
Chapter Four: 
Introduction To Automation

Automation

Dr. Eng. Baha’eddin Alhaj Hasan 
Department of Industrial Engineering

Automation Slides 
With Notes 

 
( 2nd Semester 2023/2024 )

Notes are written by Nada Ababneh 



Chapter Nine: 
Discrete Control Using Programmable

Logic Controllers

Automation

Dr. Eng. Baha’eddin Alhaj Hasan 
Department of Industrial Engineering













Digital Variables
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Boolean Algebra
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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
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Boolean Algebra
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Fundamentals of Logic

N.C A normally closed pushbutton.
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Sec 9.3: Programmable Logic
Controller (PLC)
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Example 1:



Example 1 solution:



Example 2:



Example 2 Solution:
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Ladder Logic Diagrams



Components of Ladder Logic 
Diagram



Example 1



Example 2



Example 3



Example 4



Example 5



Example 6: Safety switches



Example 7: Push Button



Example 8



Example 9.5 Control Relay

 A control relay can be used to control on/off actuation 
of a powered device at some remote location. It can 
also be used to define alternative decisions in
logic control. Construct the ladder logic diagram of a  
control relay.
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Example 9.5 Control Relay

 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 "automatic switch" 
that uses a smaller current and a lower current to control a 
larger current and a higher voltage. 
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Example 9.6 Fluid Storage Tank

 Consider the fluid storage tank illustrated in Figure 9.10. 
 When the start button X1 is depressed, 

this closes the control relay C1, which
energizes solenoid S1, which opens a valve
allowing fluid to flow into the tank. 

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

 Switch FS also activates timer T1, 
which provides a 120-sec delay for a certain
chemical reaction to occur in the tank.



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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Question 

� 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) a time 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.
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Question 

� 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



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.
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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 
immediately 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. 
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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.
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Sec 9.3: Programmable Logic
Controller (PLC)

� https://www.youtube.com/watch?v=PbAGl_mv5XI
� https://www.youtube.com/watch?v=pPUnihpL6UI
� https://www.youtube.com/watch?v=wlCG8d2iQ5c
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Sec 9.3: Programmable Logic
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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



Typical PLC Operating Cycle

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

2. Program scan – control program is executed
� Input values stored in memory are used in the control
� logic calculations to determine values of outputs
3. 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



PLC Programming



PLC Questions 

An Industrial Robot 

 

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) a time 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 

 

 

 

 

 

 

 

 

 

 





Automatic opening closing Door PLC Program 

 

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  

  

T0 – 7 sec timer.  





Consider the Automatic coffee maker as illustrated in Figure 1: 
 

 
Fig.1 Automatic coffee maker 

 
1. When a coin is inserted,  X1 is HIGH (ON) and the following outputs will be activated 

at the same time:  
- A timer T0 will be activated for 2 sec 
- Y0 (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 T0. 
 

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, Y0 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. 
 

 





 

Fig.2 

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

 

1. When X0 (start button) will be ON when START is pressed. Y0 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 T0 will be activated and start to count for 60 
sec (mixing period). 

4. After 60 sec, T0 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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