APSC 380 : INTRODUCTION TO MICROCOMPUTERS
1998/99 WINTER SESSION TERM 2

Lab 3 - WashingMachineController

Intr oduction

Thepurposeof this experiments to usethelab com-
puterto control a simulatedwashingmachinema-
chine.

Laboratory Apparatus

Thediagrambelon shavsablockdiagramof thelab-
oratoryapparatus.
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e Thelaboratory computer. Referto Lab 2 for a
description.

e An /O modulerack whichprovidesaninterface
betweenthe laboratorycomputers logic-level
parallel I/O card and the circuitry that senses
anddrivesthel/O devices: the waterlevel sen-
sors, the agitatormotor and the pump motors.
This I/O modulerack allows differenttypesof
I/O interface modules(input, output, AC and
DC) to be pluggedin. Each moduleis iso-
lated via an optical interface consistingof an
LED and a phototransistoin orderto protect
thecomputers circuitry from damage:

— The level sensorinputs to the computer
are connectedvia optically-isolatedDC

| ab3. tex 1

input modulespluggedinto the I/O mod-
ulerack.

— The interface betweenthe computerand
the motors for the pumpsand agitators
consistsof an optically isolatedDC out-
put modulepluggedinto the /O module
rack.

e Thesignal conditioning board containsspecial-

purposeliquid-level sensoiCs. Whenno lig-

uid is presenta low level (logic 0) appearsat
the outputof themodule. This logic level is in-

vertedontheinterfacecardsothatthecomputer
recevesalogic 1. Whenliquid is presentatthe
sensothecomputerecevesalogic 0.

The motor controller board containsthe elec-
tronicsto switch the pumpandagitatormotors
on andoff. Whenthe computerwrites a logic
1 to the I/O moduleit turnson the motor con-
nectedo themodule.

Thetanks, pumps, motors and sensors simulate
awashingmachine.

Thewashingmachinehasfour tanks. The left-
mosttankis for hotwaterstoragethe next tank
is for cold waterstoragethenext is awashtank
andtheright-mosttankis adraintank. Notethat
overflow from the hotwatertankdrainsinto the
cold watertank.

Four pumpscontrol the flow of waterbetween
tanks. You will be controllingthreeof themto

run the washingmachine.The fourth pumpre-

cyclesthe waterin the draintank backinto the

hotandcold watertanks.

A motor with an attachedpropeller simulates
thewash-gcle agitatoraswell asthespin-g/cle
motor

There are two water level sensorghigh—and
low—level) in thewashtankandonelevel sensor
(full-level) in thecold watertank (notshavn in
thediagramabore).



The I/O modulecanalso control two 120 volt
AC outletsand a heaterin the hot watertank.
Thesefacilitieswill not be usedin this experi-
ment.

The l/O Interface

From the programmes point of view the interface
betweerthe /0O modulesandthe computerconsists
of threememorylocations. MemorylocationsOx51
throughOx53 are mappedo three8-bit parallell/O
ports.Eachof theavailable24 bitsis assignedo one
modulein thel/O modulerack.

The following diagramgivesthe functionsof the

bits atthedifferentl/O addresses:
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The 8 bits of the port at addres90x51 are con-
nectedto 8 outputmodules. The bits of an output
modulecanbe setby writing theappropriatebit pat-
ternto theappropriatdocation.

The port at 0x52 is connectedo input modules.
Datafrom input modulescan be obtainedby read-
ing theappropriatdocationand“maskingin” (using
the bitwise AND operator)the appropriatebit in the
byte.

Location 0x53 has only one active output bit
which controlsthe power to all of the I/O modules
ontherack.If thebit is setto 1, thel/O modulesare
disabled.

WashingMachine Operation

Thewashingmachineshouldoperateasfollows:

1. Display”"WASH?” ontheLED display

Fill the washtank with hot or cold water de-
pendingonthecycle selectedFilling continues
until thehighlevel is sensedn thewashtank.

Turn on the agitatormotor on for 15 seconds.
During this time the motor shouldbe cycledon

andoff with a patternof 1 secondnand?2 sec-
ondsoff.

Emptythewashtankinto the draintankuntil a
low level is sensedn thewashtank.

Fill thewashtankwith cold water Filling con-
tinuesuntil a high level is sensedn the wash
tank.

Repeatheoperationglescribedn 4.
Repeatheoperationdescribedn 5.

Run the spin (agitator)motor continuouslyfor
10seconds.

10. Gobackto 1 to wait for anothercommand.

If theregycle key (2) is pressednsteadof O or 1
the washingmachineshouldregycle the waterfrom
the drain tank to the hot water tank until the high
level is sensedn the cold watertank.

The display on the keypad/displaycard should
indicate the cycle which is being executed (HOT
WASH, COLDWASH, RINSE, SPIN, or RECY-
CLE).

Procedure

Designa statemachinethat implementsthe wash-
ing machinebehaior describedabore. As inputs,
include the level sensorbyte in binary (use’X’ to
indicate“don’t care”) andthe keypadcharacter As
outputsincludethe LED displaystringandthe pump
control byte in binary You may alsoinclude state
transitionconditionsnvolving elapsedime (e.g.“15
s”). You neednotincludethe on/of sequencedur
ing agitationin your statemachine.
Designandwrite aC programto operatehewash-
ing machineasdescribedbore. Usethekeypadand
LED display handlerroutinesyou wrote for Lab 2.
Use the function sl eep() to pauseyour program

2. Wait for the “hot-wash” button (1) or “cold- while runningtheagitatormotor Usesymboliccon-

wash”button (0) onthe keypadto bepressed.

stantdor i/o portaddresseandbit-masks.



You will have to preparea project file, say
| ab3. prj, containingthe nameof your C file and
thefile namei ol i b. | i b asin Lab2. Youmustalso
usethe Proj ect —Proj ect Nane menuitem to set
the projectnamewhenyou startTurboC.

Pleasealo not adjustary of theconnection®nary
of the boardsor move the sensorswithout first con-
sultingwith thetechniciaror theTA. Youshouldnot
needto do this.

Demonstration

Demonstratesuccessfubperationof your washing
machinecontrolprogramto thelab demonstrator

Report

Submityour statemachinestatetransitiondiagram,
aprogramlisting andanswergo thefollowing ques-
tions:

e Describeghechangeso bothhardwareandsoft-
warethatwould benecessarif youwereto add
awarmwashfunctionto yourwashingmachine.

e Describesome adwantagesand disadwantages
of building realwashingmachineswith micro-
computercontrollersasopposedo the corven-
tional methodusinga motor and cam-operated
switches.



