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ABSTRACT

Logos. labels or just plain art, spray painted on walls, can be used to attract people. This makes
them very useful especially when there are people who might want to endorse a product or brand
pame 10 attract potential customers. Long exposure to Spray Paint fumes can result pncumonitis.
cardiac problems, and chronic bronchial asthma that can lead to emphyscma. This study was
conducted in order to address those health problems with the use of robots. Robots are
impervious to the hazardous effects caused by long term exposure (o spray paint fumes, and do
no(ﬁmofmpcﬁﬁwandmnﬁnmuswmk.ThechoMindsmrmsermboﬁcskitwasmcd
during the development of the robot. and composes most of the significant systems required for
lhembotloopemm.'l‘beN)(Tbrickalong\aviththre:eservomotors;wem:lalu:nfmmthl?kiﬂmd
then integrated within a wooden structure together with a spray paint can. The NXT brick and
two of the servo motors were attached 10 a wall and then connected to the third servo motor,
which is affixed to a wooden structure with a spray paint can, via a pair of timing belts. The
robot was programmed using the NXT-G programming language that enabled it to spray paint
different designs or figures, such as a square and a triangle.

Keywords: Program, Robot, Spray Paint
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Chapter 1

Introduction
A. Background of the Study

Logos, labels or j . ¥
. rJust plain art, spray painted on walls, can be used to attract people. This

m very useful i -
especially when there are people who might want to endorse a product
or brand name to attract potengia] customers,

S infing ; - e §
; thpr:?’gh Pat;nﬂng 'S @ painting technique where an aerosol can or spray paint can sprays a
coating e © air onto a surface. It has various applications due to the fact that it is sprayed
e -
through the air onto a surface rather than being applied directly onto the said surface, this result

inamoremnsistentandevenlayerofpaintcompamdmothgpainﬁngmethods.Consistency
ml&sspaintiswasled,whichalsommslasmoncyiswastei

Long exposure to Spray Paint fumes can result pneumonitis, cardiac problems. and
chronic bronchial asthma that can lead 1o emphysema (Healthcaremagic 2010). Spray paint
fumes are dangerous, toxic, needs total concentration and require carefusl attention to detail this
makes spray painting a perfect job for robots. Robots are always consistent and never tire.

Mamm)'diffekaindsofspmypainﬁngmbotsmmemarkeghnmostamfor
industrial or assembly line purposes and are expensive. These kinds of spray painting robots
usually have a large number of degrees of freedom and this allows them to spray paint with
pinpomlmnacyandfm&oom»'adonsﬁcwwmmu&mmmsmhasmﬁam&md
spare parts.

According to robot suppliers, the top reason for purchasing paint robots is to eliminate
labor costs. A high-quality reciprocator might cost $15,000 and a robot more than $100.000 plus
the cost needed to integrate the robot into the assembly line but as a $100,000 robot that replaces
a $30.000 worker per shift. three shifts a day and it quickly pays for itseif. (Products Finishing
2011)

Such robots include the Kawasaki K-series spray painting robots which have at least 3
meters of reach (Kawasaki Robotics, 2011) . the award-winning Snake ARM robot with a 14 foot



Hhese mb"tsmnmf%sible for this study due to the expense needed to acquire them
T to develop a Spray painting robot that can spray paint a mono-colored
P‘Wo@mnmeddmgﬂontoawall.msstwylmsmmd for a robot with a large number of

degrees of freedom, since the robot only needs to paint a 2D (two-dimensional) object.

Spray painting automation is feasible since most spray paint cans contain very low
P Devnt s therciiee requine multiple cots of paint in onder 1o achicve the desired finish
mmﬁﬁm“mcmupeiﬂtrtoolightortoowetltisthispalnstak!ng' ing repetition that
requires the careful attention and consistency of a machine.
TheLEGOmndstomsNerboﬁcskitmnbemedcrweandmnnolpmgmmmable
Mﬂm‘mmmandsensors.Itcom&inakitcomainingmanypieoesinchxdingsetsors

and cables. Thembotsmnbecomrolledremotcly via wireless Bluetooth or a USB cable. or
through programs running autonomously on the robot.

Availabilitywasoneofmefactorstbatwereconsidemdinusingtheﬁidmmcsm
The kit itself can be bought online or through retail stores. Another factor that was considered
mdcﬁt’sﬂeﬁﬁﬁtyﬁmxﬂm[cgo“mdﬁmmsmldtmbeusedeaﬁdevmidy
of robots.

B. Statement of the Problem

ThissmdyaimcdmusealzgoMmdstormsNXTﬂntdevclopedambotdntm
autonomously spray paint a mono-colored pre-programmed design on flat vertical

surfaces.
C. Objectives

1. Development of a system that holds the spray paint can and presses the spray paint
can’s valve button.

2. Development of a movement system of the spray paint can valve pressing system.




.

Programming a design path for the robot 1o spray paint.

p. Scope and Delimitation

g

Design size —The Programmable Lego Mindstorms NXT spray painting robot’s
design size has a limit, itiseitherthauhemaximumheightthembotmnrmchis
limited by the parts or because of 2 limited power source.

Type of design — The robot can only paint simple and 1 colored designs, because the
robot uses only 2 servo motors for movement which allow the robot to have a
maximum of 2degrees of freedom.

- Kind of surface — The robot can only paint walls. Since it is limited to only 2 degrees

of freedom.

E. Definition of terms

1.

Program —a specific set of ordered operations written for a computer to perform a
specified task. (TechTarget)

Robot - Reprogrammable, multifunctional manipulator designed to move material,
parts. tools or specialized devices through variable programmed motion for the
performance of a variety of tasks. (RIA 2010)

. Autonomous - Not controlled by others or by outside forces: independent. (HMC

2009)

Degrees of freedom — The available ways a component can move in three-
dimensional space along an axis. Robots typically have 3 to 6 degrees of freedom.
{Tooling University 2011)

Spray Paint — Paint applied with a spray gun or a spray paint can. (Thefreedictionary
2011)




hapter 2
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A. Principles of Mareriy),

AL Spray paint cxn

A spray can i ‘echﬁcally known

. b a8 an “serosol® device. It consists of & vessel that can
stand significant intem

device that won't Jet ghe pressure (the can); a spray nozzle that incorporates a sealing

! J Pressure out of the can until called for; a tube inside the can that
i (paint) to the nozzle; and the two critical elements: pressurized gas
(sually carbon dioxide) and the paint. (Second Chance Garage 2011)

A-2. LEGO Mindstorms NXT kit

@Mﬁ“““m“““khisapmmnmucmboﬁmmwmmm«n
m“mb“‘i‘mimmadvmmgmofugoMiMNXTmmmboﬁwﬁs
sre its availability and flexibility. The kit consisis of 577 picces, including: 3 servo
TOLors, 4 sensors (ultrasonic, sound, touch, and light), 7 connection cables, a USB
interface cable, and the NXT Intelligent Brick. The Intelligent Brick is the "brain” of a
Mindﬂﬂfmsmwhim.ltletsﬂlcmbmanommomlypafmmdiﬁamtommﬁ‘
also includes NXT-G, a graphical programming eavironment that cnables the creation
and the downloading of programs 1o the NXT. (Robots and Androids 2010)

ALEGOMindstmmsNXTmboﬁcskitwiﬂbemdtoooMEtaspmypainﬁngmbot
Most of the major systems will be constructed from this kit. Availability was one of the
factors that we considered in using the said robotics kit. The other Factor that was
considered in using the kit is its flexibility. Lego Mindstorms NXT kit can be used to
create a wide variety of robots because of the interchangeability of the parts. Lego
Mindstorms NXT is easier to build because manufacturing of the parts is unnecessary.

5k Bl . e




B. Principles of methogs

B.1. Amcmbly

B.L1 Spray Paint Can Valve Pressing System

SPTay paint can valve will need to be opened or closed to be able to paint. A

servo
motor attached to the spray paint can holder will allow it to close or opent
the spray paint can’s valve.

B.1.2. Movement System

Two servo motors were enclosed in a structure or frame, which was each attached
1o the upper right and upper left corners of a wall.

B.2. Principles of Programming

B.2.1. NXT-G Programming Language

NXT-G is a tool used to allow robos to perform a specified task. NXT-G allows
USers to create programs that can be uploaded to an NXT robot. These programs
can be simple or advanced instructions. NXT robots can be built with a variety of
motors and sensors. (Kelly I. F. 2007)

NXT-G is installed on a computer, either Windows or Macintosh versions, and
exists as software.

B.2.2. Spray Paint Can Valve Pressing program
The servo motor was connected to a beam which stands as the spray paint can

valve presser. When the servo motor rotated, the beam pressed the spray paint
valve open and released the paint and it rotated the other way around to close it.




B.23. Movement Program

T : p
WO Servo motors were used to control the movement of the spray paint can valve
pressing system. Valyes were assigned to each of the motors so that the spray

paint can valve pressing system moved upward, downward, left, right, diagonally,
or in any direction.

B.2.3.1. Movement Analysis
The motion of the robot involves two different kinds of principles:

1. Physics principles involving the tension of two strings.
When a rope, cable, string, etc. is attached to a body and pulled
taut, the rope puils on the body with a force directed away from the
body and along the rope. Therefore it has a direction and a
magnitude. The force is often called a tension force because the
rope is said to be in a state of tension. The tension in the rope is
Jjust the magnitude of the force on the body. (stewartcs 2008)

2. Vectors

One way to represent motion between points in the coordinate
plane is with vectors. A vector is essentially a line segment in a
specific position, with both length and direction. designated by an
arrow on its end. (SparkNotes 2011)

A vector is determined by two coordinates, just like a point—one
for its magnitude in the x direction, and one for its magnitude in
the y direction. The magnitude of a vector in the x-direction is
called the horizontal, or x-component of the vector. The magnitude
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ofav : .
: ector in the y-direction is called the vertical, or y-component
of the v .
vector. (SparkNotes 2011)

Two v :
Vectors with the same length and direction are the same
v ’ ;
cetor. They may have origins at different points, but they are still
Tal. The length of a vector is formally called its magnitode.

Given the Coordinates of a vector (x, y), its magnitude is YAk S o
- (SparkNotes 2011)
B.3. Spray painting

A spray can is technically known as an "aerosol”
withstand significant internal pressure (the can);
device that won't let the Pressure out of the can
brings the fluid (paint) to the nozzle: and the two critical elements: pressurized gas
(usually carbon dioxide) and the paint. (Second Chance Garage 2011)

device. It consists of a vessel that can
a spray nozzle that incorporates a sealing
until called for; a tube inside the can that

Spray paint can nozzles are precision-engineered to provide a reasonably high-quality
Spray. with consistent droplet sizes. The spray pattern they provide isn't adjustable like
air-powered spray guns are, but that isn't why so many people have a hard time getting
smooth, shiny results. Those very people would encounter the same problems if they used
a spray gun. The reasons good finishes are difficult are: 1) the user isn't painting properly,
and 2) the paint itself is very thin or low viscosity. (Second Chance Garage 2011)

There are several Wrong ways to apply spray paint, all of which end up with different
shades of their chosen color or an uneven finish. People that use spray paint can either
hold the can at an improper distance or move with varying speeds that will result in an
uneven finish. Spray paints are heavily thinned (more solvent-to-paint content) in order
for them to be pushed out of the can and turned into an aerosol spray. Thicker paint
would require greater gas pressure and a more sophisticated nozzle, hence leading to an
air-powered paint gun. The solution to getting good results with thinned paint is simply to

P a )  Sore




remember that i iy, i, fact,

inner ang ' i
. " prone to runs, That means more thin coats.
(Second Chance Garage

2011)

lyl.m‘.(  § mmmlcd during slmagc 50 |bc inl s m:(',(l

won o pn’p"l g > > 'm plgmc_“n

"“"i ' L .'l "l"“y 'uliﬂ‘ can I)Cl"r(.’ ll.’iiﬂg lln"l lhc ll"lc hﬂ"
& dc.. cnllcd m. m"'cx i a ' '

tthe spray on a piece of cardboard or paper. (Second
Chance Garage 20 1)

Trial and error wil) help in finding the best distance to spray from and how thick the paint
should be fi

OF Your application (BMC 2008) Once you can see the "wetting” effect; that is,
the paint falls onto the surface and just starts 1o become shiny, it's time to move the can
along the surfuce, Keeps it moving at all times and the correct speed is that in which the
volume of paint coming out wets the surface. Moving 0o fast applies a "dusting” of paint
that is t0o ittle for the components 1o “float out” to become a smooth surface. Too fast

applies the paint 100 thick and because it is a thin fluid it will start to run and drip.
{Second Chance Garage 2011)

Good paint finishes are always built up from several layers of paint. The idea is that the
paint you sprayed 10 minutes ago is still uncured and soft, so the new coat will not only
stick well but its solvents will tend to "re-melt” the last coat and allow the finish to create
a smoother, flatter surface. Fresh paint comes off very easily and you can re-do the whole
thing in short order. (Second Chance Garage 2011)

T T e R T e ——
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C. Related Technologies

C.1. Hektor the Spray Painting Robot

Hektor is a portable spray paint output device for laptop computers. It is made of two

motors, timing belts, and a spray paint can holder. Hektor moves along 2 programmed
drawing path and decides when to open and close the spray paint can valve.

Each of Hektor’s motors is attached to a timing belt which is attached to the spray paint
can system. The number of rotations on each of the motors controls the length of each of
the timing belts. The resulting lengths of the timing belts correspond to a point on an
jmaginary Cartesian plane, and a series of these points create a path for the Spray paint
can system. Each path has a “start” and “end” point, Hektor then starts Spray painting at
ﬂlesmftPOimandSwpsattheendpoint.ThiScancrwtcalineoraﬁgmeﬂlatwm
eventually complete the programmed design. (Lehni and Franke 2002)

C.2. Motoman Painting Robots

These application-specific paint robots can be used for primer, base coat. finish coat,
clear coat and spray dispensing, using water-based, solvent-based, powder, glaze and
glue/adhesive materials. They efficiently coat complex parts of nearly any size and
shape, including recesses, curved and contoured surfaces — without runs or sags.
(Yaskawa 2011)

C.3 Kawasaki Painting Robots

Kawasaki developed these robots with their “Simple but Friendly” design concept. These

robotic painting systems are explosion proof and contain collision and overload detection

sensors and have up to three meters of reach. These robots are easy to program, as they
have auto path generating software. (Kawasaki robotics, 2011)
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Chapter 3
Methodology

A. Components
A.l. Spray Paint Can
In this study a full cone nozzle spray paint can was used.
A.2. Framework
A.2.1. Spray Paint Valve Pressing System

Awoodenﬁmneheldthespraypaimcanalongwithaservomotorthmmmd
the spray paint can’s valve and was attached to two timing belts.

A.2.2. Movement system

Eachoftheservomowrshadawoodensmmuneﬂmhelditinplmemxiamcmd
ittoawaﬂ.Aﬁmingbeltisalsoaﬁachedtoeachofthemwhichwerethen
connected to the Spray Paint Valve Pressing System.

A.3. Timing Belt

The Valve pressing system needed two timing belts attached to it with each belt
wmmﬁngthespmypaimvah'epxwmgsystemmmchofthemomlomwdonﬂxe
upper left and upper right comers of the wall.

A.4. LEGO Mindstorms NXT kit
This is the robotics kit that was used to create the spray painting robot.
A.4.1. Servo motors

The LEGO Mindstorms NXT kit contains 3 serve motors. These motors give the
robot the ability to move objects or it. This study used all 3 motors in order to
construct the spray painting robot. The first and the second servo motors were
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used to Contro] the S

Pray paint valye Pressing system’s movement and the third

SPray paint can valve open.

Aume%gmmtheLEGOPvﬁndstomserkjtthatwasusedto
S Hihe ﬁ‘ame, determine the physical appearance of the robot according to
the d

esign such as beams,

Pegs, connectors, wheels, etc. Cables that are longer
than tho

S€ provided in the kit were used in the study.
B. Major Systems to be constructeg

B.1. Vakve Pressing System

The Valve Pressing System consistsed of a servo motor attached to a lever and to a
wooden frame that allows it 1o push open the spray paint can’s valve.

B.2. Design Path Control System
The Valve pressing system was moved by 2 servo motors using a timing belt attached to

both left and right comers of the valve pressing system with the two servo motors
enclosed in a structure which is each attached to the wall.
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C. Dingram

Sy Mgy }

B .
(esnen]

o / PN T
N
Y18
Ji5E a1

v
Figure 1. Spray Painting Rebot Diagram

D. Programming
D.1. Spray Paint Can Valve Program

Thiswasusedtocontrolﬂ)emomrﬂxalopensandcloswthevalveinﬂiesptaypaint
can.

D.2. Movement System Program

This program controlled the movement of the spray paint can valve button system using
the rotation of the servo motors. Each of the servo motors was given an assigned value
for it to shorten or lengthen the timing belt.




§. Program “nwdun i

Each S€rvo motor will rotate with

a value assigned to it and shorten
or lengthen its timing belt.

The resulting hypotenuse of
each timing hely formed would
correspond to a certain point
in a Cartesian plane.

] B,
A series of these points would

create a path for the spray paint
can holder.

~
Then the robot opens the spray

paint can valve when it reaches
the “start™ point and closes it
after it reaches an “end” point.

o/

A series of these start and end
points would create lines and
figures and eventually finish




Chapter 4
Introduction

’nnsmndy\tmd\lcmlmﬂ)cgnMindslmmNXdearkmnmf“'Mm
autonomously spray paint a mono-colored pre-programmed design on a flat vertical

nnfaneJTmmbmmedZsyslmmnumdcvclopeduudlo-edhmmmdm
its spray paint onto surface.

The spray paint can valve pressing system allows the robot o use the spray paint. This
symwmconsumtedomofwmdandsaneom\clxgnMMNXTm

hchﬂhxgamm.ﬂwmbm’smvemnsymdbwsmemypﬁnmvd\t
System to navigate along the vertical surface.

mmmmymmmmmmmmmmwmin
NXT-G programming language.
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Hesulin
A, Hardware

AL Spray Paint Can Valve Prossing System

The Spray Paint Can Valve Pressing System focuses on a nystem design that wis lighter
than the previous systems but strong enough 1o press and hold the spay paint can’s valve,
This new system pressos the spray paint can’s valve using a lever, made of Lege 's, and o
fulerum, made of metal (o prevent bending, attached (o a servo motor, When the serve
MOtor rotates, it pushes the lever upward on one side and because of the fulerum the lever
pushes downward on the other and presses the spray paint can’s valve, The Spray Paint
can and the servo motor is held together by a wooden structure. The Spray Paint Can
Valve Pressing system is then attached to the Movement System using a flat rubber belt.

Plate 1. Spray Can Valve Pressing Painting System
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A.2. Movement System

The1540‘"'-‘-’“@‘11S)’S“‘misaPairofservomolﬂts,mchanachedtoawoodenﬁ'ame,lhmmtme

of their rubber ti
each : mmalcommlthelengthofapm'rofﬂatmbberbehswbichsuppoﬁthc
Spray Paint Can Valve Pressing System

Plate 2. Rubber Belt

Plate 3. Movement System
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mmbbpmﬁdedithLegOMindmmmNXTkilmhngmxghmwmmh
of the movement system’s servo motors to the NXT brick, but the longest cable wasn’t
long enough to connect the Spray Paint Can Valve Pressing system’s servo motor to the
NXT brick so a longer cable was needed. An extended LEGO Mindstorms NXT cable
Wwas constructed to connect the NXT brick to the Servo motor in the Spray Paint Can

Valve Pressing system. The Lego Mindstorms NXT cable was cut and then spliced into a
Cat5 cable following a color coding rule.

Plate 4. Extended Lego Mindstorms Cable

Seftware

The top and bottom rows of program blocks in the robot’s sofiware, control the upper left
and upper right servo motors of the movement system. while the program block in the
middle row controls the servo motor of the Spray Paint Can Valve Pressing System.




I8
This Program tells the Spray Painting Robot to spray paint a vertical line at the center,
from top to bottom.
jesead
o af
T Fed| g .
Figure 2. Vertical Spray Program
B.2. Horizontal spray program

Program that tells the Spray Painting Robot 10 spray paint a horizontal line at the center,
from left to right.

e TS Sy A oY A
T ® (@ ot @ = SN
el ] 240 gad

-

r O A e | P |

se > BiE > E> B
Py g @ I 2 :

Figure 3. Horizontal Spray Program
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B3, Square Pattery SPray program

|

S | Aok acanf aci| scaf o

Figure 4. Square Pattern Spray Program

A the
This program tells the Spray painting robot to paint a square. The motor blocks on the top

irection of
row tells the servo motor, on the top left corner of the wall, the speed, and the directi
the rotation as well as when to rotate.
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A. Hardware
Spray Paint Can Valve Pressing Svstem

ALl First annype

The first Spray Paint Can Valve Pressing System was made purely out of Lego
Mindstorms NXT Parts (Plate 5) was feasible because it was very light that it would not
hinder the movement system. The problem was that the servo motor could not exert
enough force to open the spray paint can’s valve and the Lego's that make up the
structure that holds the spray paint can, cannot handle the force exerted by the servo
motors and give way after repetitive movements of the servo motor.

e e I
A

Plate 5. First Spray Paint Can Valve Pressing System
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A.2. Second Prototype

B e e et i
b i & strengthening the structure that holds the spray paint can.
e sewl 0: 'mmoe " w:":nact‘ “Ched‘ out O-f wood so that it won’t break under the stress.
i to a linear actuator (Plate 6.) that converted its rotational

and then attached to a hydraulic system that increased its force
efxened on the spray paint can’s valve. The Hydraulic system consisted of two syringes of
different volumes and the linear actuator was constructed completely of Legos. The
system worked, however it had a long delay before it could press the spray paint can’s
valve and after repeated use the linear actuator kept breaking and the hydraulic system
was losing its efficiency because of air bubbles entering the system. The entire system
was bulky and heavy which could pose a problem if it was attached to the movement
system.

= - RS

Plate 6. Linear Actuator

Observations

The robot can spray paint a pre-programmed design accurately, however, there were
times when the robot spun the servo motors too fast that it caused the Spray paint can

valve pressing system to vibrate and paint some blurry lines. Also the robot worked well
in an isolated environment so long as the belt between the robot’s movement system and

spray paint can valve pressing system isn’t disturbed. The surface must be flat and is
oriented at a 90 degree angle, not tilted to prevent the robot from hitting the surface when

it extends the belt’s lengths.




C. Advantages and M“.hm_
C.1. Ad\'ﬁlh:es

m[‘cgoMmm‘NXTSm'PaimingmMmpmdmInkmwm'Mins
robot. is casier 1o program, and the materials used in the construction of the spray
painting robot can be easily procured. The Lego Mindstorms NXT Spray Painting Robot.
aside from being cheaper compared than industrial spray painting robots, has the ability
to spray paint on flat vertical surfaces which makes it more appropriate rather than
buying expensive industrial robots.

C.2. Disadvantages

The Lego Mindstorms NXT Spray Painting Robot uses NXT-G as Programming
Language. The NXT-G software, compared to other programming languages used in
programming microcontrollers, is less accurate and the values on the software are harder
to control. Aside from the inability of the spray painting robot to spray paint more than
one colored designs, it was not constructed with an emission sensor which allows the
robot to discharge uncontrolled excess spray paint.

D. Main Features

The Lego Mindstorms Spray Painting Robot, spray paints autonomously, much like other
spray painting robots in the market but it paints only on vertical, two-dimensional surfaces
which made it ideal for spray painting on walls. Compared to its industrial counterparts that
feature three-dimensional spray painting and expensive price tags, the Lego Mindstorms
Spray Painting robot is much cheaper. Most Spray painting robots in the market have limited |
reach, while the Lego Mindstorms Spray Painting robot’s reach was only limited by the |
length of the timing belts and cables, by using a longer cable and timing belt, the robot could

overcome this limitation.
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