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ABSTRACT

This project is to build a wall climbing robot. This robot is a suction type of wall
climbing robot; using PIC to do the interfacing, control the movement of the robot,
ventilation fan and the sensors. The position sensors are used to sense any things
blocking its path while it is climbing up, therefore it can be rotated left, right, up and
down. The on-board pump has been replaced by computer fan which will lower the cost
as well as the weight of the original product. The cost of building this robot must be
cheaper than the commercial robots.

BACKGROUND

In all suction adhesion robot that are used for wall climbing robot, they used onboard
pump that created a pressure drop inside the vacuum cups that are pressed against the
wall or ceiling. As the vacuum cup are pressed against the wall, the on board pump will
start to pump the air in the vacuum cup out to the surrounding. After so time, the pressure
inside the vacuum cup is lower than that outside the vacuum cup thusit is able to “stick”
onto the wall.

This type of wall climbing robots require a smooth and flat vertical surface, therefore if
there is a crack in the wall or the vertical surface is uneven, it will not work. Another
problem of this type of robot is that it is much slower than other type of walk climbing
robot. Asit need time to build up the require pressure to hold itself on to the wall.

The suction adhesion robots are normally used on valley bridges and the temperature
could be around 0 to 50 degree Celsius. As for the weight of this type of robot should not
be more than 35 kg, thus the body of this robot should be make of non metallic material.
The center of gravity of the robot must be kept as close as to the vertical surface as
possible, asthe force required to hold the whole weight of the robot will be reduced.

Although this kind of robot are normally used to do the cleaning for high buildings and

under the high way bridges. This will in turn replaced human beings thus reducing the
accident rate. This will farther increase the human being rate of living.
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CHAPTER 1

INTRODUCTION

This chapter will list out what are the objectives of this project. A short introduction of
individual chapters was discussed giving the reader an idea about each chapter.

OBJECTIVES

Research on components required by the robot.

Design the bi-direction circuit for the stepper motor.

Write the PIC program for this robot.

Determine the correct sensor used in this robot.

Sizing the correct fan used to created the suction force for this robot.
Research on the vacuum suction theory.

Selecting of tube/pipe for this project.

Combining all the things listed above to build the final product.

NG~ WNE

Below arethe list of things that will be discuss for this report.
Chapter 2 Stepper motor

This chapter will discuss on the full wave stepping and half wave stepping used in the
stepper motor. How to calculate each angle steps and the speed required for the motor to
rotate one complete revolution. A H-bridge circuit diagram will be used to show how the
rotation of the stepper motor works , whether it is a clockwise direction or anti clockwise
direction. How this circuit has been modify and put it into the final products. Lastly
discussion on how the Pulse Width Modulation will be used in this robot.

Chapter 3 PIC programming

This chapter will be explaining on the microcontroller 1C chip, PIC16F690, works as well
as the limitation on its programming language. Steps of starting a new program will also
be discuss here and the rules to follow when jumping from one BANK to another. How
to decide whether the whole PORT to be input/output or whether if partially input and
output ports. Special address will be introduce and how to make full used for each of
them will be discuss, certain things need to be introduce before they are able to assign to
the PORTSs.

These are the PORTS to be discuss that are shown below. Whether they are 8 bits long or
just be able to used half of the bitsin each PORTs. PORT A, B and C will be discussed

the most as they are mostly used. Otherslike TRISA, B, C etc, will also be introduced in
this chapter.

1
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Chapter 4 Sensor

This chapter will be discussing about different type of sensors and which type of sensor is
used for what purpose in this project. As there are two different type of purpose the
sensor are used for in this project. One of them are used to detect if the vacuum cup arein
place while the other isto detect if there are anything blocking the way of the robot.

Chapter 5 Computer fan

This chapter will be explaining on the different type of fans used and what are the things
to consider when choosing the fan such as the air flow rate and the pressure required for
this project. Other things such as ways to minimize the noise rate but increase the air flow
rate a the same time. The most important thing for this project is to reduce the thing to
build up the required pressure therefore the faster then fan rotates the more air is being
suck out of the restricted volume. This chapter will also explained if the sizing of the fan
is chosen correctly and what will happen if the fan is not chosen correctly.

Chapter 6 Vacuum cupspads

This chapter will be going through the theory of the vacuum cups as well as the theory of
the vacuum cleaner. Using both this theory | will it apply to the final product for this
project. The formula to calculate how much pressure will be build up. Different type of
material used for vacuum cup will have different result in different temperature.
Discussion on the vacuum pad | am using it for this project and to check if they are
suitable for this project. In this chapter, | will also discuss on the problems that | have
face when handing this project. Troubleshooting of this problems will also be discussed
here.

Chapter 7 Electrical/M echanical Design

This chapter will be discussing about what type of software used to draw the circuit for
this project. Here also discuss about the theory of each different circuit and ways for
modifying them for the final products. There will be a short brief report on each of the
circuit used to control the motor, fan etc. In this chapter, we discuss another software will
be used to design the hardware components. Different types of materials, weight and cost
of the material will also be discussed here. This will conclude the final design for the
robot and at the end of this chapter, there will steps that | have make to upgrade the
design as well as the problems of the design.

Chapter 8 Future development/Il mprovement

This chapter will be going through some of the improvements that can be made to the
existing design. Future development of the project can be carry on as this includes
addition of equipment or using better material for this existing design. Other problems

face when constructing this project will be discuss here as well as the solution to
overcome them.

2
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Chapter 9 Conclusion

Thiswill discuss on what the objectives that have are being completed and what is not. A
fina  conclusion for the whole project  will be dated here

3
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CHAPTER 2

STEPPER MOTOR

2.1 How does stepper motor works

A stepper motor can be view as a DC motor with the number of poles on both rotor and
stator. Additional, soft magnetic material with many teeth on the rotor stator cheaply
multiplies the number of poles. The number of steps can be control by software by using
a certain formula; they are control by the number of poles on the stator as well. Basically
there are two different kinds of stepping known as full wave stepping and half wave
stepping. These will be discussed in detail in the next section (section 2.2). Once the kind
of stepping have being decided, the next thing to discuss is about the angle of each step
the motor rotates. The detail will be discussed in section 2.3.

Next thing is to know that it is possible to drive unipolar stepper motor with bipolar
drivers. The way to do so0 isto connect the output pins of the driver to 4 transistors. The
transistor must be grounded at the emitter and the driver pin must be connected to the
base. Collector is connected to the coil wire of the motor.

In order for the motor to move in bi-directional, which mean the motor can turn
clockwise and anticlockwise. A circuit has to be designed to do that. It will have to use a
H-bridge circuit to do that.

Lastly we need to consider the time for the motor to reach one complete revolution. This
will determine the agilities of the robot and how fast it is going to move. And different
clock pulses were applied to the chip to test whether the motor speed will react
accordingly. Lastly is the explanation on what is Pulse Width Modulation (PWM). All of
these will be stated in details in section 2.4.

2.2 Full wave and half wave stepping

As discuss earlier in this report, there are two different kind of stepping. First we will
discuss about the full wave stepping and then the half wave stepping.

For full wave stepping, there are only 4 positions, as each position is 90° different of the
pervious point. Therefore there is only 4 steps altogether for a full wave stepping, we can
also control whether it rotates in a clockwise direction or an anti-clockwise direction.
This work the same way in the half wave stepping too. The difference between a half
wave stepping and full wave stepping will be shown in the diagram below in this section.
Below show the full wave diagram:

4
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Figure 2.1: Full wave stepping position

For half wave stepping, there are 8 postions, as each position is 45° different of the
pervious point. Therefore there are only 8 steps altogether for a half wave stepping.
Below show the half wave diagram:
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Figure 2.2: Half wave stepping position
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Thus from the figure shown above | can used this theory for my software programming
the table for thiswill be discussed in the next section and they are shown in the appendix.

2.3 Choosing the angle of each steps

When come to choosing the angle of every steps of the stepper motor, here is the formula
to be used that are stated below:

Angle for each step = 360°/ 2 X N
N= the number of the pole on the stator.
For this project, it need not be to accurate therefore the angle for each steps need not be

too small. Since the stepping sequence is half wave stepping and it requires 8 steps to
complete one revolution, below are the calculation | have done by using the formula

above.

Angle of each step =360°/ 2 X 4
=360°/ 8
=45°

Below are the diagram shows how the stepping sequence in one complete revolution and
how it isrelated to the sine wave signals.

N
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Figure 2.3: Robot arm movement using half wave stepping

By using the command from the data taken from appendix D, the command to rotate the
armto the left by 90° will be 1000 in binary and in a clockwise direction. Converting that
to hexadecimal, it will be 08h. The command to rotate the arm to a 180° up in the
clockwise direction is 0001 in binary. Converting it into hexadecimal value, it will be

6
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01h. Lastly the command to rotate the arm to the right by 90° will be 0010 in binary and
in an anti-clockwise direction. Converting that to hexadecimal, it will be 02h.

2.4 Choosing the correct speed for the motor to make one complete revolution

Stepper motor has lower torgque capacity as compare to other DC motor thus it has limited
speed. Therefore to determine how fast the motor going to move in one complete
revolution depends on how fast the switch on of each pole in the stator. But firstly we
need to know how many type of speed control it has.

As stated earlier in this report, they are two different type of speed control for the motor.
They are known as the open loop speed controller as well as the closed loop controller
also known as the feedback speed controller/ Feedback speed controller will be better but
more complicated. An open loop speed controlled will be must easier but it will have
missing pulsing especially for stepper motor.

2.5 Stepper motor arm movement

Below are the position of each position for this project, there are show in the home
position follow by the left hand side rotation then follow by the 180° position and lastly
the right hand side position. As long as the movement position is as stated below, then the
rotation of the motor arm is complete. The figures are shown here:

Figure 2.4: Home position

7
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Figure 2.5: Left hand side position

Figure 2.6: 180° position

8
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Figure 2.7: Right hand side position

Left hand position is for the robot to avoid any object blocking the right path it is moving.
Asfor the right hand position is the opposite action of the left hand position of the robot.
If there are no objects blocking its path, it will move on with the original path that isto
the centre top position. The photomircosensors are there to sense if the motor arm has
reach the require position.

2.5.1 What isa H-bridge circuit?

The H-bridge derived its name from the common way the circuit is drawn. This
isthe only solid-state way to operate the motor in both directions.

2.5.2Why need to use H-bridge?

To operate the motor in both directions and using alow voltage to control high
input voltage to the motor.

2.5.3How doesit work?

9
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Figure 2.8: H- bridge circuit

This circuit isrun using 4 MOSFETSs. Each time only two MOSFETs will be turned on to
run the motor. Zener diode is added to prevent the back voltage that is generated by the
motor coil when the power is switched on and off. This fly back voltage can be many
times higher than the supply voltage. If without using the zener diodes, the MOSFETSs
may get burn out. Due to sudden reduce of current.

10
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Figure 2.9: H-bridge circuit turning in clockwise direction

To run the motor in clockwise direction, turn on input ‘A’ and ‘D’. Current will flow
through MOSFET ‘A’, to the motor, and then to MOSFET ‘D’ and then ground. Forming

aclose loop.

11
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Figure 2.10: H-bridge circuit turning in anti-clockwise direction

To run the motor in anti-clockwise direction, turn on input ‘B’ and ‘C’. Current will flow
through MOSFET ‘B’, to the motor, then to MOSFET ‘C’ and then ground. Forming a

close loop.

Pulse Width Modulation (PWM) is using pulsesto control the switching “ on”
and “ off” of a power supply. The percentage of the duty cycle isthe “ on” time of
the power supply. The higher the percentage, the longer will be the switched

“ on” time of the power supply.

12
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CHAPTER 3

PIC Programming

The software programming that has been chosen for this project is known as the PIC
programming. It belong to MLAB groups of microcontroller. It is unlike the
microcontroller from other brand. There certain rules to follow when choosing the
PORTSs. Although the final data are store inside the PORTs address, they are store by
using the store command like that in the motorola microcontroller chip, it has to be store
in another address that is indirect controlling the PORTSs to be inputs or outputs. This
detail will be discussed in the next section.

In PIC programming, there are few commands as compare to other microcontroller,
therefore there are rules to follow when one is to used them. All these will be discussin
details which | have separated them for easy understanding use.

The below diagram will show how the MPLAB IDE project manager operate:

MPLARB IDE
Project
Manager
Object
File
Libraries
Assembler Compiler
("’ Linker 6
: Script
Linker ‘
Debug Executable
File File

Figure 3.1: Project manager structure

The project manager organizes the files to be edited and associated files so that they can
be sent to the language tolls for assembly or compilation. The linker’s task is to place the
object code fragments from the assembler and compiler as well as from the object
libraries into proper memory areas of the embedded controller. This is to ensure the

13
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modules function is linked together with one another. This is how the project build
system looks like/works.

3.1 Rulesfor choosing the PORTs

In PIC 16F690 microcontroller, there are eighteen general purposes of input/output pins
but not every bits in the PORTS are usable. For example PORT A is a 6 bit wide
bidirectional port. This means that only bit O to bit 5 are usable as for the last two bits (bit
6 and bit 7) are under “don’t care” system. This means that they do not have any effect on
the PORT whether they havea‘l’ or ‘O’ datain them. Below show the structure of PORT
A:

PORT A address at 05h/105h
u-o0 u-o0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

- - RAS RA4 RA3 RA2 RA1 RAO

bit 7 bit 0
Figure 3.2: PORT A structure

However to decide on whether they are input or output pin, depend on the data if they
arel’ or ‘0. However these data are store under another address which control the
PORTS, they are known as the TRIS address. Now we are discussing on PORT A
therefore the data store in the TRIS address is known as TRISA address. The data in the
TRISA addressisa‘l’ then PORT A will be an input. If the data store in TRISA address
is‘0’ then it is an output pin. Within this PORT A alone we can have different number of
input pins aswell as output pins, all this depend on which bit of TRISA addressisa‘l’ or
‘0’. Below show the status of the TRISA:

TRISA address at 85h/185h
u-0 u-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1

- TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO

bit 7 bit 0
Figure 3.3: TRISA structure

Bit 7-6 Unimplemented(read as‘0’)

Bit 5-0 Tri-State Control bit
1 =PORT A pin configured as an input (tri-stated)
0 = PORT A pin configured as an output (tri-stated)

14
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The same principle apply to all the PORTs such as PORT B, PORT C etc. The structure
for PORT B,TRISB, PORT C and TRISC will be shown in the appendix at the end of this
report. Unlike PORT C which all the bits in this ports will be used, PORTB is a 4 bit
wide, bidirectional port and PORT C is a8 bit wide bidirectional port. AsPORT B isa4
bits wide port and from the structure of PORT B, only the upper most 4 bits are selected
to control to determine if they are inputs or output pins. The lower 4 bit are in the “don’t
care” system.

3.1.1 Deciding which PORTsto beinput /output

For this project here at the things | need, they are listed below:
2 computer fans
2 detecting sensors
4 position sensors
1 stepper motor

Firstly here is a diagram of how the PIC16F690 microcontroller looks like, here also
show the pin location on theic chip itself:

VDD _F[ e

RAS/T1CKIOSC1/CLKIN =—s[]
RA4/ANITIGIOSCUCLKOUT s []
RAIMCLRNVFP —[]
RCEICCP1/P1A <[]
RC4/C20UT/P1B =[]
RCIANT/PIC =[]

RCBIANE/SS =[]

RCT/ANS/SDO =[]

RB7ITHICK =]

20 [J=— Va3

19 [J== RADANDCTINHICSPDAT/ULPWU
18 [J=—= RAT/ANT/CAZ2IN-VRERICSPCLK
17 [J== RAZIANZITOCKIINTIC1OUT

16 [T RCOANAICZING

15 [J== RC1TANS/IC1ZIN-

14 [J== RC2IANG/FPID

13 []=—= RE4/AN10/SDISDA

12 []=+—= REBS/IANTI/RX/DT

[]=+—= RBE/SCK/SCL

PIC16FE90

== 0 00 = @ M i D R =

L]
"y
=y

Figure 3.4: PIC16F690 microcontroller

All the sensors are to detect if there is any thing obstructing the path either left or right of
the robot as well as if the vacuum cup is in position. As they are used to control certain
condition of the project, therefore they are all inputs. As PORT A has 6 bits, that means |
am able to use them for the sensors. Below are the commands to set PORT A to be

inputs:
bsf 03h,5 ; GotoBank 1
moviw 2fh ; Put 111111 into W
movwf TRISA ; move 11 1111 onto PORTA, setting all pin to input
bcf 03h,5 ;G0 back to Bank O

As for the computer fans, they are used to turn on and off the vacuum suction, each fan
required 2 bits from one of the PORTSs. They are a total of 4 bits, and this is control by
the software condition to turn on or off, therefore | am using PORT B, asit can be seenin
the appendix in the end of the report, there are 4 different bits. For this case, | am setting
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all the 4 bits of the PORT B to be outputs. Here is the command used to set PORT B to

be outputs:
bsf 03h,5 ; GotoBank 1
moviw 00h ; Put 0000 0000 into W
movwf TRISB ; move 0000 0000 onto PORTB, setting all upper bitsto be
; outputs
bcf 03h,5 ; Go back to Bank O

For the motor, | required a few command for it and since all the other PORTS bits have
been used up completely, PORT C is the one left. Here are the few things that are
required for the stepper motor to do, one of them is to rotor the motor arm in the anti
clockwise by 90° and another to rotate in the anti clockwise or clockwise by 180°. The
are another command is to rotate it in a clockwise by 90°. As for the stepper motor, there
are a certain things that need to configure such as full wave or half wave stepping, all this
required bits for PORT C to control. The command given below are to set PORT C to be

outputs:
bsf 03h,5 ; GotoBank 1
moviw 00h ; Put 0000 0000 into W
movwf  TRISC ; move 0000 0000 into PORTC, setting all pinsto be
; outputs
bcf 03h,5 ; Go back to Bank O

3.2 Softwar e Programming

Here is the set of the software programming for the whole project. They are listed below:

CBLOCK 0X05 ;start of internal program

COUNTERO, COUNTERL1 ;define delay counters
ENDC

#define step PORTA,4
#define direct PORTA,5
#define fanl PORTA,O
#define fan2 PORTA,1
#define sensl PORTB,5
#define sens2 PORTC,2
#define Psensl PORTC,6
#define Psens2 PORTC,5
#define Psens3 PORTC,4
#define Psens4 PORTC,3
_ResetVector set 0X00 ; reset vector

org _ResetVector ;Pic start code execution from here

goto START
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nop

nop
START
bsf 03h,5 ; GotoBank 1
moviw 00h ; Put 00 0000 into W
movwf TRISA ; move 00 0000 onto PORTA, setting all pin
; to input
bcf 03h,5 ;Go back to Bank O
bsf 03h,5 ; GotoBank 1
moviw 0%h ; Put 0001 0000 into W
movwf TRISB ; move 0001 0000 onto PORTB, setting all
; upper bitsto be outputs except bit 5
bcf 03h,5 ; Go back to Bank O
bsf 03h,5 ; GotoBank 1
moviw 00h ; Put 0000 0000 into W
movwf TRISC ; move 0000 0000 into PORTC, setting all
; pins to be outputs
bcf 03h,5 ; Go back to Bank O
MAIN clrwdt ;clear watchdog timer in case of latchup
moviw 01h ; set sensorl in home position, vacuum cup
; should be at home position
movwf Psensl ; move the contents of W onto PORTC,6
CHKFAN goto CFAN1 ; jump to CFAN1
btfss fanl ; check if fan 1ison
goto CHKFAN ; else go back to CHKFAN
CHKFAN1 goto CFAN20 ; go to CFAN20
btfsc fan2 ; check if fan 2 is off
goto CHKFAN1 ;goto CHKFAN1
CHKSEN goto SENSOR ; go to SENSOR
SENOFF btfsc PORTC ; both sensor off
goto RSENSOR ; goto RSENSOR
CHKAGAIN moviw 01h ; move the motor to the top(180°)clockwise
; direction
movwf Direct ; store the content of W onto PORTA,5
call DELAY ; goto DELAY
btfss Psen3 ; check if top sensor on, thisisto onthe top
; position sensor
goto CHKAGAIN ; goto CHKAGAIN
goto CFAN2N ; go to CFAN2N
CHKFAN2 btfss fan2 ; check if fan 2 ison
goto CHKFANZ2 ; else go back to CHKFAN2
CHKFAN3 goto CFAN10O ; go to CFAN1O
btfsc fanl ; check if fan 1 is off
17
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goto CHKFAN3 : goto CHKFANS3

goto CHKHOME ;goto CHKHOME
goto MAIN ; go back to the initial program
CFAN1 moviw 10h : turnon fan 1, thisvalue isto turnon fan 1
movwf fanl : store the content of W to PORTA,0, turn
:on fan
return ; return to main program
CFAN1O moviw 00h : turn off fan 1, this value isto turn off fan 1
movwf fanl : store the content of W to PORTB, turn on
: fan
return ; return to main program
CFAN20 moviw 00h : turn off fan 2, this value is to turn off fan 2
movwf fan2 : store the content of W to PORTA, 1, turn
;on fan
return ; return to main program
CFAN2N moviw 20h : turn on fan 2, this value isto turn on fan 2
movwf fan2 : store the content of W to PORTA, 1, turn
;on fan
return ; return to main program
MOTOR moviw 02h : turn on motor, anti-clockwise direction,
; half step and stop at 90°
movwf Direct : store content of W onto PORTC
call DELAY ;go to DELAY
btfss Psend ; check if top sensor on, thisisto onthe top
; position sensor
goto MOTOR ; go to MOTOR
return ; return to main program
MOTOR1 moviw 08h : turn on motor, clockwise direction, half
; step and stop a 90°
movwf Direct : store content of W onto PORTC
call DELAY ;go to DELAY
btfss Psen2 ; check if top sensor on, thisisto onthe top
; position sensor
goto MOTOR1 ; go to MOTORL1
return ; return to main program
MOTOR2 moviw 0l1h ; move the motor to the top(180°)clockwise
: direction
movwf Direct ; store the content of W onto PORTA,5
call DELAY ; goto DELAY
btfss Psenl ; check if top sensor on, thisisto onthe top
18
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goto
return
CHKMOTOR moviw

movwf
call
return

SENSOR btfss
goto
goto
return

CHKHOME btfss
goto
moviw

movwf
goto
return

RSENSOR  hbtfss
goto
moviw
movwf
goto
return

DELAY moviw
movwf

FLOOP nop
nop
moviw
movwf

FILOOP nop
decfsz
goto
decfsz
goto
return

; position sensor
CHKHOME ; goto CHKAGAIN
; return to main program

0l1h ; move the motor to the top(180°)clockwise
: direction

Direct ; store the content of W onto PORTA,5

DELAY ; goto DELAY

Psens2 : check left side sensor on?

Psens4 ; go to RSENSOR

MOTORL1 ; go to MOTORL1
; return to main program

Psenl ; check if right sensor on?

CHKMOTOR ; go to CHKMOTOR

01h ; set sensorl in home position, vacuum cup
; should be at home position

Psensl ; move the contents of W onto PORTC,6

MOTOR2 ; go to MOTOR2
; return to main program

Psend ; check if right sensor on?
SENOFF ; go to SENOFF
20h ; turn on right side sensor
Psend ; store content of W onto PORTC,3
MOTOR ; go to MOTOR

; return to main program
0.1
COUNTERO
0.248
COUNTER1
COUNTERL,f
FILOOP
COUNTERO,F
FLOOP
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3.3 Flow diagram

The whole idea of controlling the movement of the robot isto move the vacuum cup one
after the other. It can either rotate right or left or a 180° up, control by either side of the
detecting sensors, that are mount onto the robot. When the left side detecting sensor sense
there is an object obstaing the way, then the motor will rotate in the opposite direction to
avoid the object. It has the same theory when it happen on the right side of the sensor.
However when the both side of the sensors did not detect anything, it will rotate to the
top side of the outer vacuum cup. Below isthe flow diagram of the overall program.

T

A 4

On Suction power
for Bigger Vacuum
cup(Initial power up)

A 4

Off Suction power
for smaller Vacuum
cup(Initial power up)

y

Continue next page
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Figure 3.5: Flow diagram of the whole program
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CHAPTER 4

SENSOR

There are different types of sensors in this world and for this project; | am using two
different types of sensors for two different purposes. One type of sensor is used to detect
if there are any object obstructing the path of the robot. Another type is used to sense if
the vacuum cup have reach it destination position. These two different types of sensor
will be discussed in the following section later in this report.

4.1 Theory of infrared sensor

Infrared sensors are electronic devices which detect object by measuring the infrared light
radiating from an object, this light are invisible to human eyes but they can be pick up by
this sensors. They are also known as the passive Infrared sensors (PIR sensors). How this
sensors works? They sit in a position accepting infrared energy through the sensor face
that are made from a pyroelectric material. As long as the path of radiated light is block
by an object, the sensor are able to detect it, therefore this sensor for this project is used
to detect if there is anything obstructing the path of the robot. The sensor | am using is
the convergent reflective photoelectric sensor. As the Infrared energy is able to reach the
sensor through the plastic which is transparent to infrared radiation. As the vacuum pad is
make of clear plastic, this type of infrared sensor is not able to detect the motor arm has
reached its designated position or not. Thus the other type of sensor will be used for this
purpose. The other type of sensor | will be using is known as the photomicrosensors.
They will be discussed later in this chapter.

4.1.1 Photomicrosensor

| am using the photomircosensor for detecting the vacuum pad is in the correct position.
The model | am using is the EE-SX671 as the pin connection are shown in the appendix
C of thisreport. As it isat aright angle, | am able to connect it the inner surface of the
big vacuum pad with the pins till inside of the big vacuum pad. In thisway | am able to
solder the pin to the wires and will route this cable out of the big vacuum pad and connect
to the pcb board. The figures below show the diagram of all the photomicrosensor in the
right position. There are three views, isometric view, bottom view and the front view
respectively.
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Figure 4.1: isometric view (position of EE-SX671)

Figure 4.2: bottom view (position of EE-SX671)
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Figure 4.3: Front view (position of EE-SX671)

After looking at the drawing, here is the physical detecting sensors that has been attached
to the big vacuum pad as well as | have solder the circuit that has been shown in chapter
7. Hereisthe photo of the item stated below:

Figure 4.4: Photo of the EE-SX671 sensors and circuit
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4.1.2 Convergent Reflective Micro Photoelectric Sensor

| am using the Convergent Reflective Micro Photoelectric sensor for detecting if
there is anything blocking the robot way. There will be two of them, each on the side of
the structure. The model | am using for my test is PM2-LH10, the pin connection are
shown in the appendix C of thisreport. In thisway | am able to solder the pin to the wires
and will route this cable from the structure base to the top of the robot. The figures below
show the diagram of all the Photoelectric sensor in the correct position. There are three
views, isometric view, top view and the front view respectively.

Figure 4.5: isometric view (position of PM2-LH10)

Figure 4.6: Top view (position of PM2-LH10)
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Figure 4.7: front view (position of PM2-LH10)

Below is the photo of the PM2-LH10 attached to the base structure. From here we can
compare the actual diagram and the drawing attached above:

e ... _-". f : 'l rl
Figure 4.8: Photo of the actua PM2-LH10 sensors and the structure
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4.2 Testing of the sensors

First 1 will show how | tested the detecting sensors and below are the figure of how |
connect the sensors and test how they work. After testing that they work, then | connect
them to me circuit diagram which will be show in the later part of the report. They are
show in chapter 7 of this report.

W

Figure 4.9: Circuit testing for EE-SX671

The sensor | using above is EE-SX671 the above connection is connected to test if | have
got the connection correct as well as to check if the sensors are in working condition.
After testing the circuit above, | am able to check if the sensors (EE-SX671) is in
working condition. | connect in a way that as long as there is something blocking the
light between the receiver and transmitter, the LED will light up. The timing chart | have
showed below:
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Lead __’_,."I..-"__.-" L Pty |

it i e L

Figure 4.10: The timing chart for EE-SX671 sensors

From the graph above, the shaped area means that the load is blocking the path of the
receiver and the transmitter. As the output below, the shaped area means that the output is
high. For this case, it means the LED lights up and from here | have come up with a
circuit to connect it to the main circuit board. This will be shown in chapter 7 under
section 7.2.3.

After finish testing the detecting sensors, | have to do the same for the sensor that are
used to detect if there is any things blocking the robot way. As | have select the type of
sensor for this purpose to be convergent reflective photoelectric sensor. | have come up
with a few teststo check if the sensors works. Below is the diagram | used it for checking
if the sensor are in working condition:
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Figure 4.11: Testing circuit for PM2-LH10

The test circuit above show that if the object is blocking the path of the sensor, the LED
will light up. However the sensing distance for this sensor is unknown therefore by using
this circuit, | can also check what maximum sensing distance is. Below is the table that |
have done to test the sensing distance. The results are shown in it too.

DISTANCE(mm) NO DETECTION DETECTION
200 X
100 X
50 X
20 X
10 X
6 X J/
5 Ny P
i “

Table 4.1 : Detecting distance result
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From the table above, the maximum detecting distance for this sensor is 5mm. Thus the
sensor used for my project is not suitable but there are a few ranges for this type of
reflective sensors.
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CHAPTERS

COMPUTER FAN

The computer fan are found inside the computer that are used to cool down the computer,
usually has one exhaust fan and intake fan, they either suck out the hot air cause by the
component out to the surrounding or suck in cooler air from the surrounding into the
computer to cool down the component. This way they can prevent the computer from
over heating. They are attached to components and are usually used in combination with
a heatsink to increase the surface area available for heat conduction, thereby improving
the efficiency of cooling. Using thislogic, | used it as the suction device for the project.

5.1 Different type of fan

There are a few different kind of computer fan that | will discuss in details in the later
section of this chapter. They are listed below:

PSU fan

Graphics card fan

From the fans listed above, | will choose the most suitable fan for my suction device.
5.1.1 PSU fan

PSU fans often has a double role, not only keeping the PSU itself from overheating, but
also removing warm air from inside the case. Most of them expel the air from the rear,
they have two fans, one of them is located at the bottom for removing case air and a
smaller one on the back for expelling the warm air at afaster rate.

5.1.2 Graphics card fan

These fans are used to cool the GPU and/or memory on graphics cards. The graphic cards
can overheat up to over 140W, more heat than even the CPU so efficient cooling is
especially important. The advantages of a graphics card fan are that they are quieter and
they can protect a video card from overheating. In order for the fan to cool down such
high temperature it required to produce a higher air flow. This means that more air is
been suck out of the computer or more air is been suck into the computer to cool the card
down.

5.2 Selecting the correct air flow rate

After going through the research, and doing some shopping in my local centre, | find out
the suitable computer fan for my project. | have also did some calculation which | have
found on the internet and below are my calculation when selecting the correct fan for this
project. | have also came up with a circuit design to control my fan and it is shown in
chapter 7.
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In order to find the correct air flow, | need to know a few things such as pressure in both
the vacuum pad as well as other things such as the density rho. The formulas are shown
below:

p =PIRT
P = pressure
R = gas constant

T=27C

By using the atmospheric pressure in the surrounding, | am able to find the rest of the
values, the value for the aimospheric pressure is shown below:

Then we have to find the density of the atmospheric and it isgiven as :
Density of surrounding air =1.225 kg/m®
Using the first formula, | can put in the values that | have found from the above steps.

p = 6038/1.225 X 27
p = 18255

So the density rho in the small vacuum pad is 182.55. To find the same thing for the big
vacuum pad, the steps are the same and they are stated below:

p=PIRT

P = pressure
R = gas constant
T=27C

The value for the pressure, we can get in from chapter 6 as it has been found. Thus by
putting in the value, we can solve the velocity needed.

p = 28627.8/1.225 X 27
p = 865.54

So the density rho in the big vacuum pad is 865.54. After finding these, we can find the
flow rate of each vacuum pad.

To find the velocity of the oxygen, and with the dynamic viscosity of oxygen given as
17.3, we can find the velocity of the air flow:

v=ulp
u = dynamic viscosity of different kind of gas
p = rho(also see alist of table)
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v = velocity

Given the information above, we can calculate the velocity in both the vacuum pads. First
| will calculate the small vacuum pad first. The steps are given below:

v=17.3X 10°/182.55
v = 94768.55
The velocity of the small vacuum pad is given as 94768.55nVs

The velocity of the big vacuum pad will be shown below:

v =17.3 X 10°/865.54
v =19987.5

The velocity of the big vacuum pad is given as 19987.5m/s
In order to find the volumetric flow rate, we can use the below formula for this:

Lo e _ 4G
gD wphD©

where

v = velocity

Q = volumetric flow rate
D = diameter of the pipe.

As both the pipe internal diameter | have chosen is 7 mm and with the above formulal be
able to find the volumetric flow rate for both of the vacuum pads.

v = 4Q/n D?

For small vacuum pad, it will be

94768.55 = 4Q/ n D*

94768.55 X n D* = 4Q

14.588 = 4Q

Q=3.65CFM

For the small vacuum pad, the volumetric flow rate is 3.65 CFM
For the large vacuum pad, it will be :

19987.5 = 4Q/ 1 D?

19987.5 X n D* = 4Q

3.077 = 4Q
Q =0.769 CFM
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For the big vacuum pad, the volumetric flow rate is 0.769 CFM

By comparing the result, | have select this type of PC fan, the picture of this type of fan
are shown below:

As from the specification of the fan, | am able to use it for my project. The specification
of the fan will be shown in Appendix C.

| have connected this circuit to test the fan and use it to test the suction force cause by the
fan speed. The diagram below show how | connect for the suction test.

Figure 5.1: Air suction test

The above diagram is the test | used to check two things, one is to check if the fan isin
working condition while the other is to check by using this fan is it able to create the
suction | need. Although I manage to run the fan by the suction created by the fan is not
strong enough to build up the pressure needed. There are a few possibilities, one of them
is the power is not strong enough to build up the pressure. Another is because of the
vacuum pad, as | used the plastic cup to replace the vacuum pad and there is some gap if
it is not place on atrue flat surface.

Another other possible reason is the vacuum pad | have modified; there are some air

escapes out into the surrounding as well as air from the surrounding entering the vacuum
pad. Thus here is the photo of the fan with its circuit control:
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Figure 5.2: suction control assembly

5.3 Whole weight of the robot

After going through the above research, next thing I have to find of the mass and weight
for the material that are used to build this robot. | manage to find out the mass of
aluminum that is around 2600kg per metre cube. As the size of the aluminum used is not
so large, | have calculated each individual parts and the result are shown in the table

below:

PARTSNAME | VOLUME WEIGHT (KG) | FORCE (N)
base structure | 2.16 X 10-5 0.05616 0.551
support bracket | 4.69 X 10-5 0.0122 0.119

fan bracket 32X 105 0.0832 0.816

robot arm 5.65 X 10-5 0.1469 1.441
Standard parts | - 0.6665 6.538

Total 19.19 X 10-5 0.83 9.465

Table 5.1: Total weight and total force

The formula used to find the weight is individual parts is given below:
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Volume of individual parts = Length X Width X Height

First to find the volume for each individual part, after that we need to find the weight for
each individual parts. By using the formula given below, we are able to find the weight of
them.

Weight of individual parts = 2600Kg/m® X Volume

After finding the weight, we are able to calculate the total force adding up. Then from the
calculation to find the suction power we can compare if it is still within the range.
The formula given below isto find the force created by the robot.

Force = mass X gravity force

After finding the weight of the whole robot, things | have to consider are:
Isthe suction created by the computer fan strong enough to the robot
Will other factor affect on the suction force if they are added to the weight

After | have found out the weight of the whole robot, | have to find the whole force

acting down on the robot. Below are the steps used to find the weight acting on the whole
robot:

Figure 5.3: Addition force acting on robot

The force for the calculated for the vacuum pad is given as 603.8N while the overall
weight /force calculated, it is 24N therefore the overall force for the vacuum pad is much
more higher than what is given.

In order to find Force 1, the formulais given as:
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Fl = 2th/ |1
Fz = 2th/ |2
Given for my case, |1 will the same as |, thus the result calculated is given above.

After going through the whole calculation and results, | am confident to state that the
suction force used are able to overcome the weight of the robot even if other factors such
asthe friction coefficient are added to it. Asthe suction force created by the fan are much
higher than the overall weight added up. Therefore adding the extra or additional force,
the result is still smaller than 603.8 N. Thus the fan selected should be able to carry the
whole weight.
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CHAPTER 6

VACUUM CUPS/PADS
In order to build this robot, we need to know how a vacuum cleaner works as| am using
this theory for this project. Now we need to discuss on how the vacuum cleaner works
first. Below is the diagram of a vacuum cleaner:

’

Inside Your Vacuum 5
Cleaner 3
5
Dust 8
Bag
Exhaust
Port
Electric
Filter
Rotating
Brush
Fan
Intake
Port

Figure 6.1: internal of a vacuum cleaner

The fan, when switch on, are used to suck in the air from the in take port and transfer to
the exhaust port. As soon as the fan is turn on, the pressure level behind the fan is been
drop below the pressure outside the vacuum cleaner. This is known as the ambient air
pressure which causes the suction inside the vacuum cleaner. The ambient air pushes
itself into the vacuum cleaner thus suction is build. A as the fan is running, there will
always be a suction force available on the vacuum cleaner.

With this basic idea, | will now work on the theory of the vacuum pad/cup theory. This
will be shown in the next section.
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6.1 Theory of how the vacuum pads works

The air has been compressed under the pressure apply from the top of the vacuum pad, as
the theory of the pressure is that the volume in the enclosure area, is indirectly
proportional to that of the pressure, please look at the formula given below,

B F
P=7
where:
p = pressure

F = normal force
A = enclosure area

This means as the area is reduced, the pressure increases, let F to be equal to 1.

Thus as the area inside the vacuum pad is reduce the pressure inside it is greater than the
pressure outside the vacuum pad, this pressure difference is achieved by connecting the
suction pad to a vacuum generator, which draws air out of the suction pad. When the
suction pad touches the workpiece, it forms a seal between the atmosphere and the space
under the suction pad. The figure below shows how the vacuum pad works.

The holding force is directly proportional to the difference between the atmospheric
pressure and the pressure in the space below the suction pad. The two figures below
shows the action that | have explain earlier.

48 13
b bl b hd '
TT
Figure 6.2: The action of the vacuum pad (before  Figure 6.3: The action of the vacuum pad
Compression) - (after Compression)

As for how strong the vacuum pressure is depends on how much air the vacuum moves
and how fast it move because the strength of the suction keeps the air turbine spinning
when tension increases, All of this is measure or shown by there CFM of the fan or other
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vacuum pumps. Therefore the suction capacity of a vacuum is not the most effective of
creating the suction.

6.1.1 Calculation of pressuredrop

Firstly we have to find the mass of the vacuum pads, both the big and small one. After
that we need to know the pressure each of these vacuum pads can build up and from there
we can check the flow rate for each of them. The steps to find the pressure needed is
given below. By using the atmospheric pressure in the surrounding, | am able to find the
rest of the values, the value for the atmospheric pressure is shown below:

Atmospheric pressure is about 10 tonnes per square metre

From here we need to find the volume of oxygen in the small vacuum pad first in order to
find the pressure required in it. Here are the steps of doing so:

Whole surface area of small vacuum pad = 2xr?
= 2n(31mm) 2
=6.038 X 10°m

After finding the surface area in the small vacuum pad, we can find the pressure in it.

Pressure in the small vacuum pad = (Atmospheric pressure)( 6.038 X 10° )m
= 603.8N

From here we need to find the surface area in the big vacuum pad first in order to find the
pressure required in it. Here are the steps of doing so:

Volume of big vacuum pad = nr*h
= 2n(67.5mm) 2
=0.0286m

Pressure in the big vacuum pad = (Atmospheric pressure)( 0.0286 )m
= 2862.78N
Next isto calculate the pressure drop in the pipe that is used for this project, below isthe

formula for the pressure drop.

As | have found out some of the required valves from above calculation, | am able to find
the pressure drop inside the pipe.

The formula for thisis stated below:
P
#p = 82 C [A§+Z¢]

sint
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As for the pipe, the drawing for the pipe will be shown below:

Figure 6.4: Actualy drawing of pipe used

As the dimension and the actually physical of this pipe is different, | will be using the
pipe which | have manufacture and | will be using this for calculation. As the actually
pipe is the length is slightly longer than the one that | have insert above. | do atest for
this and compare it with the calculated result. The details will be discussed in the last
section of this chapter.

44

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

3930

Figure 6.5: The dimension for the actua pipe

By using this formula,
_ge %, ¢
Fils) "K254 [’EEJ'Zf]
where
Dp - pressure drop
p - fluid density
Q - volumetric flow rate
D - pipe diameter
A - friction coefficient
L - pipe length
sum ksi - the sum of minor losses coefficient

Before proceeding, we need to find out the Reynolds number first, its formulais given

by:
Vo Vo
Reu = — = "G—
u H

Re = 182.55(94768.55)(0.007)/ 17.3 X 10°
=6.999 X 10°
=7X10°
Re number is high, this means that the inertia forces are superior than viscosity forces

therefore the flow is turbulent but if Re number is low, viscosity forces are superior thus
the flow is laminar.
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After finding this, we can find the friction coefficient of the laminar and the formula is
givenas:

B4
A==
Fe

Thus the value for A is given below:
A=64/7X 10°
=9142.86

Dp = 8(182.55) (3.65)%/n°D* [9142.86 (150/0.007) + X
Here is the photo that | have taken after | have assemble up my robot, It is how it looks

like when the robot arm is attached to the same vacuum pad together with its main
structure of the robot.

Figure 6.6: Robot partial assembly

6.1.2 Deciding on how many vacuum pads to be used
To determine the number of vacuum pad used, we can used the formula below to
calculate it: As so of the values has been found from the previous calculation, we can
substitute the value in to double check is it is correct.

D=112XVmX c/bXs
where
D = diameter of the vacuum pad
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m = mass the vacuum pad

¢ = no of the vacuum pad

b = pressure

s = safety factor

In this case the safety factor is 4, the safety of 2 is used got horizontal direction. Thus:

D=112X VmXchbXs

0.062=11.2X VmX 1/b X 4

1.384 X 10%=Vm X 1/b
=Vm X 1/0.847
=Vm X 1.1806

Ym=1.384 X 10°/1.1806

=1172 X 10°
m=(1.172 X 103)?
=1.374 X 10°

Mass of the small vacuum pad is 1.374 X 10°°, thus the weight of this vacuum pad is
1.374 X 10°/9.81 is 1.400 X 10" kg/m and we convert this to gram, it is 14g for the
small vacuum pad. The actual weight of this vacuum pad is around that 12g. Therefore
from the result we can confirm that we are able to used one vacuum pad to do thistask as
the maximum weight of the vacuum pad did not exceed this value. We can do the same
using the above formulato calculate for the big vacuum pad.

D=112X VmX chbXs

0.135=11.2X VmX 1/b X 4

3.013X 10°=Ym X b
=m X 1/9.038
=+m X 0.1106

Ym=3.013 X 10°/0.1106

= 0.0272
m = (0.0272) 2
=7.423 X 10*

Mass of the small vacuum pad is 7.423 X 10, thus the weight of this vacuum pad is
1.374 X 10°/9.81is7.567 X 10°kg/m and we convert thisto gram, it is 75g for the big
vacuum pad. Therefore from the result we can confirm that we are able to used one
vacuum pad to do this task as the maximum weight of the vacuum pad did not exceed this
value.

6.2 Different type of vacuum cups/pads

The different type of material for vacuum pad is shown in the appendix at the end of this
report. However for my project | am using any of those vacuum pads as those in the
appendix are all standard material. They are no suitable one for my project as the height

of the vacuum pad is very small and not suitable for my design as| need arotating armin
one of the big vacuum pads. The vacuum pads that | have found were too low for the
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rotating arm to be fixed in it. However, | did come up with a few new ideas of they are
be done and they will be discussed in the next section of this chapter.

However due to the poor material of the vacuum pad | am using now, the suction power
is not strong enough as well as other leakage in my design, the robot is not able to create
the suction | want. Due to the time | have left, | do not have the time to make adjustment
for my project. This part is mainly for the future improvement that | have stated in
chapter 9 and they will be discussed in details.

6.3 Troubleshooting

Before | gart to troubleshoot the problems, | have face in this chapter, | will do afew test
to check the importance of the things listed below:

One of them isthe flow rate, | do two test to check the different value of the flow rate.
One of them | used running water from the tap directly to fill up a bottle of capacity of 2
liters, | will then used the stop watch to take the timing for it to fill up. Then | will insert
the pipe to the tap and turn on the tap and later take the timing for it to fill up the bottle.
The diagram below shows the test and the table is the result of the test.

Figure 6.7: The flow rate test (collect from the pipe)

The above is the test for the flowing rate as well to compare it with the another test show
below. Asone of them is collecting water directly from the tap while the above one show
it passing through the pip and the result are show in the table below.
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Figure 6.8: The flow rate test (collect directly from tap)

Method used Timetaken to fill the bottle(2 liters)
Running water directly from tap 1 min 24 sec and 60 millisecond
Running water from the pipe(diameter 1 min 42 sec

7mm)

Time difference 17sec and 40 millisecond

Table 6.1: The flow rate result

2 liters = 2000kg

| have round up the water running directly to the tap to 85 second for easy calculation.
85 =2000

1= 2000/ 85

Thus | manage to find the flow rate for one second and the result is 23.529 per sec
Now | take

Below is another | amtesting as this | used smoke instead of water. Thisisto compare

the flow rate between the water and the smoke. Below is the figure | have used to test the
flow rate.
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Figure 6.9: The flow rate test (used smoke for test)

As soon as | start this experiment, | saw smoke coming out of the end part within a few
seconds, therefore | am not able to come out atable to collect the datas. That iswhy | am
using the data collected from the water experiments and the formula | have found in the
internet to calculate the results. | am using the results that | have calculated to assume the
air flow rate of the smoke. Using this value | am able to continue with the sizing and
assembling of this robot as well as to continue with my project. The sizing of the fan size
is always using this as a reference. Therefore there may have some error when doing this.
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CHAPTER 7

ELECTRICAL /MECHANICAL DESIGN

For this chapter, there will be two type of software to be discuss, one of themisto used to
design the circuit diagram will the other is use to design the hardware part. Both the
software will be discussed in the next section in detail of this chapter.

7.1 Type of software used

Firstly, I will discuss about the software | used for designing the hardware, the software |
want for this is known as the solid work. As | have been using this software for my job
and | find this software is much useful as compare to AutoCAD software. It is much user
friendly as compare to other software.

As for the software for drawing the circuit diagram, | will be using PROTEL. We have
used this software in one of our modular. So | am putting what | have learnt into this
project. This software is also much user friendly as compare to other brand of software
that are used to design circuit diagram.

7.2 Circuitry Diagram

| have bought a few photomicrosensors and in order to make sure this sensors works, |
have came up a simple circuit diagram to test of the sensors to check they are in working
condition. The photo | have taken are shown below. | put the aluminum metal between to
seeif the LED light up else the LED should not light up if there is nothing blocking it.

| have also came up a simple diagram to test the fan is it in working condition. The photo
below show what | have done to test the fan. Together with it is a simple circuit diagram
showing how | connect them up. With this simple diagram | am using now, | will modify
it later for my overall fan control that will be shown in the next section.

7.2.1 Diagram for motors
| have also came up a simple circuit diagram to rotate the stepper motor in the clockwise
and anti-clockwise direction. There is photo that | have taken of how the circuit is form,
both of them are shown below After that | will combine this circuit with other circuits

that | have mention here as well as combining them together to form a big circuit board.
The figure is the circuit diagram | have mention before:
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Figure 7.1: Circuit to control motor

Above is the schematic diagram for the motor control. To select where the full steps or
half step from the step command and to control if it turn clockwise or anti-clockwise, it
all depends on the input from the direction port show in the diagram above. IC chip
HCF4093B is the Quad 2 input Nand Schmitt triggers, its purpose is to check when the
input is higher than a certain chosen threshold, the output is high; when the input is below
another (lower) chosen threshold, the output is low; when the input is between the two,
the output retains its value. The output retains its value until the input changes
sufficiently to trigger a change. Below is the picture which | have taken to try out the
above diagram:

After testing the motor, | will try to test out my other circuit which | have understand or
come up my own design to test my other components such as the fan and the sensors. The
circuit diagram will be shown in the next section, explanation will be given to each of the
circuit.

7.2.2 Diagram for computer fan

After trying on the simple fan circuit above, | using the theory to combine it with other
circuit for this final project. As | need to turn on and turn off each individual fan from
time to time, | have to build to two different circuits, each of them to control one fan. One
of the fans is to control the turning on or off of the suction force for the small vacuum
pad while the other is to control turning on or off of the suction force for the big vacuum
pad. Therefore the physical size of the fan will be different however the circuit of them
will be the small. The diagram for the circuit board of the fan will be shown below:
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Figure 7.2: Circuit to control fan

The circuit that | design above, actually the fan depends on wherether switch 1 isturnon
or off. As Omp amplifier compare the voltage in pin 2 and pin 3, if the voltage in pin 3 is
higher than that of the pin 2, then it will take the voltage from Vcc. Then it will turn on
the fan else if it is lower than than pin 2, then the voltage output will be zero . In this case
it will turn off the fan.

7.2.3 Diagram for sensors

There are two types of sensor | will be using therefore there will be two different type of
sensors circuit diagram. | will show the sensors circuit diagram for the detecting of the
vacuum pad first. As there are four of them, this means that there will be four circuit
diagram for each of them. Below diagram will only show one of them. As the diagram
will be link to the microcontroller of the 16F690 and sensors are used as inputs, these
sensors are used to control the movement of the stepper motor which in turn control the
robot rotating arm. Thus we can see from the diagram that as long as the sensor did not
detect anything, it means it did not reach its position it want to go yet. If the position is
reach, it will stop and wait for the next command for it to proceed to the next instruction.
However, when the robot arm needs to rotate to 180°, the command in the software will
tell the robot arm that it will reach either the left or right sensors first and it will ignore
them and carry on even if it get it first detection from the detecting sensors. Diagram for
it will be shown below:
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Figure 7.3: Circuit to control detecting sensors

The other type of sensors is the sensors used to detect anything blocking the robot path.
As two of the sensor will be used, therefore there will be two circuit for them. These
sensors are also input that are used to control which direction the rotating arm suppose to
rotate. Either they are in the clockwise direction or anti-clockwise direction. The diagram
for these circuits will be shown below:
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Figure 7.4: Circuit to control PM2-LH10 sensors

7.2.4 Overall diagram for my project

From the above diagram and connection, | have roughly know how should | connect
them into one big circuit diagram, however after | have fabricate them out, they need not
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need to be in one big circuit board as there are not much space left for my robot. As |
have forgotten to leave a space for my electric part. The diagram of my vacuum suction
will be shown below, as thisis only one of part of my circuit diagram for this project:

FANI -

FAND

e N —
$W-EFDT R

Figure 7.5: Fan circuit for project
Below circuit is for the two type of sensors| am using. But here | show the circuit for the

detecting sensors first. As there are four of them together, |1 have combine four of them
into one circuit board. The circuit diagram is show below:
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Figure 7.6: Detecting sensor circuit for project

The above circuit is only used for the detecting sensors, as for the sensing sensors, the
circuit will be shown later in this report. As for this type of sensors there are only two of
them only, thus the total sensorswill be shown below here:
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Figure 7.7: PM2-LH10 sensor circuit for project
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After going through the circuit diagrams of the overall project, now | should go into the
discussion of how my mechanical design should be. The next section will show you how
| have fabricate each part. Just like the electric design, | will break each of them into
small parts and | will rough give arough idea how | have design them. The next section
will show the dimension of each small parts as well. After all individual parts have been
show, the overall assembly of the robot will be shown in 3 dimension too. As | have
stated earlier the software for designing all the parts are drawn by solidwork software. All
thiswill be discussed in detail in the next section.

7.3 M echanical design

All the hardware design for the project will be discussed in this portion of this report.
Material used for all the hardware is either aluminum or standard parts that are bought
from the shops | have visited. | have also created parts to strengthen the robot as well as
to join different parts together. The first thing that | will go through is the ‘bowl’ that |
used them as vacuum pads. Modification has been made to each one of them.

7.3.1 Design for small vacuum pad

Figure 7.8: Small vacuum pad drawing

The above pictureisthe item | will be using for smaller vacuum pad. Asthisis a standard
that | have bought from the shopping centre, however, | have make some modification to
allow it to be used for my project. Two things will be join to this part, one of them isthe
pipe that allows the air to escape as soon as the fan is turn on. The other part that will be
attached to it is the detecting device used for the position sensors. As this part will rotate
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with the motor arm, the detecting device will stop as soon as the sensors detect it. All the
rest of the parts will be shown below. The dimension of the smaller vacuum pad will be
shown on next page.

! i f A

Figure 7.9: Dimension for small vacuum pad

7.3.2 Design for big vacuum pad

Next will be showing the picture of the big vacuum pad:
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Figure 7.10: Big vacuum pad drawing
This is the main vacuum pad, the smaller vacuum pad will be inside of this part. Asthis

part is also bought from the shopping centre and modification has been make to it for the
purpose of my project. The parts attached to this part include the motor arm, detecting
sensors as well as the structure. This will be the latest design, as the dimension of this

part will be shown below:
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Figure 7.11: Dimension for big vacuum pad

59

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

7.3.3 Design for structure

Next will be showing the picture of the main structure:

Figure 7.12: Structure drawing

For the figure above, the material | will be using is aluminum as this is where the
detecting sensor will be mounted on, this is also the main structure of where the other
parts will be attached to. Part of the stepper motor will be attached to here as this will
rotated the main vacuum pad when the pressure is cut off. The dimension for this part is
shown below as | will need to fabricate this part for the project. The other parts will also
be fabricate therefore the dimension will below shown in the later part of the report.
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Figure 7.13: Dimension for structure

7.3.4 Design for sensor bracket

Next will be showing the picture of the sensor bracket:

Figure 7.14: Sensor bracket drawing
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The picture show above is the detecting sensor bracket, this is to secure the infrared
sensor to. As for the material wise, it will be the same material as the main structure. As
this cause the overall of the robot to be greatly reduce. The dimensioning of this part will
be show below:

Shs iyprmielic f ks ooksr

Figure 7.15: Dimension for Sensor bracket

7.3.5 Design for support bracket

Next will be showing the picture of the support bracket:
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Figure 7.16: Support bracket drawing

The picture show above is the support bracket, this is to secure the stepper motor to the
structure base. As for the material, it will be the same material as the main structure. As
this cause the overall of the robot to be greatly reduce. There will a total of 4 pieces of
this part. The dimensioning for these parts will be show below:
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Figure 7.17: Dimension for Support bracket

7.3.6 Design for support beam

Next will be showing the picture of the support beam:

Figure 7.18: Support beam drawing
The picture show above is the support beam, this is to secure the stepper motor to the
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structure base. As for the material, it will be the same material as the main structure. As
this cause the overall of the robot to be greatly reduce. There will a total of 4 pieces of
this part. The dimensioning for these parts will be show below:

FEI
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Figure 7.19: Dimension for Support beam

7.3.7 Design for fan bracket

Next will be showing the picture of the fan bracket:
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Figure 7.20: fan bracket drawing

The picture show above is the fan support, this is to secure the fan to these part. As for
the material, it will be the same material as the main structure. As this cause the overall

of the robot to be greatly reduce. There will a total of 2 pieces of this part. The
dimensioning for these parts will be show below:
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Figure 7.21: Dimension for fan bracket

7.3.8 Design for fan support

Next will be showing the picture of the fan support:

Figure 7.22: fan support drawing
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The picture show above is the fan support; this is to secure the fan bracket to the structure
base. As for the material, it will be the same material as the main structure. As this cause
the overall of the robot to be greatly reduce. There will atotal of 2 pieces of this part. The
dimensioning for these parts will be show below:

Figure 7.23: Dimension for fan support

7.4 Overall design
After doing most of the parts, | have assembly all the partstogether. So the picture of the

whole assembly will be show in the next page with the bottom view, isometrix view , the
front view and the side view. All thiswill be show next.
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Figure 7.24: Overall drawing

7.5 Troubleshooting

After doing and assembly the fabricated parts, | discover that there are few defaults in my
hardware design. They are listed below:

The boxes connecting to the fans

The opening in the pipe

The pipe connecting to the motor

First | will discussed the boxes that is connected to the fan, | have design a part to fix to
the fan. Asthe box | used to cut up isaplus sign then | bend it into the shape of the box,
the corners | did not use welding instead | used those silicone to glue over the four
corners, thus causing some leakage in this part. Due to this problem, the air pressure
could not build up therefore the suction is not able to work. The problem has been shown
in the figure below:
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p—— Box that fixed to the fan

Air been suck in from the tube

Opening due to bending of the aluminum plus sign

fan

Figure 7.25: Error make for fan bracket

The opening in the pipes will also cause problems to the whole robot as | have to connect
a tube in the pipe so that the air in the surrounding will not enter into the tube thus
causing the pressure not able to build to its required standards. This will cause more and
more air leakage for the whole robot. This is one of the reasons why the robot is not able
to work.

As can be seen in one of the photo that | have taken, the pipe is connect to the rotating
arm of the motor, it will cause problem as the tube will be withstand as the length of the
tube has to be long enough for the moving arm to complete its cycle. If it is unable to do
S0, the tube will disconnect either from the fan connection or the suction area. In worst
case, the whole robot will hand or the rotation armis limited to a certain angle.
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CHAPTER 8

FUTURE DEVELOPMENT /IMPROVEMENT

8.1 Improvement in the softwar e programming

PIC programming is a new program | am using therefore there will be a lot of
improvement that | can make init. Thing that | can change are listed below:
To reduce the whole programming command.
Used better command to replace the one | am using now.

As | have stated above, one way of reduce the programming commands such as to replace
them with better command. This is point two, as using betted command will also reduced
the overall programming language. This way, it will reduce the address been used up.
Thus much easier to troubleshoot later on in the project.

One example for point two that | mention, is to used clear command or set command
instead of loading the command with all zero or with all ones onto a PORTs or TRIS
address. For my case | have tried to do so for afew of them for example to clear the data
in PORT B and PORTC instead of using the move file command.

| have listed them below:

bcf  03h5 ;G0 back to Bank O

bsf 03h,5 ; GotoBank 1

clr TRISB ; move 0000 0000 onto PORTB, setting all
; upper bitsto be outputs

bcf  03h5 ; Go back to Bank O

bsf 03h,5 ; GotoBank 1

clr TRISC ; move 0000 0000 into PORTC, setting all
; pins to be outputs

bcf  03h5 ; Go back to Bank O

For my programming there is another problem | have come a cross when | was
troubleshooting them, one of them is the position sensor. | will discuss the detail in the
next section.

8.1.1 Adding a delay timer at every position

The problem for this is that the motor will stop as soon as the sensor detect that the
vacuum cup has reach the position. But as the vacuum cup is round, the sensor detect as
soon as the circumference of the vacuum cup has reach, the motor is not stop at a 90° but
at an angle slightly smaller than the right angle. Thisis not purposeto be, as| have
program to stop the motor at right angle. Thus this caused the programming to have some
problem. As| have figure out and to present them in a better understanding condition, |
have draw them out in the figure below:
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Figure 8.1a: Correct position Figure 8.1b: Incorrect position

As from the figure above, we can see that figure 8.1a is the correct position but figure
8.1b is out of the position. As these figure show the motor rotate to the left but is out of
position. The same will occurs at 180" and to the right 90°. The reason for this has been
method before and it is state in front in this chapter.

There are two solutions for this problem, one of them is to add a delay timer for every
position sensors. As adding the timer, the sensor will take some time for the motor arm to
react and by choosing the correct timing, it will stop at an right angle. This way the motor
arm is able to stop at the position | have intended to in the first place.

Another way is not as good as the first solution, it required to position the sensor at an
angle that is larger than the right angle. The same principle occurs, but due to the angle is
larger than right angle, the motor arm is able to stop at the position we want. But the
design is not so good as compare to the original design.

8.2 Improvement in the hardware design

For this project, the robot weight has been greatly reduced as | has used mostly plastic
and aluminum. However, the overall robot design can be improved. One of them is the
motor arm, | can reduce the pipe size as well as the method | have inset the vacuum tube
onto the pipe. This can be improved; one of them is custom make the robot am with the
vacuum tube in it thus not allowing any air from interefecing with the air being suck out.
There are other problems with this design, thus it can be improve further. Here are the list
| have listed below and they will be discussed in detail in the later part of this section:

I mprove the method used for joining
I mprove the quality of the vacuum pads
Selecting of different type of vacuum device

8.2.1 Improve the method used for joining
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For this project, most of the joining of two parts together is mainly using screw and nuts.
However certain fabricated parts need to used other methods to do for example welding.
One good example is the fabricated part, box, used for fixing it to the fan. The raw
material | bought is a standard aluminum plate, | need to fold them in order to fabricate it
into abox. Asthe bend all the side up, | forget the most important process that is the need
for it to weld up. Asthere is all lot of different welding methods and | do not have this
skill but I did some research on the internet and from there | think ....welding is the best
for these parts. There will not be any opening in the corners; therefore no air will be able
to escape if the welding is done correctly. | have put the different methods of welding in
this report so that in future, students may use this method for fabricating this part.

8.2.2 Improved on the quality of the vacuum cups

During the building and testing of this project, | found out there will be problem for this
robot to work. Firstly, the software programming has not been tested for this project.
Although | have key in the software code for this robot, | have problem transferring data
to the ic chip. But now | will discuss about problem on the vacuum pad, the material used
to replace the vacuum pad are plastic bowl that | have bought from the market. The first
problem with this is that the friction coefficient is not as good as compare to those that |
have research out. Secondly, the overall volume is too large. It required a stronger
vacuum device than those | have replaced by the computer fan. This problem will be
discussed in the next section. Furthermore as | am fabricating the parts or modify the old
design due to misalignment, there are more holes in this parts that allow air to escape in
and out of each individual vacuum pad. Therefore | came up this idea to modify the
smaller vacuum pad that | have done for this project. This idea will be discussed in the
later part of thisreport, under the future improvement chapter.

8.2.3 Selecting of different type of vacuum device

In this section, | will have two solution for these vacuum device. One way is to continue
using the computer to build up the pressure required but to improve on the material for
the vacuum pad which | have mention previously. The figure will be shown in the chapter
as mention in section 8.2.3. To make my explanation better the picture below will show
below here too:

As can be seen in the picture above, by adding a vacuum pad inside the vacuum pad
which my current design is, this way the suction take place is not within the whole
volume of the vacuum pad but it is in the small vacuum pad in it. In thisway, | can used
back the computer fan as the vacuuming device. The advantages of this design will be
discussed in the next chapter.

8.3 New things added

In this section, new things will be discuss such as new resource need to be done or new

73

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

skill to be learn in order to carry on with this project. One of them is to do research on
different type of welding for this project. Unless some of the parts are fabricated by other
person, else we need to know this in order to fabricate al the partsto be in perfect.

8.3.1 Different type of welding

In this section, different types of welding are shown below:
Butt welding
0 Square butt

Single V butt
Single Bevel butt
Single V butt with root
Single Bevel butt with root
Single U butt

o0 Single Jbutt
Backing run
Fillet
Plug or Slot
Spot/spot(centered)
Seam/Seam(centered)
J'S spot
JIS seam

o 0O O0O0Oo

W elding

Fusian | P resining
wWalding | Waldng

—

:‘:ol\.'l Pigds Friclicsr
alding Walding

Wiimzonic Plashcz | Uil e b abal

wWelkdng ¥elding

Figure 8.2: Welding chart
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| have found some welding method, one of them is the fusion welding, it used by
applying heat at the point of connection that fuse the pieces together. After the hardening
of the mixed components, a solid joint occurs. Another type of welding is known as the
pressure welding, it depends on the application of high pressure or high temperature. This
result in a strong plastification and local deformation of the pieces to be joined in the

welding area.
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CHAPTER9

CONCLUSION

After going through the whole report till now, | should come to a conclusion for the
whole project. As there are few things | want include, firstly is the workability of this
project. As you can see that | am not able to run it, the problem lies on the vacuum pad |
am using for this project. It is not a good material as we have to consider the friction co
efficiency, the surface area of contact as well as the power of the computer fan. As from
this experience, the computer fan is not a good choice of creating the suction power. As
the CFM of the computer is not strong enough to hold the whole robot, and it will take a
long time for the pressure to build up. Thus this is the main reason the robot is about to
climb up the wall. But if the material of the vacuum pad can be change, or the surface
area of contact to be increase, the robot might be able to climb the wall. Although the
robotis not able to climb the wall, | have learn alot of things from it.

This has been a good experience for me as| have learnt what the things to consider when
doing a project are. Things such as planning, research and resource as well as the
experience of using a new programming language. | believe | am able to do things better
in the future for any future project. Below are the things that | am not able to complete or
improvements can be make to this project for the students who will be taking over this
project.

They are listed here:
I mprovement can be make to the software programming.
Better workmanship when fabricating the individual parts.

Research on better computer fans or other better equipment to replace the
idea here.

Do research on Welding as it is needed for this project.
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One of them happened to be one of the programming | will be using for this project.
There are shown below:
PIC your personal Introductory Course Second Edition By John
Morton
Here are also the website | visited for more information about this type of software.

http://www.mikroe.com/en/
www.samengstrom.com/nxl1/1669/pic_programming_page.en.html
www. mstracey.btinternet.co.uk/pictutorial/picmain.htm

As for how other types of wall climbing robot move and the mechanism to control it are
al in the website stated here:

www.eoat.com/articles/article9.htm
http://nanolab.me.cmu.edu/publications/papers’M enon-ROBI 02004. pdf
http://sun-valley.stanford.edu/papers/BretlM RL ; 2003pdf
http://ai.stanford.edu/~latombe/papers/iser04/iser04. pdf
www.fzi.de/KCM S/kems file,php?action=link& id=259
http://www.netmotion.com/htm_filesymc_sensors pe.htm

http://oeiwcsntsl.omron.conVpdfcatal.nsf/5F47969049C9D 8B 286256C59004807
9A/$FILE/C21AppGuide0902.pdf

Here are al the website about the computer fan datasheets come from

www.directron.comv/thinfanl.html
www.directron.com/casefans.html
www.directron.com/cases---case-fans.html
http://sg.hardwarezone.com/news/view.php?id=4516
http://sg.hardwarezone.com/news/view.php?id=6841& cid=3
http://www.hardwarezone.com.sg/news/view.php?d=5630

Here is the website where all the air flow, size of the pipes are found

http://www.pipeflowcal cul ations.com/flowrate/theory.htm
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APPENDIX A

! University of Southern Queensland
Faculty of Engineering and Surveying

ENG 4111/4112 Research Project
PROJECT SPECIFICATION

| TOPIC: Wall Climbing Robot

| SUPERVISOR: Prof. lohnBillingsley

PROJECT AN The project seeks to investigate the faciors io consider in
building a wall climbing robot. Such as the weight of the object, pressure required
for the object being hang on the vertical direction and gravity pulling it down.
FPROGRAMME: issue A, 14 MAR 2007

1. Research on background of different type of wall climbing robots and how
they work.

Z. Research on different type of motors that be used on my project (wall
climbing robot) and | will choose a suitabie motor for it.

3 Research on propeller/ fan for creating of the pressure used for my
project. Will do research on pressure device and do experiment for my robot to
climb the wall.

4 Research on material hanging on a vertical aurface, power required to
overcome the gravity force as well as the weight of the robot.

5 Resesarch on the vacuum cup and other likewise device that will be used
as the climbing device for my robot.

f]

] Research on different type of material used for the vacuum cups and
which kind of the material used will be the bast for this project.

T Research on different types of software that will be used to control my
robot and will it be fully automatic or is it controlled by a remote controller.

| 8. After that | will build the model of my robat and will test run on it
AGREED:

VinZ Kang Boon Geh (Student) John Billingsley{Supervisor)
- = . {Datad) 13/4/2007

78

PDF created with pdfFactory trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Pressure Units

Technical fop—roé‘e”dér
Pascal Bar atmosphere Atmosphere,  Torr Torce per
(Pa) (bar) (at) (atm) (mmHg) g_u?lg;;nch

1Pa  =1N/me 10° 10.197x10° 9.8692x10 ¢ 7.5006x10 3 145.04x10 °

1bar | 100000 =10°dyn/cm? ~ 1.0197 0.98692

lat | 98066.5 0.980665 |=1kgf/cm? 0.96784

latm 101 325 1.01325 1.0332 =lam

750.06 14.504

735.56 14.223

760 14.696

1torr | 133.322 | 1.3332x10° |1.3595x10 3/ 1.3158x10 ° =1 mmHg 19.337x10

1ps | 6894.76 @ 68.948x10 % 70.307x10 3 68.046x10 >
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APPENDIX B

Bill Of Materials

ITEM QTY COST
1/2" round tubing 1 $11.00
Computer fan 3 $18.00
Stepper motor 1 $24.00
USB serial converter 1 $28.00
PIC microprocessor 1 $80.00
300 X 300 X 2 Aluimum 1 $30.00
100 ohm resistor 1 $0.50
1K resistor 2 $1.00
10K resistor 4 $3.50
4K7 resistor 6 $6.00
8K2 resistor 4 $2.00
0.1uF(capacitor) 2 $1.00
100uF(capacitor) 2 $2.00
IRFZ44 4 $6.00
IC4013 1 $2.50
IC4030 2 $5.00
IC4093 1 $2.50
IC7805 1 $1.50
BC547 6 $15.00
2N2907 2 $5.00
Plastic container 2 $3.50
Double 'A' battery 8 $12.00
battery holder 1 $20.00
3" heat sink cable 3 $15.00
2" heat sink cable 3 $15.00
cable(green) 1 $15.00
cable(yellow) 1 $15.00
cable(red) 1 $15.00
cable(black) 1 $15.00
cable(white) 1 $15.00
M3 screw 10 $20.00
M4 screw 20 $40.00
EE-SX671 4 $100.00
PM2-LH10 2 $50.00
Total Cost $595.00
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Sour ce code:

Code
addlw
addwf

addwf

Andlw

andwf

bcf
bsf

btfsc

btfss

call

clrf

clrw

clrwdt

comf

decf

decfsz

number

FilereReg,f

File Reg,w

number

FileReg,

FileReg, bit
FileReg, bit

FileReg, bit

Any Sub

FileReg

FileReg,

FileReg,

Comment
adds a no. with the no. in the working register

adds the no. in the working register to the no. in afile
register and putsthe result in the file register

adds the no. in the working register to the no. in afile
register and puts the result back into the working register
leaving the file register unchanged.

ANDs a no. with the no. in the working register, leaving the
result in the working register

ANDs the no. in the working register with the no.in afile
register and putsthe result in the file register

clearsabit in afileregister
setsabit in afileregister

test abit in afile register and skipsthe next instruction if
the result is clear

test abit in afileregister & skipsthe next instruction if the
result is set

makes the chip call a subroutine, after which it will return
to where it left off

clearsthe no. in afile register

clears the no. in the working register
clears the no. in the watchdog timer

complements the no. in afile register, leaving the result in
the file register

decrements afile register & putsthe result in thefile
register

decrements afile register & if the result is zero it skipsthe
next instruction. The result is put in the file register
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goto

incf

incfsz

iorlw

iorwf

movfw
moviw

movwf
nop
option
retfie

retlw

return

rif

rrf

sleep
sublw

subwf

Anywhere

FileReg,

FileReg,

number

FileReg
number

FileReg

number

FileReg,

FileReg,

number

FileReg,

makes the chip go to somewhere in the program which you
labeled

increments afile register & putsthe result inthe file
register

increments afile register and if the result is zero it skipsthe
next instruction. The result is put in the file register

inclusive ORs a no. with the no. in the working register

inclusive Ors the no. in the working register with the no. in
afileregister & putsthe result in the file register

moves the no in afile register into the working register
moves a no. into the working register

moves the no. in the working register into afile register
stands for no operation

takes the no. in the working register and moves it into the
option register

returns from a subroutine & enables the Globel Interrupt
Enable bit

return from asubroutine with a particular no. in the working
register

return from a subroutine

rotates the bits in afile register to the left, putting the result
inthe file register

rotates the bits in afile register to the right, putting the
result in the file register

send the PIC to sleep, lower power consumption node
subtracts the no. in the working register from a no.

subtracts the no. in the working register from the no. ina
fileregister & putsthe result in the file register
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swapf FileReg,f swaps the two halves of the 8 bit binary no. in afile
register, having the result in the file register

tris PORTX uses the no. in the working register to specify which bits of
aport are inputs and which are outputs

xorlw number exclusive Ors ano. with the no. in the working register

xorwf FileReg,f exclusive Ors the no. in the working register with the no. in

afileregister & putsthe result in the file register
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APPENDIX C

PIC16F690 data sheset:

Configuration

KT

i

b . Dwabus  °  PORTA
:i| Fr:g'ar‘u Counter }-H - —
— ‘I JL FALGAMDC INHICSPOATIULEWU
aKxid iln ¥, RAVAN1/C1 ZIN-UREFICSPCLE
Pragram N R FAM . =LA RAZAMZTOCKNINTIC10UT
Memary Srievel Stack (13it) 256 bytes RASMCLENTP
Fle FALANAT ZIOSCICLKOUT
Regisiers RASTICKIDSC1/CLKIN
Program 14 Y
Bus I RAM Addr
H 3 FORTS
S AT MUK
Irs‘.'mlnnﬁ:!g & ‘_,"._‘ .-'N. +
I Direct Addr 7 || ridlreict —[] RB4/AN1DEDISDA
Adr L =[] RESANTIRDT
=] REE/SCHISCL
=[] RETTHICK
g
- PORTC
e [ ACTIANAICZING
] RCUANSIC1ZIN-
n 3:1!1.\.-&'-1.p e[| RCZIANERID
mer . CRANTRIC
Instruction | - *:3:{"'_” b
Decode ang |as|  Oscllator -~ Reac2ouTrE
contr ¥|| Sart-up Timer =[x] RCSICCP1P1A
CSCICLK] Ep— == [ RoEANSSS
T el =[] AcTianmED0
TIming
OSCHCLND | cenersion [=e|| Walchdog
- Timer
i Srown-out
~- Resst
ntemial
Oecliiator
Block
MCLA Voo \ss
ccou .
e . p1,¢‘ SOV SCKY __
TOCK] TG Ticx TJEK QET R EED fj%,’zﬁ%,‘ ,_,%_%
e SYTCEInNoLS
Timest Timer1 Timerz EUSART ECCes e
ANS AND ANTD ANTY .l"f. R .ﬁ_ 1T ”

WREF AMND ANT

Analog-To-Cigital Converter

2
Analag Comparators
ang Reference

b bkt

b

bobd o
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Name Function I.F;Ip;: G.I._;rtpp:t Description
RANANDIC1IN+/ICSPDATI RaD TTL — General purpose 0. Individually contrelled interrupt-on-
ULPWU change. 'ndividually enabied put-up.

AND AN — AD Channel 0 input.
C1lN+ AN — Comparator 1 positive input.
ICSPDAT TTL CMOS [ICSP Data 10,
ULPWU AN — Ulira Low-Power Wake-up input.
RATANTIC 1 2IN-"Vrer/ICSPCLK R&d TTL CMOS | General purpose JO. Individually controlled mtermupt-on-
change. ndividually enabied pul-up.
ANT AN — A0 Channel 1 input.
C12IN- AN — Comparater 1 or 2 negative input.
VrEs AN — External Voltage Reference for A/D.
ICSPCLK 5T — C5P™ clock.
RAZANZTOCEINNTICIOUT RaZ 5T CMOS | General purpose 1F0. Individually controlled mterrupi-on-
change. 'ndividually enabed put-up.
ANZ AN — A0 Channel 2 input.
TOCK 5T — Timer clock input.
NT 5T — External Interrupt.
C10UT — CMOS | Comparator 1 oulput.
RAIMCLRNER RAZ TTL — General purpose input. Indvidua"y confrolled interrupt-on-
change
MCLR 5T — | Master Glear with internal pull-up.
VR Hy — Programming velage.
RAHANITIGIOSCHOLKOUT Rad TTL CMOS | General purpose V0. Individually controlled interrupt-on-
change. 'ndividually enabied put-up.
AN3 AN — AD Channel 3 input.
TG 5T — Timer1 gate input.
QsC2 — XTAL | CrystaVResonator.
CLKOUT — CMOS |Foaci4 output
RABMTICKIOSC1ICLEIN RAS TTL CMOS | General purpose /0. Individually controlled interrupt-on-
change. 'ndividually enabied put-up.
T1CK 5T — Timer1 clock input.
O5C1 XTAL — Crysta/Resonator,
CLEIN 5T — External clock input/RC oscillator connection.
RE4HANID/SDISDA RB4 TTL CMOS | General purpose /0. Individually contrelled imterrupt-on-
change. 'ndividually enabied put-up.
AN10 AN — AD Channel 10 input
so1 5T — 5P| data input.
SDA 5T QD | FC data inputioutput.
RES/ANIT/RXDT RBS TTL CMOS | General purpose /0. Individually controlled imterrupt-on-
change. ndividually enabied pul-up.
AN11 AM — A/D Channel 11 input.
RX 5T — EUSART asynchronous mput
oT 5T CMOS (E

USART synchronous data.
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Mame Function I.::;F;"; D.I.u:.lt::t Description
RBESCKISCL RB8 TTL CMOS | General purpose V0. Indwidua'y controlled interrupt-on-
change. Individua"y enabled pull-up.
SCK 5T CMOS [ SPI™ clock.
SCL ST o0 | 1PC™ clock.
RETITXICK RET TTL CMOS5 | General purpose V0. Indwidua'y controlled interrupt-on-
change. Individua"y enabled pull-up
TX — CMOS | EUSART asynchronous output.
CK 5T CMOS | EUSART synchronous clock.
RCDIAMNSICZIMN: RCO 5T CMOS | General purpose VO,
ANa AN — AID Channel 4 input.
C2IN+ AN — Comparator 2 positive input.
RC1TANSIC12IN- RCA 5T CMO5 | General purpose V0.
ANS AN — AID Channel 5 input.
C12IM AN — Comparator 1 or 2 negative input.
RC2/ANS/P1D RC2 5T CMO5 | General purpose V0.
ANE AN — AID Channel 8 input.
FiD - CMOS | PWM output.
RCIANTIPIC RC3 5T CMO5 | General purpose V0.
ANT AN — AID Channel 7 input.
PiC — CMOS | PWM output.
RC4/C20UTIMB RC4 5T CMOS | General purpose V0.
C20UT — CMOS | Comparator 2 cutput.
P1B — CMOS | PWM output.
RCE/CCP1/P1A RCSE 5T CMOS | General purpose V0.
CCP1 5T CMOS | Capture/Compare input.
P1A 5T CMOS | PWM output.
RCAIAMASES RCa ST CMOS | General purpose V0.
ANE AN — AID Channel 8 input.
S 5T — Slave Select input.
RCTIANSSDOD RC7 5T CMO5 | General purpose V0.
AMG AN — A/D Channel & input.
S00 — CMO5 | SPI data cutput.
Ves faz Power — Ground reference.
Voo Voo Fower — Positive supply
Legend: AN = Analog mput or output CMOS = CMOS compatible input or output 2D = Dpen Drain
TTL = TTL compatible input 5T = Schmitt Tngger input with CMOS levels
HWv = High Violage KTAL = Crystal
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File File File File
Address Address Address Address
Indirec: addr. ' | 00 Indirec: addr. ™ | &0 Indirect addr. " | 100 Indirect addr. ™ | 120
TMRO 01h CPTIOM_REG |B1h TMRO 101h OPTION_REG |181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS E3h STATUS 103h STATUS 183h
F5R O4h F5R Edh F5R 104dh FSR 184h
FORTA D5h TRISA ESh PORTA 105h TRISA 185h
PORTH DEh TRISE E&h PORTB 106h TRISE 1B6h
PORTC O07h TRISC ETh PORTC 107h TRISC 16Th
DEh EEh 10Bh 1BEh
OEh Egh 10Bh 158h
PCLATH D&h PCLATH E&h PCLATH 108k PCLATH 188h
INTCON OBh INTCON EBh INTCON 10Bh INTCON 1E6Bh
PIR1 OCh FIE1 ECh EEDAT 10Ch EECONIT 18Ch
PIR2 00h PIE2 E£0h EZADR 10Dh EECCM2™  |1EDh
TMRIL DEh PCOMN EEh EEDATH 10Eh 1BEh
TNETH OFh OSCCON 8Fh EEADRH 10Fh 18Fh
TICON 10h OSCTUME | BDh 110h 180h
TMR2 11h Bih 111k 181h
T2CON 12h PR2 BZh 112h 182h
S5FEUF 13h SSEADD™ | Bdh 113h 183h
SSPCOMN 14h S5PSTAT S4h 114h 184h
CCPRIL 15h WPUA BER WPUB 115h 18E5R
CCPR1H 16h 1OCA pEh IOCB 116h 186h
CCPICON 17h WDTCON BTh 117h 167h
RCSTA 18h TESTA BEh VRCON 118h 1BEh
TXREG 18h SPBERG BER CMICOMD  [118h 18ER
RCREG 18h SPERGH BAR CM2COMND 1&h 18AR
1Bh BAUDCTL |REh CM2COMN1 11Eh 18Bh
PWMICOM  |1Ch BCh 11Ch 18Ch
ECCPAS 10h BDh 110k PSTRCOMN 180h
ADRESH 1Eh ADRESL BEh AMSEL 11Eh SRCON 1BEh
ADCOMD 1Fh ADCOMT aFh ANSELH 11Fh 18Fh
20h Alh 120h 1A0h
General General
General Purpose Purposs
Purpose Register Register
Register
80 Bytes B0 Bytes
o% Bytes EFh 16Fh
AcCesses Fih AcTeSsEs 170h ACTESEES 1Fh
TFh TOh-7Fh FFh TOh-TFh 17Fh TOh-TFh 1FFR
Bank D Bank1 Bank2 Bank3
O Unimplemented data memery locations, read as 'o°
Note 1: Mot a physica’ register
2 Address B2h also accesses the 35P Mask (S3PMEK) register under cerian conditions
Sze Registers 13-2 and 13-2 for more details.
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TABLE 2-1:

PIC16F685/637/689/690 SPECIAL REGISTERS SUMMARY BAMK 0

Yalus on walus on

Addr|  Mame BIt7 Bit & Bit 5 Bit4 BIt3 Bit 2 Bit1 Bit0 | POR/BOR | all other
Resst Resetal'!

Bank 0
ooh  |INDF Adoreszsing Mis location usas contents of FSR 10 agdress data memony (nof @ phiysical register) | somex xomx | somes s
oih | TMRD Timerd hodule Reglster MK XHRX | LUDQ waag
02k FCL P'-:-gmm Countar's [PC) Least Sg"lmlli'll 5':4'1{- 0ooS 0000 | 000D 0000
oan |sTaTUS Re RE1 AFO 0 m | z | oc c |oo0z 2smx]00og quas
I£h |FSR ndirect Data Memary Address Pointer HONNE NHEX | LI W
OSh | PORTA = = RAS Rad FAS RAZ RAT RAD --XX XXEX | --uu uwaaa
sh |PORTE RET AEE RES RS = = = [ P [
o7h | PORTC RCT ACE RS ACd RC3 RCI R I pr———
Dah — Unimplemented - -
an = Unimplemented = =
bAh | FCLATH —_ - —_ ‘Wiite Buffer for upper 5 bits of Program Counber
ISk |INTCON Qs DEIE TIE NTE RABIE TOF NTF | RABIFIE
ICh |PIR1 = ADIF ROFE | THEM | sspE® | copurd | TeRziE® | TRF
OCh |PIR2 CSFIF C2IF C1IF EEIF — — — —
CEh [TMRIL Hoidng Reglster for the Least Signincant Syie of the 15-0i TMR1
IFn | TMRI1E Hoidng Register for the Most Signifleant Byez of the 16-bE TMR1 r——
on [Ticow Ticmy | TwRice [ Tickest [ Tickest [ Tioscen | TETE | teaics [ turion [ eeoe oo [uwes
1ih TMR2 Timer2 Module qE'§|E|.E"' 0ooS 00oo | 00od
120 [Tzcom — | rouress | Toutesz | Toutes1 | Toutest | TMRzon | Teckest [ Tzexeso| -noe ones
13k S5PB __||:|3| 5}'1':" ronous Sanal Port Recelve BulferTransmit QE'§|51E" HHXNE XHEX | Luau waau
1 [sspcon® | wcol | sseov | sseen | cke | ssewa | ssewz | ssewt | ssewin [oooe ones|ooce nese
15h |CcCPRILM | CaphmefCompare/PWM Ragister 1 (LSB) oo omx | twie waaa
Gh |CCPRIHM | CaphrefCompare/PWM Register 1 (MSEB) oo X | nwin waaa
17h | cCPicoNi | PiIM1 Pl | Dociet | ocoto | coPiM | copimz | copaMd | coPiMD | ooos oooo|oose pooo
18h | RCSTAM SPEN RXg SREN CREM | ADDEM | F=mm QEFRR Axa0 | oooo ooox|oooe ooox
13h | TRREG™ EUSART Transmit Data Register 0o0o 0090|0000 0000
1Ak HCRESIE' EJSART Recelve Dala Eegsber 0ooS 0000 | 000D 0000
15h = Unimplemented = =
ich |PWKIMCONT | cremy | pocs BOCS POCA PDC3 ] o POC ooo0 | onos onoa|osso o
ioh |ECCRAS™ | eoopass | Ecopasa | Ecopast | Ecorasza | Pssact | essaca | PeseDt | Psssma |oooo ooco|oooe sses
1Eh |ADRESH A0 Result Reglster High Byte OO0 00NN | WY W
17 [aDcom ot | weme | cHss | cwse CHS1 cHsn |@oDONE| ADoN [ooos oncofooce oooe
Legend: — = Unimplemented locations read as 'a’, u = unchanged, x = unknaan, q = value depends on condition, shaded = unimplemened
Hota 1 Ohar I:'ICl'I FD\’-‘ET-JP: Resals Incude MCLR Reset and '-‘.'3)313'3; Timer Reset ﬂLI"I'lg narmal Operation

2 MCLR and WIT Reset do not &Tect the previous value dala &tch. The RABIF bitwill be cleared upan Resst out will set again I the
mismatched exlsts

3. PICI6FEET/RICIEFSEA/FIC1EFEa0 only.

4: PIC16FEESPICT1EFG30 only.

5. When 53PCON bis 35Pk<3:0> = 1001, any reads or wiltes o the S3PADD SFR address are accessed hrough the S3PMSK reglsier
Sea Registers 13-2 and 13-3 faor more dela
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TABLE 2-2: PIC16F685/687/689/690 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1
alue on alug on
addr Hame Bit 7 Blts Bit 5 Bit 4 Blt 3 Bit2 Bit1 BItD PORBOR all othar
Reast Fazats!’!
Bank 1
a0h | INDF -fo:l:lr?sslrg tnils location uses contents of FSR io address data memary (not a physical HRXX HERX | KAXK EXAK
register)
aih | CPTICH_REG| RABFU | INTED | TOCS | TOSE | =E) | ps2 | P51 | == 1111 1111 | 1111 1111
azh |PCL Program Couwnter's (PC) Least Significant Byle 0088 0000
a3 | STATUS me [ met [ men | T8 | B8 | z | oc | ¢ 0001 lmmx
gdh |FER Indirect Data Memary Address Palnber HRAX NEREX | uaun uguon
th | TRISA = = TRIZAS | TRIZA4 | TRIZAS TRIZAZ TRISAT TRISAD | --11 1111 | --11 1111
3th |TRISB TRISST TRIZES | TRIZSS | TRISB4 = = = 1111 ---- | 1111 ----
'h | TRISC TRIZCT | TRISCE | TRISCS | TRISC TRISCS TRIZCZ | TRISCH TRIZCO | 1111 1111 | 1111 1111
8Eh — Unimplemented —_ —
&th = Uinimplememned = =
dAah | PCLATH = = = 'Wiite Buffer for the upper S bils of the Program Counter
3Bh NTCOM GIE PEIE THE NTE RABIE TNF INTF RABIF!
gCh |PIE1 - ADIE RCE® | THIE® | sspie® |CcCPE™ | TMR2IEM | TMRIIE
3Dh | PIE2 DISFIE CHE C1IE EEIE = = = =
3Eh | PCON — — ULFWUE | SBOREN — — FOR BOR
3Fh | CSCC0ON = RCF2 IRCF1 IRCFD OETE HTS LTS ]
abh | QSCTUNE = = = TUKS TUKZ TUNZ TN TUKD
91h — Unimplemented
ath | PRI Timer2 Period Registsr
23 | SSFADDE® | synchronous Sedal Port (PC mode) Address Reglster
93n | 55PMSKIRS) MEKT MEKE MEKS MEEY MEK3 MSK2 MEK1 MEKD
adn | ssPsTAT SMP CKE DiA P 5 AW ua, 5F
asn | weua™ = = WRLAS | WPUAL = WRUAZ WPUAT WPUAD
3Eh QCA = = OCAS DCA4 10CAS OCAZ 10CAT QCAD
ah | WOTCON _ —_ —_ WDTPS3 | WDTPS2 | WDTPS1 | WDTRS0 | SWDTEN
9eh | TisTAM CSRC TX3 TXEM SYMC SENB BRGH TRMT THAD
ash | SPERGHA SRGT BRGS ERGE SRG4 BRG3 5RG2 BRG1 BRGD
a4h | sPeREH BRG15 BRE1£ BRG13 | BRGE12 BRG11 BRE1D BRE3 BRGE
aph |saupeT '™ | ABDOVF | RODU = sckp | BRGIE = WE AEDEN
ach = Unimplemened = =
a0h = Unimplemented = =
3Eh | ADRESL AD Result Reglsler Low Byte XEAX XEEX | UuuL guuun
9Fh | ADCOMNA — ADCSEZ | ADCE1 | ADCS0 — —_ — — ~000 —eae -000 ---
Legand: - = Unimplemented kocathons read as "o, w = unchanged, x = unknown, g = valus depends on condbion, shaded = unimplemented
Hote 1:  Other {non Power-up) Resets include MCLR Reset and Walchdog Timer Reset during normal aperation.
2. MCLR znd WOT Reset 00 rot affect the pravious value data [atch. The RASIF b wil be dearsg upen Resel but will 52t agaln If ine
mismatched exlsis.
3 PIC1EFEETIPIC1GFEE3/PICI6FEED only
4 PIC1EFEAS/PIC1EFEAD only. -
5. RA3 pul-up Is enabled when pin Is configured as MCLR In Configuration Word
& Accessble only when S3PM<30= = 1001
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TABLE 2-3: PIC1GF&55/687/689/690 SPECIAL REGISTERS SUMMARY BANK 2
valueon | walue on
&ddr Hama Bit T Blt & BIt5 Bit4 Bt 3 Bt 2 Bit1 Bito PORBOR all other
Rezet Raszats!"!
Eank 2
1000 | INDF Addressing Tils location uses contents of FSR 0 address data memary (not @ physlcal reglster] | soooe x| somex oo
101h | TMROD TimerD Module Register J0OK. XEXK | WIud uuuu
idzh |PCL Program Counter’s (PC) Least Significant Byte anos o000 | 0000 CO0o
102n | STATUS RP RP1 =] T FD z nc c 0O01 1xxx | 000g quuu
104h |F3R Indiract Tata Memary Agdrass Falrter 2000 XXk | waug guun
105h | PORTA = = AT RAL FAZ RAZ RAT RAd - -X¥ EXXX | --uu muuun
ideh | FORTE RET RBE RBS REL — - —_ — KR === | WIIYT - -
107n | PORTC RCT RCE RCE RC4 C3 RC2 RC1 RCO IOOMK. TEXH | Waua uuun
10BN — Uinimplemernted — —
10%n = Unimplemented = =
1040 | PCLATH —_ — — \Write Bufer for the upper S Bils of the Program Counter
10Bh | INTCON GIE REIE TOIE INTE RABIE TOIF NTF RASIFIZ
10Ch | EEDAT EEDATT | CSEDATS | EEDATS | EEDATY EEDAT3 | EEDATZ | EEDATH EEDATI
10Ch | EEADR EZADRY | EEADRE | EEADRS | EEADR4 | EEADRI | SEADR2Z | ESADR1 EEADRD
10ER | EECATH — _ EEDATHS | EEDATH4 | EEDATH2 | EEDATHZ | EEDATHT | EEDATHD
10Fn | ESADRH —_ — —_ —_ EEADRHS | EEADRHZ | EEADRHT | EEADRHD
110h — Unimplemented — -
1ih — Uinimplemernted — —
12h — Unimplemnented — —
3h = Unimplemented = =
114h - Unimplemented - -
15h | WPUB WRLUET WPUES WRLIBE W2LUB4 = = = = 1111 ----|11l1l ----
116h | BOCS QCeT I0CEE ICCES >C54 = = = = [ =R
17h — Unimiplemnented — —
118h | WROOM CIVREN | C2WVREN YRR WVPEEN WR3 WRZ WR1 VRO
19h | CHMCOND CION C1oUT C10E Ci1POL = CiR C1CH CiCHD
11ah | CM2CCND CHON CHoUT C3OE C2POL — C2R C3CH C2CHD
118h | CM2CON1 MC10UT | MC20UT —_ —_ —_ —_ TIGS3 C23YNC | o0-- --10]00-- --10
11Ch — Unimplemented — -
11Dh = Unimplemented = =
11Eh | ANSEL AMET ANSE AMES AME4 ANS53 ANSZ AMNE1 ANSD 1111 11111111 1111
11Fh | ANSELH = = = = ANSTT AMS1D AMIE ANSE me== 1111 | ==== 1111
Legend: — = Unimglemented Iocations read a5 'o’, u = unchanged, x = unknoan, q = value depents on condition, shaded = unimplemented
Mota  1:  Oiher (non Fower-up) Resets Inciude MCLR Reset and Walchoog Timer Reset during normal operation

T MCLR and WOT Reset doss not affsc T previous value data Iateh. The RABIF bR wil be cleared upon Reset but will 52t 3gain If the
mismatched exlsts
¥ PICIE6FEESPICIEFEEVFIC 16FE30 anly.
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TABLE 2-4:

PIC16FG685/687/689/690 SPECIAL FUNCTION REGISTERS SUMMARY BANK 3

Valua an valug on
Adar Hame BILT BIt& Bt 5 Blt4 Blt 3 Bit 2 Bit1 Bito PORISOR all other
Reset Resats!!!
Banik 3
130n NOF A-j:l;teesln; tis location uses contents of FS3 1o address dala memory (not a physica oo oot | s o
register)
1¢tn |opmow mec | 7eEeu [ nmepe | tocs | tose | esa | esz | oest [ e [u m [mmnn
1320 2oL Frogram Counter's (PC) Least Significant Byis o000 G000 | 0009 00OO
183 | STATUS A | et [ me | W O] WO = oc | ¢ 2001 Lo | D0Bg quun
134h IR Indirect Data Memary Asdress Polnber OO X000 | uuua uuaa
1850 TRISA — — TRISAS | TRISA4 | TARISA3 | TRISAZ | TRISAT | TRISAD | --11 1111 [ --11 11
136h TRISE TRISET | TRISBS | TRISBS | TRISB4 — - —_ 1111 ---= | 1111 -u--
137h TRISC TRISCT | TRISCS | TRISCS | TRISCL | TRIECS | TRISCZ | TRISCY | TRISCD | 1111 1111 | 1111 1111
138h — Unimplemnented — —
139h — Unimpiemented - —_
134h PCLATH — — — Wiz Buffer for the Upper 5 bi%s of the Fr:g’am Counter ---0 o000 PR I ] [x]x
13B8h NTCIOMN GIE FEIE THE NTE RABIE TOIF NTF RABIFI | goon coox | D000 000X
18Ch SECOM EEPGD — — — WRERR | WREN WA RD X--- x000 | 0--- gooo
130m EECOMZ EEPROM Corirol Register 2 (not a physlcal register) S T
13En — Unimpiemented - —_
13Fh — Unimpiemented - —_
130n — Unimpiemented - —_
1310 — Unimplemented — —
192h — Unimpiemented - —_
1330 — Unimglemented - —
134n — Unimpiemented - —_
195h — Unimpiemented - —_
136h — Unimpiemented - —_
197h — Unimpiemented - —_
1350 — Unimplemented — —
139n — Unimpiemented - —_
1340 — Unimglemented - —
19Bh — Unimpiemented - —_
13CH — Unimpiemented - —_
130h PESTROON — — — STRSYMC | STRD STRC S5TRB S5TRA ---0 9001 | ---0 D0OL
13En SROON s SR0 C15EM C2REN PULSES | PULSR - —_ o000 S0-- | 0099 00--
13Fh — Unimplemesnted - —
Legand:  —=Unimpiemsniss locations read a5 "0, u = UNchanged, x = unknown, g = value oepends on condiion, snaded = Lnimpliemented
Mots 1: u"lﬁ"l :':'.'.-ET-JF-- Resels Incude MCILR Reset ang I.'JS'.Z"I!IIE Timer Feset durl ng narmal operation
2 WCLR and WOT Reset goss not al'ect the previous value data [atch. The RABIF bit wil be claared upon Resst but will 6e2 again If the
mismatched exisis
¥ PIC1EFE3SRICIGFES] only
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Computer fan datasheet:

I LLO OSeries

S5ize:92x92x25mm (3.62"x3.62"x0.98")

DIMENSION

HOUEMG - Treemopiastc PET, ULMVO

MPELLER : Theemopiastc FBT, ULMV0 BEARIMG - Sleave or Bal

OFERATIMG TEMPERATURE - Sleeve Baaring- 10°C fo+ TOPC
Ball Baing- 3°C 10+ T5°C
BISULATEON RESISTAMCE @ 10 meg Oheres Mn. @ 500 VDT

[Benwesan Frama and Tamina) 22
DUELECTRIC STREMGTH & 5 m Max. &t 500 VAL 6iiHz
for 1 mirue
(Benween Frame and Taming)
WEIGHT - 1209 (425 o)
AIR PERFORMANCE
Ingh s
Held HO
na = 5
DB225
S
15 —
k] \'\
L [, H
= il — et
@ z M
E:_IJ s — H"'I'-u,___ ----H‘x K‘“\-
: %
o * _e
1] Fi] n w o0 -] ™ T
| ] ] ] L o
g 05 na 1.5 0
AR FLOWY
SPECIFICATION
RATED DPFERATING RATED BPUT AKX, AIR AR FLOW MOISE
MODELNO. | WOLTAGE | VOLTAGE | CURRENT | powem | SPEED HE - AB{A)
M Wl L] W R} bzl InetiHzl: CFM | miimin @ 1M
FAAT1IH 12 102118 032 3184 000 £ 30 A7 GBI 1.6E a8
092251 2M 12 10.2-13.8 0.20 2.40 2500 3.50 0.4 | sosa| 143 34
DazaEN 121 12 10.2. 138 016 1.82 2000 230 009 | 2150] 147 20
D9225W24H 24 204 -278 018 432 3000 4.30 07 | se70| 166 38
DAEIEVAM 24 20.4-376 B14 136 2500 1.50 pt4 [sos0] 143 34
DazasvaaL 24 204 - 276 0.10 2.40 2000 230 oo | 4150] 1arF 28
Fan specification:
Fandimension: 60 X 60 X 25
Rated Voltage: 12V
Started Voltage: 7V
Rated current: 0.17A £10%
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Power input: 1.8 W £10%

Fan speed: 4550r.p.m £10%
Static Pressure: Max 5.30 mmH,0
Max. Air flow: 21 CFM

Noise: 28dB

Life Time: 50,000 hrs
Operating Temp: -10°C - 70°C
Net Weight: 60 G

Vacuum data sheet:

Typical
ANVER Shore A | Temperature Abrasion oil uv Color
Material |  Common Hardness* | Range ** ' Weather |(Depends
. o Wear Grease ;
Blend |Material Name (Durometer) F Resistance Resistance Aging on
Code +/-5 (°C) Resistance | Cup
Style)
For most General Purpose Industrial Applications
-40° to +230°
Nitrile F Black,
BunaN) | 0700 | (400 | eess | eees | eee | pe

NBR +110° C)

NBR is an excellent all around material for general industry. High overall value due to its
top performance in many categories. Our proprietary blend which features the latest
name brand ingredients have greatly increased the performance of this proven material.
-40° to +230°
CR, Neoprene 40 - 60 F Blue, Red
NEO, |(Chloroprene) (-40° to e bk *ee or Black
NE, +110° C)
N30 [CR, NEO, NE, N50 is an excellent hard wearing all around material for general industry
with a nice rubber feel and memory.

-13° to +176° Blue,

Polyurethane 30 - 65 F Green,

Anverflex™ (-25° to +80° | ®eew seee see White
C) all colors

PUR
Anverflex PUR is a new proprietary blend which is tough, and long wearing. It is non-

marking and is long lasting as pressure and heat is used to cure - vulcanize the material
in the molding process. Suitable for many applications where heat is not a factor. Shiny

gloss finish.
For High Heat, Non-Marring Packaging and Food Use
Mat. Code | Common Name Hardness Temp. Wear Oil, Grease | UV /Weather Typical Color
-94° to
. +600° F Translucent
SIT Silicone 40 - 60 (-70° to ane e e Clear
+316° C)

SIT is excellent for high heat or food packaging. Soft and pliable, meets FDA Title 21 and
German spec. BGVV (BGA) Part XV for contaminant-free load handling. Contains no dyes
that can leach out when handling baked goods, drugs, glassware, hot products from molds,
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Sl

S45,
S60

MD
(Sh)

NR

Mat.
Code

ESD

TPU

etc. Our new formulation minimizes almost completely the yellowing with age which use to
occur with clear silicone in the past.

-94° to
. +392° F Solid White,
sl eene -6 (-70° to .e e #®®® | Orange, Red
+200° C)

Sl is excellent for high heat applications such as mold part removal or where heat resistance
is required for large cups/seals. Silicone is also a good choice for cold outside applications
as it stays fairly soft to lower temperatures than Nitrile or Neoprene.
-58° to
Silicone 40 - 60 'EA,':_)%%, toF - s ssse | Orange, Red
+205° C)

S45 is excellent for EOAT high heat applications such as mold part removal from plastic
injection machines requiring a soft touch. Higher durometer for bellows cups.

-94° to
Metal Detectable 40 - 60 +600° F Brown, Tan
Silicone (-70° to .o oe #&s®  Brownish Red
+316° C)

MD is a unique Silicone formulation made specifically for high heat applications in the
baking food industry. This special rubber blend is designed for use with metal detection
equipment used to safeguard food from metal objects as it is conveyed down the line.

For the Printing, Paper and Wood Industries

-40° to Tan, Grey,
Natural (Gum) 35 - 50 +176° F Green,
Rubber (-40°to A ®®ew o o Orange or
+80° C) Black

NR is widely used and specialized for the printing, paper, and wood industries. It is low cost,
non-marking, wears well and has a natural negative charge which allows it not gum up with
ink or cut paper dust. While great for picking paper sheets up this is basically the same
material used in rubber bands and is not suitable for general use. This material does not
respond well to UV light, ozone, chemicals, oils, water etc.

Specialty Elastomers

Common Name Hardness Temp. Wear Oil, Grease |UV / Weather Typical Color
Electro-Static ;Zgl‘EOF
Dissipative 50 - 60 o a8 . . Black
Nomastat™ (-60° to
+205° C)

Electro-Static Dissipative Nomastat™ ESD is a specialized proprietary rubber that can
handle heat and is static dissipative for any industry where static buildup is a problem or
explosion proof requirements exist. Applications are typically in the electronics, high tech,
automation, packaging and printing industries. It actually bleeds any static build-up out
through a ground of the machine or other ground designed into the system. Neutralized
additives are blended in a special elastomer blend to diffuse static buildup. This elastomer
blend has a insulating static-dissipating value of 97K 2 *CM @ 500 Volts.

-13° to
o Translucent Brown,
eyl 75 +176° i Green, Black
Polyurethane (-25° to LA R R
+80° C) (Darkens w/ Age)
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TPU is an extremely tough material which darkens with UV exposure. It is sold under
various proprietary trade names and the main market is hard caster wheels. We use TPU in
static press applications such as bottle gripper bladders but rarely on cups anymore. We
found it long wearing in static applications but usually too expensive to justify its use in
vacuum cups which flex a great deal. To compensate for the material's hardness, cups
using this material must be designed with thinner walls which break down faster. While
initially promising a few years ago, TPU's expense, hardness, lack of memory have proven
to far outweigh its increased wear performance over other recently improved materials.

-4° 1o
Viton® 60 - | +482°F Usually
Fluorocarbon 65 (_200 to ] [T 1 1] [T 1] Black, Blue

FPM is specialized for high heat jobs. It is best for static compression applications and has a
stiff, somewhat dead feel for vacuum cups. It is also relatively expensive which limits its
vacuum cup use. The newer High Heat Silicones have replaced Viton for most applications.

+32° to
Vinyl#es 30-| +158°F Clear Base
70 |(0°to +70° | ®®ew *e *e Blue or other colors
C)

VYL is soft, low cost, and readily available in many grades for general light-duty or

VYL 'household use. Poured vinyl's or the clear vinyl used for push-on type suction cups are not
suitable for industrial use. Vinyl will work for push on cups but they break down if repeatedly
used for vacuum cups used in automation as they do not have good memory, tensile
strength or mechanical properties.. Vinyl also handles heat poorly. The injection molded
blended vinyl ANVER uses in its industrial vacuum cups is better, but you loose a key
advantage of low cost to other materials.

-32° to
ANVER 50-| +356°F Blue, Purple
Nomathane™ | 70 (-0° to seee aeee aee others
+180° C)

NM is a new ANVER proprietary material which is non marking yet high wearing even in hot

NM conditions. It is a silicone-free hybrid blend which is non marking and will not leave any

~ residue, mold release agent or ghost-mark on products which need to be painted after
handling. This material also handles high temperature and is extremely long wearing making
it ideal for the plastic injection mold tooling (EOAT) industry. While not inexpensive this
material is priced similar to other top quality urethanes but it offers higher overall value due
to its excellent performance. In many applications where heat and non-marking are issues,
Nomathane is the best blend available on the market.

-40° to
ANVER +176° F .
Andurasoft™ 35 (-40° to seee ] . Light Green
+80° C)

GR |GR is a new ANVER proprietary material which is long wearing for yet extremely soft. It is a
Rubber hybrid blend which is designed to be able to handle moderately rough materials
such as sawn stone, textured plastic, fiberglass mat and saw cut wood surfaces. The rubber
is so soft it can replace foam seals in many applications. It is the softest molded material
available for large suction cups and is more economical than foam seals due to its durability.
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PM 2-L H10 datasheet

All models

This product Is not a safely sensor. 6 use Is not
Intenided or desigred to protect 12 and prevent body

Injury or propey damage from dangerous paris of

machinzry. It s a nomal object defection sensor.

Maunting
«When fiing the s=nsor with screws, use M3 screws and
the tightening torgue shauld e 049 N-m ar kss.
Further, use small, round type plaln washers (¢ & mm
(B

Fumaniie
Cmber dn: 4 B

F rams pwigs mipaaials

Wiring

= Make sure to connect terminals cormecly as the ssnsor
goeE not Incorporate a reverse polarity proteciion circult.

= |* the s2nsor |5 being UsRd IN 3 nolsy environmenst, exam-
Ine the extent of nolse. Further, I eguipment, such as
mator, salenold or ekciramagnetic valve, which generates
a large surge, Is present near the sensor, connect a surge
absorber to the equipment.

Satiing

= The opbmum setting @is-

tance distance to conver-

gent palniy Is 5 mm ]

The sensor |s not atfecked

even by @ specular back-

graund If I Is located 30 mm
. Or more, away @ Ses

from the sensar.

(Hweuer, the specular baciground should be a plane)

o g

BUMEce, mirschy facing the sensor. A spherical or curved
baciground may be detectad.
Others
= D0 not wse during the Indlal ranslent ime (50 ms) a%er the
power supply |5 wltched on.

= Take care that the product does not come In direct contact
withi all, grease, or arganic salvents, such as. thinner, etc.

Connector type

Cautions In plugging or unplugging a connactor

= Do nat plug or unglug 3 connectar mare than 10
timek.

= Be sure nat to give stress more than 5 M o a ter-
minal of both & connecior and a SEnsar.
I you oo not follow the abave cautions, It will
cause 3 poor contact

Froosdurss of plugging or unplugging & connsotor

(iinsert @ connector straignt Inta @
EEnsar untl the connector lug s
locked by the sensaor hoak.

EWhen unglugging. give as much
BINEES 36 @ CONM2CIr lug can be
relleved from a hook. Then
unplug it

Caubion: Be sure o kol 3 cormecior
when pispaing or unplugging
It O niot hokd & terminal or a
cable when plugging ar
wnplugping the cornector
Oiherwize, B wil cause &
poor coniact.

Saldaring (Both connacter CH-13 and sansar)

= I solgering ks sone direcy on the tarminals, siricty adhere
o the conditions glvan bekw.

Evicerng lengesme | 2E0°C of lesz

Sokisrng dme 10 sme. of lese

Eoidering posion | Referio the beiow fgune

Eencor Connacior
() | AWt 1.8 mm
L0V QT+ [_l?:'l:JT— :
1
| 3R 4| la pesicn
Wirlng
= The cable kenglh must be pr—Catia—]
2m . ar kess, with

0.3 mmE, or more, cabie If
T2 catke = ewendsd for
more fhan 2 m !
conrect @ capadbor of
10 pF approx. between
+W and 0 terminals.

R
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APPENDIX D

Below are the table for half stepping for controlling clockwise and anti-clockwise
direction.

This table shows the control for clockwise direction:

STEPS Q1 Q2 Q3 Q4
1 1 0 1 0
2 1 0 0 0
3 1 0 0 1
4 0 0 0 1
5 0 1 0 1
6 0 1 0 0
7 0 1 1 0
8 0 0 1 0

Table A: Half-wave (clockwise direction)

The table for this shows the control for anti-clockwise direction:

STEPS Q2

HHOOOOOH’E

OOOOOHHH8
OHHHOOOO’E

ONOOP|WN|F-
[elleliell il llelle]

Table B: Half-wave (anti clockwise direction)

The next section will show the PORT B, PORT C, TRISB and TRISC, please look at
the details as well:

PORT B addressisat 06h/106h

R/W-x R/W-x  R/W-x R/W-x U-0 U-0 U-0 U-0

RB7 RB6 RB5 RB4 - - - -

bit 7 bit 0
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Bit 7-4 PORT 1/O pin bit
1 = Port pin >ViH
0=Port pin<ViL
Bit 3-0 Unimplemented: Read as ‘0’

PORT C addressisat 07h/107h
R/W-x  R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

RC7 RC6 RA5 RA4 RA3 RA2 RA1 RAO
bit 7 bit 0
Bit 7-0 PORT 1/0O pin bit
1 = Port pin >ViH

0=Port pin<ViL

TRISB addressis at 86h/186h
R/W-1 R/W-1 R/W-1 R/W-1 u-0 U-0 U-0 u-0

TRISB7 TRISB6 TRISB5 TRISB4 - - - -

bit 7 bit O
Bit 7-4 PORT B Tri-State Control bit
1 = Port B pin configured as input (tri-stated)

0 = Port B pin configured as output (tri-stated)
Bit 3-0 Unimplemented : Read as ‘0’

TRISC addressisat 87h/187h

R/W-1 R/W-1 RW-1 R/W-1 RW-1 RW-1 R/W-1 R/W-1

I T |
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 |TRISCO

bit 7 bit 0
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Bit 7-0 PORT C Tri-State Control bit
1 = Port C pin configured as input (tri-stated)
0 = Port C pin configured as output (tri-stated)
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