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Abstract

This project presents Design and Implementation of Color Mixing & Filling Machine,
which mixes the basic four colors with predetermined percéntages in arder to obtain
large specter of colors at least 40 throughott applying PC interfacing panel.

The design procedure was divided into Four stages: Field survey and data collection
about the existence of such type machines in the industry, problem formulation,
proposed design, and the last stage was optimization and calibration of mixing in
filling process.

The machine prototype was tested taking into account the liquid quantity is

determined based time-rate flow

LUood and accurate results were ohtained.
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Chapter 1

Introduction to Mixing and Filling Colors Machine (MFCM)

1.1 Imtroduction

Industrial Automation Engineering is onc of the most improved sector in the

=& of elecmcal engineering dug 0 wide spread application of industrial automated
sems m the world industry,
wre are three fislds eovered by this program:
Electrical
Mechanical.
omputer systems.
in order to inplement the acquired knowledge during our studying period. a

“wing and Filling Colors Machine was implemented.

—_

s machine mixes four main colors Red. Yellow. Blue and White (R, Y, B. W), in

sasmonyl to filling the mixture in a special container (bottle). --

#wagect Contents: - The main componests of this projecl are:
= Electrical driving system.
Hwdraulic system.
frogrammiable logic control (PLO)
fersonal computer (PC)

EESTacing sysiem,

ACCESSDTIRS.




i< Project aims.

1525 project anms at:

-~ Strengthen our knowledge in machine mxing system and their copiral,

= Implementing of 2 machine mixang system that could be used in automated
snhne SyEtems,

= Pracrically implement and calibrate the seves] part of the system.

= Proposing an innovative methad for colors m ixinge
[ = ‘s

'3 Subject and rezsons for this studyv:

The mixing and filling meachines are vre of the most popular applied svstems
= foud. piant, chemieal and brilding industeies.. ete. Because of it's rational and
ssonomical saving, leading to reduce the cost of the product.

There are several applications, which pecd 4 combination of mixing and
Sling machine such car painting. building painting, drawing colors, and other
splications.

Ses=d on our survey it Hebron and Bethlehem districts, there are no machines that

mitne both eolor nuxing and A ling at the same time because of its high cost and

semplexity.

For example in car paiming workshops and mici companies. they depend on
seepanng the required color by weighting samples manually. sng mixing them
e=ther manuaily teo, And in building construction fisld they depend on trailing and

ssehon procedure to produce the required colors rnanually,

[




1.2 Literature Review:

Afler studving Htesature review of the mixing and filling machine and studving
& desiem that almoest depends on flow tale lor the main tanks and controlled from
*_ L These machines need & system 1o provids a fixed flow rale.
L in mixing colors operation which s complex operation at control and desige
e the depending on weighting by hand, therefore.
S computerized svstems with a good interface 1= pruposed with purpose Lo Overcome

e drawbacks.

~= project Cost /! (Visible Study):

e ment table shows the total cost of the project.
e 11 Project cost

—_— —

x

Eauipmcn'-r!: Cost ($)

e

e and Rectifier

~sble Logic Contral (PLC),

e ( HW & SW)

& . Protection system

500
70
100

T §2280

e welding the machine bod ¥




L6 Sehedule time:

“5e next rable displays the project progress schedule through 32 weeks,

shie 1.2 Schedule time

| 2




1 & Project Parts (modules).

Three main parts:

- Electromechanical & Interface:

-

sslel 3 Electromechanical & lnterface devices table

Title Alms Controllahle

Valve] - Control the Red color flow rare. Yes

vEivel Control the ¥ ellow color flow rate. Wes I'
alve 3 | Control the Blue color Aow rate. Yes ]
aived ] Control the White color flow rate, Yes

The motor used to move the empty tank 1o | Yes
the right position under the main eolor

tanks & mixer

Mixing aftel the filling, Yos

Seeami{mterfucing Choase the color and send specific signals | Yes

e ) iy the PLE,
Mewer Supply To tum on the electrical devices. | No
M Switch To starl [or lum on the systom. Mo




2- Control part:

Tabic 1.4 Control devices table

Title

| Aims

Persa

fal Cwmﬁuiﬁr{]’{f} | Give S bits with a speethic tme to the P1L.C

Pragrammable Logic Control

Controlling driving system depending on the inputs.

B Persopal compuies, 141
FL Frogranmshle logle eroiml.
source s Fawer Sapply

8L Blain Maby.

#lo- Maim Mieey,

V1 o el Color Vabee,

V2 s ¥elhew Caler Valow,

VA= Hlew Colnr YVabe,

Wi - Whiie Dulur Valee.

Fig | .1 Block Diagram of e project




1.9 Project Formulating (Proposing).

[aking inlo aceount the previous studies, discussed literature review
and system formulation, the following sugpesiions can be proposed in

order W enhanee Lie project operaiion and quality of the output produet:

I- Adihng systern that supnort eomputer user inlerface.

2- Make a connection berween PLC and the PC.




Chapter 2

Introduction to Colors and Painting

2.1 History:

The use of color as a therapy has a long history. The ancient Egyptians and
ancient Greeks built healing temples of light and color. The use of color became
deeply embedded in Chinese and Indian medicine, and it remains an integral part of

Ayvurvedic medicine.

Tn Furope and the U.S., interest in the therapeutic use of color developed
during the second half of the 19th century. In 1878, Dr. Edwin Babbitt published
“The Principles of Light and Color," in which he recommended various techniques
{or the use of color in healing, In 1933, a definitive work on color therapy called
"The Spectro Chrometry Encyclopedia" was written by an Indian scientist Dinshah
Ghadiali. This was a landmark publication and laid the foundation for most of
modern color therapy. Around the same time a form of color therapy, known as
*Syntonics,” was developed in the U.S. by Dr. Harry Riley Spitler. He found that he
could preduce profound physiological and psychological changes in his patients by
altering the color of light entering their eves. [2]

Interest has grown in color therapy steadily since Today there are hundreds
of practitioners using a wide variety of color-related therapeutic techniques in the
US. Today, color therapy is a well-accepted technique in complementary medicine.




2.2-Types of Painting: [7]

According to chemical composition we can classified the painting to.

2.1.1 Fresco: Buon fresco is the process of panting a water and pigment solution
on a damp lime-plastered wall Michelangelo's Sistine Ceiling was done in the buon
fTesco method. This meant that he had to begin and finish the arca he was working on
@ one 24-hour period. After that the lime plaster has dried and will not accept

e (e sdare vy 4 GO § Camenranon we can see tfic arcas (fiaf fie worked
= that onc-day span.

~Fresco secco is the process of painting water and pigment of the early 20th Century
~wsed this process. This work by Diego Rivera shows a finished fresco

- 5= Mexican muralists called this process mezzo fresco because they sometimes
werked on both damp and dray plaster.

=2.1- Encaustic: Is paint made of beeswax and pigment. Jasper Johns, a member of
e Pop Art movement of the 1960's uses encaustic in his work.

<23 Oil Paint: Is a combination of aa oil (u sunlly linseed)} and pigment. Many

wsts prefer oils because they have a great deal of flexibility: they dry very slowly,
W Bave a great deal of transparency.

- Ulazes: Transparency allows processes like glazing that depends on the transfer of
aght through the layers of oil. A great example of glaze painting lies in Jan Davidz
=c Heem's Vase of Flowers. De Heem worked in 17th Century Netherlands where he
“ocused on still life as his main subject. The Flemish and Dutch painters were the
Srst to introduce oil painting (said 1o be invented by Jan Van Eyck) because oil was a
Sv-product of the textile industry that flourished from the 15th Century on,

-Impasto: is a process of applying thick paint to a canvas. Anselm Kiefer uses

1{)




Seavily applied paint combined with other materials, such as straw, to create

evocative and expressive works.

2.2.4-Tempera: |s paint made form pigment and egg yolk Albumen a chemical in
the egg volk provides a strong and durable vehicle for the pigment. Egg tempera
cates back to the ancient Egyptian culture fig.2.1 from which some paintings stll
survive, The Adoration of the Magi by Gentile da Fabriano, an Ttalian Renaissance
pamter, shows his unmique use of tempera gilding. This work took stylistic
characteristics from the North and from the Near East.

Fig.2.1 Tempera Picture [2]

L25 Acrylic Paint: I5 a plastic-like polymer that cleans up with water. This

wmes acrylic glazes in the painting process.Ralph Larmannpainting by

=2 & Water Color: In contemporary art lanpuage refers to aquarclic.

227 Spray Painl: Has been used in one form or another since the Palcolithic
p=wod Contemporary street and graffiti artists utilize spray paint and spray
k="l




2.3~ The Color Wheel and Color Complements: 7. 4]

Fig 2.2 Wheel Color

The Color Wheel describes the relationships between colors, It is laid out 50
that any two Primary Colors (Red, , Blue) are separated by the Secondary
Colors (orange, violet, and green).

Primary Colors are basic and cannot be mixed from other elements, They are
% color what prime numbers are to mathematics, One can mix twao primaries Lo get a
secondary Color You will notice that cach Secondary Color on the Color Wheel is
sounded by two primaries. These are the components thal one would mix to get that

Secondary Color

Color Complements are color opposites. These colors contrast each other in
% mosl extreme way possible. They also help to make each other more active. In
e Color Wheel illustration above, the complement of the color is used as text in that
wction. This is to illustrate the opposite character of the color. Color Complements

W on opposite sides of the Color Wheel.

The ratios and illustrations on the right of the chalkboard are ideal amounts of
ser compliments according to Johannes Itten He believed that equal amounts of
=% end green are appropriate (1:1 ratio). Blue and orange are different in value, so
= their ranios need adjustment (S blue: 3 orange ratios) The same is true of violet
ws vellow (6 violet | yellow). These ratios were probably devised to counter the
sty of colors like yellow and orange.

12




Hint: All colors travel in waves within light. Color Complements have drastically
different wavelengths and, consequently, cause some perception problems for a
viewer if they are placed close to each other in a work of arl. The cones and rods of
the eye cannol handle so much information, so we sometimes detect a quivering or

optical distortion when two complements are used near each other.

2.4- Updated Color Mixing In Pigment:

There have been some updates in the traditional primary/secondary color

wheel, Painters have learned that red, yellow, and blue are the primary colors.

1 Pliormer

T e = s

ig 2.3 Color Mixing In Pigment

But because of research in the arca of color we find that the true primary
colors, those that are the basis for all others and cannot be made from mixed color,
are magenta, yeliow and cyan From thesc primary colors the secondary colors red,
Blue, vioket and green can be mixed from combinations of two primaries. The result
when all three primaries are mixed is black. Color that we see is the result of a part of
the visible spectrum that is reflected, We see yellow because only that part of the
spectrum is reflected. Black occurs because all the colors of the spectrum are
shsorbed rather than being reflected. There is the opposite result when all primaries
are mixed in light. This process is also called subtractive eolor mixing and it is used

in pigment and in commercial printing processes




Fig.2.5 Color Mixing In Optics

This type of color mixing was practiced by the Tmpressionists and
Postimpressionists. The best example is work by the Pointillists (Georges Seurat
Semg the most recognizable) who laid down small dots of different colors and
sllowed the viewer to optically mix them. A good specific example of this is in

Show,

A similar example of this process occurs in color newspaper photos. If you
ok at a color newspaper photograph using 8 magnifying glass, you will see not a
sofid color, but small dots which, when optically mixed, create other colors.
Although this process is sublractive and the Impressionists worked additively, the
visual effect 1s largely the same,

1.7 —Color Saturation and Intensity:

Color has value. This iz the darkness or lightness of a particular color. We

can divide these value changes into Shades and Tints.

Shades are the relative darkness of a color and Tints are the relative lightness of a
olor. These divisions are created by darkening or lightening the Pure hue. This is the
sese color at its full intensity.

IS




It 1¢ important to note Intensity of a color here because a value of, lets say,
red can be the same as a medium Tone of that same color. A Tone can be the same
value. but can be grayed in such a way that it is not at the highest degree of Intensity
The Pure Hue has the highest Saturation of color. This is illustrated in the middle
ring of the Color Wheel above. The outer ring of Tints illustrates what happens to a
Pure Hue when white is added. The center section of Shades shows the effect of
black on the Pure Hue.

The tour praphs at the right of the chalkboard show relative values of three
colors and gray. The star in cach column shows the purest hue of the group. It is
umportant to note that the pure hue changes with the relative value of that color,

Fig.2 6 Color intensity

For example the pure huc of yellow is lighter than medium gray, whereas the pure

fue of blue is much darker than middle gray.

Hint: When mixing pigment it is advisable to use a pure color rather than a mixed
color 1o achieve highest saturation of color. When two pigments are mixed, their
relative intensity decreases. Therefore it if a strong green was the intention. it may be
more beneficial lo get a green pigment instead of mixing blue and green. This effect

seems to become more noticeable with as more pipments are added.

16




Table 2.1 Gray Scale:

Colorless | Extremely | Very | Light | Medimm | Medinm | Medim | Dork
ot Whie Hghi gl Hght dark
[ EX1 Vi 1 Mi M MD D

Very Ealremely Dkack
dirk dark ‘
VI EXT Hi ‘

Table 2.2 Color samples

" Some color samples and its names and symbols Table

| Color Samples

| vellnwish green

Name Code
L e -
- arangy red | oR
- red-orange or orange-red 'RO/OR
- reddish orange r()
I |oranee 0
yellowish orange vO
arangy yellow oY
yellow ¥
greenish vellow gY
a1 yellow-green or green-yellow | YG/GY
- étrc-ngly yellowish green St},l'G
- yG

17




- slightly vellowish preen slyG
1 S G
- very slightly bluish green valb G
- bluish green b(x
e ] very strangly bluish green vsthG
pr=_ ] green-blue or blue-green GB/BG
- very strongly greemish blue vstgB
I very slightly greenish blue vslgB
I e B
- violetish blue vB
B - o1 bluish violet bV
RISy violet G
[ | bluish purple bP
| T ,,
i1 B [eatie purple P
. | | red-purple or purple-red RP/PR
I | ' strongly purplish red stpR
IIL—- II[I slightly purplish red H slpR
‘ | ved R
| pink(exception) Pk
brown (exception) Brn

18




2.8- Overview in Present Machine:

Taking in to account the above described colors combination, the large
spectrum of color can be derived from the [our main colors (R, Y, B and W), by
appropriate percenlage & mixing procedure.

The proposed mixing machine will deal will so called water painting each color will
be reserved in one tank; these four tanks should be used in the produce procedure.
The quantity of required color & combination can be controlled by PC on rate tlow

af the color,

19



Chapter 3

Electromechanical and Control Parts and elements

3.1 Introduction;

In this chapter we illustrate and explain the main electromechanical and control
paris that should be used in the project, with justifications for choosing these elements.

The main parts are:

I-Electromechanical party:

The Electromechanical part contains the motors, power system and valves.

* Power system used to energize the different parts by suitable power (voltage, current).
* Valves used to control the colors flow from the four main tanks, one valve for each
tank, and double solenoid valve used to control the piston with purpose to move the

mixer up and down
2- Mechanical part: the main body and pears

3- Control parts:

The control parls are; Personal Computer, Programmable Logic Control, Switches
(Relays, Emergency, Overload, Push Button, and Fuses).

* Switches that used to set the rotation of the system in the nght position and for
protection system that can stop the motors and valves.

20




*Personal Computer (PC) used to choose the colorand to control the PLC depending on
specific time.
*Programmable logic Controller (PLC) recerves the input signal from PC, switches then

= controls the actuators (motors, valves, etc),

The electrical motors used for:

1- Mix the colars in the bottle.
2- Move the gear and the disk that carry off the bottle, in additional to calibration of the

positions

21




32 Elecirical Motors:-

Flectrical Motors are usad to efficiently convert electrical enerpy into
mechanical energy. Magnetism is the basis of their principles of operation. They use
permanent mapnets, electromagners, and exploit the magnetic properties of matenals
m order to create these amazing machines.

There are several types of electric motors available today. The following
outline gives an overview of several popular ones. There are two main classes of
motors: AC and DC, AC motors require an altemating currenl or voltage source to
make them work, DC motors require a direct current or voltage source to make them
work. Universal molors can work on either type of power. Notonly 15 the construction
of the motors different, but the means used to control the speed and torque created by
sach of these motors also vanes, although the prnciples of power conversion are

common to both:

Fig 3.1: -Electrical Motors

22




S

1.2.1 Moters Types:|7]

There are several types of motors used in industrial,

residential applications Fig 3.2,

C’Vnﬂd of Kl ctrical Mocoxrs '
— i

commercial and

I T
DT RMowors Al Molnss
I i [ { 1
= BnlltI‘.lI"_' | Brushless D C I Fingle Fhose | l “Ihrec Fhasc | | [FT—=
I or Polgr-Fham
_! Tt Womnd | Shacled Dole J _{ Trudartinm ' Inehsetian
Echirtunoes = g by v
Start ! g uimel-cage |

_| Zplil Fhasss |

i

| e Frri e |

[= ST
Slmst
Pessoanent Spils
Cuppacitor
I'wm Vimhan
Cononito T
| Universal |
or Derie s

4 HForpralasan
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Fig 3.2:- Electrical Motors tvpe




3.2.2 DC Matory:

DC Motors are fairly simple to understand They are also simple to make and
only require a batiery or de supply to make them run,

3.2.2.1 DC Maotors Construction: a
graxis j

: -

Fcn.g,mnl.lulu . mpéumg hedd '1-:

=

Sories Finied -

winding 3

Maln poie A

o 3

LB

Shun field ;
Wiy S
Brush E
Stalar yekE- it o “ln'[htz 3
It v \
AiT gap
Sormaiure winding! |
l'limm' Anafi

Fig.3 3 General Arrangement of a DC Motors

The stator of the dc motor has poles, which are excited by de current to produce

magnetic fields.

24




Fig 3 4 The Stator of a DC Motors

-In the neutral zone, in the middle between the poles, commutating poles are placed to
reduce sparking of the commutator.

-The commutating poles are supplied by d¢ currenl.

-Compensating windings are mounted on the main poles. These shorl-circuited
windings damp rotor oscillations.

-The poles are mounted on an iron cora that provides a closed magnetic circuil.

-The motor housing supports the iron core, the brushes and the bearings.

-The rotor has a ring-shaped laminated iron core with slots.

25
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Lol Tnsediiars TRHACT Mot

Fig 3.5 The Rotor of a DC Motors

-Coils with several tums are placed in the slots. The distance between the two legs of
the coil 1s about 180 electric degrees.

-The coils are connected in series through the commutator seements.

-The ends of each coil are connected to a commutator segment.

-The commutatar consists ol insulated copper segments mounted on an insulated tube.
-Two brushes are pressed to the commutator to permii current flow,

~The brushes are placed in the neutral zone, whera the magnetic field is close to zero,
to reduce arcing.

-The commulator switches the current from one rotor coil to the adjacent coil.

-The switching requires the interruption of the coil current.

-The sudden interruption of an inductive current gensrates high voltages.

-The high voltage produces flashover and arcing between the commutator sagment
and the brush.




3.1.2.2 De Motor Operation:

There are five different methods for supplying the de current 1o the motor:
1~ Separate excitation.

2- Shunt connection.

3- Series connection.

3- Compound.

- Permanent magnet (Wiper Motor).

3.2.2.3 Advaniages and Disadvantages of DNC Mators:

- Advantages of dc motors:

- Easy to understand design.
- Easy to control speed.

- Easy to control worque.

- Simple, cheap drive design.

- Disadvantages of dc motors:

- Expensive to produce.

- Can't reliably control at lowest speeds.
- Physically larger.

- High maintenance,

After studving the characteristics DC motors we find the motor which needed to
drive the machine for each stage to fill the bottle from any colors we needed.




4.2.2.4 Wiper Motors:

Moszt, if not all, wipers motors MOW are in use are the permanent magnel motors.

The drive is taken via a worm Eear to increase torque and reduce speed. Thres brushes
may be used to allow two Speed operations. The normal speed operates through {wo-
brushes placed in the usysl position epposites to each ather. For 3 fast speed the third
brush s placed closer to the earth brush.  This reduces the aumber of armature windings
Between them, which reduces fesistance and hence increases current and there fore
speed.

Typical specifications for wiper motor speed and bence wipe fraquency are 30
=vimin at normal speed and 50 revimin at fast spead. The mator must be able 1o
Overcome the stanting friction of each blade at minimum speed of 5 revimin,

Fig 3.6:- Wiper Mator

Advantages of Wiper Motor
I. Have two speeds (low speed and bigh spead),
Low cost.
The range oFhigh and low speed is suitable for our project
The torgue is suitable comparing with the load torque which needed.

il A

Low power nesded.




3.2.3 AC Motors:-

AC molors can be divided into two major categories: asynchronous and

synchronous

The induction motor is the most common form of asynchronous motor and is basically
an ac transformer with a rotating secondary. The primary winding (stator) 1s connected
to the power source, and the shorted secondary (rotor) camies the mduced secondary

current. Torque is preduced by the action of the rotor (secondary) currents on the air gap

flux.

The synchronous motor resembles a de motor umed inside out, with the
permanent magnets mounted on the rotor. As an alternative, some are constructed using
2 wound rotor excited by a dc voltage through slip rings. The flux created by the current-
carrying conductors in the stator rotates around the inside of the stator in order to

achieve motor action.

3.2.3.1Advantges and Disadvantages of AC Motors:

* Advantages of AC Motors:
- Variety of Mounting Styles.

- Low Cost,
- Raliable Operation.
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* Disadvantages of AC Motors:

- Expensive spead control,
- Inability to operate at low speads.

- Poor positioning control,

33 Valves:

33.1 Defimition:

A valve 15 a device that regulates the flow of fluid (gasss, fluidized solids,
slurties. or liquids) by opening, closing, or partially ubstructing various passageways.
Valves are fechnically pipe fittings, but are usually discussed separately.

Valves are used in a vanety of applications ineluding industrial, mulitary, commercial,
residential, and transportation

Valves may be operated manually, either by a hand wheel, lever or pedal. Valves may
also be automanc, driven by changes in pressure_ temperature or flow, These changes

may act upon a piston witch in tum activates the valve,

33.2 Types of Valves:

|. Directional control valves.
2. Non-retumn valves,

3. Flow control valves.

4. Pressure control valves.

5 Shut-off valves.

£l




1. Directional Control Valves:
Directional control valves are devices which influence the path taken by an air

stream. Normally this mvolves one or all of the following: opening the passage of air
and directing it to particular air lines, cancelling air signals as required by blocking their

passage and/or relieving the mir to atmosphere via an exhaust port. .

2. Noen-Return Valves:

¢  Check valve.
* Shuttle valve.
¢  Dual-prassure valve,

e Duick exhaust valve.
3. Flow Control Valves:

« Throtle valve.

o  One-way flow control valve
4. Pressure Control Valves:
» Pressure regulatmy valve

*  Pressure miting valve.

s Pressure sequence valve




3.3.3 Valve Description:

The valve is described by:

1. Number of ports or openings (ways). 2-way, 3-way, d-way,_ eic,

2 Number of positions: 2 positions, 3 positions, etc. .

3. Methods of actuation of the valve: manually actuated, mechanically actuated,
pneumatically actuated, electncally actvated.

4 Methods of retum actuation: Spring retum, air retum, etc.

3.4:-PC (Personal Computer):-

‘-\- i

Fig 3.7:- Personal Computer

The PC in this machine used to choose the color wanted after that sends the
signals 1o PLC to control the other parts in the machine



3.5:- PLC (Programmable Llogic Ceontrol):

Fig.3 8 PLC (Programmahle Logic Control)

35,1 Ipiroduction to PLC:

The PLC was mvented in response to the needs of the Amernican automotive
induslry. Before the PLC, control, sequencmg, and safety interlock logic for
manuficturing automohiles and trucks was accomplished using relays, timers and
dedicated closed-loop controllers. The process for updating such facilities for the yeardy
model change-over was very tume consuming and expensive, as the relay systems
needed to be rewired by skilled electricians, In 1968 GM Hydromantic (the automatic
transmission division of General Motors) 1ssued a request for proposal for an alectronic

replacement for hard-wired relay systems.

3.5.2 Delinition:

A programmable logie controller, PLC or programmable controller is a small computer
used for automation of real-world processes, such as control of machinery on factory
assembly lines, Where older antomated systems would use hundreds or thousands of

relays and cam timers, a single PI.C can be proprammed as a replacement
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Programmable controllers were initially adopted by the automotive

manufacturing industry, where software revision replaced the re-wiring of hard-wired
control panels, The PLC is a microprocessor hased device with either modular or
integral inputioutput circuitry thal monitors the status of field connected "sensor” inputs
and controls the artached output "actuators” (motor starters. solenoids, pilot
lights/displays, speed drives, valves, etc.) according to a user-created logic program
stored in the microprocessor’s bartery-backed RAM mﬂmm}.';'l'he funetionality of the
PLC has evolved over the years to include capabilities beyond typical relay control;
sophisticated motion control, process control, Distnbuted Control System and complex
networking have now been added to the PLC's list of functions

3.5.3 Basic Structure of most PLC systems:

W
ﬂ
il

Fig 3.9:- Structure Block of PLC.

3.54 PLC's Classification:

Classifying any microprocessor system in terms of memory s1z or whatever
poes out of date the moment if's pnnted. As a results use the following as guide only,
Small: up to 30 VO poris: up to 1k byte memory.

Medium: up to 100 O ports; up to 1k byte memory
Large: more than 100 'O ports; more than 10k byte RAM
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1.5.5 Advantages and Disadvantages of PLC:

2) Advantages:

1. Flexibility: namely, that the stored on programmed can be modified, therefore,
adding or changing controlling steps without resorting to modify the connectors in both
mputs and outputs.

2 Correcting error: modification or correcting ermor in the control panels, which have
waditional circuit, requires & long time, but in the ple the malter is limited in modifying
the program. "

3 The capability of determining the troubles accurately and with extreme speed.
Rasides, the capability of modifying the program, while the machine continues in its
normal performance until it 15 repaired.

4 The PLC contains a large number of connecting points. They could be switched on or
off The PLC alsa contains hundreds of timer's counters and relays.

% The simplicity of testing the program on fhe PLC umit in the laboratory before putting
1 1 machine. This saves the time of the factory, the matter, which is difficult to be,
schiaved with the use of the traditonal control panels.

& The easiness of purchasing.

T Protecting the program. This advantage is touched by those who deal with the
machine. Tn many times, the ¢ircuit are modified and repaired, regardless of the needed
security. This is via putling a password to the program.

b) Disadvantages:

1. Presenting a new technology needs tims fo train people sufficiently.

2 In some applications, it with little benefits, as some faculties are not needed or used,
3 Being affected by the environmental hard conditions, as (high temperatures-violent

vibrations - moisture).




3.6:- Relays:

The relays is a small contactor contalmng a number of auxiliary paints whether
INO) or (NCLIt doesn'l have any contacts. Tt conluins a coil working according fo
Sferent voltages as other contactors. It is usually used in circuits as an awaliary to
comnect or disconnect a small capacity current (say of 9 amperes for instance) from other
oouls or loads.

3.7:- Overload:-

&) Instruction

It is composed of three thermal coils related 1o the motor in series Tt has
&aduation which is adjusted to the same value of the current Intensity draw by the
Sentactor function the main function of the overload is to pratect the motor from any
merease in current intensity




Fig 3.11 - Overload

-

b) Steps of working;

when the current intensity with drawn by the motor exceeds the value on which
the overload was adjusted for any reason such as an overoading or a phase
@sconnection et this excess leads fo a temperature increase in the thermal coils which
expand and move apiece of fiber thal disconnect the (NC) mnside the overload.
This contact is connected in series to the contactors,
Coil of'the motor, disconnecting its main contacts and cutting off the current
ASer adentifying the reason why the current intensity increased and after fixing it up, we

=@ swilch on a button to close the overload contact and thus, the circuit can work once

=
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18:-Switches:-

& switch 1s an elecinical component thal can break an electrical circult, inferrupting the

“avent or diverting it [rom one conductor o another

Fig 3.12 Switch

35,1 Push Buttons:-

Fig 3.13 - Push Buttons




a) Off button - Function:

Cutting off the current to tha circuit 50 that its connecting contacts get disconnected

when pressed.

b) On button- Function:

Switching on the circuit sp that its disconnected contacts get connactad when passed.

382  limit switches:-

An electric switch, operaled by a power-diiven machine or by the movement of the car
which 1t drives, which alters or controls the electnc circut associated with the machine.

Fig 3 14 Lumit Switches




Chapter Four
Design of Mixing and Filling Colors Machine

In this chapter calculations and design of the different parts in the machine were
conducted. After that we will choese the suitable devices needed to build this machine

such as the motors. transformenrs, rectifier, pulleys and other parts.

[

4.1 Proposed Machine Design:

Figure (4.1) illusitates the proposed overall machine view with all parts.

— l:Tanks

L Z:upper Disk
Ji:valve

d: Dowvn Disk

5: Ladn

6t Bwitcha

T Emorgency
E:Main body I
9:pearing bole
10: Mixar Motox
1§t Battal

12: Shaft

131 Gear Polly

ld:Main MoLox

=N

fﬁ-[vﬁFh}
il el e

im}fq:

Fig 4.1 Mizung and Filing Colors Machine




4.2 Principle of operation,

This machine has the following operanon sequence explains how the machine works,
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Fig 4.2: Flow Chart
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4.3 The Function and calculation of the mechanical parts.

4.3.1 Main Tanks: These tanks used to carryoul the main colors.

The tanks volume can be calculated by these equations:

bl T e o Y Y SN JU s N O ) (41)
VQZHJ.R]E:’.I, T e e e e L e g e i e s Lt o ety 80 gt i s L {41]
Vi =(m3) *Hr JRIHRZHF [RIMRZIE oo oo e e e (43),
Ting ok = I T e s 00 RNl el (4.4),
Where:

WT: Total volume of the tank

VA volume of the cylinder.

Vi3: volume of the cone.

VE: empty space valume.

R1: Radws of the cylinder.
R2' radius of the hole.

L: height of the cylinder

H: Height of the cone.

L1 haight ol the empty space.

Agsuming that-
VT = 5 liters.

Ri=%m: R2-1lcm
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| L=1 fcm i
<
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—
H= )[‘ B
10 cm
I,L‘_ ¢

2cm

—

Ll

B2=1cm

Fig 4 3:- Main Tank

Results:-
Lf=5cm
VA =4.048 Litters.
VE =0.952Litter.
VT = SLitters,
VF=1.2717 Litter.
By some calculation we conclude:
L =l6cm.
H= 10c¢m.
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43.2 Upper Disk:-

Table 4 1 Upper disk parameters and form.

The upper disk used 1o carry the main colors lanks.

Given Form

The distance between the tank and
the vut side of the disk is: - a=Tcm

The distance between the tank and
the other tanks on the disk 1s: -
b=2em.

The radius of the hole in this digk =

acm.

The length of the disk 1s: - 60 em
The width of this disc is- - S0cm. Fig 4.4.- Upper Disk

The thickness of this disk is - 2mm,




4.3.3 Down Disk:

Table 4.2 Down Disk parameters and [onn,

iniwer

Given

The down disc used to carry the bottls to move it under the mamn colors tanks and mamn

Equations and Form

* The volume of the disc 15 -
Vio=07234 «10-3 m?

# The down disk radius 13-
Eli= 24cm.

* Thickness ol this disk is dmm.

* Density= 7870 kg/m"

* The mass of this disc is:-
MD- 56931 ke

* The moment of inertia of the

dise 15 JD=0.16396 kg.m?

VD = Rads®™<[1= Thickness. . .. .....(4.5)
—{0.24P=T1 = 0 004

M= Volume=density . .. ............(46)
=0.7234 =10~ = TRTD

JD=0.5 MasssRadius® . .. ... ... ..(47)
=0.5+5.6931%0.24°

Fig 4.5:Lower Disc
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4.3.4 Base, Shaft and Screw:

Table 4.3 Base paramaters and form.

]_This hase used to connact between the shaft and down disc.

Given Equations and Form

| * The volume of this base is.-
Vb=0.11304 * 10 303 By using equalion 4.5 -

Vb=Rb* % I« L — (0,06 1L = 0.01.
* The radius of the base 1s- - Rb=

12cm. By using equation 4.6;-

Mb— Viv: density = 011304 =10°° = 7870
* The diameter of the

hole1s: - e=lem. By using equation 4.7

Fh=03Mb~Rb* =05 = 0.3895 = {0.06)°
*Thickness of the bass

Ts;=L=l¢in.

! * The mass of this base is :- Mb=

0.8896 kg

* The moment of inertiaof this
baseis -

To=15613 =10 kpm? Fig 4.6:- Lower Disk Base




Table 4.4 Shaft parameters and form

The shatt used 1o rotate the down disc.

Given | Equations and Forin
* The diameter of the shaft1s: - | Ms= (R$*<ll«h) > demsaty . . ... ... .. . . (48)
=30 mm = (0.015Y=T1 = 0.7= 7870
Ri =c/2.

The length of the shaft is: -
h=70¢cm,

By using equabon 4.7 :-
J5=05Ms<Rs*= 0.5 » 38921« (O 0I5

The mass of' the shatt
15 - M3=38%21kp.

The moment of inerma

is: - J$=0.43786 =10 ke.m®

=, /
: T
N

Fixz 4 7:- Shaft
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Table 4.5 Screw parameters and [orm.

Given
* The diamater is -

Ds=ltm= 10mm.

* The length of the screw s -

ls=|5mm

' The screw used 1o connect between the base and the down disc.

Furm
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435 Gear:

Table 4.6 Gear parameters and form.

The gear used to convert the speed by linmt ratio.

O1ven Form

* The number tooth of first pulley 15 |
N1=%, a=NIL/Nz=950=0.18,

* The number tooth of second pulley By using equation 4.7~ I
180 - N2=50. |
Jp1= 0.5 Mp1*Rpi = 0. 5*X+(0.05 kg m®

* The mass of first pulley is X gm.

| T2 =0.5%M2*Rp22 = 0 S*Y*(0 20)
| ; * The mass of second pulley is ¥ kg

|
*The momen! ol ineria of the first

pulley 1s -

IP1=10.25 X»107° kg.m".

*The moment of inertia of the second
| pulley
Is: - Jp2 — (0.02 Y) kg m?

Fig 4.9 Gear

r- - ok
[ Caladd oSl Rl
* Paleating e yractnie Usivarsiily
(PFU)
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4.4:- Main Maior.

4.4.1:- Permanent Magnet de Motor.

In steady state perfarmance of the permanent de motor, suitable mounting
permanent magnets on the stator obtain field excitation. Ferrites or rare earth magnets
are employed. Ferrites are commonly used because of lower cost, but the machine
becomes bulky due to low retentively. Rare earth because of' their high ratentively
allows a large reduction in weight and size, but they are very expensive The permanent
magnet motors are mainly, employed in fractional horsepower range, but they are
available up to 5k'W rating. Use of permanent magnets for excitation eliminates field

copper lozs and no nead for field supply.

Compared to the ficld wound metors, they are more efficient, rehable, steady and
compact The ficld Qux remains constant [or all loads gaining a more linear speed torque
characlenistic (Because of negligible effect of the armature current reaction). Ina
separately excited motor, falure of field supply can lead t© run away condition. This
dose not happens in permanent magnet motors. As the flux 1s constant in these motors,
speed can not be controlled above base spead. The steady state equivalent circuit of
armature of a de machine i1 shown in Fipure (4.8). Resistance Ka is the resistance of the
armature circuit, For separately excited and PM motors, it is cqual to the resistance of

the armature winding
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Basic eguations applicable to all de motor are -
Ra

i

s C::' Eg (:E:) ODCMoton

=
Figure 4,10. Steady State Tquivalent Circurt of Armature

Permanent magnel equations |4],

E=Cdxa  --womn- S e e e T N e L e e e
T L T T L

I'=UCddxla
Where: ¢ flux par pole.
la: armature current, Ampare.
Va: armature voltage, volt
Ra: resistance of the armature circmt, ohms.
o speed of armature, Rad/sec.
T: torque developed by moior, N.m.
( ¢: motor constant

From Equation (4.9 - 4.11) the mechanical angular frequency could be represented as.

_Va  Rala
w_i«"a .37 1Y (O
¢ (Co)
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The speed-torque and torque- current charactenistics of a PM de motor for rated terminal
voltage are shown in Figure (4.11). The spesd-torque curve 15 a straight Line. Speed
dacreases as torque increasss and spead regulation depends on the ammature circuit
reststance.

The used drop i speed from no load to full load, in case a medium size motor is of the

order of 5%,

W [ik] :
TR ]
: ‘\\Pﬂ_
K.z Imf&]
(A) Speed-Torque Performance (B) Torque-current Performance

Figure 4 11: Performances of dc motors

The maximum current that can be communicated without sparking limits the
maximum current that a de motor can salely carry dunng starting, For normally
designed machines twice the rated current can be allowed to flow and for specially
designed machines 1t can be 3.5 times.

At stand still, back FMF is zero and the only resistance opposing flow of' the current is
the armature circuit resistance, which quite small for all types of dec motors. 1fa dc
motor is started with full supply voltage across its terminals a very high current will
flow, which may damapre the motor due (o the heavy sparking at commutator and
heating of tha windmg
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Therefore. it 1s necessary to limat the current o a sale value dunng staring When
motor speed 15 controlled by armature voltage contiol (de chopper) the controller which
controls the speed can also be used for hmiting motor current dunng starting to a safe

value.

4.4.2:- Motor calculations [5].

A rotating disk has 24cm radius and thickness 4mm is driven by 12V de motor with a
pulley moving it with speed of 61pm as shown in Figure (4.9).

a=0110
Ia=8i ! | 8 -
e 0= T, =
mene
Fa=0.218 Cear box Ioad
Tg=0.0218kgmn2

Fig 4.12 Equivalent Circuil of electrical drve

The parameters of this dnve system are defined as flow:
By using sq (4.9) and (4.10) we conclude -

e e N ot L e 4.14
ﬁﬁ_ﬁ] Ia* Ra (4.14)
@®
Cd = 3.54weh
R T s e T i G R S B S i m e e e e TR L g Teall (4.15)

Tm=354%4=142Nm

TFr=m®e *Rp2%afpu=_ ... ... NP | e et £ T
=15*9.81*0.1*0.18/0.65 — 4 08N.m.
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Where:-

I'm:~-Molor Torque.

Tn: - Weight Torgue

T'w: -Fnetion torque.

Tace: - Acceleration torqus,
Tl - Load Torque.
Pout=Output power.

Tass=lpl*et .. .......,
TL=Tm+1Tn | Tw.
TL=4.08+ 1421 03TL
07TL=18.28
TL =261 N.m

RRADETEF IO -ciscoco v st i i s A S e e
=26.1% 29314 *30/60 = §2W.

4.4.5:- Wiper motors:

After the calculations we choose the wiper motor with data shest since it suitable to
drive the rotating disk in our machme.

The Specifications for wiper motor we will use in the present
machina:

a)DC 12V
h) Low speed; 451pim
¢) High speed: 60tpm
d) Power: 100W

Fig 4.13- Wiper Motor




4.5: Transformer design:

A transformer 15 a device that ransfers electrical energy from one circuit to anothar
thraugh inductvely coupled electrical conductors, A chanping current in the first circunt
(the primary) creates a changing magnetic field This chunging maznetic field induces a
changing vollage in the second circuit (the secondary). This effect is called mutual
induction

If'a load is connected to the secondary circuit, electric charge will flow in the secondary
winding of the transtormer and transfer energy from the primary circuit to the load. In an
wdeal transformer, the induced vollage in the sccondary winding (V<) is a traction of the
primary voltage (Vi) and is given by the ratio of the number of se condary turms lo the
number of pnmary tums.

By appropriate selection of the numbers of tums, a transformer thus allows an

alternating voltage to be stepped up — by making Ns more than ¥p or stepped down,
by making if less.
Mrirsary

wirnkig
by tasiey

Figure 4. 14: Transformer




Transiormer equations | 4 |.

8 _Faxlr
Afe =114 KVA[VA]
K

Np=—ro
P= 1k

= | Ap{mm)
=\ o7ss
N
s || As(may)
\ 078
I Np«dp | Ns=ds

|03
Np =2.056xFs
Ny =214 xFs

Where:

8 :Power factor.

Vp: Primary voltage.
Vs: secondary voltage.
F  Frequency

} . Current density.

Afs: Core area

x 1 00%%
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Np - Number of tumns for the pnmary.
Ns : Number of tums for the secondary.
Ip : Pnmary current.

Is 1 Secondary current.

Ap: Primary conductor arsa

As: Secondary conductor area.

dp: Primary conductor diameter
ds * Secondary conductor diameter.

FF. Filling factor
Table 4 7 Transformer parameters
Giﬂm_-l'ammrttm . Calcolations
Vp=220V.
WVs=13.75V Afe= |0 9mm*
=50 Hz | Ip=0417A
S=91 TVA =667 A
Erom table( A.1 ) we get : Ap— (1 139mm?*
1= 3 A/mm?= As=2273mmE.
Np=2.857Vp=628 Turn, dp= 0.42mm?
Ns — 2.174V5-42 Tum. ds— 1.683mm*
Length X Width=a X b=2 946, | [T 20-18%
Number of sheet =92sheet
e, Figure 4. 15 Transformer Core
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4.6: AC to DC converter (Rectifier):

Because of practical electrical circuit need DC power supply and adding energy
converter to a system 15 used.

These converters are used to convert AC to DC voltage, the input ac voltage mta output
DC voltage with predatermined DC value and ripples ratio.

These circuit compound combined diodes. filters and transformer as well shown in
figure 4.16.

TFRIPZW o

o1 o2\

]

Figure 4.16 Rectifier Circuit

4.6.1 The rectifier parameters:
Output parameters:

Vdc =12 38V,

lde=6 A

Pdc =74 28Watt

RTI = 4%
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The main equations |3],

Fmr = fu.'E xFy

Frms = Vs

Vee — e =Fm
T

g, Ve
Ide
Ve

-
o

iy = frmyx

Td{avr) =

Virms

fems =

ﬁﬁnmﬂ-—ﬂﬁi

~2
Fele = lde* <RI

Pae = Frms x s

ld{rms )= mﬁ?
v

Pde oo

1 Pac
S =(FA)oting =V« Js
_ Pdo
(FA yatine
PIV =Fsx+2
Frms
|£F
RF = FF*-1
Py = Far
)
o = ds| peak )
£

T
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Where:
Vp @ Primary voltage.
Vs : Secondary voltage.
Frms ; Effechive output voltape,
Irms . Effective output current.
Id(avr)  Average diode current,
Id{rms) : Effective diode current.
Fde | Average rectifier voltage.
fde | Averaga rectifier current,
e Output average luad power
FPac - Qutput effective load power.
TU¥ . I'ransformer utilization factor.
(VA)yrating : Transformer apparent power.
PIV : Peak inverse voltage.
FF | Form factor.
n : Rectfication efficiency.
RF : Ripple [actor.
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lable 4.8 Rectificr parameters

Given paramelers | From equations (433 +4

53 Jwe pet these results

Vrms =V =13 75V
HI.=2.06 vhm
Id{avr)=3A
Irims=6.67A
{d(rms)=4 86 A
(Fd)rating =91 53V A
TUF =080

FPode =74 28wan
Pae=94 53watt
n==280.1%

PV =19 44y

st =111

HIT =48 559
CF=1 41

a— 16

FFI=1.112
BF1=4%,

C=3mF

Vp =220¥
Vs=13.75V
Vde=12.38V
Ide=6A

bl




4.6.2 Rectifier simulation using Simplorer program.
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Figure 4 17 Rectifier simulations without filter,
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In this machine we need four valves to control of the painting colors flow rate in
the main tanks, and we choose the clectrical valve to do that, and we need one douhle
salenoid valve to control of piston work.

When selecting valves thers are a number of details that should he considered as listed:

w Pip size — inlets and outlets are typically threaded to accept NPT (naticnal pipe

thread).

& Flow rate — the maximum flow rete is ofien provided to hydmulic valves.

= Operating pressure — a maximum operating pressure will be indicated. Some  valves
wall also require a nunimum pressure to operate,

¢Electrical — the solenoid coil will have a fixed supply voltage (AC or D) and current.

# Besponse tme  this is the time lor the valve o fully open/close. Typical times for
valves range from Sms to | S0ms

Fipd 19:- Valve

We used valves ils outlet diameter is small, for a high efficiency control to the colors

flow:




4.8:-Mixing motors.

We need 5 motors in mixing tanks (4 for main color tanks & 1 for mixing tank).
B Features
B DC motor
B [S0opm
| 12 volt
B Current 0.8

Fig 4.20:- Mixer motar,

4.9:- Circuit hreaker: . N

240 Vaolr
10Ampere

4.10:- Relay.

24V DC
(1-2.5) Ampere

Fig 4.22-Relay

B3




4.11 Fuses.

a. 'wo fuses 1A for PLC.

b: One fuse for main motor (,r

Fig 4 2} - Fuse

4.12:- PLC (Programmable Lagic Controller).

4.12.1:- PLC Type.

Siminse, S200, 87

1410 iﬂp‘l.lt, "JI.IH}I.TI.'

Fig 4 24-PLC
412.2 PLC Input and Qutputs
m!/ J“"TM = ‘1 “\WJ % Eﬂll -
I L]

+

‘ Pl

L0y

D @ NP S wdE

Figure 4.25 PLC circuit
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Table 4.9:- Input to PLC.

: i

23456 Parallel Port

T STl

10 SE4

11 SES

67

Start operation switch
§ bits received from the

‘Gomputst

Switch to limit the mitial
position
Switch to limit the position
Switch to limit the position

under the mixer

door
Switch to limt if the bottle
found or not




Tahle 4.10:- Output from PLC.

¥ Output Comment

I M1 start & slop the main motor

2 M1 Reverse the main motor

3 M2 Start & stop the main mixer

4 Vi Open & close the first valve

5 V2 Open & close the second valve

T V4 Open & close the forth valve

8 DSIL Activate the left side of double
. solenoid valve

9 DSR Activate the right side of double

solenoid valve
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Figure 426 Electrical Circuit Map.
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Fig 4. 28 1lydraulic Circuit

4.12 Overview for this chapter:

After finishing these caleulations an previous design we expect a good result in
implementation.
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Chapter 5
Implementation of mixing and filling colors machine

5.1: mechanical parts implementation:

5.1.1 Outside body:

| Main body Picture

The main body is the first step
of the implemeritation

Trom this picturc we see the
body for our machine with these

dimensions:

Lengih= 60 cm

Wide=82 om

Height= 160

Figure (5.1): main body




3.1.2: Upper tanks base

Upper tanks base

Ihe main function ol this base
to put the tanks berween them
which keep tanks in its place
without auy rotation.

Figure (5.2) upper tanks base




5.1.3 Down Disk

Down disk

Piclures

The main function of the down

disk is 1o start with a botile from

a reference point and rotate

under the tanks and mixer then

goes back to the reference point.

This disk rotates only if the

main motor rolates.

Figure (5 3). down disk




3.1.4 Down disk base

Down disk base ' Pictures ]

This base connect between the
rod and the down disk

Radius=6 cm

Figure (5.4). down disk base




5.1.5 Colors tanks,

Tanks uscd in our machine

Pictures

| Number of color tanks = 4.

Size of the tanks = 5 lirters,

Each tank contains one tnain
color (red, yellow, blue, white )

Figure (5.5) Tanks




5.1.6 Crears

Gears

The gears which used have
these characteristics -
Numbers of tooth's of small

gear="4

Mumbers of tooth's for large
gear=30

We choose these ratios hecause
of the motor speed 30rpm and
the speed needed 6rpm
Ratio =9/50=0. 18,

77

Piciures

Figure (5.6); Gears




3.2- Electrical part Implementation:

5.2.1 Muntors,

Main motor & Mixer Pictures

We use two motors :

I. Wiper DC motor as a imain
molor which rotate the down
disk

2. DC motor which mixes the
colors in the botle

Parameters of mixing motor;

Voltage—12V
Current=0 84
Power= 96w

Figure (5.7): main mator

Mam motor type: wiper motar
Parameters ol main motor:

Voltage—12V
Current= bA
Power=72w

E”]gure (5_]: mixer motor,
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5.2.2 Relays

e

Relays

Pictures

We use Y relays as outputs & 5

relays as inputs |

Outputs relays :

I-We use 4 relavs 24V DC as
outputs for valves.

2- Weo use 2 relays as oulputs
lor double solenoid valve (up
and down).

3- We use three relays as

outputs for motors.

Inputs relays:
We use five relays 5V DC as
inputs for PLC device.

Figure (5.9 relay

b,




5.2.3 Fuses and circuit breaker.

Fuses & {:ii*t.uit breakers

Pictures

We use three fizses & main
circuit brcaker in our machine
Lo protect the motors and PLC

device.

Two fuses protect the PL.C with

same rated current: 24

And one fuses lo protect the
main maetor with rated current:
BA,

We use one cirouit breaker to
protect the machine from high

current with rated current: 10A.

Figure (5 10): fuses & circuit breakers




5.2.4 Power supply

Power supply

Piciores

We use in our machine two
power supplies

1. 12V DC as main powet
supply for feeding the
maotors (main metor and
miXeT motor)

b3

24V DC as additional
power supply tor
feeding the outputs of
PLC device,

3, And 220 V AC as main
input for machine.

Figure (5.11) Power supply 24V

Figure (5.12): Power supply 12V




5.2.5 Electronic circuwit.

Applied Electronic circuit

Piciures

We built the electronic cireut
because of the current flow
from parallel port cant tur on

the coils ol relays.

Components it:

I Five relays 5V, 2ZA.

2. Five transistors Tr-222,

3. Five auto couplers
2ZN25.

4. External power supply
5¥.

5. Weirs.

From outputs of relays, we take
it to PLC device as input
switches.

Figure (5.13) electronic circuit
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5.3 - Hydraulic part implementation

E: Valves, regulators and Pictures _|
piston,

We used four valves in our
machine

Types: single solenoid valve
Pip size. 0.5"

Electrical, 220V AC, 38mA,

Response time: Sms 1o 150ms

2.sector
Dauble solenoid valve 220V
AC.

Figure (5,15); selector

3.regulator
Maximum pressure 8bar.

Minimum pressure Obar,

4. piston:
Stroke. 10 cm.
'Pre.uurc:; Ibar.

Figure (5.18): Valve

Figure (5 17) Regulator




5.4- Control part implementation:

3.4.1 Inlerfacing program

Interfacing program Pictures

*At the first of starting the

program we make a wclcome
screen to define the operation of
the machine and who design the
syslem.

Mixing Calour
Machine

Prepared By -

1-Alaz M. Busen
A-Firaz¥ Hazean
Fhduhommaid H Abeer

Figure (5.18). Program interface
*And then we defined a constant
time that make a ratios between

Enter The Specified Time:

colors which process in  the
program  and defined as over all
time of the [ow rate of the

Time |

valves

Figure (5. 19): Program time interface




* This interface for the almost
used colors m area which you

can choose any of these colors.

* Also you can return back Lo
the previcus slide by wusing
home button or stop the process
by using power button or close
the program by
button

usng  end

* Il you want to produce a new
color you can choose the
advance hutton which vou can
inter the ratios of the basic
colors and the volume of bottle
and the svstem will simulate the

values to produce the now color

WHEIL il

(R TR B R B R TTES ST Lh .

_ | .
I |

] Empel
N .
J_ Advance
—ww

[ e

Figure (5 20): program colors mterface

.

i1 Fif) )

Ol S

48\

—
—
-
—

Home

Figure (5.21). program advance interface
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5.4.2 PLC Device

PLC device

Pictures

We used 5200 Siemens with 10

mput & Y output .

This PLC used to control in any
operation automaticallv in our

machine.

Figure (5.23). PLC with in & out pins




5.5 - Out side machine:

It's important to give a good look for the machine which give a good expression for

(R

the user and this proposed machine,

Figure (5.24): machine oul side
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5.6 Actual cosl for our machine

Table 5 1 Actual cost

| [tem Price Student University
(NIS) contribulion contribution

- Main body 1500 YES No
Motors 150 ves No
gears 100 yes No
Lathe 1000 VEi No
Relays 300 yes No
Fuses & circuit 1000 yeu Mo
breaker
Switches 450 Mo No
Electronic 150 No No
elements
Electrical bored 100 yes No

_ Tilectrical weirs 100 No No
Paints 100 No No
Valves L1000 No No
PLC device 1000 No yes
Pump 500 No yes
Mazin colars 100 Na No
Our Expenses 1000 yes No

| Total cost | 7650 NS |

All the elements from our university contribution available in the lab and return back
Lo the labh.

3.7 Recommendation & suggestions:

1-We suggest to add a balance Lo the machine for obtain more accuracy un the
produced colors becausc of depending on the time is not give us accuracy
comparing with balance accuracy.

2- Changing the tanks which used in implementation machine and replace it in
tanks designed in chapter four

3- We suggest using a position sensor which determined the scale of colors in
tanks.
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5.8 Conclusion:

1-This machine increase our knowledge in the electrical and mechanical elements
and how we can use them.

2- Innovation of new machine that can be used in local market

3- This machine incréases our knowledge in computer programming by using the
parallel port to control the time rate.

4. Our project opens for us many hopes for the future work in the local industry.
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5.6 Actual cost for our machine

Table 5.1 Actual cost

Ttem Price Student University
. (N1S) contribution contribution
~Main body 1500 yes No N
| Molors 150 VEs Np
| acars 100 yes No
l.athe | 1000 yEs No
Relays 300 | yes No B
Fuses & circuit 100 yes No
breaker
Switches 450 No Mo
Electronic 150 Na Mo
elenents | T
Electrical bored 100 yes No
Electrical weirs 100 Ne No
Paints 100 | No No i
Valves 1000 No No
PLC device 1000 No ves
_Pump 500 Nty ves
| Main colors 1 00 No No
| Our Expenses 1000 yes No
| Total cost | 7650 NIS 2

All the elements from our university contribution available in the lab and relurn back

to the lab,

5.7 Recommendation & suggestions:

1-We suggest to add a balance to the machine for obtain more accuracy on the

produced colors because of depending on the time is not give us accuracy

comparing with balance accuracy.
2- Changing the tanks which used in implemenlation machine and replace it in

tanks designed in chapter four.
3- We suggest using a position sensor which determined the scale of colors in

Lanks.




5.8 Conclusion:

1-This machine increase our knowledge in the cleetrical and mechanical elements
and how we can use them.

2- Innovation ol new machine thal can be used in local market

3- This machine increases our knowledge in computer programming by using the

parallel port W control the tme rate,
4_Our project opens for us many hopes for the future work in the local industry.
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Parallel port

Introduction

PC parallel port can be very useful 10 channel for connecting your own circuits to
PC. The PC’s parallel port can be used to perform some very amusing hardware
interfacing experiments. The port 15 very easy 10 use when vou first understand some
basic tricks. This document tries to show those tricks in easy to understand way.

WARNING: PC parallel port can be damaged quite easily if you make mistakes
in the circoits you conneet to it. If the parallel port is integrated to the
motherboard (like in many new computers) repairing damaged parallel port
may be expensive (in many cascs it it is cheaper to replace the whole
motherborard than repair that port). Sufest bet is to buy an inexpensive I/0 card
which has an extra parallel port and use it for your experiment. [T you manage to
damage the parallel port on that card, replacing it is easy and incxpensive

NOTE: The I/ port level controlling details here has proven to work well with
parallel ports on the PC motherboard and expansion cards connected to ISA bus. The
programming examples might not work with PCI bus based 1/O cards (they can use
different hardware and/or 10 addresses. their drivers muke they jusl look like parallel
ports to "narmal” applications). The programming examples do not work with USB to
parallel port adapters (they use entirely different hardware, their drivers make them to
look like normal parallel port to operating system "normal" applications),

DISCLAIMER: Every reasonable care has been taken in producing this
information. However, the author can accept no responsibility for any effect that
this information has on yoor equipment or any results of the use of this
information. It is the responsibly of the end user to determine fitness for use for
any particular purpose. The circuits and software shown here are for non
commercial use without consent from the author,

How te connect circuits to parallel port

PC parallel port is 25 pin D-shaped female connector in the back of the computer It is
normally used for connecting computer to printer, but many other types of hardware
for that port is available today

Not all 25 are needed always. Usually you can easily do with only 8 output pins (data
lines) and signal ground. T have presented those pins in the table below. Those output
pins are adequate for many purposes.

pin furirtion
2 Do

Dl

D

D3

D4

D5

L&

3
4
]
L]
7
8




5 19
Pins 18,19,20,21,22.23,24 and 25 are all ground pins.

Those datapins arc TTL level autput pins. This means that they put out ideally 0V
when they are in low logic level (0) and +5V when they are in high logic leve! (1) In
real world the voltages can be something ditferent from ideal when the circuit is
loaded. The outpul current capacity of the parallel port is limited to only fow
milliamperes.

Here is a simple idea how vou can connect load to a PC parallel port data pins.

Do Qut -——----=+
+ -
Sourcing Load (up Eo 2.6 mA @ 2.4 v

Ground - -
This is not the only way to connect things to a parallel port.

The parallel port dala pins are TT1. outputs, that can both sink and source current, In
ordinary parallel port implementations the data outputs are 741.5374 IC otem-pole
TTL outputs which can source 2.6 mA and sink 24 maA.

Regular TTI. outputs basically consist ol a two "stacked” transistor in series between
=3 volts and ground, with the output coming from the conmection between them, This
is called 4 "totem pole output”. At any given Ume une of these transistors is
conducting and the other is not. To pull the output "high®, the transistor from +5 to the

output conducts (1), which "sources" pesitive current from the output to ground (that
is, an external device between the outpul and ground will get power). To pull the
autput low, only the lower transistor (1.) conducts. "sinking" current to ground; an
external device between +5 volts and the output can be energized.

45
i

TTEH cntpel on = I = high, *"sourcingr
currentc

|
|"
-—-L off

znd

TTL output off = 0 = low, "sinking” current




The outputs are designed so that they give at least 2.4V at 2.6 mA load. This 2.6 mA
figure is for ordinary L8-TLL circuits used, the L8] implementations used in many

computers can give more or less, For example quite popular (fow vears ago)
UMB2C11-C parallel port chip can only source 2 mA.

Simple current sinking load connection:

PGt - +
B
Sourcing Load (up to 2.6 mAh & 2.4 v
Groomd --———-- +

When taking current from PC parallel port, keep the load low, only up to few
milliamperes. Trying to toke too much current (for example shorting pins to ground)
can frv the parallel port, T have not killed any parallel port (yet) in this method, but I
have had in cases where too much load has made the parallel port IC very hot. Be
caretil

If you have an external * 5 volt supply, vou have another option for connection: use
the Data Our pins to sink up to 24 mA from your +5 volt supply. This can be made
with a circuit like this:

+ S e e l+5 ¥)
|+
Sinking Load (up to 24 mA @ 4.2v]
k= Power Supply
e ——=— +
e e e e e e e B Lt e p S e e [ Gnd

The load gets power ther you have external —3V on and the printer pert data pin set to
0. This circuit gives vou capability ol of driving more current than the "sinking"
approach. You need to be careful with this circuit, because with this circuit you can
easily fry the parallel port il you do things wrong. My advice is to be very careful
with this type of circuit and make sure that the external |5V power supply gets turned
off when computer gets turned off (all printer ports might not like getting +5V though
the load to printer port when they are not powere). The most convient source "external
£ 5V" might be from same other part on your PC {USB, juystck, keyhoanlimouse et
port).

1 have used mostly "sinking" type circuits and this article is concentrated on using
them.

Simple LED driving circuits

You can make simple circuil for driving a simall led through PC parallel port, The
only components needed are one LED and one 470 ohm resistors. You simply connect
the diode and resistor in series. The resistors is needed to limit the current taken from
parallel port to a value which light up acceptably normal LEDs and is still safe value
(not overloading the parallel port chip). In practical case the output current will be




few milliampres for the LED, which will cause a typical LED Lo somewhat light up
visibly, but not get the full brigtness, |
Tﬁ"
3
Then vou connect the circuit to the parallel port so that one end of the cirewit goes to
one data pin (that one you with to use for controlling that LED) and another one goes
to any of the ground pins. Be sure to fit the circuit so that the LED positive lead (the
longer one) zaes to the datapin, If yvou put the led in the wrong way, it will nol light in

any condition. You can cormecl one circuit Lo each of the parallel port data pins. In
this wav yvou get eight software controllable LEDs

i.
A I o o bl il ol ol

BAONRE0A0a00R,

v
st¥

The software controlling is easy. When vou send out | to the datapin where the LED
1s connected, that LED will light. YWhen you send O to that same pin, the LED will no
longer light.

Hete are two photos of circuit above I have built.




Pn those circuits [ have wired the ground wire only to one ground pin (it works also
well, you can use any of the ground pins).

Technical specifications of parallel port pins

The 1BM specifications says accoding

http-/fwww cpanorama nct/counter phpTurl=http:/fwww linux com/howtos/10-Pan-
Programming-0.shiml the following: The data output pins (pins 2-9) sink 24 mA,
source 15 mA, and their high-level output 1s min. 2.4 V. The low state for hoth is
max. 0.5 V. Pins 1, 14, 16, and 17 (the control outputs) have open collector drivers
pulled to 5 V through 4.7 kiloohm resistors (sink 20 mA_ source .55 mA, high-level
output 5.0 V minus pullup). Non-IBM parallel ports probably deviate from this
standard.

Warning: Be careful with grounding. You can break parallel ports by connecting
devices Lo them when PC 1s powered on 1L is not & good idea to shert the pins to
ground or 13V, this can damage the port It might be a good thing to use a parallel
port not inlegrated on the motherboard for things like this. (You can usually get a
secontl parallel port for your machine with a cheap standard “mula-1'0' card)

Control program for DOS (and Win9x)

The tollowing program is an example how to control parallel port LPT1 data pins
fram vour software This example directly controls the parallel port registers. so it
does not work under some multitasking operating svstem which does not allow that Tt




works nicely under MSDOS. You can look the Bordand Pascal 7.0 code (should
compile alse with earlier versions also) and then download the compiled program
LPTOUT EXE, This has worked nicely for me in DOS systems and Windows 95/98
systems. On recent Lestings this program has worked unreliably on some Windoes
2000 systems,

Program lptl output;
1ses Dos;

Nar
addr:word;
data:hyte:
e: integer;

Hegin
addr: =Mewd (S0020:50008] ;
?al{ParamStr{l],data,E]:
Part[addrj:zdata;

End.

How to use the program

LPTOUT EXE is very easy (o use program. 'I'he program takes one parameler, which
is the data value to send to the parallel port. That value must be integer in decimal
format (for example 255). Hexadecimal numbers can also be used, but they must he
preceded by $ mark (for example SKFF) The program hoes not have any type ol ecror
checking to keep it simple. Tf your aumber is not in correct format, the program will
sent soma strange value to the port,

NOTE: T have found out that this program does not work reliably on some Windows
3000 systems I have tested on this 1don't know what is causing this speeitic problem
(other than vou should not try Lo ACCesS hardware directly on Windows NT based
system.). | have not tested this program with Windows XP

Example how to use the program

LPTOUTO
Set all datapins to low level.

LPTOUT 255
Set all datapins to high level

LPTOUT 1
Set datapin DU to high level and all other datapins to low level,

Haw to calenlate your own values to send to program

You have to think the value you give to the program as a binary number. Every hit of
the binary number control ene output bit. The following wble describes the relation of
the hits, parallel port output pins and the value of those bits,




Pin 2 3 4 5 & i B i)
Bit Bd D1 D2 D3 D& DS D6 D7
Yaluc x 2 4 B iA 32 &4 1218

For example if vou want Lo set pins 2 and 3 to logic 1 (led on) then you have 1o output
value 142=3 I you want to set on pins 3 5 and 6 then you need (o output value
2+8+16=26 In this way you can calculate the value for any bit combination you want
o output

Making changes to source code

You can easily change te parallel port number int the source code by just changing the
memory address where the program read the parallel port address. For more
information, check the following table

Formal of BICS Data Segment at sssment dth:

Dffset Size Cegoripbion

08h WORD Base I/D address of 1=t parallel I/0 port, zero if
“::; WORD Base I/f0D addressz of 2nd parallel I/D port, zero if
HEE WORD Base I/0 addresz of 3rd parallel 1/0 port, zero it
ng:ﬁ WORD [non-25] Base I/0 address of 4th parallel IfO pert,

gera 1f none
For example change the line addr:=Mem W [$0040:50008]: in the source code to
addr:=MemW[$0040;S000A]; if vou want to oulput to LPT2

Instead of trying to read the address [rom the DOS nformation data block you can
always use the /O address fixed to source code. The LPT1 port is typically at ['0-
audress 378h or 3BCh.

To gel 0 know the port address to use you can use for example the method: On
modern Windows systems (1 tested in Windows Z000) you can get 1o know the
parallel port IO addrss through device manager. First open the device manager (start -
sellings - comtrol panel - system - hardware - device manager). Then select there the
parallel part you are interrested from Ports (COM & LPT) section. With mouse right
button you can get menu where you select Properfies. From there sclect Resources
where you should see a screen like this;




ECP Prml or Port [l 11} Dl{rptrﬁu_f,

General | ot Settings | Diiver  Resouross |
3 FCP Printer Port (LPTT)

Hesaiins cetings
Fissource ype | Setting

W rput/Output Fange 0378 - ([G7F
W Input/Outpue Range 0778 - O7TR
B8 Diect Memony Access 07

e Dasinn rL'.l!éul e 1T L1 _""
¥ U astomatc sstings S HaE Seting I
No conflicts. =
bt

oK Cancel |

The details in this image are from the parallel port built inlo the motherboard of my
PC

Parallelport programming in DOS

The following examples are short code examples how to write to I'O ports using
diflerent languages. In the examples T have used /0 address 378h which is one of the
addresses where parallel port can be.

The typical parallel port I/0 addess configurations seen on PCs with [SA bus.

« LPTI1:3BCh, LPT2: 378h, LPT3: 278h
« LPT1:378h, LPL2: 278h
« LPI1:-378h

Those are the typical 'O addresses used in ISA bus based systems. Tn PCT bus based
systems the LPT1 port on motherboard is typically at I/O-address 378h or 3BCh. Il
the systems has extra LPT ports on multi-10 card in PCL bus, those extra LPT ports
work difTerently than the "normal parallel port" described in this document, and the
same cantrol methods can't be applied to them (they are on different /O addresses
and could use dilferent control register systemn that could be card specitic. the driver
sofllware that comes with the card makes them to look like LPT ports for the
applications using standard operating system printing routines).




The following examples are for DOS system (they might or might not work on ether
systems). The code examples are designed 1o be used with LP'I'l port that resides in
/O address 378h,

Assembler

MOV DX,037BH
MOV AL, ¢
OUT DX,AL

Where n is the data you want to output

BASIC

QUT &HI7E, W
Where N is the number you want to outpul.

C

oukp (023978 .0l ;

or

outpoxrth (03782, 1) ;

Where N is the data vou want to outpul. The actual /0 port controlling command
varies from compiler to compiler because it is not pant of standardized C libraries,

Here is an example source code for Borland C++ 3.1 compiler:

finclude =Btdio.hs
finclude =dos.hH=>
finglude <conic. hs

j#1*1#«#*#1#t%f*ww***ﬁ1*********&*********&+*f

/*This program set the parallel port outputa*/

.f*-l-i********#***i*i*****i**kl‘*’*i'l ***-‘k*i’*'ﬁ‘**"r*f

void main (wvo3d)

{

eirser{i: /* clear ecreen */

outporthi{ 02378, 0xfL): J* output the data To parallel porxt */
getchl) /* wait for keypress before exiting +/
)

Using DOS debug to access parallel port

DOS program Debug is a simple 808X assembler that comes with DOS operatmyg
system (comes with DOS utilities on maost modern Windows systems as well). Debug
allows debugging of simple 16-bit DOS applications {not uscfil to modemn 32-bit
Windows programs). Dehug program has several built-in debugging tool commands,
inciuding commands to read and write /O ports,

o- writes crne byte of dat to the gpecified 1/0 port

SYNTAX o port value

port - gspecifies the port address. The poxrt address can be an & or a
16 bit walue,




value apecified the walue to write to this I/0-port. This wvalue is
8 bit value,

i- reads cne kyte of data from the specified I/0 port

SYNTAX i port

port - specifies the port address. The port address ran be an 8 or a
16 bit walu=.

Examples.

1f you type

o ke Tt

debug will eubtput value £f [hex] te port 3bec (hexj.
IT yon type

13k

debug will display 1 byte of datas from the parallel port.

Parallel port controlling in Windows programs

Writing programs to talk with parallel port was pretitv easy in old DOS days and in
Win95/98 too. We can use Inporb and outportb or inp{) or Outp functions in our
program without any problem if we are running the program on Dos or WIN95/98.
But entering to the new era of NT clone operating systems like WIN NT4, WIN2000,
WINXP, all this simplicity goes away.

Direct parallel port controlling in possible under Windows 3. x and Windows 95
directly from 16 bit application programs and DLL librarics. So vou can use the C
example above in Windows 3.x and Windows 95 if vou make your program 16 hit
application 1f vou want to control parallel port from Visual Basic or Delphi then take
a look at the libraries at Parallel Port Central at

hitp://www_epanorama net/counter, phpurl=http./www lvr com/parpart htm.

Direct port controlling from application is not possible under Windows NT and to be
ale to contral the parallel part directly vou will need to write some kind of device
driver to do this. You can find also this kind of drivers from Paralle! Port Central and
Inpout32.dil for WIN NT/Z000/XP.

Driverlink PortlO at
htip v ; . iverlinyg. com/TDownload/DI

PortlO htm is a worth to check driver for accessing 1/O ports dircetly under Windows
O5/NT (works also well with Windows 2000). This free software comes with example
programs (both cxecutable and source code available) how to access I'O ports from
Visual Basie and Microsoft Visual C programs.

The /O Control Using Using Visual Basic web page at

http:/fwww. epanorama net/counter php?url=hitp /f'www southwest com.au/~jfuller/vb/
vbout htm describes how to make a simple Visual Basic application that controls PC
parallel port.




If vou are looking for a ready made software, then take a look at Kemo M125 kit web
page at hitp./'www epanorama net/counter php?url=http /www kemo-

electronic com/en/module/m125/ Kemo relay module M1235 is designed for switching
up to 8 different appliances, lamps or motors according to a computer program (up Lo
40V and loads up to 0,4A DC or 0,2A AC) The module is operated at the printer port
L.PT1 in the same wav as my parallel port controlling circuit examples (in this module
there is one solid state relay connected for each of those 8 data oulpul pmn on parallel
port). Kemo M123 kit information page has control sollware available for download.
Those software allows controlling of outputs manually and timed operation. Windows
software runs m WINSx. WINZK and WINXP. There is also programming C source
code example available

Parallel port relay relay hoard kit described at

norama net/counter pho?url=http /electronickits comv/kit'complete/ele
c/ck 1601 him comes with Windows and DOS control software that can be
downloaded at the kit page This software runs al Windows 9x/2000/ME/XP
Information on DOS utilitics can be found at

s/QK74 asp

Parallel port monitors page at

http://'www epanorama net/counter php Murl=htip //neil fraser name/software/Ipt/ has
programs that allow vou to set and monitor parallel port pin states. The sofiware is
available for few different versions that work on Windows 98 / ME / N1 /2000 / XP
and DOS / Windows 3.1 /95 / 98 / ME systems. The software is written using Visual
Basic and Buphoria programming languages and comes with source code,

Bevond Desien PC Serial and Parallel Port Software and Interfaces

VBPonTest at hitp./iwww epanorama net/counter. phpPurl=http.//www.beyond-
designs com/PC_ports him is an useful utility. VBPonTest parallel port utility is
designed Lo help test and debug parallel port interfaces. Allows access to the three
registers (data, status, and control) associated with the PC standard parallel port
(SPP) The user can read and write the data and control registers. The program
confinually reads the status register (Lhe status register is read-only) . Individual
register bits are displayed on LEDs along with the hex value (or the entire data
register. In wrile mode, the user can toggle individual bits by clicking on the
corresponding LED Hex values can be entered on the keyboard. Bit, byte and strobed
byte write modes arc poessible. Online Help with useful parallel port reference
material includes signal descriptions and Centronics handshake timing waveform
VBPortTest is available for download as freeware Windows 68, ML, and XP
compatible.

If you want to do programming of parallel port in Windows with C/C t | then ane way
o go 1s Lo use using the inpout32.dll and the free borland C compiler. For more info,
vou can check out hitp:/hytherion.com/beattidp/comput/pport. htm and

hitp.//csjava oce coed edu/-gilberis/becSS himl The second link was a very nice, step

hy step guide ax to how to do things
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A crash course in miCToECTTONIES

Using an optocoupler
bhack 10 main uional page
N Nathan Scott & Dr Hiroyuki Kagawa - July 2002

The world it a dangerous place for <ensitive electronic circuils such as the AVR. We have to protect
he AVR from damage caused by high voltages and voltage spikes called wansients. Itis very
cominen ta use a device called an optocoupler to protect the AVR from transients on input digital
lines

Optocouplers

An optocoupler is actually two devices in one package:

LED
ANODE E} i—i—l COUECTOR
CATHODE [2! | 3] emiTTER
'i Photo-
transistor

Figure 1. schematic of a typical optocoupler, from a Fairchild brochure.

Y ou are already Familiar with the LED part, it is like a small light which comes on if current passes
srough it. The other side (voloured green in Figure 1) is a phototransistor. Actually all transistors
are phototransistors but usually they are in opaque packages that do not allow light to penetrate.

4 crash course in microelectronics htmiz = 1N2009- sail g placfiled/F 2000(7(7
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Collector Collector

Base

Basc
T current
Frmitter controls Emitter

resistance
(a) NPN transistor (b} Simplified model
(Collector
Light .
control s Signal
resi slance L
Emitter
GND
(¢) Phototransistor (d) Using an NPN i

Figure 2. Transistors

Transistors are quite complex electrical devices and many books have been written about them. [ do
not really understand them but have learned to use them in some simple wavs. My concept of how a
transistor works is shown in Figure 2b. It is very much simplified and vou must not think that this is
what 1s really going on inside a transistor! However it may help you as you begin to use them, The
simplified model shows that the hase current controls the resistance from the collector to the

smitter. [t is important to understand that a high base current causes a low resistance. Wow consider
Figure 2d. If the signal is driven high, resistance R2 will become low and the output voltage will
secome close to GND (OV). If the signal is drven low. the output voltage will tend to go to VCC_ A
sngle transistor used this way is a bit like an inverting amplifier

The wenal mn Figure 2d 1s a voltage in the case of a normal wansistor. In the case ol a

phototransistor (Figure 2¢) il 1% a beam of light, We can now understand how to use the
sptocoupler:

1 \ crash course in microelectronics htm\ilialdN2009z ja3l & 5 plal:file://T 2000/7/7
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High voltages on this
side....

... can't damage
the delicate circuits

VCC

Signal
lI'FPlH

220€2

Collector

Emitter

Signal
GND

Figure 3. Using an optocoupler

115 most important to note that there is no direct electnical connection between the left side of the
pincoupler and the night side. The lett side 15 the conmecthon to the outside world Anything could
wappen on that side. For example some confused person could connect the signal with the wrong
solanty, or could acaidentally put 100V AC on the Signal GND Iine. The night side 15 the delicate
smitermal workings of our device including our AVE.

» Start with the hardware set up as for the 0 project

Set up an optocoupler as the input to the AVR instead of the 74L514.

Does the LED count properly?

Now ury the oplocoupler AND the 74LD14. Does it count properly?

Docs the count happen when you drive the input LOW or when you drive it HIGH? Can you
explain why it works the way il dogs? Can you change it 50 it works the other way?

How safe is it?

The optocoupler will help prevent some kinds of electrical damage to the AVR, However. as with
my engineering ahject, it has its limits. The LED parl ol the optocoupler is very much like the
LEDs that vou are [amiliar with. LEDs are tough and not easily damaged, however it is possible to

. L erash course in microelectronics him\ s ldN2008- 23l ¢ 4 wabetile/fTF 2009/7[7
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burn them out T the LED is made to pass too much current, it will burn out. The 2200 resistor will
not prevent Lhis type of damage if the input voltage is too high. Also, f lightning strikes the
optocoupler 8 spark could possibly go across the terminals from left to right and ttus could cause

damage to the AVR.

Think of the optacoupler like a scatbelt, It may not save your lifein every possible accident, but it
greatly improves your chances!

wan Scoit - pscott@mech. inwa.edu. ai

crash course in microelectronics Mm\isldi2i09z yadt ¢y phdfile /T 2009/7/7
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Appendix D




SINGLE PHASE TRANSFORMER CALCULATIONS AND DESIGN r
I. Transformer data :
Given :
Transformer voltage Vp, Vs
Transformer power KVA -
Transformer class of Class of temperature (
temperature some times it's
recommended by the
designer

2. Caleculation Procedure:
The lollowing presents the steps realized calculation process :

1. For a given / predetermined {ransformer power , KV A, we determined the core area AFe by the following equation |
ar directly from tha tahle for KV A we tound AFe.

1. The Core Ared
AFe =1, Z..__m_h_.n.ﬁ,___vx_ L

2. Number of tr-r turns for prunary and secondaty |, we found the number of turns per volt for primary and secondary
Npe, Nse. After that total number of tums can be deternuned by multiplying (Nep* Vp) and (Nes®Vs)

2, The turns per volt { primary) 3. The turns per volt ( Secondary)
— AR
Nep = __vx._,__ Jia eSS AR



3. I'he conductor area of both primary and secondary can be found as follow: primary conductar lp —»Ad —»  dp:
Ie—» Ad —» ds;

4. The current density; 5. The primary current; 6. The secondary current
=% & / : = ¥ \FA/
F=2.5.38, o Afmim _wui._ﬂﬁu\“w.-,h Is m,_ﬁ,mx_m‘.._w..h_

4. After determining the conductor diameter, the second step is to choose standard isolated value" conductor' for a
given class of temperature. Choosing conductors with high class of temperature, it's diameter will be great, because the
thickness of isolated laver will be large

7. The conductor area : 8. The conductor diametar 8 The conductor diameier
ip/s : . __Hﬁ_ﬂ hsE_ # _ _..,p_.“___. mm].
Ad = g Ad Fy dp = y | mxm_,.wmm_ S ds s__ [ Lﬂ: SR

4. Verifying the conductor size and placing are:

After determining the standard diameter, and number of turns of both primary and secondary . the total winding area
Aw , and the core area where the windings are placed is caloulated Acore. Good designed tr-r can be verified by
caleulating the filling factor FF presents the ratio hetween Aw and Acore, and will be less than 56%, otherwise we it's
mmpossible to place these winding in the core space

10, The isclated conductor 11. The windings area

For obtained d, return back to the conductor's data sheet i3 g X
i i . ) : - * Aw = Ap- PG T T R 8 S | B

we determine the standard isolated diameter for given A= AP a4 B 4 e

class of temperature. There're € standard values tor

G| A [ E[BEWTE]
105 | 120 | 130 | 155 | 180 | 210 |

1
]
RS SR R b |t AP SN 0




Trnastormer Core:

|2 The core area;

Aeare = APe = axh, wherea. b core
width, and high respectively as well shown
on the figure below.

Where: K. voltage constant has the following valug:
K=46 for power § <258VA

K=41 for power 5 < 100VA

K=40 for power 5> IMIVA

13 The filling factor FF:

The filling factor FF<56%, otherwise il's
impossible to place the windings in the
predetermine core space.

Aw
FFY=—% #100.
Acare




3. Table of calculations, and tr-r data:

Tahle Al
PowE, wn_w.umu ﬁﬁ_ﬁw Core Aves | Nonidssiof ﬂ.ﬁ“ﬂe.ﬁ ﬁﬁﬁﬁu _“_.__H A The conductor area and dinmeter at Yp=120V 5
va | Yot | AFe.em®  Sheets N aa_ Nié V=220V) J=25A/mny? J=3A/mm’ J=3.5A/mm*
Ad, mm | djmm] | Ad, mm | djmm| Ad, mm | dimm]
25 | 20x28 5.6 56 6,786 7.5 0.114 D046 | 024 | 0038 | 022 0.33 0.21
50 | 20237 7.4 74 5,135 5,676 0,227 D091 | 034 | 0076 | 034 0065 | 029 |
70 | 23x40 9.2 RO 4,130 4.565 0318 0.127 0.4 0106 | 037 | 0091 | 034
1440 2 9x 44 13.3 a2 2 B57 3008 0.:636 0254 .57 0:212 .54 (3 182 048
250 | 34x54 18.4 108 2 065 2.174 1136 D454 | 076 | 0379 | 070 0325 | 064
350 | 40x52 | 208 104 | 827 | .92 | 591 0636 | 090 | 0530 | 082 0455 | 076
5001 4 a6 248 124 553 |.613 2273 0909 1.08 :..wm.m (199 0.649 091
700 | 45x67 30.1 134 1.262 1.329 3.182 1273 | 127 | 1061 | 110 0509 | 109
G0 | 45x75 337 150 1128 1187 4.091 1 636 | 44 | 364 1.32 1.169 1.22
1 203 58T 8.1 142 (972 1.023 5.435 2 182 1,487 1.818 1.52 _.mm_mu,_| _.F
2000 | 35x86 473 172 0.803 0.846 9.091 3.63 215 [ 3030 | 197 | 257 | 192
2300 63xB 1 52.6 162 0722 (.761 11 364 & 540 w.....___ 3 788 2.20 3247 203
3500 | 65x10 65.0 200 0,585 0615 15.909 6364 | 285 5303 | 260 | 4545 | 24l
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Microsoft Visual Studie is an Integrated Development Environment (TDE) from
Microzoft. It ean be used ro develop console and graphical user interface
applications aleng with Window: Forms applications, web sites, web
applications, and web services in both native code together with managed code
for all platforms supported by Microsoft Windows, Windows Mobile, Windows
CE. NET Framework, NET Compact Framework and Microsoft Silverlight.
Vizpul Stodio includes a code editor supporting Intellisense as well as code
refactoring. The inteerated debupger works hoth as a source-level debugger and
a machine-level debugger. Other built-in tools include a forms desicner for
building GUI applications. web designer, class designer. and database schema
designer. It nllows plup-ins to be added that enhance the functionality at almost
every level - including adding support for source control systems (like
Subversion and Visual SourceSafe) to adding new toolsets like editors and visual
designers for domain-specific languages or toolsets for other aspects of the
software development lilecycle (like the Team Foundation Server client: Team
Explorer).

Viszual Studio supporte lanpguages by means of langusge services, which allow
any programming language 1o be supported (to varying degrees) by the ende
editor and debugger. provided a language-specific service has been authored.
Built-in langonages include C/CH - {via Vicual C+), VB.NET (via Visnal Basic
NETY, and C# (via Visual C#) Support for ather langnaces such as Chrome, F&,
Pvtbun, and Ruby among others has been made available via language services
which are fo be installed separately. It also suppores XML/XSLT,
HTML/XHTML, Javabeript and C85. Language-specific versions of Visual
Studio also exist which provide more limited language services Lo the user. These
individual packages are called Microsoft Visnal Basic, Visaal J#, Vicual C#, and
Visual C++,

Currently, Visual Stndio 2008 and 2005 Professionzl Editions. along with
Language-specific versions (Visual Basie, O+, G, J#) of Visual Studio 2005 are
availahle for free to students as downloads via Microsoft's DreamSpark
prooram,. Visual Studio 2010 is carrently in development.
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Limit Switch

PC in CONTROL

Limit Switches

The switch, which is one of the most basic
of all sensors, comes fn two Cypes! normally
open and normally closed. Prior to advances
in sensor technology, mechanical switches
were ysed extensively in control applications.
Due to improved reliability and performance,
mechanical switches are still used for this
purpese, bul they are primarily used where
switch actuation and wear are minimal. The
standard limit switch {2 2 mechanical deviea
that uses physical contact Lo delect the
targel. A Lypical Lmil switch consists of a
switch bodv and an operating head.

The switch bady contains electrical contacts to energize or de-energize a circuit
operating head incorporates a lever arm or plunger. This is also called an actuator
actuator rotates when the target applies force. This movemenl changes the stz
contacts within the switch body. Several types of actuators are avallable...

The roller type actuator is most suited to applications where a sliding contact c:
the rotary parl Lo rotate would otherwise cause contacl wear Lo Lake place over a ¢
of time.

The tork-style actuator must be physically reset after sach operation and i su
for critical stop applications in movement control. i.e. where a limit of moverneat
been exceeded and a manual resal s required following an emergency
sop.

Flexible loop and spring rod actuators can be actuated from all
directions, making them suitable for applications where the direction of
approach is constantly changineg.

Plunger-type actuators are ideal where short, controlled machine
movements are present, or where space or mounting does not permita |
lever-type actuator. The plunger can be activated in the direction of
plunger stroke, or at a right angle to its axis.

All switches use the following comman definitions of contact type....

Single Pole, Single Throw [SPST)

Aswilch that makes or breaks the connection of a single conductor in a single branc
circuit. This switch typically has two terminals. It is commonly referrad to as a "Sing
Pole” Switch.

Single Pole, Double Throw (SFDT)
A switch that makes or breaks the connection of a single conductor with either of tv

other single conductors, This switch typicaltly has I terminals, and s commonly used
pairs and called a "Three-Way” switch.

Double Pale, Single Throw (DPST)
A switch that makes or breaks the connection of twa circuft conductors in a single b
circuit. This swikch typically has four terminals.

Double Pole, Double Throw (DFDT)

A switch that makes or brealks the connection of twn conductors to two separate cir
This switch typically has six terminals and is available in both momentary and maint
contack varsions.

-..files\limit_switch htm Ja ;pall 2= Google o fashuEaldi2009, jaill ¢ 5 addiled/fF 2008/7/7
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