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ABSTRACT 

The objective of this project is to build a hardware and software of a Rope 

Climbing Robot and to study the motion of a robot that can climb rope. The robot can 

climb up via the rope. The robot weight must be not too heavy because it has to climb up 

via a rope to get the target. The research of the project has been done using a Peripheral 

Interface Connection (PIC) software. The programming about the motion of the robot 

has been built using the software developed. PicBASIC Pro-compiler and MicroCode 

studio from Microchip has been used to design a programming and compile the 

program. The PIC 18F4550 has been used as a microcontroller of the robot. The robot 

has a gripper at the top, in the middle and at the bottom of the robot's body which 

sequentially alternate between gripping and releasing the pole while moving upwards. 

Type HITEC HD7150 MDC Servo Motor from Cytron Technologies Sdn. Bhd has 

been choose as a gear to move each pair of robot arms. 
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ABSTRAK 

Projek tersebut bertujuan membina rupa bentuk dan program bagi Robot 

Pemanjat Tali dan bertujuan mengkaji pergerakan robot melalui tali. Robot yang dibina 

mempunyai keupayaan untuk bergerak melalui tali secara menaik. Berat badan robot 

tersebut hendaklah kurang bagi menampung berat badan semasa memanjat tali. Kajian 

ten tang proj ek tersebut telah disuaipadankan dengan penggunaan perisian Peripheral. 

Interface Connection (PIC). Penggunaan perisian PicBASIC Pro-Compiler dan 

MicroCode Studio dari Microchip Corp. telah digunapakai bagi merekabentuk dan 

menyusun program bersesuaian dengan robot yang dibina. PIC18F4550 telah 

digunapakai sebagai pengawal utama kepada pergerakan robot tersebut. Robot tersebut 

mempunyai pencengkam di bahagian atas, tengah dan bawah badan robot bagi 

mencengkam tali semasa robot bergerak. Jenis HITEC HD7150 M DC Motor Servo 

keluaran Cytron Technologies Sdn. Bhd telah digunapakai sebagai gear bagi 

menggerakkan setiap pencengkam pada robot. 
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CHAPTER! 

INTRODUCTION 

1.1 INTRODUCTION 

The project was named as a Rope Climbing Robot because the application of the 

robot is to climb across the rope line. The design of the robot use a Mechatronic design 

which is the design is a combination of electrical and mechanical engineering studies by 

applying the application. The robots use a movement and the control of the motion 

technique to move through the rope. For the Rope Climbing Robot, the voltage and 

current will be given to the DC Servo Motor to move the robot by gripping the rope. As 

an output device, the DC Servo Motor was used. The motor was used to move the robot. 

The PIC18F4550 was used as a microcontroller and the PICBASIC Pro-Compiler or 

MicroCode studio from Microchip Corp. has been used for the robot programming and 

as a compiler. After the program was and has been burned on the PIC18F4550 using a 

PIC2Kit burner, the compiler is needed to open the programming. Lastly, the program 

will be run and the robot will be move as we need. 
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According to Karel Capec who was introduced a robot is one of a basic study in 

Mechatronic Engineering field at 1920's that play Rossum Universal Robot. Karel Capec 

is one of the Czech playright. According to him, a word robot comes from the word 

robota which is means simply work. A robot was designed to help human in the world to 

have an easier job in a life. A robot was introduced to help human to get some object 

that cannot b~ pick by hand such as at the hot place, at the top and so on. Robot also can 

be used in a· life days to help a housewife to keep clean their house without waste their 

energy and strength. A robot has no feeling like a human so that the robot will not tired 

when doing some work without rest. A robot can do the job for a whole day as long as 

human want. Practically, a robot is distinguished from electromechanical motion 

equipment by their dexterious manipulation capability in that robot can work, position 

and move tools and other objects with far greater dexterity than other machines found in 

the factory. 

According to Ben- Zion Sandler in his book entitled Robotics, Designing The 

Mechanism For Automated Machinery, 1999, an industrial robot is defined as "a 

programmable mechanical manipulator, capable of moving along several directions, 

equipped at its end with a work device called the end effectors (or tool) and capable of 

performing factory work ordinarily done by human beings. The term robot is used for a 

manipulator that has a built-in control system and is capable of stand-alone operation. 

According to the Robotics International Division of the Society of Manufacturing 

Engineers, a robot is a reprogrammable multifunctional manipulator designed to move 

materials, parts, tools, or specialized devices through variable programmed motions for 

the performance of a variety of tasks by the definition. 
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1.2 OBJECTIVE: 

In the rope climbing robot project, there is a few of main objective that would 

like to achieve. The main objective is to build hardware of Rope Climbing Robot and to 

test a Rope Climbing Robot. 

1.3 SCOPE OF PROJECf 

The scope of this project is to investigate the robot application by using a 

software and hardware development. The main focus or scope in this research project 

may include the aspects of hardware building for a rope climbing robot, a firm use for 

climbing robot and to test a motion of the robot via a rope track. 

1.4 EXPECTED OUTCOMES 

As an expected outcome, the project research would like to expect a prototype of 

a rope climbing robot at the end. 
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1.5 SIGNIFICANCE OF THE STUDY 

The studies of the Rope Climbing Robot is significant to have a quality product 

of a climbing robot that will help us in life such as save cost in daily life. The robot also 

can save more time that we have to finish. 

1.6 PROBLEM STATEMENT 

While designing the Rope Climbing Robot, there were a few problems has faced. 

The problem is to choose what the type motion of the robot. The type of robot's motion 

is very important in the research so that the result will be fulfilled the design. Then, it is 

very important thing to understand what is suitable material that we will be use to build 

the robot. The material used also known as· hardware of the robot. The PIC 

microcontroller also should be to study and to understand because the robot 

programming will use a PIC18F4550 microcontroller and programming. At last, the 

project must to make sure that a programming using PICBASIC Pro-Compiler and 

MicroCode Studio is suitable to move the robot properly 
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CHAPTER2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

According to theN. Ranasinghe et al, 2000, when the robots tied horizontally, 

the design known as "horizontal rope climber'', while a gait for climbing rope tied 

vertically known as "vertical . rope climber". A few modules of the robot needed for the 

horizontal line climb to perform a twisting action at each end. For the vertical rope case, 

a different attachment is required. There is only two modules are necessary since we no 

longer require the twisting action. The tension of the rope also varies in the climbing 

method and is a function of the location of the robot along the length of the rope. If the 

robot is low on the rope, the tension it experiences is low but if the robot is high on the 

rope, the tension is higher because the entire weight of the rope below it is exerting a 
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force. Further, the weight of the robot adds tension as well. If the top attachment is 

gripping the rope, the bottom attachment will not experience the tension created by the 

robot weight. However, if the bottom attachment is gripping the rope, the top attachment 

will still experience the tension caused by the robot weight. In addition, by creating the 

friction further distorts the rope by locally, the twisting of one pipe is needed. The 

twisting one rope also needed for create unwanted friction on the other pipe that is 

supposed to be loose. 

According to Jong-Hoon Kim from B.E., Seoul National University of 

Technology in Seoul, South Korea, 2005, December 2008, the caterpillar tracks used to 

help the robot to distribute its weight evenly over a larger surface of the track, when 

compared to the wheel-based robot. The ability used to be the tracked robot moves 

forward the segment which is used for the track is laid out flat on the ground at the front 

and picked up again at the back. So this feature of the caterpillar track helps the robot to 

handle the uneven surfaces much efficiently. To take up the additional load of the robot, 

the rollers was used at the front and back of the robot. The complete rolling track of the 

robot will help the robot in handling the movement smoothly in loose areas, where the 

wheel-based robot of the same potential would fail to do the job. 

According to Wei Wang, Kun Wang and Hauxiang Xiang from a Robotics 

Institute, School Of Mechanical Engineering and Automation in their journal, according 

to the gaits of their model, Crawling gaitz realization of the mini-modular climbing 

caterpillar robot, the gait of a caterpillar robot engages a changing kinematic chain, open 

chain-closed chain-open chain, while the inchworm robot only moves in an open-chain 

·state. According to their journal, the other characteristic of their model, when the 

caterpillar robot climbing, it will transmit a wave along its body, and the middle joints 

will repeat similar control rules with certain phase differences, there is no wave 

transmitting along the body of inchworm robot, and the control rules of its three joint are 

diferrent. 
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CHAPTER3 

METHODOLOGY 

3.1 INTRODUCTION 

In this chapter, we will introduce about a hardware design that was designed 

after all to build the robot. In the hardware design, a mechanical design will be 

constructed start from a head to tail of the robot. In designing the hardware, the head, 

body, tail and gripper is an important part for the robot. At the head of the robot, the 

linear actuator 1 will be connected to the head while the other one of the linear actuator 

will be connected to the tail of the robot. A gripper will be constructed, one at the head 

of robot that state in front of the linear actuator, while the second one at the body of 

robot and the last gripper will be connected to the tail of robot. The second linear 

actuator will be connected to the tail of robot. The linear.actuator function is to forward 

and reverse the gripper before the robot will grip the rope. The DC servo motor was used 

in designing the robot. The motor that connect with the gripper use to control the angle 

of the gripper want to go. 
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3.2 HARDWARE DESIGN 

3.2.1 Mechanical Design 

Head ~ Body r--+ Tail of 
~ Gripper Last 

of of robot f-+ 
prototype 

robot robot of robot 

Figure 3.2.1.1: Head of the Robot 
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Figure 3.2.1.2: In The Middle Of Robot 

Figure 3.2.1.3: Tail of the Robot 

Figure 3.2.1.4: Hole for Rope Enter 
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Figure 3.2.1.5: Last Prototype of Robot 

Figure 3.2.1.6: Tool using to cut aluminium 

Figure 3.2.1. 7: Aluminium trunk 
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ur 3.2.1.8: -clamp 

Figure 3.2.1.9: Teflon from the top view 

Figure 3.2.1.10: Teflon from the top view and side view 



3.2.2 Electrical & Electronic Design 

BATTERY 
(12V) 

PIC18F4550 

DC SERVO 

DC SERVO 

DC SERVO 

RELAY 
l(PORTA) 

----.j RELAy I 
!__ ___ __, IL2_:(P_O_R_T_B_) _ _..J 

I HIGH 

12 
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Figure 3.2.2.1: Circuit Board 

Circuit operation 

A battery 12VDC has been used to give a power supply to the circuit. A relay 1 

will be connected to the PIC18F4550 at port AO and the one of relay that connected to 

port AO also will be connected to linear actuator 1 for the reverse (LOW digital input at 

the programming declaration) function. The relay 3 that connected to the port A1 

connected to the PIC18F4550 for the forward (HIGH digital input at the programming 

declaration) function. It's same as for the relay 1, 2 and 3 at the port B. one of the relay 

at Port B7 declared the forward while port B6 declared as reverse function. The servos 

motor connected to the pin RB3, RB4 and RB5 at the PIC18F4550. A 12VDC power 

supply from the battery will be given to the servos motor so that it can function. A 

voltage regulator has been used in the circuit operation to 
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PIC18F4550 

The Microchip PIC18F4550 i th mother of the board. The robot will not 

function if the PIC18F4550 is not c nn ct d t the board because the main function of 

the robot's motion was interfaced nt th 

MCLRNPPIRE3 -
RAO/ANO-

RA1/AN1 -
RA2/AN2NREF-/CVREF -

RA3/AN3M EF + -
RA4/TOCKIIC1 OUT IRCV -

R.A5/AN4/SSfHL VDI NIC20UT -
RED/ANSICK1 SPP - ­
RE1/AN6/C~SPP­
RE2/AN7/0ESPP-

Voo-
Vss­

OSC1/CLKI­
OSC2/CLKOIRA6 -

RCDfr1 OSOfr13CKI -
RC1 fr1 OSIICC P21 1 l/UOE -

RC2/CCP1/P1A­
Vusa­

RDO/SPPD-
RD1/SPP1 -

I . 

- RB7/K813/PGD 
..:..__. REE/K812/PGC 
- RB5/K811/PGM 
- RB4/AN111KBIDICSSPP 
- RB3/AN9/CC P21 1lNPO 
- RB2/ANBI1 NT2NMO 
- RB1/AN1 O/INT1 /SCKISCL 
- RBD/AN1211 NTO/FLTD lSD 1/SDA 
~voo 

-Vss 
- RD7/SPP7/P1D 
- RD6/SPA3/P1 C 
- RDSISPP5/P1 8 
- RD4/SPP4 
- RC71RXIDT/SDO 
- RC6frX/CK 
- RCSID+NP 
- RC4/D-NM 
- RD3/SPP3 
- RD2/SPP2 

Figure 3.2.2.2: PIC18F4550 

REGULATORIC 7805 

Based on the commercial IC7805 voltage regulator, the +5V was supplied to the 

circuit. The voltage regulator accepts any input voltage between 8 to 18 volts that 

contains all circuitry needed. It is also produce a steady +5 volt output, accurate to 

within 5% (0.25 volt). To protect the IC from damaged in case of excessive load current 
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by reduce its output, the circuit need to contain a current-limiting circuitry and thermal 

overload protection. 

i 5 

Input ,s vob 
Yollg~ oUSput 

\oround 

Figure 3.2.2.3: 7805 Pin out 

CRYSTAL OSCILLATOR 

According to Aleena Emmanual et al, a crystal oscillator is used to provide the 

clock for the PIC that has a very stable Q equivalently to RLC circuit. The crystal 

provides 8 MHz clock oscillates at its resonating frequency to the PIC. It requires 

resistors and capacitors and oscillates pr~perly. 
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DC SERVO MOTOR 

Figure 3.2.2.4: HD-7150MG 

Servos motor are commonly use in a robotics especially in build small robots. 

The advantage of having servo motors is that a separate speed controller would not be 

needed. These motors operate through the use of pulse width modulation by receiving 

certain frequencies of pulses to position the shaft. Conversely, since full travel of these 

motors is typically 180°, they would have to be modified in order for continuous travel. 

Also, these motors are generally slower and less powerful than a DC motor. 

The DC servo motor that used for the robot motion is type HD-7150MG. The 

model can be use when the supply voltage is between 4.5v to 6v. Speed of the DC servo 

motor in each second per 60 degrees is 0.19 second. The torque produce from the DC 

motor is 7.2 kilogram per centimeter and the bearing of the motor is 2BB. The gears use 

.is a metal and the weight of the motor is 49 gram and the size of the motor is 

40x20x3 7mm. 
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ACTUATOR 

The actuator used in the Rope Climbing Robot is a linear DC actuator which will 

be used as an actuator of the robot to move on the robot. The actuator connected to the 

relay for the forward and reverse function. 

RELAY 

The circuit connection will use a relay SPDT 12VDC. The relay use to control 

the actuator either forward or reverse motion. The relay will be a reverse function when 

it is given LOW (0) input and function as a forward when the input given is HIGH (1) 

inputs. 

CURRENT LIMITER 

A current limiter use to limit the current that through the actuator so that the 

actuator will not blows initially. The limiter current need to limit the current when it 

reach 2A of current on the circuit so that the actuator and the PIC circuit board and the 

actuator will not be damaged. 
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COMPILER 

In the research study, th c m il r using m the research is PicBASIC Pro 

Compiler or MicroCode Studio. Th Pic A IC Pro Compiler designed suitable for 

PIC18F4550 microcontroller. 

I Internet Download Manaoer 
h!rrninatof 4 Salv .. , Kespersky Ant:l·Yir\Js 7 .o 

(D K-llt:e Codec Peck 

lD KONAMl 

.i Microsoft Office worJ bO Microsoft Office 
· ··---! ] be Microsoft Office live Add-<o 

~Yahoo! Messenoer ' Mozi1<!1 Firefox 

r-::J . Norton SystemW!rls 

f fC ; Microsoft Office POW\ OrCAD Release 9.1 
- --.... j 

startup 

Notepad 
1 

Tunellp utilities 2009 

: I£ Videoi..AN 

Vista Drive Icon 

\£! Micr"othip 

~ McroCode Studio • ' T~n 
• . IQ Macromedia 

• . .Eel 3 Mobile Bl'oadb.!!od 

~ AIS.oCPD 2002 

t:1JJ Colh C06UIJ.O 

-~ Vodefone 

Figure 3.2.2.5: Opening PICbasic PRO Compiler 
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3.2.3 Software Design 

Programming will be use to control the function of circuit through the PIC. 

Before that circuit can be use y itself, the programming will be burned into PIC using 

such a compiler. After the compiling file, the connection between the devices 

(PIC18F4550) will be checked so that the program either it can be compile or not. 

Usually, the programming can be compiled if the device is in good condition (the 

PIC18F4550 detected by PICkit 2 v.255). 

Programming Compile The Hex Open PIC2KIT 
using Microcode ---+ File r--. 

Studio using High <TOOLS><CHE 

Level Language CK 

(HEX FILE) COMMUNICATI 
ON> 

PIC18F4550 on Bum to PIC Devices 
board f+- PIC18F4550 ~ Found 



PJ Adobe Re~der 8 
K-ute Codec Pack 

] W KONAI~ 
l'llicrosoft office wrxl Microsoft Office 

; i]; Microsoft Office Uve Add·ln 

• Yahoo! Messenger I1J Mozila Flrefox 

({7-, (D Norton Systemworks 

l~ • Microsoft Office POWt [b OrCAD Relt~<!lse 9.1 

ool/oo 

Notepad 

Skype 

SpywMe Doctor 

stardock cursorXP 

startup 

T\J1ellp utlities 2009 

[0 VideoLAN 

LS Vista DriYe Icon 
;"''if>,; • • • 

Trllllan 

M&eromeclie 

3 Mobile Broactland 

At.t.oC{)l) 2002 

Colins COBUILD 

Vodafone 

Figure 3.2.3.1: Opening PICkit 2 v.255 
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!'.>., • PICkit 2 Programmer -
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Device: Not Present Conr.guration: 
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00020 
000213 
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MICROCHIP 
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f" J..~;;f~P"~rt-;~;~-f 
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·~Rea;;r;;;~,ce ~ 1 

Export Hex F1le ! 

I PICkif. 2 
Figure 3.2.3.2: PICkit 2 v.255 programmer 
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Figure 3.2.3.3: Check Communication Between Pickit 2 V.255 

and the devices PIC18F4550 

Figure 3.2.3.4: PIC USB Port 
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Figure 3.2.3.5: Opening Microcode Studio 
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CHAPTER4 

RESULT AND DISCUSSION 

As a result, the robot climbs up via a vertical rope when the robot through a 

vertical line of rope and the robot walk horizontally when the rope line is in horizontal 

line. 
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Figure 4.1: Robot Climb the Rope Horizontally 

Figure 4.2: Robot Last Prototype 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

At the end of the project, a.Rope Climbing Robot has been built and the robots 

overalls function. The objective of the project has been achieved that to build a hardware 

of Rope Climbing Robot and to test a Rope Climbing Robot. Based on this project, some 

modification are required in order to improve and to get more efficient and smooth 

motion of the robot. All criteria should be considered to build a robot so that the robot 

can move via a rope track without any problem. 
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Rnrtoth•tntci'cua . .WC .. T~4'121"0, lo•ex>mA.\11•11\', c;-o.~. C0 •0.111F. unlondhGI'Wiwlfl"lcll•d. 
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be tabn into II.GQ!)Unl WflGRrlatto I'Ut.UIGifl!l wU!Iaw dul)• ir. UHII. 
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Ef«trtcat Cflamctot1SUC9 (l.f-47909) CC::tntilullll) 
R;n;rt;:.tha1et~rcub . ..ctrC~ TJ" 125"C.I0 - £!CmA. V1•15<\'; C,-o.s..~F. C0 -o.tiiF. unlaudhn~~~•d. 
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EI4Ctr1Ca1 CllaractertSUcs {UI7812) (ContbuQd) 
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El9ctr1Cail c~mcl011stlcs. (U~7815) ~nmu.d). 
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14.$ 1.5.0 15.76 

11.0 SO) mV 
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1S. lrAd 11nd lnD ~ll!iQn lift ~;dIll: oorablntjun:l»n 1llll'f»niiUro. Chao~ in Vo duato hallli-l;g ~ mu!lt 
tll1l~Gn into IIIXOunt lilpllfatl¥ N5t.ali"'9 wlh low duty i1 Wild. 

14. n- par.~~~~-., athe<4' gulll'!riwd, - root 1o:n1.111Ud in ptcdu:tion. 

46 



APPENDIXE 
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be1alconin1D IICCOUnllliwplll'a~lf F\Jt~;~lw51ilgWH!III'It duty ill~. 

16. ThHa plli'Dmcllltl, ·~:£JJ•~ <1'01 ·1>01•100%t.altv.!in pncdn:ticn. 

ta 
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Electrlea1 ¢hamctlrls1Jct. (l.M7824) ~) 
Pmlt~ih tctc«ab.o40'C-t l,.o< t IS"C41o• SOOIRA, V1•W( c;.o,Ap£ I1,•0.t,d\ Ulllol$~~ 

f>YJhbCC Pafttrllll:tt' condltk>llti Min. Typ. uu. Ul'llt 
Yo C\Ap..t~ TJ••IS'O J:U ~ K.O V 

lU.c lot::1A. Flo$1J;\\I. 
v1-'Zflftot« 
r.~-..uoc Vl-m·~~:>38V 

\li•to'lll>~ 

l!U \114.1) 

11.0 
1,.0 

15.0 
iJ) 

u 

:1'£21> 

4*) 

240 -2;10 

.. o 
().:1 o.s 
u t.O 

.Ala ~.CulM~ as-. f::lo:-··-::SW.=· ~b>-:":tA~----+--+-::-::-+--:-::-i 
v1-21Veol»V 

Nota! 

"' lo•s.A 

r- im.c,v1.mtr..o.av 
Co• tA. T.l• 45"0 

so.• 

-i.i 

fiQ,D 

fR.O 
ao 

21.0 

~ 

u 

reV 

reV 

1M ... 
1'11\U'C 

r.VNo 
d8 
v 

m 
M 

A 

t7.l.cMIIII4S..N(IJall:nw• ~IIICt)IM!Itjtlo:a~~ii\*0 4Mttll.•~clfocb•uGt 
bt 10bn!M ao:•• "f*ait¥ AJM~wMI klw lulyit.WI4. 

ta.ThtM,........~~-IIOii~ttJt41din~ 

---
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Ehaetncal Charactortst1CS. (LJA7005A) (Ccninuod) 
~1a thataG.tcro..m. O'C<:TJ<"12S'C.Io•1.A, V1•1\JV; C, •Cl.Y.11F: C.:~ •Cl.1pi; ....;nuthaM'isup;cili•d. 

&yml'Jol ParanMCil!r cooctltlon& Min. l'fP• Max. untt 

\'b 0~ ~lll&l! T1 • •WC 4.0 Eli ii.1 V 

Hoal 

111.~~di~--=~t:;::~~-r~ .. a!U::;::Ju1~~r::~..,:.rsr.chsngnin '{~ du111a hntna ~murrt 
~.lh;.u p11111m-., a~£111•~ 1n1 1>~10~1aot~in p~ct•:n. 



APPENDIXE 

.-------------------------------------------------------------, ~ 
El9ctf1cal Charactwtst1cs (1..M7&00A) (Ccrtinuod) 
Rol;rta that;ostcrn.it1. o'C.o::TJ..; 12$"C. 1()•1.A, V1-11\~ Ct -0.!1111J:i C.:, •ll111Fi llinulhaMi!IQCJlGdiod. 

SymbOl Paranlttfr COnd111o.na fAin. Typ. Max. \Jnlt 

Vo QJ~p~tllol9 TJ·~·c e;;;s e.o s.t~ v 

2t.~~di~~~=~=~r~::~I;:;Uu1~~~~us':.""CIIIIrr;Kin'tl\l duvto haati-13~mu111 
::!::!.Th;.u plllllmolws, ~~~·~ !lrD m11'l:>~telltwdin proOIG!kn 

~ 

~ s:: 
~ 
~ 
> 
~ 0 

~ 
i ... 
> 
~ 
!11 
~ 
0 

i 
i 
i 
~ 
0 ... 

so 
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El«tr1C81 CharactA11sUca; (UII780SA) (C:ninuad) 
Raw 1otha1atcro..i1~ o'C <TJ < 12S'C. 10 -11, v,.,,v; C\ -c~!.l!JF. Co- o.1pF.Irl•~~~.~<lllh•Miscpc~tn•d. 

Sy.l111l01 Paramtter COOOJU«1111 Min. -ryp. t.tax. !Jnlt 

Vo O~utlk~ag1 T1 -.s•C 7.!-4 

lo 

lo·EmA1D1A. P,J:~: 1sW, 
v1- to.liVm~av 

Tj •+2S' C IV•· 10.4Vtoz:tV 

J'i11•11Vto 1111 

a.o 
a.o 

e.o 
3.0 

6.1) 

2 .0 

12.0 

12.0 

5.0 

5.1) 

6.16 

a. a. 

eo.o 
ec~o 

eo.o 
40.0 

100 

100 

50.0 

e.o 
0.5 Ala OuC..«t C\ll"lllltCI!an!Pf,l=.o_•_Sn\A....,. . .,.......tx:._t_",...,....----+---~-~1---+ 

v,-tww~•b-..::.:m" 

lee Short CrcuitCurri)rt 

f!l•llN: 

f •120Hz, L:;.•500mA, 
v1 -tt.~'iltx:.n.sv 

0.& 

0.& 

.o.e 
10.0 

&!JJ 

:2.0 

ta.o 
29:1 

2.2 

,. 

m',/ 

m'il 

1M 

1M 

mw•c 

'fJVI\'o 
cS 

'il 

mQ 

InA 

"' 
2l. LauiiiSld In~ No~~ 11t1 mp;dilld Ill ooMtant junction larrp;illiiU~G. Charga in Y.;~ du11o holllng ~ mulll 

t.tarMl into lllX<Iunt ~·"'tt: Ns I:Miina w~ '""" duty i• usod. 
~.lhaow pll.lllmGbn, ~PI"'~- n:II10!J%.t•li:adin prcciu:tion. 

14 
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Etectrtcal Ctlaractortstlcs (lU781»A)o (Coninu•d) 
Rnftotha1HIGra.itR. O'C<TJ<12&'C,Io•1A, VJ•1!>\~ Cj •0.83!1J:i C., •C<111F, ~nuthlnMHsp;c:iiod. 

symbol Pa.rametl!'l c:omlfltlon~~ Min. lJit uax.. IJnlttl 
V0 Ou~u1Volta~ T.t•4S'C l .ez ll.O ll.t& V 

lo Ouiacn Current 

10 -aMtotA. P0 ::: 1SW, 
v1 -t1.2V~o24V 

TJ•..IS'C !YJ•11.SV1o l!4V 

jV1-tz.S.Vto1GV 

lo- 2SCml< 1o :rscmA 

lila au~ Curr"'tCNn;p leo-En* to 1 A. 

8.65 ll.O ll.SO 

i<O li().O 

4.0 4&0 

i.O IX<O 

2'.0 .oii&O 

12.~· 100 

12.0 100 

&0 60;0 

5;0 e.o 
0.6 

tv~,.--,2V~to-~~.~b---.-~-.. ------t----+----~----; 0.& 

lsc Short.Crcdt OJrr"llt 

Hot.: 

1 ·1211Hz, b- SOCmA, 
v,.,~r~o~ 

f-tkJ.b: 

0.& 

-1.0 

10.0 

62.0 

2.0 

17.0 

2£.0 

:u 

mV 

mV 

JJWVo 

dB 

v 
mD 

A 

:::!5. L.ood 1111d inc. reg..jlllicn an ~lied II. o:!l't"Aant jun::ID,~ IQJil»raiUNo. Cha~ in V\l dua to healhg chcls mutzt 
bllti!Jc;n into lloc:aunt Mp11l111011jt Nro;. ti~Jling wtilla.¥ dilly ia IAC!d. 

:35. Thou plllllmct8r5, ~gu~ •" rtll 100'J0.1e!Rdin pi'O!ilr:IJ:n 
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Efe¢tl1eal Cbaractt111tU¢$ (LM7810.A) ~d) 
JW;r-.tt.tr.tci'o.ilt. re cr.,.- us'C.Io• tA. v,. fi'( <1-CW!IF. CQ .. ct.lllf. """'......._~, 
Sytnllol Patenlt!ter COh<ltlloat MIO. 1YJ>. uax. Uftltt 

Yo ~~·· ~~~J:~~~-·~-~~· ~Po-· . -~t~~~-----+----~~~~~ 
v1 .. u.aV~2SV 

~ 10.0 1U v 
0.& 10.0 10.4 

t.O tt~ .-11 
4 . .0 tc;O 

r.,~-45'¢ IV1 ·tUVb~ t.o tClO 

1-q .. ,.Vb~ 3.0 tc;O 

·12,0 HlO rrl{ 

12..() tOO 

t.O sc.Qo 

u '-0 ""' 0.$ ""' 0.& 

0$ 

.u II'M"C 
,0.0 f,tAVo 

FIA Rpp-~P*I f·t2til:.fo•I«W•.:"'I .. 14VlO.t.CV «2.0 ~ 

VIRlJ flo• tA.T.t•.WC 2J) y 

17.0 IIICl 

2$1) 1M. 

u • 
N.ttM: 
21.LCII4.U .... Illkn«f~ll~~~nllaM.~iii~Mt.h~clk$1!1'1111t 

btlablnilllta«OUI lllp«~ ~~dl W ..,a~Md. 
an-.,_...,.~prortw.i-IIOI~~i!l~ 

--
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Efeeb1caf Crtaractwtstlcs (I..N7812A) (Corlinued) 
RWito(hQ111:1.cira..its o.,::<TJ< 12£'0, lo•1A. Vt•1W, q •t>.UpF, 0., •0.1JI(; lrllouolho!IMK~~Iiod. 

symbol Puanwtw eoooruona Min. Typ. MaL unas 
V0 Ouf!U1\~Illgo TJ·~'C 11.1'5 tM 1225 V 

10 • SmAll:> 1 A. Po~ 1&\V, 11.5 12.0 12.5 
Vt•1.oi.8V 11:> 'Z"N 

Ro;9m Uno;~ R•gubliod.JGI V1•1.oi.Wti:>l!OV: lc,• eoom.t. 10.0 120 mV' 

V1·1EV11:>22V <t.O 120 

TJ• 45"0 1Vt•14.5\ltoi!W 10.0 12:1 

J'<lt •1iVw22V J.O 60.0 

R~ laad~lal~lil) TJ•45"C.Io•5mAte< 1.5A 12.0 100 mV 

10 -om-.11:>1A 12.0 100 

lo·::!~ll:>7&mA 5.0 so.o 
lo QuiaGoR CMnHit Tr.:ZS'C $.1 e.o 1M 

Ala Ou~CMnont~ lo•&mAto1A o.s 1M 

V.t•1<4Vto27'V; Ic,•SI:nn4 0.11 

Vt•1SVII:>Bil\';TJ• +:<S·C OAI 

AVr/IJ.T Ou\)ul \'lllllls• Dr.il.IX<l 10 -sm~. ·1.0 rnYi"O 

Vu OU\)ut Noia \bl:9 1-1cHz:1o 1oo1tH::. r~~. -•z·c 10.0 v.'Y'No 
R1 Fipp» ~joa~IX.I f •12XJHt. b • E«<mA, EIO.O cS 

V1- to4V to 214\' 

Va;.-op ~111\'dloge 10 • 1A. T~ • 41SC 2.0 v 
ro OU\)ut. Rnetlln:81X! f·1kH: 1!.0 1110 

lsc ShoriOrc~il Curr41nt Vt• 3So\~ r.., • .-2s-c 29J 1M 

lptC Pak Curr.ntflq TJ-.:zs·o 2.2 A 

No»: 
Zl. Ulad lll!d inor~Diim •• ~li&dlll. ooM~Ant juiJ:Iion!Qf'l1)allltUI'IIo. Cha~ in Vo dut1o hnlng ~must 

bt tlllcln into II.D:f)Unt Wf:«a!Q!,t N"' tMiing wth low duty is UKd. 
00. T't-. pDS11m~ ~ 1'1~..., notto::ntt•-~ in prediction 
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El9Ctrleaa CharactOftstlcs (LM7815A) (CQNinutd) 
Rol;r to tiD tHl crcU!c.. 0"0 ..:T J < 12S'C. lo • 1A. V1 • 23'i, C, • D.UJIF, 0.:, • (). f)JI=; lritB 111h•I'Milll cp;clitd. 

Symbol ~ame4w eonca11e1n• Min. "!yp. fAlX. Ullltl 

Vo O~utVollliJlt TJ• .:~s•c 1~.15 f~O 15 .. & v 
10 •limA 1:1 tA. Po=' ts'/( f .... 15.0 15.6 
v1 -17.tv~:~rtN 

~r. UINI R.gullliort>1J v 1- 1 1.1'1 b a:;~'(, 10 - s.oom.A 10.0 fEO mV 

v,- 20\1 b 2ifN 6.0 tEO 

TJ• ~s·C jV1•17.sVto IOV 11.0 160 

IVt-20VtD 26V &.0 7i.O 

R~ L..cod~lrztoo~ 1 ) TJ• ~s·C.~t-•EmAta t.u. 12.0 100 mV 

lo•SmAb1A 12.0 100 

Ia • 2SDmA b 1:5QM E.D EO.O 

lo Ou~0..111nt TJ• .:!s•c 1..2 LO rnA 

a a OuiMoirt O..lllnf Clu1nga fa •imAb1A o.s rnA 

V1- 17.5V1o3:N, lo• 500mA o.a 
Vi• f7.5Vb&Y(,TJ ·..Z'C 0.6 

4VrJAT O~U1\fd1Dg1 Orftls>) 10 -smA -1.0 mVI"C 

v,. O~UI NoiM "hbg;o I• fOH: to 10:0:41H:, T,_ • .;.25"0 10.0 11VNo 
~ Flip pie Rej;c;tbnl*'i F-t~or.lo-~JM. 51.0 d9 v,. fi:5Vb28.S\' 

Va:.:JP ~utVdtago Ia •1A, TJ• ... I!S'C 2.0 v 
ro Olll!ut RNi~tan:•l.>.21 r-1~ 11l.O mi:l 

lsc Short Cm.il Q.rr<~nl Vt. asV, "t;. - •2S·C 2SO rnA 

I Pit PaakCIIrrtntlllll TJ••:ts·c 2.2 A 

Now: 
3t.L..cod and ina.tigJIIooare ~ii~lll ooMtantjurr:b;)n\D~u,..,ChllndZinVo du•ta haati-glllfsctsmu!lt 

bttakcnint.o DlXOUnlli!Cfl'llr.:a»IJ: PUYtalir.gwiiiiiM' duty ill~. 
32. ThNt pamm~ a»r.u<t-~·~ llflll not100%ta!Gd in p!Cdilllim 

fl 
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Elt!Ctrlcai Chamct4N1St1U (LM7818A} (Caiinutd) 
~1otha1Mtcirc:U11. O"C <TJ <; 12S"C.lo•1.A. VJ•'2.7V. Cj -c~npF, Co •0.1.uF. uiaao1b•rwi~sp&eli•d. 

S}'mbot P.BI"iifn!lter Comllttons fJltn. lYP. fJlax.. Units 

Vo O~UI \l:~laa• TJ • .:we 17.6oC 18.0 1 ue V 

lo • SmA 1D 1A, Po . ..: 15<\fl, 
V. •21Vt:133V 

17.3> 1B.O 18.7 

Reg&no LiiiQ R•gulllliomlll 1-:-\1,:..1 •_21.....,V,..t:1_33V_· .,..,·....:'O:...· -_s_o_om~. __ -+--+---+----1 
V1•2'1Vt:133V 

15.(1 180 

TJ• .:WC r•'t•20.i<Vto 33V 

IV1-~Vb:>30V 

IQ•EmA1D1A 

5.0 

15.0 

5.0 

15.0 

15.0 

7.0 

·S2 

110 

180 

DO.O 

100 

100 

U\0 

8.0 

.A\:J Cluiccso;rt CIIIGI!t ct..n~ 1-:1;:.7-. ·-6m~A,..1_o_1A:-:-:------+--+---+----I 
"'i •12'1 1::1 :;aV,I0 -soom~. 

0.5 

lA!: 

tloW!r<: 

Vl·1~Vt:1:!!3V,T,o-45'C 

t- 12:1H:. lo - soo11111, 
V1•Z!Vto~ 

0.8 

0.8 

-1.0 

10.0 

57.0 

2.0. 

1~.0 

:250 

2.2 

m\1 

mY 

rnA 

rnA 

mVf"C 

p.'ifNo 

dB 

v 
rrQ 

1M 

A 

33. Lead 1111d '""' r~IID:n •• llf4>:liQd Ill coMillntjun:D:>n 111R'fl'lraiUI'Q. Chaongo.o in \'0 due to helllng .HGC:ki muG! 
batabninto account 11i0f<n111¥ I'IJ5~11gwti!IN duty is UNCI. 

34.Th31 pD1111111111:n, ~ g~anrtud, •• .~. 100%1e!Gd in prcaurti:n 

10 
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et~tcat cnaractnuc~ (LM7~ tc<riut4l 
AtiWt.U.1WdaJU.•<CcT.,.:i:S'C.Jo•iAVI•33'tC';•~IItlli~•O.t!IF.I.I'h•~:tocpcciit4. 

&ytnbol PariCMIIW o.:ncsJtlom Mia. 'ryp. tlax. 'l.lt'ib 
:au 211.0 ~s v vo OJplt~ r.,.~ 

r.lo~-~~-eA~~-~-.~Po-~-,~~~~----~~-+~~~~~ !W) aot.o AS.O 
Yt•2'7:Nto..V 

TJ•-45'¢ fVI•:!•:I'VbGfl'l 
IV. •.Vi:> NV 

14.0 

4.0 

11.0 

4.0 
1LO 

ti.O 

1'.0 

u 

·1.1. 

10.0 

$4.0 

:to 

~ mV 

lUO 

lUO 

w 
1«1 rtN 
tOO 

10.0 ., 1M 

0.1 ... 
o.a 
o.a 

M'h'C 

ViVNo 
48 

v 

tse Sl.ottCIJailc.n..t \!i• .~TA-•ts"C 290 • 
l" PllakC~ TJ•d.S'C U A 

---

57 



APPENDIXE 

lJJ 

I ~ ~-+--+--+---+ 
I ~·+--+--+-+--1--+--1--t 

4'!»·~. --=~.....~ .... ~:s,--,..L. ---',.~. ~~~· ~us 
-Oit~('q 

$' ''" ~;r:,_w 

~1M~~~~--+-~~~ 
i 
I 
1--t--i~--+--t-+--1-~-f 
·~.:. 0 .. "' "to01a 

-t-tc:t 

sltu:=••• 
Nl'l.lf~~i'it 

---
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Mechanical otmQnS!ons 
~nlrill~m 

.. 

APPENDIXE 

TQ-220 

.. Jid.~litlm!W:tol~ 
01 U!ft~~ltUAA-~f!L'q 

Nifil'f!.(S•tm 

m~~~~~ 
~~~~-==Dii'lel¥1¢fli'. 
tt'iM'~--~ 
StUU~·-~lo4$. 

~~·11'11£~~ 
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APPENDIXF 

MPS2222, M~22A . <W_", __ 
~.-....... ....... 

General Purpose 
Transistors 
NPNSHicon 

Po 

. 
l'J.~ 

.,... .. 
lt«JC 

u \'illlk 
12 lllliWO 

-41>10 'Cl 
+m - .. ,., "'1W 

at "'01'11 

OH~or"" 

~ 

y •YIW 
'IINI'"IMitli:liUMit 

~ ~ Dll1.11'1111111101 

~~- .... 
tOo4l2 ~~ 

~~~ .... 
~ tOo4l2 ~·"*"' 
~ ~~--.... 
~~~~ 
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Mf'S:.tJ'ZA 
~ 

--~ lit~ 

2!.0 
~ 

~!) 

us 

!I) 
1$ 

,~ 

lG 

f;,fl 

ac 
2$ 

&0 
u:s 

t .O 
41! 

D 
S."!l 

$5 -$) 

411 

.....,::~,, . ..;;t"':--.··-------4 ~.~~~.:.::=-\) ..... ....;;.--+---+-~-+---1 tG 1& .. 
{( :s !IS 

~ 

" 

e-r-~<.Cas J.'l 
"f«lll¢.W~I>I!Ir.ctt•~·~-~, 

M$ 

((). 

F~Pt• 2. t\R..Crll''ttll!t 

tll!ll:tft:llD.~ 
\l 

• 
1)$ 
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Ill II IIIII II ,.~ 
~ lt;t4 ..... t(ltC c«a 

........ 0 ~ 
.-. .. .:...a 
.JM. ......... MQ 

Ill t- t-
t- t-

t- ~ 

"" ~ F • IUiU~ U at ~ U U ilt f.t 1t • fO lfiO 
(~i)l'l4 

RQutt 'l.MlfUtMJ~ 

• 
r-

.... ~ 
~ 

r-~ 

Q~·~~ 

F __ ._ Tllfll-iOtf n:. 

{• . 
t! -1- ~ YCEdii Vffi~-t--t-+HffiHi 

~- T,t..S"'C 

~- VL 

•... au.t uu tt ta •• utA • 
N!'itP.IEVCU&~ 

t:·~oomm 
••• ~ .till" tii$6UU!1t 1*fil 6*1*._ 
I 

b~~M 
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IQot•..,...n••• 
, .. '11. "''ft' ~ 

UI•U $t1t» •••• 

~~QBIN'­
,._1!.T~MICOt#l~ 

71 



APPENDIXF 

MP$2222. MPS2222A 

PACKAG'f DIMeu&fOUS 

ro-u 
1"'-.22QAA 

CASI1!2'9-f1 
tSW~Al. 

ltlfp~tcoe 
1 

:-r-

F ~~ ~~ . 
,. 

·- "' -
C'lllh 

llli1 1111U 

~-·--

., 
' 

- -
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Nt~­
f""l~t.'h<~lllln.~• 
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--~~~:~flit'*~ 

-C!Ii---, .. -~~ 
::;:~~~ ..... ~ 
t:mil.f~­
C!IIl~.,..,.,-...._.._ 
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G:\PSM{LATEST} .pbp 

'************************** **** *********** ******************* , . 
, * Name UNTITLED.BAS * 
, * Author [select VIEW ... EDITOR OPTIONS] * 
, * Notice Copyright (c ) 2009 [select VIEW ... EDITOR OPTIONS] * 
, * All Rights Reserv d * 
, * Date 11/22/2009 * 
, * Version 1.0 * 
, * Notes 
, * 

* 
* 

'************ **************************************************** 
DEFINE OSC 8 
adcon1=%00000111 

SER1 VAR PORTB.3 
SER2 VAR PORTB.4 
SER3 VAR PORTB.5 

I VAR WORD 

TRISB.3=0 
TRISB.4=0 
TRISB.5=0 

act1 A VAR porta.O 
TRISA. 0=0 
act1 B VAR porta.1 
TRISA.1=0 

act2 A VAR portb.7 
TRISB. 7=0 
act2 B VAR portb.6 
TRISB.6=0 

MAIN: 

FOR I=O TO 50 
LOW act1 A 
LOW act2-A 
HIGH SERl 
HIGH SER2 
HIGH SER3 
PAUSEUS 1384 
LOW SER3 
PAUSEUS 596 
LOW SER1 
LOW SER2 
PAUSEUS 18020 

NEXT I 

FOR I=O TO 50 

; 

; 

oscillator Bmhz 

; port B3 as servo motor 1 
; port B4 as servo motor 2 
; port BS as servo motor 3 

; I as wor d [0-255] 

; port B3 as output 
; port B4 as output 
; port BS as output 

count I from 0 to 50 [total loop 51 times] 
; low at actuator 1 
; low at actuator 2 
; high at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 1 

; low servo motor 1 
; low servo motor 2 
; 
; total delay 20ms then goto next count 

; count I from 0 to 50 [total loop 51 times] 
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HIGH SER1 
HIGH SER2 
HIGH SER3 
PAUSEUS 800 
LOW SER1 
PAUSEUS 584 
LOW SER3 
PAUSEUS 596 
LOW SER1 
PAUSEUS 18020 

NEXT I 

FOR I=O TO 50 

HIGH act1 B 
LOW act2- A 
HIGH SER1 
HIGH SER2 
HIGH SER3 
PAUSEUS 1390 
LOW SER3 
PAUSEUS 590 
LOW SER1 
LOW SER2 
PAUSEUS 18020 

NEXT I 

FOR I=O TO 150 

LOW act1 A 
LOW act2-A 
HIGH SERl 
HIGH SER2 
HIGH SER3 
PAUSEUS 1384 
LOW SER3 
PAUSEUS 596 
LOW SER1 
LOW SER2 
PAUSEUS 18020 

NEXT I 

FOR I=O TO 50 

HIGH SER1 
HIGH SER2 
HIGH SER3 
PAUSEUS 1891 
LOW SER3 

; low at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 1 
; 
; low servo motor 1 
; 
; low servo motor 1 

; total delay 20ms then goto next count 

; count I from 0 to 50 [total loop 51 times] 

; high actuator 1 
; low actuator 2 

; high at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 1 

; low servo motor 1 
; low servo motor 1 

; total delay 20ms then goto next count 

; count I from 0 to 150 [total loop 151 

; low at actuator 1 
; low at actuator 2 
; high at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 1 

; low servo motor 1 
; low servo motor 2 
; 
; total delay 20ms then goto next count 

times] 

; count I from 0 to 50 [total loop 51 times] 

; low at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 1 
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PAUSEUS 596 
HIGH SER1 
HIGH SER2 
PAUSEUS 17513 

NEXT I 

FOR I=O TO 50 
HIGH act2 B 
HIGH act1-B 
HIGH SER1 
HIGH SER2 
HIGH SER3 
PAUSEUS 1384 
LOW SER3 
PAUSEUS 596 
LOW SERl 
LOW SER2 
PAUSEUS 18020 

NEXT I 

GOTO MAIN 

; 
; high servo motor 1 
; high servo motor 2 

; total delay 20ms then goto next count 

; count I from 0 to 50 [total loop 51 
; high at actuator 2 
; high at actuator 1 

; high at servo motor 1 
; high at servo motor 2 
; high at servo motor 3 

; low servo motor 3 

; low servo motor 1 
; low servo motor 2 
; 
; total delay 20ms then goto next count 

times] 
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List of Table 

Table !:Standard ASCII Character Set [from PicBasic Pro Compiler, microEngineering 

Lab, Inc. 

Oec.hnal H• Dllpl:a.~ OIN:.Imal He Oisf,Cay/ Oscimal H.v Oispay 
lC. lc.y X. l(sy X IKey 

~ 2C SpaC8 54 40 @ 96 00 

S5 21 I G.S 41 A 97 61 a 

:!4 22 II 613 42 B 9& ~ b 

35 23 II rsT 45 c 99 63 c. 

:36 24 $ sa 44 D 100 54 rl 

~7 2.S •J.. S9 4S E 101 6S B 

~ 2S & 70 46 F 102 00 f 

S:9 27 I 71 47 G 1Q:l DT g 

40 2l!a { 72 48 H 104 sa 1\ 

41 29 ) 7~ 49 I 105 6'9 i 

42 2A . 74 4A J 100 SA J 

45 :2:8 ~ 75 4B K 107 SB k 

44 2C 76 4C L 100 GC I 

4.5 :2:0 - 77 40 M 100 SD m 

46 2E 7/!J 4E N 110 SE n 

47 :2:F I 79 4F 0 11'1 SF c 

4A :30 0 ao 50 p 11:2: 70 'P 

49 ~1 1 81 51 Q 11:l 71 q 

..5() 32 :2: /!J:2: 5:2: R 114 7:2: r 

51 315 ~ M 5:l s 115 75 s 

5:2: :34 4 64 54 T 116 74 1 

.s.-:3. 3.5 5 e.s 55 u 117 75 u 

54 56 s 8G 56 \1 11/!J 76 v 

s.s 57 7 67 57 w 119 77 w 
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.56 58 a 88 .sa X 120 78 X. 

57 ~ 9 89 ss v 1:t1 79 y 

sa ~ 90 SA z 122 7A 2 

59 ~& I 91 ~B. I 123 78. { 

SQ ~ II; 92 5C \ 124 7C I 

51 50 = 95 sc l 125 7D } 

S2 5E. :II' 94 5E. ;, 1:28 7E. .. 
~ ~F ? s~ 5F 127 7F DEL -
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