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Abstract 

The project is a self Independent Candy Bar Vending Machine which works by the coins 
.It consists of three main parts Coin Recognizer which is the unit than recognizes the 
coins .Mechanical part includes stepper motor and springs to deliver the Candy to the 
user, Microcontroller Board which controls the whole system. 

This project aims to design a complete practical vending machine which can be 
implemented in the future. 
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TaT RBxFK»8°xNKB 

j VB»NBH 4 M°PNBV N6 a self independent machine that is used to sell many kinds of 
products such as cigarettes, candy, soft drinks .... etc. It becomes very important and, 

comfort [ M% xK 6VUU the GFK»8°x6 a( PV GFKOV°x is aimed to design a candy vending 

machine that has the ability to accept money (coins) from the user and deliver the 

6VUV°xV» candy to the user if the money is enough otherwise it will give the user the 

chance to insert more money .In addition for administrator mode which allow the 

administrator to change the prices and the software of the vending machine. 

Tah ; FKGK6V» GFKOV°x 

( PN6 GFKOV°x MN7 6 xK »V6NHB M t MB»% y MF j VB»NBH 4 M°PNBV [ PN°P [ NUU 6VUU 6GV°NbN° 
kinds of candy . The project will give a simple practical design that can be 

N7 GUV7 VBxV» NB xPV b8x8FV NB K8F FVHNKB a( PN6 »V6NHB Kb xPV 7 M°PNBV NB°U8»V 
designing of a cabinet box , coin recognizer unit, mechanical delivery unit. 

Tae ; FKOV°x importance: 

The following points explain the impacts of the vending machine on many aspects of 

life and clarify xPV N7 GKFxMB°V Kb the vending machine by giving many examples. 

TaeaT R7 GM°x KB / K°NVx% 

Vending machines have evolved from dispensing postcards in the early 1880s xK 
dispensing anything we can think of in present day. We can now purchase coffee, 

canned drinks, cup noodles, chocolate, newspapers, medicine - the list is 

inexhaustible. They have changed our lives in many ways. 

Taeah R7 GM°x on life 

We are now living in a fast-paced, automated world whereby we will like everything 

to be fast effective and convenient. We have benefited from the usage of vending ' . 
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machines around us to an extent that we are not even consciously aware of their 
importance in our everyday life .· 

1.3.3 Impact on Economy 

Vending machines can be a profitable business, in areas like manufacturing, 

maintenance, distributing and even companies that specializes in outsourcing 

UK°MxNKB6 bKF 0VB»NBH 7 M°PNBV6 NB6xMUUMxNKBa ( PV6V °K7 GMBNV6 PM0V MUUK[ V» xPV 
creation of many jobs, from the factory worker attaching parts of the vending 

7 M°PNBV6 xK xPV xV°PBN°NMB GFK0N»NBH 7 MNBxVBMB°V 68GGKFx xK xPV »VUN0VF%7 MB xKGGNBH 
up the products in the machines. All these jobs created are sources of income for 
those employed. 

It is noteworthy to point out that in Japan alone, there are more than 5.6 million 

vending machines in a country of about 126 million people. The sales of products 

dispensed through vending machines in 2000 exceeded 7.1 trillion yen ($57.6 billion). 

Given the high sales figures in Japan, there are countless economical opportunities 
available in the vending industry for anyone to explore. 

On MB NBxVFV6xNBH BKxV1 there has been a growing emphasis by many countries, on the 

need for innovation and creativity. The vending industry thrives on such factors 

?V°M86V MB% ?FVMDxPFK8HP NB xPV [ M% M 7 M°PNBV »N6GVB6V Nx6 GFK»8°x6 °MB ?V 
translated into high profits. For example, the Japanese unit of Coca-Cola has started 

xPV 6VF0N°V Kb GFK0N»NBH 7 K»V GPKBV 68?6°FN?VF6 xPV °M6PUV66 G8F°PM6V Kb ?V0VFMHV6 
and to deliver advertisements and other information on a display installed in the 

Coke's vending machines. Such a complementary service is a win-win situation for 

both the companies and the consumers. For the consumers, it gives them more variety 

of choices in the way they purchase »FNBD6a ] KF the companies, such innovation will 
7 MDV xPV7 6xMB» K8x bFK7 xPV FV6x MB» NB xPV UKBH F8B9 xPV% °MB NB°FVM6V xPVNF 7 MFDVx 

6PMFV as well. 
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As long as there is M G8?UN° »V7 MB» for vending machines, the vending industry will 

continue to innovate and bring cutting-edge technology to the machines to serve the 
ever-growing needs of consumers today. 

1.3.Impact on human health: 

Vending machines have allowed food and beverage items to be dispensed to 

°KB687 VF6 NB M 7 KFV °UVMBVF MB» P%HNVBN° 7 MBBVF1 »8V xK xPV bM°x xPMx xPV NxV7 6 MFV 
»N6GVB6V» bFK7 [ NxPNB MB 8BV#GK6V» MB» xV°PBN°MUU% 6xVFNUV VB0NFKB7 VBx1 [ PN°P 
minimize exposure to pollutants and microbes as compared to if handled by human 

hands. Since the birth of the world's first commercial vending machines till now, 

there have no major report of any casualties resulting from consuming products 

bought from vending machines. RB addition, vending machines are maintained and 

cleaned by maintenance workers on a regular basis, hence ensuring a relatively high 
standard of cleanliness throughout its operation. 

TaC } NxVFMx8FV FV0NV[ I 

In Palestine Polytechnic University there is no previous studies about the vending 

machine, the following section will show discuss about the vending machine 

including commercial vending machine and how it is started and evolved by the time. 

TaCaT d V0VUKG7 VBx of Vending Machines: 

Vending machines, otherwise known as "automatic retailing" machines, have a long 

history. The earliest documented existence of the world's first vending machine dates 

back to 215 B.C. in Alexandra, ancient Egypt, where the Greek mathematician Hero, 

invented a device to dispense holy water in temples for ritual cleansing. 

• KF6PNGGVF6 would insert· coins through an opening at the top of the device, which 
would then fall on and depresses a pan below. 
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( PV »VGFV66NKB Kb xPV GMB [ K8U» NB x8FB UNbx 8G M 0MU0V MB» MUUK[ V» [ MxVF xK bUK[ K8xa 
As the pan tilts, the coins would fall off and the reduction in weight to the pan forces 

xPV GMB ?M°D xK Nx6 KFNHNBMU GK6NxNKBa ( PN6 M°xNKB xPVB °M86V6 xPV 0MU0V 7 K0V NB xPV 
opposite direction and shut down the channel for the water to flow. 

Vending machines were used widely throughout Europe in the late 1800s. The 

world's first commercial coin-operated machine was introduced in London, England 

in the 1880s, which dispensed post cards. Around this period, an English book 

publisher, Richard Carlisle, invented a vending machine that sold books to the public. 

However, vending machines only became popular when they were introduced into the 

" BNxV» / xMxV6 NB xPV UMxV TAnn6 MB» Mx xPV x8FB Kb xPV T5nn6a RB TAAA1 xPV ( PK7 M6 
Adams Gum Company introduced the bNF6x 7 M°PNBV6 KB the elevated subway 
platforms of New York City, selling the company's Tutti-Frutti brand of chewing 

gums. In 1897, another gum manufacturing company, Pulvar Manufacturing 

Company, brought a whole new revolution into the designing of vending machines, 

?% M»»NBH MBN7 MxV» bNH8FV6 KBxK Nx6 K[ B H87 0VB»NBH 7 M°PNBV61 NB KF»VF xK MxxFM°x 
more patrons. The familiar. round spherical gumball vending machines, introduced in 

1907, was also a result of the new machine design revolution- 

The rise in popularity in vending machines in the United States was so overwhelming 

that people virtually dispensed almost anything from machines. Such items include 

cigarettes, postcards, stamps, candies, coffee and snacks. RB I 902, the Horn and 

Hardart Baking Company introduced a new concept to the use of vending machines 

by setting up a completely coin-operated restaurant in Philadelphia. Patrons would 

G8F°PM6V xPVNF bKK» MB» ?V0VFMHV6 VBxNFVU% bFK7 0VB»NBH 7 M°PNBV6 MB» °KB687 V xPV7 
on tables and chairs provided, just as they would in BKF7 MU FV6xM8FMBx6a Rx 6xM%V» 
opened until 1962, where unfortunately, the dawn of the fast food craze in America 

put them out of business. 
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1.5 Project Estimated Cost 

Table (I.I) shows the estimated cost of vending machine. 

Table (1.1): Estimated Cost 

9EUm­® 8051 Microcontroller Board I 
SJ= 
~:j(j;: (50 I/O lines, 32k SRAM, High speed 
­=aq ¢RS rates baud) + LCD + Charging 
NpOIb fees+Taxes q 

1· ! 6xN7 MxV» °K6x ./ E he ± · a 
$240 

[~f-i; 16 Darlington Transistor 16 7 16 Opt couplers 16 
� � Cc r / xVGGVF motors 4 � /x» 

$16 

$10 

$100 

$10 

JCr ; PKxK Diode 4 ± a ·· 

$4 

$4 

$100 

$10 

$10 
~a~tr' Cables and Connectors 
., _;' Power Supplies (12V), (26V) 
~'r: :,':'.:·i h 

$8 

$10 
~f¥k; Total 
l~1~:l 

$522 

@ 



Ta@ ( N7 V Plan 

Table (1.2) shows the time Plan suggested for the project 

( M?UV .TahEI ( N7 V Plan 

Documentation 
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TaJ Report Contents 

WVGKFx °KB6N6x6 Kb 6V0VB °PMGxVF69 xPV bKUUK[ NBH N6 M ?FNVb »V6°FNGxNKB Kb xPV xKGN°6 
that are covered in each chapter. 

t PMGxVF T GFV6VBxNBH HVBVFMU N»VM M?K8x xPV GFKOV°x MB» Nx6 N7 GKFxMB°V1 MU6K xPV 
literature review, V6xN7 MxV» °K6x1 xN7 V plan_ are shown. 

t PMGxVF h NBxFK»8°V6 and illustrates the idea of the project, describes the components 
used in the project. 

Chapter 3 details the design concepts, introduces project objectives, shows the 

.. general block diagram of the system and explains how system works. , 

Chapter 4 outlines formal procedure for design, discuss design options and justify· 
those chosen for the project. 

Chapter 5 "Software System Design": shows out the system software flow charts, 
and subroutine. 

Chapter 6 ,b mplementation and Testing "discusses the steps followed to implement 
and test our own design. 

Chapter 7 "Conclusions and Future Work" provides many suggestions to expand this 

project and summarizes the project conclusions. 
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Chapter Two 
Theoretical Background 

2.1 Introduction 

2.2 Project Components 
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haT RBxFK»8°xNKB 

( PN6 °PMGxVF bK°86V6 KB xPV xPVKFVxN°MU 68?OV°x6 FVUMxV» xK xPV 7 MNB N»VM Kb xPV GFKOV°x1 
and information about the components used in the project and also some shape designs 
about the available commercial vending machines. 

hah ; FKOV°x components 

This project has many components which are listed in the following section as shown in 
the fig (2.1 ), these components are: 

S t M?NBVx Box 

S 4 KBV% d VGK6NxNBH .t KNB WV°KHBN<VFE 
S RxV7 Delivery unit (Stepper Motors+ springs) 
S 4 N°FK°KBxFKUUVF 8051 

AnoT 4 N°FK°KBxFKUUVF 
board 

Coin 
recognizer 

Stepper motors 

Cabinet 
box 

Fig (2.1) System °K7 GKBVBx6 

R_ 



hahaT t M?NBVx box 

The Cabinet is a box of wood KF MU87 NB87 bN#V» with the ground and has a height 

suitable for the users with front of glass in order to show the products. The cabinet as 
shown in the figure I has switches in order to select the product. 

hahaTaT t M?NBVx box shape 

There are many shapes alternatives for the cabinet of vending machine and these shapes 

are specified in Figure (2.2). 

?K 
Ul 
® 
h 

Ul °K 
® 
s 

U1 
Ul 
0 
® 
s 

Fig (2.2): Cabinet Shape 
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= 
... 11 11 = ( PV 6 A» 

�@l6 ~ i / 8TxM6 g6 

a a .. a -- • [» 

% any 

NUU ?V very 
TL081.The 

ice as a linear 

N6 ?KB»V»a Strain 

.NBxVFBMU KF external), 

FK 6xFMNBEa 

of etched metallic foil, 

VB ?V ?KB»V» xK a surface in such 

M°V produces a I ike deformation of the 

resistance changes. This fact is explained partly 

a conductor is stretched lengthwise, its cross­ 

6Vv8VBx NB°FVM6V6 in resistance. It is also partly 

actual :eceptivity of the gage material [ PVB 68?OV°xV» to 
T t of unit strain (.6.L/L), the gage will undergo a corresponding 

i WmWEa ( PV ratio of the unit change in resistance to the unit change 
6 aPV gage bM°xKF .] 1E Kb the gage: 

] 1s (AR/R) I (AL/L) 
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greatest effect is seen in the reverse direction. Here the largest changes are noticed, and 

the normal forward current does not mask the effects due to the light. 

hahaeah } KM» cell (Strain Gage 6VB6KFE 

is a sensor which is used to specify the weight of the coin it will be affected by any 

change of the weight and this change leading to change in the voltage which will be very 

small (mV), so it need to be amplified by an Amplification circuit using TL081.The 

resistance strain gage is an electrical sensing device that varies its resistance as a linear 

function of the strain experienced by the structural surface to which it is bonded. Strain 

is the deformation of a solid material as the result of. applied forces (internal or external), 

and is normally expressed in units of microinches per inch (or microstrain). 

A typical strain gage consists of a conductive grid pattern of etched metallic foil, 
7 K8BxV» KB M xPNB ?M6V Kb VGK#% KF bN?VFHUM66a Rx °MB xPVB ?V ?KB»V» xK M 68FbM°V NB 68°P 
M [ M% xPMx MB% 68?6Vv8VBx »VbKF7 MxNKB Kb xPV 68FbM°V GFK»8°V6 M UNDV »VbKF7 MxNKB Kb xPV 
gages. 

When the gage is deformed, its electrical resistance changes. This fact is explained partly 

by simple geometry. That is, when a conductor is stretched lengthwise, its cross­ 

sectional area decreases, with a consequent increases in resistance. It is also partly 

explained by changes in the actual receptivity of the gage material [ PVB 68?OV°xV» to 
strain. For a given amount of unit 6xFMNB .i } m} E1 xPV gage will undergo a corresponding 
change in FV6N6xMB°V .i WmWEa ( PV ratio of the unit change in resistance to the unit change 
NB UVBHxP N6 DBK[ B M6 xPV HMHV bM°xKF .] 1E Kb xPV HMHVI 

] 1 s.i WmWE m .i } m}E 
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Fig (2.3): Strain Gage 'Sensor 

h1haeae / N<V MB» d NM7 VxVF WV°KHBN<VF 

The Entry or the slot of the coin will be designed to be exactly the same as the coin size 

and diameter so any attempt to enter a coin larger than the size of the shekel will not 
work. 

2.2.4 Item Delivery Unit 

This part of the system is responsible for delivering the products to the user it consists of 
stepper motors, and their driver circuits and springs. 

hahaCaT / xVGGVF Motors: 

There are two basic types of steppers: 

I. Unipolar, PM6 o1 @ or 8 wires. 

2. Bipolar, has 4 wires. 

TC 



] NH8FV .haCEI 6xVGGVF motor 

Ta " BNGKUMF Stepper Motor 
6K 

The Unipolar Stepper motor has two coils, simple lengths of wound wire. The coils are 

identical and are not electrically connected. Each coil has a center tap a wire coming 

out from the coil that is midway in length between its two terminals. 

/--~- 
1 M ? 

hM 3·? 
. -~.,,/ 

Figure (2.5): Unipolar Stepper Motor. 

You can identify the center tap by measuring resistance with a suitable ohmmeter 

(capable of measuring low resistance <10 ohm), the resistance from a terminal to the 

center tap is half the resistance bFK7 xPV x[ K terminals of a coil. 

When talking about the motor control circuitry, we see that the current flowing through a 

coil GFK»8°V6 M 7 MHBVx field, which attracts a permanent magnet rotor, which is 

connected to the shaft of the motor. The basic principle of stepper control is to reverse the 

direction of current through the two coils of a stepper motor, in sequence, in order to 

influence the rotor. Since there are two coils and two directions, that give us a GK66N?UV C­ 

phase sequence. The internal arrangement of the motor is quite complex. The winding 

To 



and core repeated around the perimeter of the motor many times. The rotor is advanced 

only a small angle, either forward or reverses and xPV CSGPM6V 6Vv8VB°V is repeated many 
times before a complete revolution occurs. 

WV0VF6MU Kb °8FFVBx NB KBV °KNU Kb M " BNGKUMF /x VGGVF 

Figure (2.6): Reversal Current of Unipolar Stepper Motor. 

The conceptual model of Unipolar stepper motor is shown in the figure (2. 7), and the 
stepping sequences of Unipolar motor are shown in the table (2.1 ). 

� bbc Gl �»0»1 
; K[ VF T 3SSSSSSSSSSSS1 rGGh6K1 

21> 3SSSSSSSSSSSS1 =� u3 1 
u3 1 

t KB°VGx8MU 4 K»VU Kb " BNGKUMF 6xVGGVF 4 KxKF 

Figure (2.7): Conceptual Model of Unipolar Stepper Motor 
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R � / Vv8VB°V N· SSS S SS 
( M?UV .haTEI ( M?UV Kb / xVGGNBH / Vv8VB°V6 

9· S . . a __ 

R nnTT 

nTTn 
TTnn 
TnnT 

R Name R 
bbl®UH $HHUU 

Wave 
d FN0V1 
One­ 
Phase 

Hi­ 
Torque, 
Two­ 
Phase 

Description 

Consumes the least power. Only one phase is 
VBVFHN<V» Mx M xN7 Va i 668FV6 GK6NxNKBMU M°°8FM°% 
regardless of any winding imbalance in the motor. 

Hi ( KFv8V S ( PN6 sequence energizes two adjacent 
phases, which offers an improved torque-speed 
product and greater holding torque. 

nnnT 
nnTT 
nnTn 
nTTn 
nTnn 
TTnn 
Tnnn 
TnnT 

Half-Step Half / xVG S ! bbV°xN0VU% doubles the stepping 
resolution of the motor, but the torque is not uniform 
for each step. (Since we are effectively switching 

l ?Vx[ VVB Wave Drive and Hi-Torque with each step, 
torque alternates each step.) This sequence reduces 
motor resonance which can sometimes cause a 
motor to stall at a particular resonant 
frequency. Note that this sequence is 8 steps. 

2 Bipolar Stepper Motor: 

Bipolar stepper motor is very similar to the Unipolar stepper, except that the motor coils 

lack center taps. Because of this, the bipolar motor requires a different type of controller, 

one that reverses the current flow through the coils by alternating polarity of the 

xVF7 NBMU61 HN0NBH 86 the name Bipolar. Bipolar motor is capable of higher torque since 

entire coil(s) may be energized, not just half-coils. The Bipolar Stepper motor has 2 coils. 

( PV °KNU6 MFV N»VBxN°MU MB» MFV BKx VUV°xFN°MUU% °KBBV°xV»a 
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] NH8FV .haAEI y NGKUMF Stepper Motor. 

When we talk about the Motor Control Circuitry we see that th B" I t II V 1po ar con ro er must 
be able to reverse the polarity of the voltage across either coil, so current can flow in both 

directions. And, it must be able to energize these coils in sequence 

' 68GGU% 

Figure (2.9): Reversal Current of Bipolar Stepper Motor. 

This circuit is called MB f Sy FN»HV1 ?V°M86V it resembles a UVxxVF ,f ,a ( PV current can be 
reversed through the coil by closing the appropriate 6[ Nx°PV6 S i d to flow one direction 
then BC to flow the opposite. 

( PV t KB°VGx8MU 7 K»VU Kb y NGKUMF 6xVGGVF 7 KxKF N6 6PK[ B NB xPV bNH8FV .ha5E1 MB» 6xVGGNBH 
sequences of the bipolar motor are shown in the table (2.2). 
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t KB° VGx8MU 4 K»VU Kb y NGKUMF / xVGGVF 4 KxKF 

Figure (2.10): Conceptual Model of Bipolar Stepper Motor 

Table (2.2): Table of Stepping Sequences of Bipolar Model 

[sequence R 
R 

: ; 
0001 R ; 

0010 ! 

' 
i 0100 1 
! 1000 N 

;~··········--·-·--·,.l--···-········- 
Polarity / $ M7V 

­r KBKKB» 
. , ... -···· ' ... ·- ,, - --· ! --····--· - ·-· 

Description 

SSS' Wave 
SS' S d FN0V1 
S' SS One- 
' SSS ; PM6V 

. ·-··-··-' 

Consumes the least power. Only one 
phase is energized at a time. Assures 
positional accuracy regardless of any 
winding iinbalance in the motor. 

i 

0011 SS' ' Hi- Hi ( KFv8V S ( PN6 sequence energizes two 
0110 S' ' S Torque, adjacent phases, which offers an 
TTnn ; ' ' SS Two- improved torque-speed product ~ 
1001 ' SS' Phase l greater holding torque. 

· · S S -.... · S ...... . ...... aaaa a ···- ® [V V % aaa ¢ aa H f8V -- S· aa SS· · S . -----·--··-..: ------ -----· aaa S u1a ______ 
l I 9 I 0001 SSS' ! Half- Half Step - Effectively doubles the i 

' stepping resolution of the motor, but the U 0011 SS' ' ! Step x R torque is not uniform for each ! 0010 SS' S R 
% ! 0110 S' ' S R step. (Since we are· effectively switching N R 

R between Wave Drive and Hi-Torque I 0100 S' SS U R ; 

1100 U with each step, torque alternates each ' ' SS R 
' 1000 i step.) This 6Vv8VB°V FV»8°V6 7 KxKF : ' SSS R 1001 ' SS' FV6KBMB°V [ PN°P °MB 6K7 VxN7 V6 °M86V M N 

I 

motor to stall at a particular resonant I R ! R 

frequency. Note that this sequence is 8 l ! 
9 

l R steps. I i R I 
I 

- aaa - ----·---- · · · · SS· · S .... _______ -- . ---- ¢ 1 --- --- SS· · S· · · · S . ---------- SSS® aaaa ¢ aa UH SSSS· · 
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hahao AnoT MicrocontroUer: 

A struggle has been going on ?Vx[ VVB 4 t " 7 MB8bM°x8FVF6 for quite M UKBH xN7 V each of 
C, ' 

them trying to best respond to the ever-increasing demands of the market. Every couple 

of days there N6 M ?FMB» BV[ chip available, working at higher frequency, with more 

memory or with better AID converters. And yet, a closer look to their interior reveals the 

same or at least very similar structural design referred to. M6 ,AnoT °K7 GMxN?NUNx%,a What is 

it all about? The story began in xPV An=6 [ PVB Intel introduced their microcontroller 

family 4 t / AnoT xK the market. Although this family had quite limited capabilities by 

today's notions, it quickly captivated the world and became the standard for what is today 

understood as 'microcontroller'. The most significant cause for such a success can be 

found in the cleverly chosen configuration which can satisfy a diversity of needs, yet 

allowing for continuous upgrades (in form of new controllers). In a brief period oftime, a 

decent amount of software has been developed bKF AnoT1 7 MDNBH further changes of the 
hardware core simply uneconomical. Consequently, there is a variety of MCUs available 

today, basically just the 8GHFM»V» AnoT 7 K»VU6a What exactly makes this microcontroller 

so special and universal that it is still manufactured by all the major companies, just 

under a different label? 

; Tan 
; ( aC 
P1,2 
; Cae 
; TaC 
; Tao 
; Ta@ 
; } aJ 

WV6VU 
; ean 
; eaC 
; eah 
; eae 
; eaC 
P3.5, 
; ea@ 
; eaJ 
X1 
X2 

) $ d 

Fig (2.ll): 80851 Microcontroller 
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As can be seen in the ] NH .haTnE1 xPVFV is noth' . · 
7 BH particularly remarkable about MCU AnoTI 

• C DNUK?%xV6 Kb ROM is neither xKK UNxxUV BKF too much. 

• ThA ?%xV6 Kb Wi 4 ./ ] W FVHN6xVF6 NB°U8»V»E °MB 6MxN6b% xPV ?M6N° BVV»61 ?8x N6 BKx 
really astounding. 

• 4 ports totaling 32 I/0 lines, are usually sufficient for connecting to the environs 
and are by no means luxury. 

Obviously, AnoT configuration is intended to satisfy the needs Kb GFKHFM7 7 VF6 

developing the controlling devices and instruments. This is KBV GMFx Kb its key to success: 

xPVFV N6 BKxPNBH 7 N66NBH1 %Vx xPVFV N6 BK UM0N6PBV669 Nx N6 7 VMBx bKF xPV M0VFMHV 86VFa ( PV 
KxPVF °U8V can be found in the organization of RAM, Central Processor " BNx .t ; "E1 MB» 

GKFx6 S MUU Kb [ PN°P 7 M#N7 MUU% 8xNUN<V xPV M0MNUM?UV FV6K8F°V6 MB» MUUK[ b8FxPVF 8GHFM»V6a 

Pins On The Case 

• 1-8: Port 1; Each of these pins can be used as either input or output according to 

your needs. Also, pins 1 and 2 (Pl.0 and Pl.1) have special functions associated 

with ( N7 VF ha 

• 9: WV6Vx / NHBMU9 PNHP logical state on this input halts the MCU and clears all the 

registers. Bringing this pin back to logical state zero starts the program anew as if 

the power had just been turned on. RB another words, positive voltage impulse on 

this pin resets the MCU. Depending on the device's purpose and environs, this pin 

N6 868MUU% °KBBV°xV» xK xPV G86PS?8xxKB1 FV6VxS8GKBS6xMFx °NF°8Nx KF M ?FK[ B K8x 
reset circuit .The image shows one simple circuit for safe reset 8GKB 6xMFxNBH xPV 
controller. It is utilized in situations when power fails to reach its optimal voltage. 
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10-17: Port 3; As with Port T each f T • • -x xPV6V GNB6 °MB ?V 86V» M6 8BN0VF6MU NBG8x KF 
K8xG8xa f K[ V0VF1 VM°P GNB Kb ; KFx ePM6 MUV 11 

MB MUxVFBMxN0V b8B°xNKBI 
• Pin I nI W{d S 6VFNMU in t bN a a 

G8x xKF M6%B°PFKBK86 commumcation or serial 
output for synchronous communication. 

• Pin 11: TXD - serial output ..- . 1 
TKF M6%B° PFKBK86 °K7 7 8BN°MxNKB KF °UK°D 

output for synchronous communication 

• ; NB ThI R$( _ S NBG8x bKF NBxVFF8Gx n 
• Pin 13: R$( R S NBG8x for interrupt ¢ 

• Pin 14: TO - clock input of counter 0 

• Pin 15: ( R S °UK°D input of counter I . 

• Pin 16: WR - signal for writing to external (add-on) RAM memory 

• Pin 17: RD - signal for reading from external RAM memory 

• 18-19: X2 and Xl; Input and output of internal oscillator. Quartz crystal 

controlling the frequency commonly connects to these pins. Capacitances within 

the oscillator mechanism (see the fig 2.14) are not critical and are normally about 

30pF. Instead of M v8MFx< °F%6xMU1 miniature ceramic resonators can be used for 

dictating the pace. In that case, manufacturers recommend using somewhat higher 

capacitances (about 47 pF). New MCUs work at frequencies from 0Hz to 

on4 f <' a 
• 20: GND; Ground 

• hTShAI ; KFx h9 Rb external memory is not present, pins of Port 2 act as universal 

input/output. Rb external memory is present, this is the location of the higher 

address byte, i.e. addresses i AS i 15. lt is important to note that in cases when 

not all xPV A ?Nx6 are used for addressing the memory (i.e. memory is smaller than 

64kB), the rest of the unused bits are not available as input/output. 

• 29: PSEN; MCU activates this bit (brings to low state) upon each reading of byte 

(. t · ) bF m memory If external ROM is used for storing the NB6xF8°xNKB1 K7 GFKHFM8 · 

program, PSEN is directly connected to its control pins. 
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enI ALE; Before each reading Kb xPV #x U 
a V#xVFBMU 7 V7 KF%1 MCU sends the lower 

byte of the address register (addresses AO i JE x° ; _ d · h 
xK GKFx MB M°xN0MxV6 xPV 

output ALE. External FVHN6xVF .JCf t ( eJe KF 74HCT"75 Nx6 E 
M °NF°8Nx6 MFV °K7 7 KBE1 

memorizes the state of port PO upon receiving a signal from ALE pin, and uses it 

M6 GMFx Kb the address for memory chip. During the 6V°KB» GMFx Kb the mechanical 
MCU cycle, signal on ALE is off, MB» GKFx ; _ is used as Data Bus. In this way, by 

adding only one cheap integrated circuit, data from port can be multiplexed and 

xPV GKFx 6N7 8UxMBVK86U% used for transferring both addresses and data. 

■ 31: EA; Bringing this pin to the logical state zero (mass) designates the ports P2 

and P3 bKF xFMB6bVFFNBH M»»FV66V6 regardless of the presence of the internal 

memory. This means that even if there is a program loaded· in the MCU it will not 

be executed, but the one from the external ROM will be used instead. Conversely, 
bringing the pin to the high logical state causes the controller to use both 

memories, first the internal, and then the external (if present). 

• ehSe5I ; KFx O; Similar to Port 2, pins of Port O can be used as universal 

input/output, if external memory is not used. If external memory is used, PO 

?VPM0V6 M6 address output .i _S i 7) when A LE pin is at high logical level, or as 
data output (Data Bus) when ALE pin is at low logical level. 

• 40: VCC; Power +5V 

Input - Output (1/0) Ports 

! 0VF% 4 t " bFK7 8051 family has 4 J/O pmts of 8 bits each. This provides the user with 
32 Vo I. ~ t' MCU to the environs Unlike the case with other °KBxFKUUVF61 mes J.Or connec mg · 

. d · xN ns as input or output. Instead, xPV GKFx xPVFV N6 BK 6GV°NbN° / ] W FVHN6xVF bKF »V6NHBMxNBH GN 
. . . . lf . T r pin 011 the case is needed as output, the Nx6VUb N6 NB °PMFHVI _ sK8xG8x1 RsNBG8xa =GMFxN°8UM 

d Th· will generate 0V on the specified. appropriate bit of I/O port should be cleare • is . 
a a P °M6V N6 needed as input, the appropriate °KBxFKUUVF GNBa / N7 NUMFU%1 Nb GMFxN°8UMF GNB KB xPV 6a 

• T • input generating +5V as a side ?Nx Kb Rm_ GKFx 6PK8U» ?V 6Vxa ( PN6 [ NUU »V6NHBMxV xPV GNB M6 C 

effect (as with every TTL input). 

he 



; KFx n 

Port O has two fold role: if external memory N6 86V»1 Nx contains the lower address byte 

(addresses i nSi JE1 KxPVF[ N6V all bits of the port are either input or output. Another 
bVMx8FV Kb xPN6 GKFx °K7 V6 xK GUM% [ PVB Nx PM6 ?VVB »V6NHBMxV» M6 K8xG8xa " BUNDV KxPVF 
ports, Port O lacks· the "pull up" resistor (resistor with +5V on KBV VB»Ea (P N6 seemingly 
NB6NHBNbN°MBx change has the following consequences: 

■ When designated as input, pin of Port 0 acts as high impedance offering the 
infinite input resistance with no "inner" voltage. 

■ When designated as output, pin acts as ,KGVB »FMNB,a t UVMFNBH a port bit grounds 
the appropriate pin on the case (0V). Setting a port bit makes the pin act as high 

impedance. Therefore, to get positive logic (5V) at output, external "pull up" 

resistor needs to be added for connecting the pin to the positive pole. 

Therefore, to get one (5V) on the output, external "pull up" resistor needs to be added for 

connecting the pin to the positive pole. 

Port 1 

This is "true" I/O port, devoid Kb »8MU b8B°xNKB characteristic bKF ; KFx na Having the "pull 

up" resistor, P011 I is fully compatible with TTL circuits. 

Port2 

· t · the higher address byte .M»»FV66V6 i A­ • PVB 86NBH V#xVFBMU 7 V7 KF%1 xPN6 GKFx °KBxMNB6 
Al5), similar to Port 0. Otherwise, it can be used as universal I/O port. 

Port3 

a T a f Port 3 has an alternate function. In order Beside its role as universal Rm_ GKFx1 VM° 1 pm 0 

. . . estion has to be designated as input, i.e. the xK 86V KBV Kb xPV6V b8B°xNKB61 xPV GNB NB v8 
b t From a hardware standpoint, Port 3 is appropriate bit of FVHN6xVF ; e BVV»6 to e se · 

6N7 NUMF xK ; KFx n1 

hC 



i 6 °MB ?V 6VVB bFK7 xPV NB»N0N»8MU »V6°FNGxNKB6 Kb xPV GKFx61 xPV% MUU 6PMFV PNHPU% 6N7 NUMF 
structure. However, you need to consider which task should be assigned to which port. 

] KF V#M7 GUVI Nb 8xNUN<NBH GKFx M6 K8xG8x [ NxP PNHP UV0VU .oj E1 M0KN» 86NBH ; KFx n M6 Nx6 GNB6 
cannot produce high logical level without an additional resistor connected to +5V. If 

using other port to a same end, bear in mind that built-in resistors have relatively high 
values, producing the currents limited to few hundreds of amperes as pin output. 
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Chapter Three 
Design Concepts 

T 
9 
p 

3.1 Introduction 

3.2 Objectives 

3.3 Block Diagrams 

3.4 How System Works 
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eaT RBxFK»8°xNKB 

This chapter discusses the design concepts b xP a a 
9C1 KT TV GFKOV°x aRx NB°U8»V6 xPV GFKOV°x K?OV°xN0V6 ai »»NxNKBMUU%1 xPV system block diagram th t h 

T 
a 

s a e ps to understand the system and how it works. 

eah _ ?OV°xN0V6 

The project objectives: 

• Designing a self independent candy bar vending machine. 

• Designing a coin recognizer unit which has the ability to recognize the coins 

• Making a mechanical delivery unit which deliver the products to the user 

• Controlling the 6%6xV7 86NBH 4 N°FK°KBxFKUUVF 

3.3 Block Diagrams 

The following figure (3.1) show a block diagram for a vending machine it consists of 

input switches for selecting products ,coin inputs and in the other side (output) there are 

four kind of products could be delivered for the user . 

Fig 3.2 show more detailed block diagram and main parts in the system. 

Input Switt.b.es RR 

¢» » ; FK »8°x T Coininputs .. j VB»NBH 
)K ~ Pro.duct 2 aaa 

4 M°PNBV sS P:co »8°x e 

Controller ·; FK »8°x C 

HK 

Figure (3.1): General Block Diagram 
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Stepper Motor GH 

Stepper driving circuit V 

motor 

AnoT ® LCD ® 
Microcontroller 

Board 

U Switches 

, ® Coin 
Recognizer 

Figure (3.2): Block Diagram 

3.4 How the system works 

( PV 0VB»NBH machine proposed in this project operates just like any other vending 
machine. The controller will keep a running total when coins are deposited. After the 

money has been deposited, the user will select xPV GFK»8°x xK be vended and push the 
"GO" button. If there is enough money in the machine, it will vend the specified product. 

The controller will ignore any vend requests if not enough money had been deposited 

unless enough money has been added. 

RB GFKHFM7 7 NBH 7 K»V1 xPV GFN°V6 bKF xPV GFK»8°x6 MFV 6xKFV»a " 6NBH M GFKHFM7 °K8U» ?V 
transferred to the controller by a serial cable; the controller has the ability to program 

different prices for-the various products. 
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Switches 

G% 

~ Display total 
money 

Login F Unlock 
door 

Reset 
System 

= 
Take 
Money 

L 

% 0% 

Data Storage 

Add Item 

Enable to 
add more 

If total<price 
d N6GUM% 

Total added 

Vend the 
Product 

If total>=price 

Select 
Product 

Adding 
Coins 

Fig .eahEI / %6xV7 ; FK°V66 model 
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" 6VF 

d VGK6Nx 
Money 

t PK6V 
item 

Compare 
Money 

If the selected 
NxV7 3sGFN°V 

: If the selected 
item<=price 

Activate one 
of the steppers 

End 

Stepper 
motor rotate 

360 

d VUN0VF NxV7 xK 
the user (Fig 3.3): Data Flow of selling 

products 
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t PMGxVF Four 
f MF»[ MFV d V6NHB 

4.1 Introduction 

4.2 Cabinet Design 

4.3 Circuits Design 
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CaT RBxFK»8°xNKBI 

( K ?8NU» xPV 6%6xV7 [ V »N0N»V» xPV f MF»[ MFV M1Ia 1 
991 911 e/ NHB NBxK x[ K HVBVFMU GMFx6I xPV VUV°xFN°MU Part, which includes the electrical circuits of th . . 

91111 eX/ %6xV7 NB°U8»NBH xPV »FN0NBH °NF°8Nx6 KF the motor, the com recognizer circuits and the . h . . 
/ [ Nx°PV6 °NF°8Nx1 xPV 6V°KB» GMFx N6 xPV cabinet of the system. 

Cht M?NBVx Design 
The cabinet was made by an aluminum shop, the design was done with aluminum with 
front of glass with the shape and dimensions given in the following sections 

CahaT t M?NBVx Dimension: 

-Width: 65 cm divided into two vertical sections 

First section Cn cm which include the Delivery Item system. 

Second section 25 cm which include the switches MB» xPV °KNB recognizer 

Sf VNHPxI Ton cm Divided into five sections horizontally divided into five sections of 
30cm. 

S} VBHxPI @o cm. 

Fig (4.1) shows the shape of vending machine and figure (4.2) and (4.3) show the planes 
of the vending machine. 

Cahah t M?NBVx Description: 

The front of the cabinet will be made of glass to show the products and the bottom part of 
the cabinet will ?V 7 M»V Kb aluminum 

eh 



Fig (4.1): Vending Machine Body shape 
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Fig ( 4.2): side view of Vending Machine 
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Fig (4.3): Front View of Vending Machine 
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Fig (4.4): Front Shape of Vending Machine
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4.3 Circuits Design:

The system consists of three main parts:
I. Stepper motor drive circuit 

2. Coin Recognizer. 

3. Microcontroller Board 

4,3.1 Stepper Motor: 

The system use the stepper motors to control the process of del· · · h 
1vering item; eacl motorhas five wires, four for data and the fifth for power. 

Chosen of stepper motors was done because it is one of few motors that essentially are 

digital in nature. A device is digital in nature, when it can respond to digital information, 
aseries ofhigh and low voltages. 

Additional1y stepper motor has excellent rotational accuracy, large torque, small size, low 

cost, high reliability, no maintenance and no feedback components are needed, also they 
can be used for motion or position control .So that it is ideal for this system. 

The system include four stepper motors each stepper motor control1ed by four lines these 

stepper motors are connected with microcontroller using opt couplers and Darlington 
transistors the circuit is shown in Fig ( 4.5) 
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3 2 Coin Recognizer: 4 .. 

Consist of the following components: 

.Four Photo Diodes. 

.Four Photo Transistors. 

The three transistors to recognize the shape of the shekel . Three of them are put at the 

. umference of the shekel, the last one away from them to recognize the coin peaces crcuu
bigger than the shekel the circuit is shown in the figure 4.6. 

5V 

R1
RES STOR

01

~~ ''""'------
PDQ 

R4
RESISTOR

Ri
RES STOR

01 

~ ~ .,.... . 

Di

PDl 

R4
RESISTOR

PD2 

R4
RESISTOR

· R1
RESISTOR

PD3

R4
RESISTOR

(Fig 4.6): Coin Recognizer Circuit 

39 



3.3 Switches:
aches are used in the project to select between four different kinds of products the The swno

ignals for the switches have been taken from port F of the microcontrollerinput sw
. 7 hows the circuit of the switches. Fig 4. s .

sv 

R1

100K 
SW1

2
PFO

SW SPST/SM
2 sv 

f R2

100K SW2l,,2PFl 

SW SPST/SM5V

l R3

100K SW3
1,,2PF2 

SW SPST/SM5V

l R4

100K SW4
1%<,2

PF3 

SW SPST/SM

-

(Fig 4.7):Switches 
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Chapter Fiw%
Software Design

5.1 Overview 

5.2 Functional Requirement

5.3 Non Functional Requirement 
5.4 Algorithms 

5.5 Software Code 

·,· 
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5.1 Overview 

In Chapter Four: Hardware System ·0 . · 
; " 9Sign the hardware ec »

interconnections have been discussed .Ir t};- · #ipments and their
. i4 :. Anthis chapter the soft

functionality are gomg to be explained in th . . ware subroutines and their 
e next sections

The software functions include writing · a program to recognize 
to activate motors.. money, select product and 

5.2 Functional Requirement 

The functional Requirements of the machine are: 
-Recognizing a coin deposited by the user. 

-Accepting the Choice of the user. 
·,· . 

- Controlling the Motor 

5.3 Non Functional Requirement 

The non functional requirements of the machine are: 
- PC Pentium 3 

- Windows XP with HyperTerminal Program
-Serial Cable 

· Assembler as3 I_sdcc

5.4 Algorithms

In this section the main parts of the program are going to be explained. These parts are 
coin recognizer, switches and motors. 

5.4.1 Coin Recognizer 

0in recognizer consist of four photo diodes and four photo transistors ,the check will
depends on the shape of the shekel which represent by the code 08H the flowchart begin 

With enable port d as input ,PO,P l ,P2,P3 for coin recognizer and the fourth P4 for end 
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Switch .the system will continue checking the status of the end switch, d . h I it

Ite an in eacl loop 1will check if the deposited coin is shekel if'so it will increment the nune ,r
hekels(counter) until the end switch is pressed this is shown• p· 

5 1sn inFig5.1,

5.4.2 Accepting choice 

The system will contain four switches, which will be connected to port e, the flowchart 

will begin with enable port e as input, the system will keep running in a loop until one of 
the switches is pressed, then it will check if the price which represented by the selected 
switch ifit is greater or equal to the deposited money it will enable the stepper motor 

which will release the selected product if not it will return to the read process this is 
shown in the Fig 5.2. 

5.4.3 Motor Controlling 

The motors will be connected to the port a and b ,the port a and b will be enabled as 

output port ,data will be written to the motor in the sequence 0x01,0x02,0x04,0x08 and it

will keep running until it will be stopped when the motor rotate 360 degree this is shown 
in the Fig 5.3. 

43 



Start

Enable port D. as 
input

Read port D
(The · com recognizer bits) 

Yes 

No

No 

Input=shekel 
0000 1000

Yes 

Increment 
number of shekel 

End 

(Fig 5.1): Coin Recognizer flow chart 
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(Fig 5.3):Stepper Motor flow chart 
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C 

Start 

Read the input of th,
coin Recognizer

No 

Yes

Read the selected 
switch 

No 

Num.of shek=price
of the selcted product 

Yes 

Enable the stepper motor 
for the selected product 

End 

(Fig 5.4): System Flow chart
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5.5 Software Code

*******************ma1·n d fi · · · lefinitio .:
org 0x8000 9S Variabelse+#±wk±±±k##a»a434,,
.equ contregl,0xf803 
.equ contreg2,0xf903
.equ porta,0xf800 
.equ portb,0xf801 
.equ portc,0xf802
.equ portd,0xf900 
.equ porte,Oxf901 
.equ portf,0xf902 

.equ linel,0xOI 
.equ Iine2,0x02 
.equ line3,0x03 
.equ line4,0x04

;*******************code segment*********************** 

mov r0,#0 
mov dptr,#contreg2 
mov a,#0x99 
movx @dptr,a 
mov dptr,#portd

; initialize the register r0 

;port D as input; port E output, port f input 

;*******************coin recognizer read*********************** 
read: 

mov dptr,#portd 
call delayswit 
movx a,@dptr
mov r3,a 
anl a,#Ox 10
jnz exit I 
mov a,r3

cjne a,#0x08,read 
lcall delayswit
lcall delayswit

inc r0 

;read port d 

check if the end switch is on 0001 0000'
;jump to exist 

·check if the input is shekel 0000 1000 
'

:increment the number of shekels
'
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4111111 

mov dptr,#porte 
mov a,r0
movx @dptr,a 
ljmp read 

·*******************select th · · 3 1€switching#kkxksxka.
. ********* 

exitl: 
mov r3,#0 
mov dptr,#portf 
Icall delayswit 
movx a,@dptr 
lcall delayswit
mov r3,a 
anl a,#0x0I 
jnz switl 
mov a,r3 
anl a,#0x02 
jnz swit2 
mov a,r3 
an! a,#0x04 
jnz swit3 
mov a,r3 
anl a,#0x08 
jnz swit4
ljmp exit] 

;display on leds th .
e value of the number of shekels 

;keep reading 

;initialize r3 

;read the selected switch from portf

;if switch I is on jmp to swit 1 

;if switch2 is on jmp to swit2 

;if switch3 is on jmp to swit3 

;if switch4 is on jmp to swit4 

;loop 

;*******************item delivery*********************** 
switl:

cir C

swit2:

mov a,r0
subb a,#line I 
jc read
mov dptr,#contreg I 
mov a,#128
movx @dptr,a
mov dptr,#porta 
lcall step 1 
ljmp read

clr c
mov a,r0
subb a,#line2
jc read 

;clear carry 
;move the number of shekels to register a 
;compare the number of shekels with linel if it is not 
;greater or equal then jmp to read 
;define port a ,b,c as outputs 

; jmp to step I 

;clear carry . 
. e the number of shekels to register a 
;move 5th li: ±1if 5t

the number of shekels wit me 1 1t no ·compare sows" 4±yap±a
, GSj,, , »
~ 

"p,,-4,. t· "'"''cc'•;,,~. p,:;:;•'.c;;,l,lJC !Jmvers1ty ; q \\ I{;, .... 0 --- ·.: •• ~.- •• 3l-85]}. :::;-;-.. -~, .... ·i...u\...... -~~ - et .' ·trrgp Thg±!iihiy ulh----- ... ~r:-amzc-=-' • .;>•• • 0 '\6.4.l4.0.,3Acc ··
··s··+····s·+s. tctaaud! 8,yClass..................... · 

oanonegf's
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mov dptr,#porte
mov a,#Ox80
movx @dptr,a 
mov dptr,#contregJ 
mov a,#128 
movx @d ptr,a 
mov dptr,#porta 
lcall step2
ljmp read 

swit3:
clrc 
mov a,r0 
subb a,#line3 
jc read 
mov dptr,#contreg I 
mov a,#128 
movx @dptr,a 
mov dptr,#portc 
lcall step 1
ljmp read 

;clear carry
;move the number of shekels to register a 
5compare the number of shekels with linel if it is not
3greater or equal then jmp to read

read2: 
Icall read 

swit4: 
cir C 
mov a,r0 
subb a,#line4 
jc read2 
mov dptr,#contreg I 
mov a,#128
movx @dptr,a 
mov dptr,#portb 
lcall step
ljmp read

step 1:

mov r5,#0
write l:

mov a,#0x0I 
movx @dptr,a
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q

lcall delay
lcall delay

mov a,#Ox02
movx @dptr,a 

Icall delay 
!call delay 

mov a,#0x04 
movx @dptr,a 

!call delay 
!call delay 

mov a,#0x08 
movx @dptr,a 

lcall delay 
lcall delay 
inc r5 

cine r5,#50,write ]

mov a,#0x0I 
movx @dptr,a

mov a,#0x00 
movx @dptr,a

lcall delay
lcall delay

ret 

Step2:

mov r5,#0
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write: 

mov a,#0xJ0 
movx @dptr,a 

Icall delay 
lcall delay

mov a,#0x20 
movx @dptr,a 

Icall delay 
Icall delay 

·. mov a,#0x40 
movx@dptr,a 

Icall delay 
lcall delay

mov a,#Ox80
· movx @dptr,a 

lcall delay 
lcall delay 
inc r5 

cjne r5,#50, write 

mov a,#Ox 10
movx @dptr,a
mov a,#0x00 
movx @dptr,a

lcall delay
lcall delay

ret
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«

delay:
dly30: mov rl,#10

aly3I:
nop

nop 
djnz rl, dly3 I ;repeat 230 times for 1 rsdjnz 12, dly30 ;repeat for specified # of msret 

delayswit: 
rl, #230dly2: mov 

dly3: nop 
nap 
nop ;3 NOPs + DINZ is 2.155 us djnz rl, dly3 ;repeat 230 times for I ms 
djnz 12, dly2 ;repeat for specified # of ms 
ret 
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Chapter Six 
Implementation and Testing 

6.1 Introduction

6.2 Hardware Implementation and Testing 
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6.1 Introduction 

This chapter discusses the steps we followed tc
. . I . o test out our design, the circuits and the Subroutines we imp ement during developing th· . 

Is project,

.2 Hardware Implementation and Testing

The system units is built and tested separately and · th fi
11

• ·
• In 1e following next subsectionsthese steps are going to be discussed. 

6.2.1 Coin Recognizer: 

The coin recognizer depends on the shape of the coins (shekel) in the process of 

recognizing the coin , it consists of four photo diodes and four photo transistors, each ' .
photo diode fixed in a way facing the other photo diode . 

The figure 6.1 showhow the diodes and the transistors are fixed. The reading of the photo 
transistors is 5V when the shekel passes it will cover three photo transistors so the 

reading will be OV for three of them the forth will be 5V so on the system the binary code 

of the shekel is 000 I. if the coin is bigger or smaller than shekel the code will be different 

so the system wi II not count it. The photo diodes and the photo transistors are fixed on a 

wood peace which has a path entry suitable for the coin (shekel) . 

(Fig 6.1): fixed photo diodes on
coins points

55



■

62.2 LCD

The LCD is used in the system to display sent · . ·
Iltences or commands f

the system it represents the interface between th or the user how to use 
e user and the machine th L d by writing words on it · , e . CD was teste . , 

The final program show on the LCD the command (;
. . insert money) after that it shows the mmber of shekels deposited in the machine (the account,

6.2.3 Switches

Switches are being used to select the kind of product that the u b 
ser wants to vuy; they are 

4 ordinary switches like the switches used in the keyboard they have been tested by 

connecting them to the microcontroller and writing a program and observing th It , . e resu s. 

6.2.4 Springs 

The springs which is used to deliver the product to the user was used to arrange the candy 

in stacks, it was made of metal connected to circuital head and to the motor each rotate 

of the motor 360 degree will release one of the candy in the spring stack. 

6.2.5 Stepper Motor 

The motors were chosen to implement the vending machine were stepper motors which 

die very easy to use and control, the stepper motor used, provides enough torque which
has the ability to push the stack arranged in the spring stack. 
Th . . • h 26V d connecting the coil with the e stepper motor was tested by connecting it wit an 
PPJ . · ti h coil of the motor it will rotate of the microcontroller and by providmg pulses or eac 
in each pulse 1.8 degree. 

6
·2·6 The cabinet Box 

Th · . nd shape specified in the chapter Ccab;- ·th the dimensions a@b1net box was implemented with the li
of, . . um shop with front of glass. @rdware Design, it was constructed in alumin
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7 The Microcontroller6.2.

The microcontroller board which have been chosen to implement the project is 395%,,
as two PPL, the microcontroller could be programmed by using the Hyper7er»,,,7

ram which could be find in any PC and by connecting the microcontroller to the pc 
prog

by the serial program any program could be transferred to the microcontroller after 

writing it on any text editor either by using the assembly which was used in our project or 
Id be programmed using C language. it cou 

h We
bsite of the 8051 microcontroller board there is many programs to test the board 

Int e 
mpl

e there is a program called LEDs which is being used to test the LEDs of the 
for exa 

microcontroller and the PPis. 
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Chapter Seven
Conclusions and Future Work 

T.1 Conclusions 

7.2 Future Work 
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7.1 Conclusions: 

. The main difficulty to implement this • . 
Project was in the mechanical de s:especially the design of the springs. Jesign

It was decided to depend on the weight and th : • 
:. €size to recognize the coin butbecause of not gettmg the load cell we de d 

1pen on Y to the size to recognize the coin. 

. The 8051 Microcontroller Board is a powerful ril'
11

· . .
Icrocontroller which is very easy

to use and could be used for multipurpose applications. 

. Vending machine is a full automated machine facilitates the life of the human in 
different aspects. 

7.2 Future work 

- Because we haven't found a sensor for sensing small weights the coin recognizer 

unit has been implemented depending on the size of the coin deposited by using 

photo diodes and photo transistor which is not so accurate way so we recommend 

in the future to use both sensors of the size and the weight which will be very 
accurate way to recognize the coins. 

- Adding cashless option for vending product of the vending machine by using the 
cell phone. 
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power Innovations Limited, UK,9sf

. ned for Complementary Use with
", 5px5AA, BDXS4B and BDXs4c5DX
Wat 25°c Case Temperature,
C ntinuous Collector CurrentsA 0

' pnimum h-± of 750 at 3 V, 3 A

BDX53 BDXiPii siii&ii'}&,gs, spysac
ER DARLINGTONS

MAY 1989 - REVISED MARCH 1997

B

C

E

T0-220 PACKAGE
(TOP VIEW)

- 

L 
1 - 

L - 0-.__ 2 c - 
-,__ 3

Pin 2 ·
,s in electrical contact with the mo ti b

un mg ase.

1solute maximum ratings at 25°C case temperature (unless othe
MDTRACA

I 
RATING rwise noted)

SYMBOL VALUE UNIT BDX53
45to'.ector-base voltage (IE = 0) BDX53A
60

BDX53B Vceo
80 V 

BDX53C
100- ·( 

BDX53 45
~ecior-emitter voltage (Is = 0) BDX53A 60

BDX53B co
80 V 

BDX53C 100'iter-base voltage
Veso 5 V :«ronuous collector current

le 8 A Mlinuous base current
ls 0.2 A 

'atinuous device dissipation at (or below) 25°C ·case temperature (see Note 1) Pa 60 w 
ooliluous device dissipation at (or b_elow) 25°C free air temperature (see Note 2) P 2 w 
~ting junction temperature range

Ti -65 to +150 ·c 
~ting temperature range 'a, -65 to +150 ·C
'#alng free-air temperature range TA -65 to +150 ·c 
IES: 1. Derate linearly to 1 so•c case temperature at the rate of 0.48 W/°C.

2. Derate linearly to 1 so•c free air temperature at the rate of 16 mW/C.

®vsrironarrow\\\_~le scurrenta .• "~.J\!,c, '··~-•.··,1"."·" _,,, .. , ..... ,.,., . ·rications1naccorda.an Pow 5 of publication date Products conform to spec, 1 •,ng does not~,y · er I · · processts, ti nnovations standard warranty. Production
Sling of all parameters.

Powerf\ 
INNOVATIONS 1~ 



yss, BDX53A, BDX53B, BDX53C 
~~N s1L1coN POWER DARLINGTONS 

g9 - REVISED MARCH 1997Y 19

trical characteristics at 25°C case tern
efec Perature (unt

PARAMETER ess otherwise noted) 
TEST CONDITIONS

MIN TYP MAX UNIT Collector-emitter
le= 100 mA BDX53 45VgR)CEO breakdown voltage lg = 0

(see Note 3) BDX53A 60
BDX53B 80 V--- Vos = 30 V lg =0 BDX53C 100Collector-emitter Vcs = 30 V lg =0 BDX53

0.5lro cut-off current Vcs = 40 V lg =0 BDX53A
0.5VcE = 50 V Is= 0 BDX53B
0.5 mA~ Vcs = 45V lg =0 BDx53C
0.5Collector cut-off Ves = 60 V lg = 0 BDX53
0.2lcso current Ves = 80 V lg = 0 BDX53A 0.2

BDX53B mAVcg = 100 V lg = 0 0.2....- Emitter cul-off BDX53C 0.2Eao V=e = sv le= 0current
2 mA- Forward current

hrr transfer ratio Vce = 3V le= 3A (see Notes 3 and 4)
750lo Base-emitter

VeE(sat) saturation voltage Is= 12 mA le= 3A (see Notes 3 and 4)
2.5 VCollector-emitter

ls F 12 mAVce(sat) saturation voltage le= 3A (see Notes 3 and 4)
2 VParallel diode

ls = 3A Vee forward voltage Is= 0
2.5 V

NOTES: 3. These parameters must be measured using pulse techniques, Ip = 300 µs, duty cycle < 2%.
4. These parameters must be measured using voltage-sensing contacts, separate from the current carrying contacts.

thermal characteristics 

PARAMETER MIN TYP MAX · UNIT Ru Junction lo case thermal resistance
2.08 ·ctw R Junction lo free air thermal resistance
62.5 CIW

resistive~load-switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS t MIN TYP MAX UNIT L

la Turn-on lime le= 3A la(on) = 12 mA la(off) = -12 mA 1 µsL Tum-off time VBE(off) - -4.5 V R_= 10 2 Ip = 20 µs, dc < 2% 5 µs1
Voltage and current values shown are nominal; exact values vary slightly with lransiStor parameters.



BDX53, BDX53A, BDX53B, BDX53C
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TYPICAL CHARACTERISTICS

MAy 1989 - REVISED MARCH 199?

TYPICAL DC CURRENT GAIN
vs

COLLECTOR CURRENT
TCS 120AG40000 - 

T,= -40¢,--- 

,= 2so,--- 

~r,=to0c--- -,.._ 
/ / •,- 

~ 10000 
I ~ ., L I

(!} ,--- 

V ~ '
., 

I I:'!,,.' --CIJ

/· \ \. 
t ~
;:J 

' /_ [
C)
C)

,--......... \ 
0 ~Jr

~
a
O

~ 100 0 
_, 

~-... 
-

' ~, 
I 

C 

,u
'

. 
~.. 

'

COLLECTOR-EMITTER SATURATION VOLTAGE
VS

COLLECTOR CURRENT TCS120AH> 3·0 
I 

Cllcogg 2·5 
:
.S! 
°E 2-0 2
Ill 

1/).. 
~ . 1· ·e 
w
i!.

~- 1· 
~s
(.) 

'
V = 3V

,: ~e = 300 µs, duty cycle< 2%
100 L.1'......... .:.........:_ __ __., ..J....___,__._...__.-;1 O 0·5 

0·5 1·0 
1 • Collector Current - AC 

: 0 
jjj 
u >

Figure 1. 

>
'(I)

C)g
2·5 0>

C 
0

25ns 
5 2·0 
%rn .. 
(I)~·e 1·5 wa, 
II) 
ns ca

=alm >

tP = 300 µs, duty cycle< 2%
ls =l,/100

~5

~
~-~0 -- <

~
~

[\ I
' .... -

[',.__ Dr,= 4oc
,- 

·5 

[[T,= 25¢
1"-r = 1oo·c C

I I _J J
0 l I

1 1·0 

I _ Collector Current - A C 

Figure 2.

BASE-EMITTER SATURATION VOLTAGE
VS . 

COLLECTOR CURRENT TCS120AI30r.....iiij

= t / 100 9,
la c d ty cycle < 2 •= 300 s, IuL""20·5 1·0 

0·5 I - Collector current - A
C 

Figure 3.

0
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MAXIMUM SAFE OPERATING REGIONS

100 

MAXIMUM FORWARD-BIAS
SAFE OPERATING AREA

i: 10 
~
:::l
O... 
0
6
..!!!
G
O
'% 1o

SAS120AD

~ DC Operation
7, = 300 ps,

J d =0.1= 10%

- . L-- 
..

, . 
'\: 

~
'I. 

\ 

BDX53 -,.., 
BDX53A
BDX538
BDX53C0·1 

1·0 10 100 1000
Vee - Collector-Emitter Voltage - V

·Figure 4.

THERMAL INFORMATION

MAXIMUM POWER DISSIPATION
vs

CASE TEMPERATURE.
80 

~ 70 
'C: 

9 60 %
C. 
"iii 
rn

50 5... 
Q)

3
40 0c.. 

E 
1

30 E z
RI

= 20 
ii a

10 

\
A

\
~
\
\

\
\

125 15

TIS120AB

0
0 25 50 

·c T • Case Temperature -
C

75 100 0

Figure 5.
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10",,ac nange-mount package3

·P'" P. single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
Thispound. The compound will withstand soldering temperature with no deformation, and circuit performance
com cteristics will remain stable when operated in high humidity conditions. Leads require no additionalcharat h d . Id
cleaning or processing w en user in so ered assembly.

ro220

MECHANICAL DATA 

3,96 
0 ,77
see Note B ";1,231 

0,97 
~

~
14,55 

s.1
3,5 

a
. 1,07

~
12,7 

G)tr®® 
2,74 
2,34

5,28 
. 4,88 

~
2,40 

laL 0,41 

VERSION 1 

ntin1tab·th the moun mg .®7&cats""""",&sa,,,,B. Mounting tab comer profile accorf/h ight according to pac
C. Typical fixing hole centre stand o

7 6
emm.

Version 1, 18.0 mm. Version 2, 1.

ENSIONS IN MILLIMETERSALL LINEAR DIM .

MDXXBE

Powerf\ iiovnvos)
5



BDX53A,BDX538,BDX53C &icoiii@iii iikiiiiius
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IMPORTANT NOTICE

Power Innovations Limited (Pl) reserves the right to make changes to its products or to di ·ti
d t ithcit ;. liscontinue anyemiconductor product or service without notice, and advises its customers to verify, before placing orders, that the'nformation being relied on is current.

I . .,.. 

Pl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Pl's standard warranty. Testing and other quality control techniques are utilized to the extent PI
deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except as mandated by government requirements.
Pl accepts no liability for applications assistance, customer product design, software performance, or infringement
of patents or services described herein. Nor is any license, either express or implied, granted under any patent
right, copyright, design right, or other intellectual property right of Pl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Pl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE
SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS.

Copyright © 1997, Power Innovations Limited
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