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1. Discrete Process Control
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3. -Programmable Logic Controllers
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Sec 9.1:|Discrete Process Control

= Continuous Control: deals with controlling
continuous variables or parameters in the system.

moments in timer ab discrete events,

= (usually binary (0 or 1, off or on, open or closed,

etc.)



@™ Sensors and Actuators Used in
g Discrete Process Control

Sensors Interpretation Actuators Interpretation

Limit switch Contact/no contact Motor | e sesger On/off
Photo-detector On/off Valve Open/closed
: Clutch Engaged/not
Timer On/off engaged
Push-button switch On/off Control relay Contact/no contact

Control relay

Contact/no contact

Light

On/off

Circuit breaker

Contact/no contact

Solenoid

Energized/not
energized
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Categories of Discrete Control

* | Logic control]event-driven changes

* [Sequencing]time-driven changes
* | Logic Control:

* No memory

* No operating characteristics that depend on time
= Also called combinational logic control
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Boolean Algebra

The alarm will be triggered when the Boolean variable D
goes to the logic true

state. The alarm conditions are:

1. Low level with high pressure

2. High level with high temperature

3. High level with low temperature and high pressure



A ( Level )
B (pre ssu(é’.}
c (Temperatore)

Boolean Algebra (e

We now define a Boolean expression with AND oBeratlon s that will give a D = 1 for each
condition;]

‘The alarm conditions are:

1. D = Z B will glve D = 1 for condition 1. 1. Low level with high pressure
2.D=A-Cwil glVC D = 1 for condition 2. < Hfgh level W!th g e .

4 3. High level with low temperature and high pressure
3. D= A-C - Bwill give D = 1 for condition 3.

The final logic equation results from combining all three conditions so that if any is true,
the alarm will sound (D = 1). This is accomplished with the OR operation

D=A-B+A-C+A-C-B (2)

This equation would now form the starting point for a design of electronic digital circuitry
that would perform the indicated operations.



Boolean Algebra

Develop a digital circuit using AND/OR gates that implements Equation (2).

Solution
The problem posed in Section 2.3 (with Figure 1) has a Boolean equation solution of

D=A-B+A-C+A-C-B (2)



D=A-B+A-C+A-C-B

Boolean Algebra
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Truth table Logic representation
N.C. pushbutton

Pushbutton Light

Light
Pressed (1) Off (0)

input
Single input InpUt - S

@A normally closed pushbutton.




Fundamentals

(Power on)
A=1 Low-pressure

! | indicator on (1)
[}
B=0 1) —/

(Pressure
switch open)

Truth table
Pressure Pressure
switch Power indicator
0 1 1
1 1 0
(Power on)
A=1 | Low-pressure
\ indicator off (0)
0 J
B=1 (0)
(Pressure

switch closed)

of Logic

NAND truth table
Inputs  Output

A
A B Y
Inputs NAND Y
B Output 0 0 1
0o 1 1
Two-input 1 0 1
NAND gate L 0

Figure 4-12 NAND gate symbol and truth table.

NOR truth table

Inputs  Output
N A B Y
Inputs o Y SR >

Output

B P 0o 1 0
Two-input 1.0 0
NOR gate 1 1 0

Figure 4-11 NOT function is most often used in
conjunction with an AND gate. Figure 4-13 —

f‘ (XOR\ InputsAY
AY P ot B Output

Ulie
. 2ero

(XNo
g~ 2

input __, output )
LT Fiwe 4.1 (TEYORORASOISHREE)

Truth table
Inputs  Output
A B Y
0 0 0
0 1 1
1 0 1
1 1 0




Table 4-1 Typical Boolean Instruction or Statement List

Boolean Instruction and Function

Graphic Symbol

Store (STR)-Load (LD) — outpet
Begins a new rung or an additional branch in a rung with a normally open contact.

Store Not (STR NOT)-Load Not (LD NOT)

Begins a new rung or an additional branch in a rung with a normally closed contact.

or (OR)
Logically ORs a normally open contact in parallel with another contact in a rung.

Or Not (OR NOT)
Logically ORs a normally closed contact in parallel with another contact in a rung.

And (AND)
Logically ANDs a normally open contact in series with another contact in a rung.

And Not (AND NOT)
Logically ANDs a normally closed contact in series with another contact in a rung.

And Store (AND STR)-And Load (AND LD)
Loglcally ANDs two branches of a rung in series.

Or Store (OR STR)-Or Load (OR LOAD)
Logically ORs two branches of a rung in parallel.

Out (OUT)
Reflects the status of the rung (on/off) and outputs the discrete (ON/OFF) state to
the specified image register point or memory location.

Or Out (OR OUT)

Reflects the status of the rung and outputs the discrete (ON/OFF) state to the
image register. Multiple OR OUT instructions referencing the same discrete point
can be used in the program.

Output Not (OUT NOT)
Reflects the status of the rung and turns the output OFF for an ON execution
condition; turns the output ON for an OFF execution condition.
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Fundamentals of Logic

Logic symbol Logic statement | Boolean equation | Boolean notations
A Yis 1 if Y =Ae«B Symbol Meaning
— AN D Aand Bare 1 or . and
8 Y =AB
i or
A -
Yis1if not
B Y | AorBis1 Y=A+B
g invert
result in
Yis1ifAisO —
A W O—Y | visoitAis1 Y=A

Figure 4-15 Boolean algebra as related to AND, OR, and NOT functions.




A—| A

AND AB b A+B
B—| B
A A

NAND A8 »: ATB
B—— B

Figure 4-16 Logic operators used singly to form logical
statements.



Fundamentals of Logic . . vader diog=n

A c 7
7 m T HO—
/ run%/ _|B
AND AB Y=AB+C ® Y=(A+B)C
B— OR AND>

A |

NAND Y=AB+C
B_
c

Figure 4-17 Logic operators used in combination to form Boolean equations.
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Fundamentals of Logic

¢ |COMMUTATIVE LAW

A+B=B+A
A-B=B-A

» {ASSOCIATIVE LAW

&7, IR LN » > VR BIAY 0, SOEEny el SNy 59 ) e SRy 8%

¢ | DISTRIBUTIVE LAW

A-B+O=A-B)+(A-0C)
A+B-O)=A+B-(A+C)
This law holds true only in
Boolean algebra.



Fundamentals of Logic

Name AND form OR form
Identity law 1A=A 0+A=A
Null law 0A=0 1+A=1
ldempotent law AA=A A+A=A
Inverse law AA =0 A+A=1
Commutative law | AB = BA A+B=B+A
Associative law (AB)C = A(BC) (A+«B)-C=A+(B+C)
Distributive law A +(BC)- (A+B)A+C) |AB+C)=AB + AC
Absorption law AA+B)=A % A+AB=A
De Morgan'slaw |AB=A+B A+B=AB




Y
I D

Y=AR+AB




Relay schematic Ladder logic program Gate logic

LS1 LS2 SOL | :4 ﬁ /Y A
OO0 € l 1 \ ¥y
| B Output

Inputs

Boolean equation: AB=Y

Relay schematic Ladder logic program
Gate logic
LSt SOL A pe
Ls2 B B
< 11 Output
H Inputs
Boolean equation:A + B=Y
Relay schematic Ladder logic program Gate logic
PL
LS1 PS A c Y A
SRR T I e e
LS2 B B Y
- c Output
Inputs
Boolean equation: (A + B)IC =Y
Relay schematic Ladder logic program Gate logic
LS1 FS1 e A c Y A ALB
B D Y
LS2o—4 FS2 _I I_ _| l_ c ‘ Output
E D cC+D
Inputs

Boolean equation: (A+ B) (C+ D) =Y



Relay schematic Ladder logic program

LS Ls2 . A B Y
00, 0—1 — |——< A—] AB
LS3 C B8— Y
o— B c Output
Inputs

Boolean equation: (AB) + C =~ Y

Example 4-5 Two limit switches connected in series with each other and in parallel with a third limit
switch, and used to control a warning horn.

Gate logic
Relay schematic Ladder logic program A—

Lst sz Pt A B Y 5|
O—0, O — . Y
Ls3 LS4 c D ] Output
0—0, € — o—|
Inputs

Boolean equation: (AB) + (CD) - Y

Example 4-6 Two limit switches connected in series with each other and in parallel with two other limit
switches (that are connected in series with each other], and used to control a pilot light.

Hohy schematic Ladder logic program

Boolean equation: AB - Y

Example 4-7 One limit switch connected in series with a normally closed pushbutton and used to control
a solenoid valve. This circuit is programmed so that the output solenoid will be turned on when the limit switch
is closed and the pushbutton is not pushed.

Relay schematic Ladder logic program Gate logic

_AL B A B % A——Do—

o=l o—

| 1 A B Inputs
Y
Output

Example 4-8 Exclusive-OR circuit. The output lamp of this circuit is ON only when pushbutton A or B is pressed, but not both.
This circuit has been programmed using only the normally open A and B pushbutton contacts as the inputs to the program.



Fundamentals of Logic

\gotes b bas) g »igs

Relay schematic Ladder logic program Gate logic
C Stops D Starts A

Start
55 N 1
B B A—o0
1 8 J_ Stops
0—0MO—<> M —0 c | L
I p—ols r:

Example 4-9 A motor control circuit with two start/stop buttons. When either start button is depressed, the motor runs.
By use of a seal-in contact, it continues to run when the start button is released. Either stop button stops the motor when it is
depressed.
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Simplification Alaebra
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Fundamentals of Logic

Develop allogic gate circuit [for each of the follow-
ing Boolean expressions using AND, OR. and NOT
gates:

a.Y=ABC+ D

Y=AB + CD

Y=(A+ BNC+ D)

o7

Y = AB + CD)
Y=AB+ C B
Y =(ABC + D)EF)

-e oo






#singdle oufput
# multiple input
4 no #eeclbmd(

Ladder di agram %=

Fundamentals of Logic

% Gates in Ladder Diagram

4. Express each of the following equations as a ladder

logic program:

a. ¥ = (A + BCD AND Gote | A °
b.Y=ABC+D+E (S I
c. Y=[(A+ B)C] + DE (;.33

d. Y = (ABC) + (DEF)

OR Gate 7
(=5'5)

(A+B) B

Lrwerker H\LO—‘
A A



Cp\waus Start From inside the brche’rsv

% Lxpress each of the following equation as a Ladder

Y=(A+B).C +DE
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Example 1:

On a particular piece of operator-controlled production
equipment, the production process may only be performed
by the operator activating two safety switches, located at
some distance from each other. This is to prevent the
equipment from accidentally starting whilst the operator is
loading or unloading the machine. The switches have to
be depressed together by the operator using both hands.

. . . k—>'|'F\(1 means
(@) What is the truth table for this operation? (A:,D )
(b) What is the Boolean logic expression for this
operation?

(c) What is the logic network diagram for the operation?



Example 1 solution:

= (a) Where@ Is first switch, and@is second switch, and
Is the output of switch activation.

Inputs Qutput
X1 X2 Y
0 0 0
0 1 0
1 0 0
1 1 1

- (b)Y = X1"X2
= (c) logic network diagram

e -
| X2 —




No push buﬂon—l_

Q O

NC push bution

Example 2: —olo—

Write the Boolean logic expression for the pushbutton
switch system below using the following symbols:

X1 =S8TART, X2 =S8TOP, Y1 = MOTOR, and Y2 =
POWER-TO-MOTOR.

o
.535+e«\ 3
q'. a—'. Lo Cf".‘

X2

X2 s P, Y2
POwer-10-motor  soror
x1| @ X1 Sur —Oq"

logic network diagram



wop o X2 Y2= (X1+ Y1)- X2
X2
Power-10-motor Motor
Y1
Stant
X1
X1+Y1
— X (X * Y0
Start Stop Motor Power-to-Motor
0 0 0 0
0 1 0 0
i 0 0 i
1 1 0 0
& q T) i i
o 0 1 1 0
This Troth fable $- i 0 T 1
— Logcally is cofreck X (1 D) 1 0

—3but in Reality it is not correct



Sequencing

A switching system that uses internal timing devices

to determine when to initiate changes in output
variables

= Examples: Washing machines, dryers, dishwashers,
Traffic light. — "

XA



Sequencing

. aIIy generated “open loop”

= No feedback that control function is executed

= Sequence of output signals is usuaIIy as in & high

production work cycle

= The signals occur in the same repeated pattern within
each regular cycle

= Common sequencing devices:
= Timer — output switches on/off at preset times
= Counter — counts electrical pulses and stores them



Ladder Logic Diagrams

A diagram where logic elements are

displayed along horizontal lines

(rungs) connecting two rails.

Combines both: logic and
sequencing control.

Hot wire

X1 FS Cl
L w N
| Al \_/

G
S1

Cl
1 F A
! \_/

C2

ES T2

1l W ! - 1
1f gl \_/

C2

_"_
T

G TMR
I 120s

S2

T1
L N
! L

Tl
L

T2

90s

Neutral



Ladder Logic Diagrams

- logical inputs, e.g., limit

switches, photo-detector.

motors, lights, alarms, solen0|ds

3. - to specify length of delay.
4.- to count pulses

received

X1
1

w

Ok

I

Cl

e

Cl
L

Al

e

E S

Qs O

T1
1

Tl
1

e88 Ox g




Components of Ladder Logic
Diagram

X1 FS Cl
1l I N\
" Al \_/
Ladder symbol Hardware component

C1
Il
" ” Normally open contacts (switch,

1 (a) relay, other ON/OFF devices)
Cl
1l =3
) Sed IF Normally closed contacts
ES T2 ¢2 (b) (switch, relay, etc.)
1l W Y
1l P \_/
i () ( ) Output loads (motor, lamp,
T solenoid, alarm, etc.)
1f

Tl
C2 TMR :
| 'Il‘t;lolj (d) — G Timer

F £ (e 1 €CIR — Counter

T1 T2
1l TMR
" 903




Example 1

= Construct the ladder logic diagrams for the

= Solution:

—/o /o g
X1 X2

Y | X1 X2

AND gate.

(sefies)

< 120V

Y

- +




Example 2

= Construct the ladder logic diagrams for the OR gate.

Cparfallel)
= Solution:
X1 Y
§ T N
] L 1 \_/




N
O

.’\\
gkieory
Xi Y
Example 3 5
normqlh;(
opened
= Construct the ladder logic diagrams for the|NOT gate.
= Solution:
W Y Resistance
| ‘N ‘N
—/o—
X1 Xl
o 120V - II
|

 Short
ki 99 LEDY) 2 Gireut

lpd) Switeh J] €5 L X1 2 o o R

X, 20 =31
x31 — 0




Example 4

= Construct the ladder logic diagrams for theNAND gate.

X\

. [ we can simpiyy
. Saltion D yonm

X1 X2 C
(a) NAND I I I I m
Inputs Output [ ./
);1 );2 Y = ):1 X2 C Y
0 1 1 })’ '
1 0 1 /l _/
L 1 0 inverted

= |f X1 or X2 remain open then C coil is unexcited and C contact remains
closed, therefore Y is on.

= |f X1 and X2 are closed then C coil is excited and C contact is opened and Y

Is off c U*S‘ ¥



Construct the ladder logic diagrams for the|NOR gate.

we Can SRMP“‘?'A

Solution: * @o,y V=X X2 —— X%
X, X1 C

()
(b) NOR _ / |
. Multiinputs sing& .
Inputs Output X2 ovteY
X1 X2 Y = X1 = X2
0 0 1 C v
1 : - Y. )
] 0 0

If X1 and X2 remain open then C coil is unexcited and C contact remains

closed, therefore Y is on.

If X1 or X2 are closed then C coil is excited and C contact is opened and Y is

off




Example 6: Safety switches

= The production process may only be performed when the
operator activates two spring activated safety switches.
The switches have to be depressed and held closed
together by the operator using(both hands

AND

3 X Y
Xl—D_Y 1| M ‘
X2 — | [ [ ./ |



Al
X2 X2 Sop N Y2=X, (+%)
o > p,,“u.u\-mnh-lz Motor Y1
. )
?S] X1 Starnt | |
el ’
mofor I Jus)
Y2 e
(X1 ORY1) AND (NOT X2) i I (X—L ;_
|| |
L || X{
(X1+ Y1) X2 Y1

Latched circuit




Example 8

Ladder_n & Feed bacK »29) X+

Diagrom = =

A motor controlled by stop and
start push button switches.

One signal light must be
illuminated when the power is
applied to the motor and another
when it is not applied.

><1 _>ON Oﬂ\
XZ—QOFF or\ls

MU“.‘ '\1\9“'\'5 S‘“S\e' ou\‘p\ﬂ'
X1 X2 Y1
|| |¥ 2
|l £l —/
Y1
I I X“J;ca)fofs
sensofls S oP2
SV hah _, Light 1
|| ( )_
[
9
Y1 o0 —  Light 2
i O—
I

&

5\ Runq (&
one event



elechro maﬁnih'c device

’-—~\\_\+ fg;».l_
’ [}

~~7

Example 9.5

r
It can

also be used to define alternative decisions in

logic control.(Construct the ladder logic diagram of &

©2010 John Wiley & Sons, Inc. M P Groover, Principles of Modern Manufacturing 4/e S| Version



Example 9.5|Control Relay

imfor‘rm\\'

Electromagnetic relay is an electronic control device. It has a
control system (also called an input loop) and a controlled
system (also called an output loop). It is usually used in

automatic control circuits.(It actually a kind of ‘GUiomatic'switch’

that uses a smaller current and a lower current to control a

X | Ci ) ;

1o larger current and a higher voltage.

ojo lilo
X C

{Toad }
: = O Relay NQ(I«\\IA(\\:% Closed
C A NN Y,
LK 5 o
O L L gie—
N - : NO
_| : Q_ |_< Normally jOpen yz

1 _Load }
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Example 9.6 |Fluid Storage Tank
Consider the fluid storage tank illustrated in Flgugg 9.10.
When the start button X1 is depressedf“\L.'ii““

syster Viliic

this closes the control relay C1, which § ol s b~
energizes solenoid S1, which opens a valve L, Ch
allowing fluid to flow into the tank. 1

When the tank becomes full, the float switch™*
FS closes, which opens relay C1, causing -
the solenoid S1 to be de-energized, SO ——
thus turning off the in-flow.

Switch FS also activates timer T1, X—J;[C_]_) = =
which provides a 120-sec delay for a certain FS —@J—*D—E’
chemical reaction to occur in the tank.

N
Chemical Reac\'io’\ Valve L
o)
9.6




Example 9.6 Fluid Storage Tank

= At the end of the delay time, the timer energizes a second relay
C2, which controls two devices: (1) It initiates timer T2, which

= waits 90 sec to allow the contents of the tank to be drained, and
(2) it energizes solenoid S2, which opens a valve to allow the
fluid to flow out of the tank.

= At the end of the 90 sec, the timer breaks the current and de-
energizes solenoid S2, thus closing the out-flow valve.

= Depressing the start button X1 resets the timers and opens their

respective contacts.
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Example 9.6 Fluid Storage Tank
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Figure 9.10 Fluid filling operation of Example 9.6.

Timer will be logic 1 when it’s time 1s expired.
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= An industrial robot performs a machine loading and
unloading operation. IS used as the cell controller.
The cell operates as follows:

(1) a human worker places a part into a nest,

(2) the robot reaches over and picks up the part and places it
iInto an induction heating caoill,

(3) a time of 10 sec is allowed for the heating operation, and (

4) the robot reaches into the coll, retrieves the part, and places
it on an outgoing conveyor.




A limit switch X1 (normally open) is used to indicate that the
part is in the nest in step (1). This energizes output contact
Y1 to signal the robot to execute step (2) of the work cycle
(this is an output contact for

the PLC, but an input interlock signal for the robot controller).

A photocell X2 is used to indicate that the part has been
placed into the induction heating coil C1.

Timer T1 is used to provide the 10-sec heating cycle in step
(3), at the end of which, output contact Y2 is used to signal
the robot to execute step (4).

Construct the ladder logic diagram for the system
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% Another Question:

An emergency stop system is to be designed for a certain
automatic production machine.

A single “start” button is used to turn on the power to the
machine at the beginning of the day.

In addition, there are two “stop” buttons located at two
locations on the machine, either of which can be pressed to
iImmediately turn off power to the machine.

Let X1 = start buttom (normally open), X2 = stop button 1
(normally closed), X3 = stop button 2 (normally

closed), and Y = power to the machine.



Another Question:

(a) Construct the truth table for this system.

(b) (b) Write the Boolean logic expression for the
system.

(c) (c) Construct the ladder logic diagram for the
system.



Sec 9.3: Programmable Logic
Controller (PLC)




Sec 9.3: Programmable Logic
Controller (PLC)

= A microcomputer-based controller that uses
stored instructions in programmable memory to
Implement logic, sequencing, timing, counting,
and arithmetic functions through digital or analog
modules, for controlling machines and processes.
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Components of a PLC

External source
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Figure 9.11 'Components of a PLC.



Advantages of PLCs Compared
to Relay Control Panels

Programming a PLC is easier than wiring a relay
control

panel

PLC can be reprogrammed

PLCs take less floor space

Greater reliability, easier maintenance

PLC can be connected to computer systems (CIM)

PLCs can perform a greater variety of control
functions



ypical PLC Operating Cycle

. Input scan — inputs are read by processor and stored in
memory

. Program scan — control program is executed

Input values stored in memory are used in the control
logic calculations to determine values of outputs

. Output scan — output values are updated to agree with
calculated values

Time to perform the three steps (scan time) varies between
1 and 25 msec



PLC Programming

= Graphical languages:
1. Ladder logic diagrams — most widely used
2. Function block diagrams — instructions composed
of operation blocks that transform input signals
3. Sequential function charts — series of steps and
transitions from one state to the next (Europe)
= Text-based languages:
1. Instruction list - low-level computer language
2. Structured text — high-level computer language
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PLC Questions

An Industrial Robot
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An industrial robot performs a machine loading and unloading operation. A PLC is used as

the cell controller. The cell operates as follows:

(1) a human worker places a part into a nest,

(2) the robot reaches over and picks up the part and places it into an induction heating coil,

(3) atime of 10 sec is allowed for the heating operation, and (

4) the robot reaches into the coil, retrieves the part, and places it on an outgoing conveyor.

A limit switch X1 (normally open) is used to indicate that the part is in the nest in step (1). This energizes
output contact Y1 to signal the robot to execute step (2) of the work cycle (this is an output contact for

the PLC, but an input interlock signal for the robot controller).

A photocell X2 is used to indicate that the part has been placed into the induction heating coil C1.

Timer T1 is used to provide the 10-sec heating cycle in step (3), at the end of which, output contact Y2 is

used to signal the robot to execute step (4).

Construct the ladder logic diagram for the system
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o X . .
TnPU"'So on open \imit switch -

X, close limit switeh W\ a;m @
(&) -
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Automatic opening closing Door PLC Program

OU‘\'PU"'S‘:, )’o open the door
); close the door 2\ 151 %) -

XO0(Infrared Sensor. )

X2(Opening Limit Switch ) \ X1(Closing Limit Switch )/ X2(Opening Limit Switch )
P =D =
YO0(Open the door ) Y1(Close the door )

When someone enters the infrared sensing field, opening motor starts working to open the door
automatically till the door touches the opening limit switch If the door touches the opening limit switch
for 7 sec and nobody

enters the sensing field, the closing motor starts working to close the door automatically till the closing
limit switch touched together. Stop the closing action immediately if someone enters the sensing field
during the door closing process.

Number of PLC Inputs Required

X0 — X0 = ON when someone enters the sensing field.
X1 — Closing limit switch. X1 = ON when 2 switches touched together.
X2 — Opening limit switch. X2 = ON when the door touched the switches.

Number of PLC Outputs Required

Y0 -Opening motor

Y1 - Closing motor

Number of PLC Timers Required

TO —7 sec timer.
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Consider the Automatic coffee maker as illustrated in Figure 1:

Hot Water

D 3
X0 ﬁm @m
Coin|Detector Ani
X1

YO0 ¢
RPaper|Cup Outlet
]

-
X

T

Automatic Coffee
Making Machine.

Fig.1 Automatic coffee maker
X0 %l
1. When a coin is inserted, 2t"is HIGH (ON) and the following outputs will be activated
at the same time:
- A timer TO will be activated for 2 sec
- YO (paper cup outlet) will be HIGH (ON) and latched (a paper cup will be sent out)
- Y1 (coffee powder outlet) will be HIGH (ON) and latched (a certain amount of coffee
will be poured into the container).
- Y0 and Y1 will be HIGH (ON) for 2 sec, which is the set value of the timer TO.

2. After 2 sec, Y2 (hot water outlet) will be activated HIGH (ON), and the hot water will be
poured in the container. At the same time, YO and Y1 will be closed LOW (OFF).

3. When the liquid in the container reaches a certain amount of pressure:

- A pressure sensor X1 will be activated HIGH (ON).

- Y2 will be reset LOW (OFF)

- Timer T1 will be activated HIGH (ON) for 60 sec.

- The agitator Y3 will be HIGH (ON) for 60 sec, which is the set value of Timer T1.

4. After 60 sec, the agitator Y3 will be Low (OFF) and Y4 ( the ready — made coffee outlet)
will be HIGH (ON) and latched and the ready —made coffee will be pouring out from the
Y4 outlet.

5. When the coffee is poured into the paper cup completely, X1 will be LOW (OFF) and Y4
will be reset LOW (OFF) the ready-made coffee outlet will be closed.

Draw the PLC ladder diagram for the infusing container system above.
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YO (Liquid Alnlet ) Y1(Liquid B Iniet)

START X0

Sensor2

STOP X3

Y2(Mixture Outlet ) é

Solenoid 3 o i

Fig.2

Consider the automatically infusing container with liquids A and B as illustrated in Figure 2:

1. When XO (start button) will be ON when START is pressed. YO will be ON and latched,
and the valve will be opened for infusing liquid A until the level reaches the low-level set
point indicated by float sensor X1.

2. X1 will be ON when the level reaches the low-level float sensor. Y1 will be ON and
latched, and the valve will be opened for infusing liquid B until the level reaches the high-
level float sensor X2.

3. X2 will be ON when the level reaches the high-level float sensor. Y3 will be ON and
activates the motor of the mixer. Also, timer TO will be activated and start to count for 60
sec (mixing period).

4. After 60 sec, TO will be OFF, and the mixer motor Y3 will stop working. Y2 will be ON ,
and the mixture will drain out of the container.

5. When Y2 = ON, timer T1 will be activated and start to count for 120 sec. After 120 sec,
T1 will be Off and Y2 will be OFF. The draining process will be stopped.

6. When an error occurs, press EMERGENCY STOP button X10. The NC contact X10 will
be ON to disable all the outputs. The system will then stop running.

Draw the PLC ladder diagram for the infusing container system above.
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