.

wWithout a slow motion capture of the ball heing stiuck by the kicking solencid, it would be impassible
1o detarmine the exact time the kicker strikes the ball and the timeframe for this process and the
particulars of stage 2.

A simple ralculation could determine the expectad time for the solenoid core to reach the frant
pesition. This was not necessary atter noticing features on the current wavefarm while conducting

testing for stage 1.

To determine whether tha resistance orinductance was controlling the current inthe solenoid, a
S0mm length of wire from the solenoid was stripped and oscilloscope probes were placed on the

Wwirm.
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Fipure .10 i the direct capture from an oscilloscope during a “dey” kick cycle. The blue signal is the
Capacilor Valtags, which initially is 448 and zettles at 12V afteor a kick signal held high, the yellow is
tho Kick sipnal to the Kickerboard and the groon signal is o measure of the arrrent Mowing throwgh
tho salenoid during the kicking cycle,

Fua:  kick Wntaps

Yalawe: Kick Lnzble

Graan: Sclarad Corranl

Figure 840 Direct Osmiioscops Rickmg Capoure [Cry fre, Rear Fositian)

The green signal was of particular intarest as it has a sharp current nise time which indicates full
current risc time at dms. This revealed thal the resistanee of the solenaid is the detarmining factor
for the maximurn current and the inductance has sighificance, but does not sariowsly adversely
alfect kicking power. During these tests, a second crest an the curront waveform can be ceen in the
data. This 2™ crest can ba sean across all data samples at varying valtages.

It was thearized, that the 2™ crost was a result of the mechanical parts moving in the electrical coil
The theary was varilied, by performing similar tosting with the solenoid lockead in the front pasition
Fipura #11 was a kick with the solenoid placed incthe front position and revealed no second crost
prescnt during o kick.

Kivk Yo taps
kizk Emabile
Solennid Carre 1t

Figrure 8.11: Direct Usciioscogs dickmg Capiure (rront Positian |
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The 1ests were pesformed at incremental capacitor voltage levels, with no dewviation in the
appearance of the additional crest. |he 2™ crest would be present aftor shorter time intervals from
kicking instances at higher voltages: this could be = result of the solengid core mowing faster to the

front pasition.

additional verification was performed by determining the 2™ crest time at maxinum capacitor
voltage of 250%. Inthe particular case of Figure 8,12, the 2™ trest peak gresented at 5.5ms which

wias visible using the white cursars.

Figure 8.12; Direct Oscilloscope Kicking Capture at 250Y (Dry fire}

When kicks wore proformoed while striking the ball, 1he 2" crast would present before 2ms of
kicking. The kick enahle line was then disabled after an 2ms kick, to determine it it had an effect on
final kicking speed. 1he results arc included in the Specd Variability section,

£312 Specd Variability
Arpguirement for 55105 that a robot could kick hard in order to score a goal, but an cqually
important reguirement was to move a kail to a fricndly robot during passing. The speed variahility
was a requirement for slower friendly passing between robots, lests were conducted by varying the
kick enable times sent to the Kickerboard. Four different kick enahle times [11ms, 8ms, 5ms, 3ms;

were tested owver a range of sample core materials [Mylon, [HDEL, PYC, 1eflon].

HDPE Core Kick Speed Variability Tests

. LB :

| B = i
|E5 T e — R — e
o \—Er

| (rO05
- i sms

= 3ms

=] |:| A 1 |:|

123450678 9101112231415 161718189202122 2324252627 25820340

Test Number —Bail Speed {5

Figure £.13: Graph of kick speed variabillty bascd on Kick Enabile timing
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The kicking tests provided a direct correlation between kick enable times and final ball speed times.
Kick Friable tirnes of greater than 8ms produced no difference in fingl ball speed across all samples
Yarying the kick enable times fram gms to lower time values would provide sufficien) contral for
both passing and shooting at goal.

HIL3 Material Gptimisation
fs no high speed kicking tests had been performed at UCT, materisl optimisation could ngt be
carried out prior to this project The mobile inner core was comprised of 2 materials, a

forroenagnetic core and 4 non-ferroniagnatic maleial.
Ferromagnetic

Varying the ferromagnetic material would have a signitican? impact on final ball speed. However
after many hours of communication with transfarmer companies the cptimal maternal purchased by
these companies was fabricated into laminated lavers which cannot be machined further.
Fecommendations from the lechnical groups which were contacted were 12 use a high silicon and
low carbon content inthe chosen material. After consulting with the UCT workshop, EN3B steel
waolld be best suited based on those reguirements. A specimen of mild steel was also machined as a
comparizon. Tho FNIR was indislinguishable fram the mild steel provided by the UCT workshop,

Non-magnetic

A already mentioned, 4 different materials were compared to determine an aptimal material which
weould produce o faster kiclowith no additional ingrease in cnergy. The data provided in Figure .14
show 1R3! Mylon has the greatast average kick velocity,

Output Speed vs. Shaft Material

Kick Enable Times

E EN |

E Y an |

7 Py

[H]

o B HOPE ‘
m Tellon ‘

Figure 8.14: Graph of fick Spred vs, different core materials

2314 Wire Thickness
As mentioned earlicr, Magneto Motor Force (MMF) i the product of Mumber of turns (M) and
current [11. The amcunt of turns could net be accurately determined during the solencid wiring
process, although thinner wire should result in a larger number of turns and a greater resistance. A
range of solenoids were wired using 0.4, 0.6, 0.8 and 1mm outside diameter of copper wire. The
rosistances ranged from 3010 160 The lower resistance and thicker wires, allowed a largar energy
te be placed inta the sclenoid, and thus increascd the magnitude of the Kicks.
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After all optimisations had been performaed, the maximuom kicking speed was tested. Usinga 21
AW wire, with a total resistance of 1,50, an EN3E and Nylon core, capacitors charged to 250 and
a Bms kick cnable time. The highest recorded kick speed was 9.07m/s. Unfortunately 10m,/'s was not
achicved, but during power 1esting it was noded that having the ball placed slightly away from the
robot produced better kicks and is mentioned in the recommendations,

8.3.1.6 harge Time/Cold Sturt
The Kickerbeard external capacitors could be fully discharged, partially charged or fully charged.
Each particular state has its own reset fime. The beard has the ability to kick at any point in time but
with o kick 5l a voliage below 250V the expected kicking speed would differ. The three 22000F
capacitors rated voltage was 250 which stores 2061 of energy. The charge time is referred to as the
time taken to charge back to 2500 directly after a kick which typically drains the capacitors to 1504,
Thiz charge time with partially discharged capaciters could be less than 3 seconds when allewing the
Kickerboard to runat higher currents. The cold start time was defincd as initial turn on of the system
and 1he capacitors were fully drained and charged te 250%. The cold start time would be shorter

than 7 secends.

832 Dribblor
The dribbler was required to control a golf ball while in cantact with the robot. In undergrad, Mr
Lwakona [54] indicated that wilh a minimum ball speed of 288rpm the ball could be controlled
adenualely hut with additional speed the contral was further improved. Frem his results, the mator
was given a binary speed setting of maximum speed or off. This binary setting remeoved the
complexity frorm |he device to sither be on or off, |he system was tested and was capable of
capturing a golf ball propelled towards it at passing speeds.

833 Chipper
The chipper module wis responsible for lifting the ball off the playing ficld and over the height of a
robet. The chipper module designed is shown in Tigure 2.25.

Figure B.15: Preliminaty asscmbly of the chipper without dribbler assemibly
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The assembly required the chipper mecnanism to be assemblad and placed onla Lhe base structure
first which created addilicnal difficulty when challenges were encountered, As the chipper was using
tne same energy fram the Kickerboard, the rosistance of the chipper necded to Be similar Lo Lhe
main kicker suen tnat tne Kickerboard would nol break the firing IGBT from a snert circuit, 1he
chipper resistance was aimed at being around 203 1he length of wire for the kicker selenoid waz
significantly mare tran the chipper sclenoid and as a resull # thinrer wire was used for the chipper
to match toc resistance.

Inthe preliminary lesls on Ine chipper wsing maximum kicking strengta toe ball was not able to
reach 150mm in vertical heght woich is tne maximum neighl ot an 550 rebot. The launch angle of
the ball sugeested 1ne ball was slipping wnen making contact with the chipper paddle. Mo simple
dezign solution could be found without a camplete redesign for the chipping syatem.

An additional nbzarvation was the chipping paddle experienced greateor friction after rmultiple chips,

.31 Cover Testing
The cover of the 550 robet has 2 purposes; Protoct the sensitive systems and provide a flat suface
an the top for identification by the autonomous systems. Tne cover adhered ta the size
reguircments for the overall robot as well as providing the correct snape for autonamous visiomn.

During kicker testing, the cover was placed and secured in tae firing line of the balls. After repeated
impacts, o sign of damage was visible on the cover ar objects being protected by the cover,

84 Communication
Communication latency between haost PC and multiple robals neads Lo be minimized 1o create
scamless robot control. Two Simeoam SIM20 modules were purcnased from a lecal distributer Otto
Marketing [orinitial testing. After further information frem Austria, two different modules from

Amber Wireless were alse purchased.

84.1 Simicom Madules
Trne 5im2 0 modules had a local distributor and were toe first systems to be tesled. The modules had
twio possible communication maodes, Transparent and Cemmand,

Transparent was baiieved 1o be cptimal as ne additional data nesded Le be transmitted to the
madules. The defanlt SAUD rate was 5600 nowever the bidirectional ping times were 2.95 seconds
an averagr. | nc roason for the large ping delay was that in transparent operalion, the bufferis
requirad te sit idle for 1.4 seconds before data would be Lransmitted. Transparent mode was not
suitablo for any communication in 350

Cammand made data is sent with additional neadars which 10e SImZ0 module interprets and
exerutes, figure 816 snows 18 improvement in ping time but tac communication betwean the
5im20 modules was not reliable and not sufficicnt for nign speed communication continuously fer 30

mirtutes.,
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Fipure &.18, Ping times created from bi-directional communication betweaen two Simeorm2 modules

Additionally 3 particular data character [{x32) could not be sent in command mode as it would stop
data transmission because iLwas the command break point tor the modules,

The Simcom madules would not be adenquate for 350 applications because of the inherent latency
and unrehability of the modales,

84.2 Amber Wireless Modules
AMEB? 520 modules were purchased after the devices were used by the Austricn Cubes in 2010, The
default BAUD rate for the madules was 38400, The first tesl conducied on the devices was
cantinuaus operation between multiple modales for more than 30 minutes, With a single devica
running & ping test to @ separate module and an ohserver device receiving data, all three devices
were 100% operational after the test duration. The mean ping time throughout the 30 minutes of
aperation was 7.3ms with a lower standard deviation compared to the Simeom modules.

The AMBER wireless modules were capahble of transmitting data at a default BALUD of 38400 1o a
maximum speed of 1159200, Each Robot required 7 bytes for a surcessful transmission and if & robaots
were being iszued commands the number of bits for a full field update would be 280 befare the
headers required for communication. dsing Lhe default settings it was potentially possible of
transmitting at 1094z which was far greater than the PC could compute data recebved from the
cameras at HiHz.
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8.5 Power
The power reguiraments for 550 relate to the battery as a low power source and the external
capacitors a high voltage source for the Kicking mechanism,

851 Ballery
The hattery is respansible for all elactrical power, It would be deal if it were capable of operating for
the full duration of a mateh, with only half a game being the requirement. Considerztions for the
battery are listed in Tzble 8.2 below.

Table 8.2: Table highlighting battery considerations

Maximum Current | Expected Current Time On TimeHnce
Companent (A} (A) %) Expected Current
bn s e s s e sy i : : ... | xanhour (mAh)
Maotor Control Boards
(450 1 Wireless .25 5 015 ! 100%: 150mah
Module :
£C 45 Motors (x4) 20 ! 4 b a0k 3600mAh
Oribbler Motor + 5
- Dribbler Controler ’ ’ 0 20omA
Kickerboard . 4 2 L3 100mAh
| Total ; 27.25 _ 7.15 ~ N/A 4050mah

The fill length of a S50 game is 30min 20 the gnticipated mah rating required for 30min is 202 5mah.
The batteries purchased were Hyperion LiPo &5 2500mah 258 A 25C LiFo pack would be able to
deliver 25% its capacity which implics the maximum continuous outplt cereent is 62058 which is
significantly higher than the perceived maximum curent. The battery is capable of handling the
warst case scenarin far current and has the capacity far 30min of play.

The batteries were tested during testing operations and under less strenwous conditions were only
replaced aftor A0minetes of runtime which were disconnected by the LiPo Protection boards
discussed in the following section.

A52 External Capacitors

The external capacitars are rospansible for the hish impulse energy far the solenaids. The impartant
factars for the capacitors are physical size and energy density to maximize the energy stored and the
encrgy transfer for optimal kicking. The final version of the robat had space for theee 22000F 2504
Capacitors, whereas the first design could anly support 2 capacitors. The final design &lso placed all
higzh voltzage components close together which allowed for greater safcty and compartmentalisation.
During kick 1esting the temperatere and physical shape of the capacitors were monitored to ensure
no damage was done to the companents during rap d discharge. After at least ane hundred kicks, no
yizibile signs of damage or temperature change were apparent an 1he capacitors.

3.5.3 LiPo Protection Board
The LiPo Protection boards do not provide power 10 the robat bt were instremental to the safety of
the battery. The hattery was simulated using a bencn power supply Lnder a small laad on the output
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terminals af the LiPo Protection board, The board madules were tested by varying the valtage
supplied on the power supply.

The board was required to phyzically disconnect the battery from any system once the bhattery has
reached 3 minimum threshold defined an the PCE. Two separate systems wore tosted the soft
cutftrigeer and the hard cut

8.5.3.1 Soft Cet STrigger
The Saft Cut/Trigger was respansible for alerting the human aperatar that a battery was
appraaching a low voltage. A buzzer and a visible LED were used to alert the operator that the soft
trigger was activated. When the valtage dipped below the Soft Trigger voltage the board produced
an audible alert for 20 seconds before returing to normal operation provided the valtage had
returned to a safe value before the waining had expired ar the solation transistar was removed, |f
the isolation transistor was connected, after the 30 secands had elapsed the hard oot was
automatically triggered and the robot power was disconnected if the voltage was below the
predofined Soft Trigger limit,

The Soft CutfTrigger performed as expected with and withaut the isolation transistor during testing,

8532 Hard Cut
The Hard Cut was responsitle for disconnecting the battery when a hardware defined minimum
valtage limit had been reached. If the woitage was dropped below the defined minimum at any point
during operation the relay would transition and disconnect the supplied pawer.

The Hard Cut cnsurcd the batterny would not be drained bolow @ minimum threshald as expected.

8.6 SSL Robot Weight
The overall mass far all mobile applications should ke considered. A3 the S5L robot was expected to
porfarm agile manacuyvres koo ping the system light would be beneficial, The weoight of the rabot was
not listed as a specification and the robot weighed dkg fully assembled. The winning team of 2009,
2010 and 2011; SEUBA weighed 2.3kg [51].

8.7 Summary
Ir1 this chapter the testing of each section and the rabot as a whole was conducted. This included

tests relating to locomotive, ball control systams, communication and power,

Conclusions from the testing are developed in Chapter 9 of the document.
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9. Conclusions and
Recommendations

Inconclusion, overall the rebot platform was acceptable for competition in 350 nationally and
potentially internationally. Although the team does not have software ready for competitree play,
essential hurdles have been overcome and from this prototype a capable team could emerge.
Several challenges were discovered and the design failed to meet desired results in certain areas
These complications could be overcome with higher leve| code but would significantly increase the
camplexity of the code. The recommendations were split intoe Mechanical and Elecirical
irmprovements ta the overall structure of the robot.

%1 Conclusions from Testing
After the tests were conducted conclusions were formed based an the autcomes of the tests.

9.1.1 Locmotin
The averall omni-directional malion of the S50 plalform was succesaful. The spectfication was to
create a platform capable of speeds similas to internaticnal teams Any translational motion was
possible provided the acceloration was within the fricticnal [imits of the surface and omni-wheels.

Within the testing of loramation was the integration of the discrete MCB acting as a single
controlling unit. Aler succesaful testing of omni-directional translation and retation, the integration
of the MLE was evident.

Theasetically the current design had the potential too drive the wheels at aspeed of 4.1m/fs in the
forward direction. Experimentally the highest spoed was 3mys howewer if the system could be
pplimised further il could achieve speeds greater than SKUBA who won RoboCup 55000 2009, 2010
and 2011

tdinar inarcuracios were evident oocasionally during the acceleration and deceleration of Lhe
motors. These errors would offset the robot from its original trajectory, but did not affect the robot
during constant operalion. As 1he rehot would operate under closed lnop conlral in a match
situation, Lhe hast machine wauld be able Lo compensate for the new offsel error with updated
instructions. These factors were deemed acceptable for the locomotion regqurements.

As this fault occurred in both translatinal and rotational motion, it could be from thies possible
Factors:

As the Master MCEB transmitted data serially to each Slave MCE, the slaves higher in the
information queue spool up the motors faster and resuit in the robot offset.

This possibility was ruled cut because information was sent in the arder of Top Left { 1L}, Top Right
{TR], Bottom Left (Bl ), and Bottom Right (BR). Therefore the motor with the largest offset would be
the BL motor. During testing, ng pattern could he established for the offsets,

The {Slave]) MCB fziled to transmit data to the cnbozrd DAC.
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The inner contral loop on the Slave devices was operating at 250Hz. which means the longest failed
data stream could 3t worst case only be milliseconds which would not produce a noticeahble delay to

otfset the motor speeds.
The Maxen internal motor contrallers are not performing identically

A5 the controllers are built into the motor, they could not Be indnadual by tested and with alf other
alternatives exhausted, it would appear the controllers were the cause of the inacouracies.

1:3:3 Kicking
The original specification for kicking was to achieve a kicking speed greater than the maximum
allowahle speed and then reduce the power of the kick on the robots,

9121 Kicking Enable Time
Ayl power kick 1akes a finite amount of tirme for the shaft inside the solenoid to mave {rom the
rear position to the frant position. If the electronics for the kicker were disabled before the shaft had
reached the front position, time that could have been used to provide more force to the bolt would
be wasted. However the exact opposite is possible. [T the electronics continue to allow current to
tHow when the solenoid & in the frant position the energy would bBe wasted in the {orrm of heat, The
variability in kicking times produced different ball exit velocities. The maximun kicking Enable time
needed to be established. During testing the current travelling through the solencid was recorded
and during kicks an additional discrepancy was notived on the waveform shown in green an Figure
821y

Figure 2.1: Direct Oscilloscope Kicking Capture [Dry fire, Rear Position)

|he expected waveform was to rapidly reach a maximum current and reduge in magnitude with
discharging capacitors in blue which was not the case as with all kicks. A secondary crest was present
in kicks where the solenoid bolt was able to travei inside the solenoid. 1 was believed that the
electro-mechanical aspect produced the 2™ crest as the holt reached the front pusition. The theery
was tested and followed logical predictions based on it. "When kicking a ball the 27 crest was present
before Brms at maxirnym power. 3ms became the highest kick enable time with no reduction in
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perfarmance which allowed the capacitars to anly be partially discharged hetween kicks and still
have the potential to kick immediately.

During kick testing and after ohserving slow mation golf ball collisions, it became apparent that the
Ball's impact time with the colliding object is a small fracticn of the solenoid shafts moticn, This fact
irmplied that timing when the solenoid bolt makes contact with the golf ballis significant and if it
were (oo cloze, it would anly prod the ball out the cantact zone.

Sr22 Kicking Power
The maximum kicking speed aflowed in 550 was 10m/s. The Llectrical system was capable of storing
206 75) of energy in the external capacitors at 2500 which was the largest reservair of energy across
all international tearns to date. Afler 3 kick a1 full power, typically 750 was remaining in storage.

The total energy required to move a golf ball on a surface at 10m /s is comprised of 5.6J kinetic, and
0.911in rotational energy. An efficiency of greater than 5% in the electro-mechanical convarsion
wolld generate a kick greater than 10m/fs.

The highest achieved speed from the kicking module was 9.02m/s. Although the kick did nat meet
the initial specifications, the electronics met the reguirements to compete internaticnally,

89123 Abilfity e Pass
Varying the time of activation of the kicking solenoid had a prepoertional relationship to hall
velacities. This met the specification of varying the final hall speed to allow passing between robots.
The timer module was used to operate the enable time for the kicking 1GBT. Because the timers on
the Master MCEB had multiple purpases, only 4 kicking speeds could be chosen.

$.1.3 Chipping Moduie
The chipping module was an optional specification which allowed the ball to be lifted off the playing
surface and make the passing between robats non hinear The tests on the chipping madule
indigated the madule could not 1ift the golf ball a height greater than 60mm which was not sufficient
to pass over an apponent S50 robot. As ne minar modification to the chipping module could produce
mare favaurable results with the specification only being aptional it was discontinued.

1.4 Communication Modules
The 5im20 modules which were sourced locally did not perform on a level similar to the AMBER
wireless modules. The AMEBER wireless modules met the requirements placed on the wireless
communication with the default configurations as their update rate was higher than the best camera
refrash rate. When the game of 550 increases further in speed, the AMBER wireless modules could
be increased and would still be able to ensure it is nat the bottleneck in the data flaw.

9.1.5 Barrery Module
The battery modube was the only source of power for the robot. It was required to last 15 minutas
without replacement and when depleted, ensure replacement could be done within the halftime

window.
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L i o Suppiving Power
Dusing testing the battery performed better than expected as the matoss were operating well below
their rated values. The pack size could br reduced to roduce the weight of the robot if it were
dermed necessary.

9,1.5.2 LiFo Sofety
Due ta the vaolatility of LiPo battery packs if mistreated from impact or over-discharge. The cover was
tested to handle the impact of a galf ball, and an additional PCB was constracted ta permancotly
manilar the voltage of the battery and physically disconnect it onee the valtage had reached a
predetermined minimum valtage. Both tests relating to the safety of the LiPo battery were
completely successful, which remaves the possibility of unnecessarily damaging the LiPo batlery.
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9.2 Recommendations based on Conciusions
techanically there were many different modules and components and most performed ideally, with
o few exceptions with the owverly complicated sections on the robot.

5,21 Imnprove modulae desigh
The pverall modular design of the robot was primarily split into the four key modules; lecomation,
communication and contrel, ball contrel medule and power systerrs. These sub systems were
riliable and warked a: expocted. The anly complications arose were with the assembly and
dizassembly of the ball control madule.

Because the Ball caontrol module was assembled an the base of the robot, it needed to be robust,
I'his placed additional complizations on the chipper module when the system began having issues as
disassembly of the whale rebot wouid have been required for madifications ta the chipper.

The Ball control madule should be redesigned and incorporated anto the rabot, without the need to
refmoe all other components on the base. Additionally the number af parts far the Ball Cantrol
moduie should be reduced to simplify construction and maintenance.

oF P Reduction in Weight
The robot was capable of moving itself around the field at a competitive speed. However the desipr
was about /3% heavier than SKUBAs competing design [51]. & reduction in weight would reduce the
power required and increase the patential manoeuvrability of the robot further,

ol .o Kicker Compressinon arrestor
The tensien arresting of the kicker belt, placed unnecessary tensior: through the thread of the bolt. If
the arrestor was placed in the front of the kicker, a compressian arrestor would place the load orto
connecting surfaces rather than through thread and reduce the ocourrence of the breakages,

0.2.4 Redesign of the Chipping madule
Az the chipping moedules did not meet the optional requirements scope for this section are still wide
cpen. The electrical system required for kicking and chipping is aptimal in terms of power which
winld assist the project.

820 Mechanical matching of the golf ball
If the kicker belts mechanical impedance were matched to agelf kall, the reflected vibrations and
residual mortentum in the shaft and would roduce the impact onsthe arrestor, The mechanical
ratching would produce aptimal kicks as the bolt would transfer maost of its kinctic cnergy to the
ball similar o a Newtary's cradle [55].

2 AR Kicker Impact Distancing
Dring testing, it was discovered that varying the distance of the gelf ball fraom the rebot greatly
affected the final velacity of the galf ball during kicks. This could be a result of the ball being pushed
away fram the kicker piece before the kicker itself has received the full energy fram the sclenaid.
The ball travelled faster if it was not flush against the robat. Locating the optirmal position and
changing the length of the kicker pieces such that this length is aganst the side af the robat would
produce effoctive and optimal kicking speeds tar the robot.
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027 Discrete motor speed cnntrollers
The ariginal motors ordered for the SSL rohots were not adeguate for aggressive spoed contral
which would be optimal for competition, The Maxon integrated controllers provided unnecessary
protection tothe brushless matars. The mators for S50 wore required 1o perform aggressive and
guick control which the inteprated speed controllers prevented. The weight of the robot frame
increased the difficulty in controliing the robot because it could generate canziderable momentim,
adiscrete contraller far the brushless motors would allow for powerful breaking of the wheels which
would improve response as the wheels only froe wheel back te standstll, The discrote contrellers
may provide acoess to the higher theoretical aceeleration and speed of the robet.

0.2.8 Maore Powerful microconireller
The HOSOEGMOSR0RBGTIEA proved capable of cporating an 550 robot. Many modifications to the
hizgh level caode were neceszary o make an Bbit micracontroller capable of performing the
operations eptimally. & more powerful micsoprocessor which is inexpensive would allow the
programming of the full system to be more intuitive which is always beneficial during maintenance

and dehbugging.
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EBE Faculty: Assessment of Ethics in Research Projects (Rev2)

Ary porenn panning o undertzae resaesnchin the Sucully of Eqginegeniag and he Sull Envirunmea. L the dnivarsily ol
Cagze Town is required o complete tas form boefore ool'ooting or analysing dsta W hen sompleted it saoud Be soonmntted
Lo e suserdasor (whess appleatie and f-om thore to tha oad of Degadmeat. tany of the questions b s R ooeen
answerad Y25, and he apploant s NOT a Sourth wes  student, the desd shoclid “oreand th s form tor aparoval by the
Faculty FIM cnmnnller: sobmit e My Zulphe Gever (Zolphz Geyenuctac.zs; Chem Eong Building. Fh 021 G20 4727 §
MNEB: A caopy of this =igned form must be included with the thesis/dissertation/report when it is submitted for
examinatian

This form must onfy bo compicicd ance the most recont rovision EBE EIR Hardbook has been read,

Mamo of Pricciial ResearchanSteceant: d_j, R R R \’;:,':_?o\é' Leapartment: ME(‘}\&“ Icu\ E"‘ﬁ‘ﬂrm(j
Proforred cme s addess of the appicant JUL'Sh o] PEMA@ &ALy ! £e ey
If a Student: Degres r’q S C Sur_ue vizor: Sfepluah Jﬂ’qﬁ.rﬁﬂs

If 2 Riescarch Contrze? incicita saarce of Jurcng'sponsorstop:

EE.‘:&&U{_LJ 'Qstrﬁn and  Corstinetion of o deam 51[ 5,«.-“\“ S tze Lf:‘j‘““-’-
RFesearch Project The: ey ﬁ;_aloo&:; [ EL‘L—*.:“:-'-—\.](-‘ ccar

_Owverview of ethics issues in your research project:
Question 1: Is there pussnbnllty that your research could cause harm to a third party {i.e. : YES
a persen nhot invelved in your project)? o
Question 2; 1s your reseusrch making use of human EUhj[!C'lS as sources of data? YFS
If yuur answe s YLS, plessc complete Adoonour 2

Question 3! Deoes your research involve the participation of or provision of services to

|
1

X\!Y&KD{

communities? YES
ITyour answer 5 YES, please complete Adcendum 3,
Questian 4: If your research is sponsored, is there any potentizl for conflicts of interast? YES

If wour anawes is YES, please complete AddPnLum 4.
IF v bave anawered YES to any ot the above questions, ploase append a copy of your resaarch propesal as well
as any ivterview schedulss o questionnaies (Addencur 1) 2nd ploase -.o-‘nplutv farthes acdeend as gppropeists,
Ensura thal vou ~cles o the S5 Handocok to 2ssist you in compiating the documontatinn requisements Tor Uis
torm.

| hereby undortake to carry out my rescarch in such @ way that
- there is ac apparaal legal chjection o tha natuse o the methed of rezearch, and
. the research v not cempramnze saff or students or the othor sespensibilifias of e Univensty,
- the steted ol ective wil be ach cvid. and the fine ngs will have a high degree of validity;
- lemritations and 3 fernative ntarpretations will be considered;
Ihe fineings codld br sub ect 2o peer review 2nd publichy aveilaole: and
| wii comply with the corventions of copyright and aveid any pracice that would constitate plagiatism,

Signed by:

Full name and signature Date

Tndbia Pond oslo2 )iz

Principa: Regeurchear’S:dent

This ;a_pplication is approved by:

| Supurvisor (if apploetler | .
e Trlamt, = | of fee lig

HCD (or delegizled nominee):
Fina! guthanity for afl assossmuonts with Nt

alt  guesbars  amd  for ol undorgrichato |
_ressarch

Chair : Faca ty EiR Cemmittee

i Far apglicani= ather Ihan ureesgrecuals
students wha hiave sh3weret Y=35 12 any ot the
ghove queslions. ] . i






