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Preface

This Activities Manual to accompany Programmable Logic Controllers,
5/e provides a wide variety of test questions and programming assignments
designed to aid students in understanding the underlying principles of
programmable logic controllers.

The Activities Manual parallels the text chapters in its treatment of subject
material. Each chapter in this manual contains multiple-choice, completion,
and true/false test questions. These questions are designed primarily to
measure the student’s knowledge of the material presented in the text.
McGraw-Hill Education’s Connect contains the answers to all Activities
Manual test questions.

The Activities Manual programming assignments are designed to provide
hands-on programming tasks tied to the text chapters. The range and the type
of programming scenarios covered here will enable students to gain practical
experience and valuable insights into the most current PLC automation
technology. All programming assignments are generic in nature which
allows them to be implemented using PLCs from different manufactures.
Programs will vary to some degree with the particular PLC used and as such
no answers for these assignments have been provided.

Frank D. Petruzella
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cuapTER 1 Programmable Logic Controllers (PLCs)

An Overview

TEST 1.1

Choose the letter that best completes the statement. Place the answers in the column at the right.

1. PLCs were originally designed as replacements for 1.
a) microcomputers. c) analog controllers.
b) relay control panels. d) digital controllers.
2. Basically, the function of a PLC is to 2.

a) amplify various weak signal sources.

b) control a high-voltage output with a low-voltage input.

c) control the speed of motors.

d) make logical decisions and control outputs based on them.

3. Modifying relay-type process control circuits usually involves changing 3.
the

a) circuit wiring. ¢) output circuit modules.

b) input circuit modules. d) circuit operating voltage levels.
4. Which of the following is not an advantage that PLCs offer over the 4.
conventional relay-type of control system?

a) Smaller size c¢) Higher current capacity

b) Less expensive d) More reliable

5. The main difference between a PLC and relay control system is that 5.

a) different types of input devices are used.

b) different types of output devices are used.

c) different input and output voltage levels are used.

d) one uses hardwired relay control logic and the other uses programmed instructions.



6. The central processing unit 6.

a) looks at the inputs, makes the decisions based on the program, and sets the outputs.
b) looks at the outputs, makes the decisions based on the program, and sets the inputs.
c) serves only to store the program in memory.

d) serves only to supply power to the backplane.

7. PLC proprietary architecture 7.

a) is the opposite to open architecture.

b) makes it more difficult to connect to devices made by other PLC manufacturers.
¢) does not allow programs to be interchanged between different PLC manufacturers.
d) all of the above

8. The output interface module connects to 8.
a) sensing devices such as switches or pushbuttons.

b) load devices such as lamps or solenoids.

¢) a programming device such as a computer.

d) all of the above

9. Field or real-world devices refer to 9.
a) input devices only.

b) output devices only.

c) load devices only.

d) all devices that are physically wired to the PLC.

10. The power required to operate the logic circuits of the processor unit 10.
is typically

a) low-voltage AC. c) low-voltage DC.

b) high-voltage AC. d) high-voltage DC.

11. The control plan stored in the PLC is called 11.
a) a program. c) FORTRAN.

b) a Boolean ladder. d) a microprocessor.



12. The programming device 12.
a) is used to enter the program into the memory of the processor.
b) is commonly a personal computer.

¢) can be a handheld device.

d) all of the above

13. The programming device must be connected to the controller 13.
a) at all times. ¢) when monitoring a program.

b) when entering a program. d) both b and c.

14. The 1F symbol in a ladder logic diagram 14.

a) can be thought of as a normally open contact.
b) represents a capacitor.
c) is always at logic 0.

d) is always at logic 1.

15. The ( )’ symbol in a ladder logic diagram represents a 15.
a) set of normally closed contacts. ¢) seal-in contact.
b) virtual relay coil. d) field input sensing device.

16. When a field device contact connected to the input module closes 16.
a) a logic 1 is recorded in the memory location of the coil with the same address.
b) a logic 1 is recorded in the memory location of the contact with the same address.
¢) a logic 0 is recorded in the memory location of the coil with the same address.

d) a logic 0 is recorded in the memory location of the contact with the same address.

17. At the start of the PLC scan the 17.
a) status of all inputs is read.

b) status of all outputs is updated.

¢) program is executed.

d) diagnostics and communications tasks are executed.

18. The scan time is the time required 18.
a) to record the status of all input devices.

b) to record the status of all output devices.

c) to execute one cycle of the total program.

d) for the information to pass from input to output.



19. Unlike personal computers, PLCs are 19.
a) equipped with input and output modules.

b) equipped with a control programming language.

c¢) designed for the industrial environment.

d) all of the above

20. A human machine interface (HMI) 20.
a) allows the user to monitor a process.
b) allows the user to control a process.

¢) can provide a graphical representation of a process.
d) all of the above

21. Programmable logic controllers are categorized according to the 21.
a) number of I/O points.

b) current rating of /O modules.

¢) power rating of the I/O modules.

d) cost of the I/O modules.

No. 6
e N A
—alot+
_O}o__ No. 4> No.3 —> [No.5 \®, Figure 1-1 Block diagram for
—Or O 6.1 | <> question 22.

22-1. In the PLC block diagram of Figure 1-1, block No. 1 represents the 22-1.

a) CPU unit. ¢) input module.

b) programming device. d) output module.

22-2. Block No. 2 represents the 22-2.
a) memory. ¢) input module.

b) programming device. d) power supply module.



22-3. Block No. 3 represents the 22-3.

a) CPU unit. ¢) input module.
b) programming device. d) output module.
22-4. Block No. 4 represents the 224,
a) memory. ¢) input module.
b) programming device. d) CPU.
22-5. Block No. 5 represents the 22-5.
a) memory. ¢) input module.
b) power supply module. d) output module.
22-6. Block No. 6 represents the 22-6.
a) processor module. ¢) input module.
b) power supply module. d) output module.
@@
MEE@
(2] (6] [14]
Ea[walini[ic]
— 0 IN 0 e
1 ——{ins
p—0 O N
IN 5
| R
ey L Figure 1-2 Diagram for question 23.
_ IN 11
st oy
IN 15
o e com_5c
Field Device ——
Power Supply
23-1. The diagram of Figure 1-2 is that of a(n) 23-1.
a) relay schematic. ¢) input module wiring.
b) ladder logic program. d) output module wiring.
23-2. The voltage that would be present between the DC common and 23-2.
terminal 4 with the pushbutton open would be approximately
a0V c)12V

b) 6V d)24 vV



23-3. The voltage that would be present between the DC common and 23-3.
terminal 4 with the pushbutton closed would be approximately

a0V c)12V
b)6 V d)24V
23-4. The devices connected to the terminals would be classified as 23-4.
a) field input devices. c) field output devices.
b) internal input instructions. d) internal output instructions.
L1 L2
< 120 VAC >|
Pressure  Temperature oL
S""Oitcg‘ switch - Figure 1-3 Diagram for question 24.
O\'-Tq Motor
starter
coil
.
¢——O
Manual
pushbutton
24-1. The diagram of Figure 1-3 is that of a(n) 24-1.
a) hardwired relay schematic. ¢) input module schematic.
b) ladder logic program. d) output module schematic.
24-2. In order to energize the starter coil 24-2.

a) the pressure switch, and the temperature switch, and the manual
pushbutton must be closed.

b) the pressure switch, or the temperature switch, or the manual pushbutton
must be closed.

c) the pressure switch, and the temperature switch, or the manual pushbutton
must be closed.

d) all of the above

L1 Inputs Output

1/1 1/2 o oL . .
o—cl\o— 11 I I I I < : - Figure 1-4 Diagram

for question 25.
»—o}\o— 172
| [

o0 o— 1/3 | |




25-1. The diagram of Figure 1-4 is that of a(n) 25-1.

a) relay schematic. ¢) input module wiring diagram.

b) ladder logic program. d) output module wiring diagram.
25-2. For there to be a continuous logic path from left to right across the 25-2.
rung,

a) I/1, 1/2, and I/3 must all be at logic 1.
b) I/1, 1/2, and I/3 must all be at logic 0.
¢) I/1 and 1/2 or I/3 must be at logic 1.
d) I/1 and I/2 or I/3 must be at logic 0.

26. The PLC power supply module normally is rated to provide the 26.
power for

a) all field devices. c) output field devices only.

b) input field devices only. d) PLC backplane and I/O modules.
27. Which module of the PLC is responsible for performing logical 217.
operations?

a) Processor ¢) Output

b) Input d) Power supply

28. Which module of the PLC connects directly to field devices such as pilot 28.
lights, motor starters, and solenoids?

a) Input c¢) Power supply

b) Output d) Memory

29. I/Os are typical of small PLCs that come in one package with no 29.
separate removable units.

a) Fixed c) Digital

b) Modular d) Analog

30. PLC software that runs on a personal computer can be used to 30.
a) write a PLC program. ¢) monitor the control process.

b) document a PLC program. d) all of the above



31. A control management PLC application normally requires a 31.
a) micro-size PLC. c¢) medium-size PLC.
b) small-size PLC. d) large-size PLC.

32. Which of the following is not a factor affecting the memory size needed 32.

for a particular PLC installation?
a) Voltage rating of field devices c) Size of control program
b) Number of I/O points d) Supervisory functions required



TEST 1.2

Place the answers in the column at the right.

1. Programmable logic controllers were originally designed to perform logic
functions previously accomplished by

2. The number and type of I/Os cannot be changed in a fixed PLC.
(True or False)

3. In a PLC system, there is a physical connection between field input
devices and output devices. (True or False)

1.

3.

4. Identify the following electrical components by specifying whether they are input field

devices or output field devices.
a) Pushbutton

b) Solenoid

c) Pilot lamp

d) Selector switch

5. In a typical ladder logic program, the symbols represent the (a) __ and the
numbers represent the (b) ___.

6. The scan time is the time required for one complete execution of the
user program. (True or False)

7. The input/output system forms the interfaces through which field devices
are connected to the controller. (True or False)

8. is the process of reading inputs, executing the program, and setting

outputs on a continuous basis.

9. The abbreviation I/O means (a) ___and (b) _.

10. Plug-in compartments allow I/O modules to be easily connected
and replaced. (True or False)

4a.

4b.

4c.



11. To operate the program, the controller is placed in the ___ mode.

12. If there is no continuous logic path from left to right on the program

rung, the output coil status is setto ___.

13. Changes to hardwired relay control systems usually require some

____of'the system.

14. A personal computer communicates with the PLC processor via a

serial or parallel data communications link. (True or False)

15. The programming device must be connected to the controller

to run the program. (True or False)
16. Incoming control signals to a PLC are called

17. Signals going out from a PLC to control field devices are
called .

18. PLC systems usually require as much space in an enclosure
as equivalent hardwired relay systems. (True or False)

19. The term central processing unit is often used interchangeably
with the term ____.

20. What is the name of the most common programming language
used in PLCs?

21. The PLC program is stored in the processor module’s ___.

22. A PLC is basically a computer designed for use in electrical
control applications. (True or False)

23. The programmable controller operates in real time. (True or False)

10



24. When a module is slid into a PLC rack, it makes electrical connection
with the )

25. One disadvantage of modular I/O is its lack of flexibility. (True
or False)

26. A PLC power supply module does not normally supply power to the
field devices. (True or False)

27. Removing the programming device from the PLC will not affect the
operation of the user program. (True or False)

28. Software installed and run on a personal computer can be used

to write a PLC program. (True or False)

29. The instruction set for a particular PLC lists the types of instructions
supported. (True or False)

30. When dealing with PLC memory, one K of memory
represents 1024. (True or False)

31. The number of I/O points does not affect the memory size required
for a PLC installation. (True or False)

32. Having each field device wired back to a common point
on a PLC module makes it more difficult to check the
operation of field devices. (True or False)

24.

25.

26.

27.

28.

29.

30.

31.

32.

11



Programming Assignments

1a) On a separate sheet of paper, draw an I/O wiring diagram and ladder logic program
for the relay schematic shown in Figure 1-5. Use the field devices with the appropriate
addressing for the PLC trainer you will be working with.

b) Enter the program into the PLC, and prove its operation.

L1 L2
< 120 VAC >|
Pressure  Temperature oL Figure 1-5 Relay schematic for
switch switch
OIO ¥ M assignment 1.
Motor
starter
coil
O
Manual
pushbutton

2a) On a separate sheet of paper, draw a ladder logic diagram for the modified relay
ladder schematic shown in Figure 1-6.
b) Enter the program into the PLC, and prove its operation.

L1 L2
< 120 VAC >|
Fressune  Tsmpermture oL Figure 1-6 Relay schematic for
switch switch
1 OIO e M assignment 2.
Motor
starter
coil
¢ —o0 O0—
Manual
pushbutton

3a) On a separate sheet of paper, draw a ladder logic program of the relay schematic
circuit altered so that the manual pushbutton, pressure switch, and temperature switch all
must be closed to permit operation of the motor.

b) Enter the program into the PLC, and prove its operation.

12



4a) On a separate sheet of paper, draw a modified ladder logic program for the relay
schematic circuit altered so that the motor will operate when either the manual
pushbutton, pressure switch, or temperature switch is closed.

b) Enter the program into the PLC, and prove its operation.

13



CHAPTER 2 PLC Hardware Components

TEST 2.1

Choose the letter that best completes the statement.

I.A is an example of a device that could be used to provide a 1.
discrete input to a PLC.

a) pushbutton ¢) limit switch

b) selector switch d) all of the above

2.A is an example of an actuator that could be controlled by a discrete 2.

output from a PLC.

a) pushbutton b) motor starter

¢) limit switch d) all of the above

3. A(n) input or output is a continuously variable signal within a 3.
designated range.

a) discrete c) BCD

b) digital d) analog

4. One function of a PLC input interface module is to 4.

a) accept signals from field devices and convert them into signals that

can be used by the processor.

b) convert signals from the processing unit into values that can be used

to control the machine or process.

c) input signals from the programming device and convert them into signals
that can be used by the CPU.

d) interpret and execute the user program that controls the machine or process.

5. The location of a specific input or output field device is identified by the 5.
processor by means of its

a) voltage rating. c) wattage rating.

b) current rating. d) address.

14



6. A discrete output interface module is designed to provide 6.
a) output voltages only in the 5-VDC range.

b) varying AC or DC voltages depending on the type of module selected.

¢) ON/OFF switching of the output field device.

d) binary-coded outputs.

7. The following statement that does not apply to the optical isolator 7.
circuit used in I/O modules is that it

a) separates high-voltage and low-voltage circuits

b) rectifies AC signals.

c) prevents damage caused by line voltage transients.

d) reduces the effect of electrical noise.

8. Individual outputs of a typical AC output interface module usually have 8.

a maximum current rating of about

a)l Aor2A. ¢) 50 mA or 100 mA.

b) 25 A or 50 A. d) 250 pA or 500 pA

9. Which of the following input field devices would most likely be used 9.
with an analog interface input module?

a) Pushbutton c) Selector switch

b) Limit switch d) Thermocouple

10. The “ON state input voltage range” specification refers to 10.

a) the type of voltage device that will be accepted by the input.
b) range of leakage voltage present at the input in its ON state.

¢) minimum and maximum output operating voltages.

d) voltage at which the input signal is recognized as being ON.

11. Volatile memory elements can be classified as those that 11.
a) do not retain stored information when the power is removed.

b) retain stored information when the power is removed.

c¢) do not require a battery backup.

d) both b and c.

15



12. memory is used by the PLC’s operating system.

a) RAM c) Flash

b) EEPROM d) ROM

13.___ isatype of memory commonly used for temporary storage of
data that may need to be quickly changed.

a) RAM c) EPROM

b) ROM d) EEPROM

14. The most common form of memory used to store, back up, or transfer
PLC programs is

a) RAM. c) EEPROM.

b) Flash EEPROM. d) both b and c.

15. In event of a power interruption, a(n) ______ is used in some processors
to provide power to the RAM.

a) inductor c) transistor

b) capacitor d) resistor

16. Which of the following is not a function of a PLC programming

device?

a) To enter the user program c¢) To execute the user program
b) To change the user program d) To monitor the user program

17. Status indicators are provided on each output of an output module
to indicate that the

a) load has been operated.

b) input associated with the output is active.

¢) module fuse has blown.

d) output is active.

18. The I/O system provides an interface between
a) input modules and output modules.

b) the CPU and field equipment.

¢) the CPU and I/O rack.

d) the I/O rack and I/O modules.

16

12.

13.

14.

15.

16.

17.

18.



19. The PLC chassis comes in different sizes according to the

a) size of the program.

b) type of I/O modules used.

20. The Allen-Bradley SLC-500 address 1:2/4 refers to an
a) input module in slot 4, terminal 2.

b) output module in slot 4, terminal 2.

c¢) input module in slot 2, terminal 4.

d) output module in slot 2, terminal 4.

21. The Allen-Bradley SLC-500 address O:3/0 refers to an

a) input module in slot 3, terminal 0.

b) output module in slot 3, terminal 0.

¢) input module in slot 0, terminal 3.

d) output module in slot 0, terminal 3.

-~

Status
oEEE | EEEm
DEDE | EEED
Input Output
Inputs Outputs

%, D
20 @0
D1 D1
Q2 D2
23 D3
D 4 D 4
25 D5
26 D6
D7 D7
%) %

Figure 2-1 1/0 module for question 22.

22. For the I/O module of Figure 2-1, the arrows point to the

a) status indicator connections.

b) input connections.

Section #1

Input
signal

Bridge
rectifier

}—

Zener
diode
level
detection

¢) output connections.

Section #2

N Input status

- b
indicator
/7 N

1 [

Opto-electrical
isolation

] [

EE

Logic |
circuits | To processor

pr——

19.

c¢) number of slots it contains.
d) all of the above

20.

21.

22.

d) power supply connections.

Figure 2-2 Block

diagram for question

23.

17



23. For the block diagram of the input module shown in Figure 2-2,

Section #1 represents the and #2 the .
a) AC, DC c¢) power, logic
b) DC, AC d) logic, power

Input module
terminal strip

LED input

Fitar Bridge status indicator

R1 R2 rectifier

Threshold Optical (é\ .

detector isolator ,/

Field wiring

L Digital
e i | logic
@ circuit

Internal module circuit

L2
Common

24-1. The schematic diagram of Figure 2-3 is that of a(n)

a) discrete output module. ¢) discrete input module.

b) analog output module. d) analog input module.

24-2. The purpose of the filter section is to

a) aid in fault diagnosis.

b) set the minimum level of voltage that can be detected.
c) protect against electrical noise interference.

d) separate the higher line voltage from the logic circuits.

24-3. The purpose of the zener diode (Zp) is to

a) aid in fault diagnosis.

b) set the minimum level of voltage that can be detected.
c) protect against electrical noise interference.

d) separate the higher line voltage from the logic circuits.

24-4. The purpose of the LED indicator is to

a) aid in fault diagnosis.

b) set the minimum level of voltage that can be detected.
¢) protect against electrical noise interference.

d) separate the higher line voltage from the logic circuits.

18

23.

Figure 2-3
Schematic
diagram for
question 24.

24-1.

24-2.

24-3.

24-4,



24-5. The purpose of the optical isolator is to 24-5.
a) aid in fault diagnosis.

b) set the minimum level of voltage that can be detected.

¢) protect against electrical noise interference.

d) separate the higher line voltage from the logic circuits.

\./
£ Load :
] : s ” Folgure 2-4 Block
: peosmosEener I i \: diagram for
Input Logic | Opto-electrical | ectronic 120 VAC
circuits | | isolation | | switch question 25.
—— — —-1»_L2
25. For the block diagram of the output module shown in Figure 2-4, 25.
the input comes from the
a) input field device. b) processor.
c) output field device. d) line power supply.
LED output

status indicator Output module

Optical switch terminal strip
isolator L1 . .
: Fuse Figure 2-5 Schematic
Digital . .
logic Field Wiring diagram for question 26.
circuit
Load [—L2

Internal module circuit

1=

26-1. The schematic diagram of Figure 2-5 is that of a(n) 26-1.
a) discrete output module. ¢) discrete input module.

b) analog output module. d) analog input module.

26-2. The input signal to the module comes from 26-2.

a) the input field device.

b) the output field device.

c) internal logic circuitry of the processor.
d) eitheraorb

19



26-3 The purpose of the triac switch is to 26-3.
a) turn the load ON and OFF.

b) vary the current flow to the load in accordance with the input signal level.

c) vary the voltage across the load in accordance with the input signal level.

d) both b and c.

26-4 When the triac is in the OFF state, 26-4,
a) zero current always flows through the load.

b) a small leakage current may flow through the load.

c) the rated surge current flows through the lamp.

d) the rated nominal current flows through the lamp.

L1 L2 L3
|
CR oL Mo Mo M=
_'{ M Figure 2-6 Schematic diagram for
i 8 o 8 question 27.
coil T1 T3

BITeIES]
&

vy
L

/,
/

Interposing
k relay coil

Q_Ilg]’,

=
N

27. The schematic diagram of Figure 2-6 is an example of how a PLC 27
output module is connected to

a) isolate the load from the controller. ¢) vary the speed of a motor.

b) control a high resistance. d) control a high current load.

28. Which of the following devices can be used for switching the output 28.

of a discrete DC output module?

a) Transistor c) Relay

b) Triac d) Eitheraor c

20



@0
2 1
Current A ® 2
sourcing L L | 5 3
sensor [ |, 4
i @5 Figure 2-7 Current sourcing sensor for question 29.
Power 2 6
Supply o7
_I 2
Common
29. The current sourcing sensor shown in Figure 2-7 must be matched 29.
with a PLC input module.
a) current sinking c) alternating current
b) current sourcing d) eithera or b
30. Typical analog inputs and outputs can vary from 30.
a) 0 to 20 mA. c)0to 10V
b) 4 to 20 mA. d) all of the above
5evel
Level Indicator . _ .
N ol 8 pr Figure 2-8 Block diagram
Input for question 31.

Module

31. For the block diagram of the analog PLC control shown in 31
Figure 2-8, which part has a binary input and analog output value?

a) Level transmitter ¢) Processor

b) Input module d) Output module

Figure 2-9 Block thermocouple input module for

question 32.

<1

21



32-1. For the thermocouple analog input module shown in Figure 2-9, 32-1.
shielded cable is used to

a) reduce unwanted electrical noise signals.

b) carry the higher current required.

c¢) lower the resistance of the conductors.

d) insulate the circuit from other cables.

32-2. The thermocouple shown is a(n) 32-2.
a) ungrounded type with the shield grounded at the module end.

b) ungrounded type with the shield grounded at the thermocouple end.

c¢) grounded type with the shield grounded at the module end.

d) grounded type with the shield grounded at the thermocouple end.

33. The main element of an analog output module is 33.
a) AC to DC rectifier. ¢) analog to digital converter.
b) DC to AC inverter. d) digital to analog converter.

Analog output

Valve

Figure 2-10 Analog 1/0O system for question 34.

Level sensor

|
=

Analog input

34. For the PLC analog I/O control system shown in Figure 2-10, the 34.
fluid flow is controlled by

a) varying the amount of the valve opening.

b) switching the valve ON and OFF.

c¢) switching the level sensor ON and OFF.

d) varying the position of the level sensor.

35. Which of the following special I/O modules would be used to operate 35.
a seven-segment LED display?
a) Encoder-counter module ¢) Stepper-motor module

b) BCD-output module d) High-speed counter module

22



36. A module is used to establish connections for the exchange
of data.

a) thumbwheel C) servo

b) communication d) PID

37. High-density I/O modules
a) may have up to 64 inputs or outputs per module.
b) require more space.

c¢) can handle greater amounts of current per output.
d) all of the above

38. Discrete I/O modules can be classified as
a) bit oriented. ¢) processor oriented.

b) word oriented. d) power supply oriented.

39. Which of the following specifications defines the number of
field inputs or outputs that can be connected to a single module?

a) Electrical isolation c¢) Threshold voltage
b) Points per module d) Current per input
40. The of an analog I/O module specifies how accurately an

analog value can be represented digitally.
a) number of inputs and outputs per card
b) input impedances and capacitances

¢) resolution

d) common mode rejection ratio

41. The processor module of the PLC is where the

a) ladder logic program is stored. b) input connections are made.

¢) output connections are made. d) sensors are located.

36.

37.

38.

39.

40.

41.

23



PROCESSOR MODULE

g —4 Block 1 H Block 2

Communication

interface
Figure 2-11 Processor module for
l /O modules l question 42.
Discrete Analog
10) 1/0
Idf:viccs devices
fg Ha
42. For the processor module shown in Figure 2-11, Block 1 represents 42.
the  and Block 2 the .
a) input, output ¢) memory, CPU
b) output, input d) CPU, memory
43. When placed in the mode, the processor does not 43.
scan/execute the ladder program.
a) program c) test
b) run d) remote
44. The most commonly used programming device is a 44.

a) personal computer.

b) dedicated industrial programming terminal.
c¢) handheld programmer.

d) proprietary programming device.

45. Electronic components found in PLC modules 45.
a) are not affected by electrostatic voltages.

b) can be damaged by electrostatic voltages.

¢) can have their performance degraded by electrostatic voltages.

d) both b and ¢
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46. Batteries are used in a PLC’s processor to 46.
a) operate the status light LEDs.
b) maintain data in volatile memory when line power is removed from the processor.

¢) maintain data in nonvolatile memory when line power is removed from the processor.
d) maintain outputs through a power failure.

[’j[.j screen

47. The ___ tagis often used to create a tag name to represent 47.
a real world input or output.
a) base c) alias
b) predefined b) INT
48. The resizing of a signal to meet the requirements of the 48.
using component of a PLC system is known as
a) scaling c¢) amplification
b) grading b) protocol
49. For the HMI package shown, the unlabeled block 49.
represents the
a) processor ¢) input module
b) tag database b) output module
___________________ PLC
r i [ o T
[ : : ;
| 1 ' 5
1 p mmu ~ I |
I EEmasas f -
: 4 : Communication
I L4 | ports
i Graphic |
! |
: I
| I

R T Y S S ——
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50. A fault condition which is present but the HMI alarm
message has not been acknowledged by the operator is
said to be in the ____ state.

a) active c) ready

b) inactive b) OK

51. Which of the following HMI program features provides the
ability to chart the progress of a process in real time in a
manner similar to that of a strip chart recorder?

a) Tend c¢) Graphics Library

b) Alarms b) Event History
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TEST 2.2
Place the answers to the following questions in the answer column at the right.

1. An analog input or output is a signal that varies continuously
within a certain range. (True or False)

2. The I/O section of a PLC system can consist of an
I/O rack and individual I/O.

3. The location of a module within a rack and the terminal number of a

module to which an input or output device is connected will determine

the device’s .

4. Most input modules have blown fuse indicators. (True or False)

5. The I/O address is used by the processor to identify where the

device is .
6. A standard I/0O module consists of a(n) (a) board
and a(n) (b) assembly.

7. 1/0 modules are designed to plug into a slot or connector. (True or
False)

8. Discrete 1/O interfaces allow only type devices to
be connected.

9. I/O modules’ circuitry can be divided into two basic sections:
the (a) section and the (b) section.

10. Optical isolation used in I/O modules helps reduce the effects
of electrical noise. (True or False)

11. AC output modules often use a solid-state device such as
a(n) to switch the output ON and OFF.

6a.
6b.

9a.
9b.

10.

11.
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12. I/O modules are keyed to prevent unauthorized personnel from 12.
removing them from the I/O rack. (True or False)

13. The maximum current rating for the individual outputs of an AC 13.
output module is usually in the 20- to 30-Ampere range. (True or False)

14. A(n) relay is used for controlling larger load currents. 14.
15. Analog input interface modules contain a(n) converter 15.
circuit.

16. A thermocouple would be classified as an analog input sensing 16.

device. (True or False)

17. Shielded twisted pair cable is used for connecting to thermocouple 17.
inputs to reduce unwanted electrical noise. (True or False)

18. Electrical noise usually causes permanent operating errors. 18.
(True or False)

19. Match each of the following specifications with the appropriate description. Place the
number from the specifications list in the answer column.

SPECIFICATION
1) nominal current per input
2) ON-state input voltage range
3) OFF-state leakage current
4) electrical isolation
5) input delay
6) nominal input voltage
7) surge current
8) output voltage range
9) maximum output current rating
10) nominal output voltage

28



DESCRIPTION

a) Maximum voltage isolation between the I/O circuits and the

controller logic circuitry.

b) Maximum value of current that flows through the output in its

OFF state.

¢) Maximum inrush current and duration an output module can withstand.
d) Maximum current that a single output and the module as a whole

can safely carry.

¢) Minimum and maximum output operating voltages.

f) Magnitude and type of voltage source that can be controlled by the output.

g) Duration for which the input must be ON before being recognized

as a valid input.

h) Minimum input current that the input device must be capable of
driving to operate the input circuit.

1) Voltage level at which the input signal is recognized as being ON.

j) Magnitude and type of voltage signal that will be accepted by the input.

20. The processor continually interacts with the
to interpret and execute the user program.

21. The processor may perform functions such as timing, counting, and

comparing in addition to logic processing. (True or False)

22. Memory is where the control plan is held or stored in the controller.
(True or False)

23. One ____is a memory location that may store one binary number that

has the value of either 1 or 0.

24. A volatile memory will lose its programmed contents if operating
power is lost. (True or False)

25. A nonvolatile memory will retain its programmed contents if operating
power is lost. (True or False)

26. RAM memory is nonvolatile. (True or False)

19a.

19b.

19c.
19d.

19e.

19f.

19¢.

19h.

191.

19;.
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27. Information stored in a RAM memory location can be written
into or read from. (True or False)

28. When a new program is loaded into a PLC’s memory, the old program
that was stored in the same locations is overwritten and essentially erased.
(True or False)

29. The type of battery typically used by PLC processors is .

30. Flash memory functions similar to ___ memory.

31. Most PLC programming software will allow you to develop programs

on another manufacturer's PLC. (True or False)

32. Analog signals can have only two states. (True or False)

33. Memory modules used to copy a program from one PLC to another

usually contain ___ memory.

34. A modular PLC that has room for several I/O modules is capable of
being customized for a particular application. (True or False)

35. Remote /O racks are linked to the local rack through a(n)

module.

36. In general, rack/slot-based addressing elements include (a) __, (b) __,
and (c) __.

37. I/O modules are normally installed or removed while the PLC
is powered. (True or False)

38. A module inserted into the wrong slot could be damaged.
(True or False)

39. Modules receive voltage and current for proper operation from the
of the rack enclosure.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36a.
36b.
36¢.

37.

38.

39.



40. The two basic types of analog input modules are (a) ___sensing and 40a.

(b) ___sensing. 40b.
41. Intelligent I/O modules have their own on board. 41.
42. A redundant PLC system is configured using two processors. 42.

(True or False)

43. Most PLC electronic components are not sensitive to electrostatic 43.
discharge. (True or False)

4 EEEE Processor memory
Status table
=T OOOOOOOXOOOOOO"O Figure 2-12 1/0 module and
#2 0000000600000060 table for question 44.
0000000000000000
0000000000000000
0000000000000000

44. Answer each of the following for the I/O module and status table shown in
Figure 2-12.

a) The type of module shown is a(n) ___ (discrete or analog) module. 44a.__
b) The type of image table shown is a(n) __ image table. 44b.___
c¢) The status light indicator associated with device #1 would be ____. 44c._
(ON or OFF)

d) The status light indicator associated with device #2 would be ____. 44d._
(ON or OFF)

e) The value stored in memory for device #1 would be ___. 44e.__
f) The value stored in memory for device #2 would be ___. 44f._
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Processor memory

5500 Of)’aa“ag‘;’;o 0000o| |EE Figure 2-13 I/O module and

PL1
0000000000000000 | — H table for question 45.
0000000000000000
0000000000000000 J}\}
0000000010000100 e

45. Answer each of the following for the I/O module and status table shown in
Figure 2-13.

a) The type of module shown is a(n) __ (discrete or analog) module. 45a._
b) The type of image table shown is a(n) __ image table. 45b.
c¢) The status light indicator associated with PL1 would be ____. 45¢.
(ON or OFF)

d) The status light indicator associated with PL2 would be ____ . 45d._
(ON or OFF)

e) PL1 would be switched ___. (ON or OFF) 45e.____
f) PL2 would be switched ___. (ON or OFF) 45f._
46. One advantage of discrete relay contact output modules is that they 46.

can be used with AC or DC devices. (True or False)

47. If you had a handheld programming terminal from one manufacturer, 47.
you can program only that manufacturer’s PLC using it. (True or False)

48. Hot swappable I/O modules are designed to be changed with the power  48.
on and the PLC operating. (True or False)

(a).

[ofofoJ1[1ofofofo]ofo] ’(L)'[Ololol Figure 2-14 Data types for
| 4 .
} ©) | question 49.
49. Identify data types (a) __, (b) __, and (c) __ shown in Figure 2-14. 49a.
49b.
49c.
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50. HMI screens are developed using software package on a PC which is
downloaded into the PLC operator interface device. (True or False)

51. Discrete means that each input or output has two states: true (ON) or
false (OFF). (True or False)

52. Light is used in I/O modules to separate the real-world electrical signals
from the PLC internal electronic system.(True or False)

53. Digital modules are also called discrete modules. (True or False)

54. The sum of the backplane current drawn for all modules in a chassis is

used to select the appropriate chassis power supply rating. (True or False)

52.

53.

54.
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Programming Assignments

1) For the PLC you will be working with, summarize the specifications for the

a) input module(s). €) processor.

b) output module(s). d) power supply.
Ladder logic program

L1 Inputs PB1 PL1 Outputs

1] ) r Figure 2-15 Program for

0—PB1 I N/ PL1 .
assignment 2.
PB2 PL2
PB2 H -——< >k PL2

2a) Program your controller to operate according to Figure 2-15.

b) Download the program to the PLC.
) Run the program, and observe the status of the bits stored in the input and output

image tables.

Ly [nputs Ladder logic program Outputs
swi swz2  PL1 )
o—SWi1 [ 1 [ < Figure 2-16 Program for
assignment 3.
o—SwW2

3a) Program your controller to operate according to Figure 2-16.

b) Download the program to the PLC.
¢) Run the program, and observe the status of the bits stored in the input and output

image tables.

Inputs Ladder logic program Outputs

L1
SW1 Figure 2-17 Program for
o—SW1
J l assignment 4.
o—SwW2

34




4a) Program your controller to operate according to Figure 2-17.

b) Download the program to the PLC.

¢) Run the program, and observe the status of the bits stored in the input and output

image tables.

Ladder logic program

L1 Inputs SW1 PL1
][ N

o L \J

SW1 PL2

PL1

PL2

Outputs
L2

Figure 2-18 Program for

assignment 5.

Sa) Program your controller to operate according to Figure 2-18.

b) Download the program to the PLC.

¢) Run the program, and observe the status of the bits stored in the input and output

image tables.
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CHAPTER 3 Number Systems and Codes

TEST 3.1
Choose the letter that best completes the statement.

1. The decimal system has as its base
a) 2. c) 8.
b) 5. d) 10.

2. Which of the following number systems has a base of 16?
a) Hexadecimal ¢) Binary-coded decimal
b) Octal d) Gray code

3. In any number system, the position of a digit that represents part of the
number has a “weight” associated with its value. The place weights for
binary,

a) start with 1 and are successive powers of 2.

b) increase by adding 2 for each place, starting with 0.

c) increase by adding 2 for each place, starting with 2.

d) start with 2 and double for each successive place.

4. The number 12 is
a) 12 in any number system. ¢) 12 in binary.
b) 12 in decimal. d) all of the above

5. The decimal number 15 would be written in binary as
a) 1111. c) 4C.
b) 1000. d) 00011001.

6. The binary number 101 has the decimal equivalent of

a) 3. c) 41.
b) 101. d) 5.
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7. The number 127 could not be
a) decimal. c) octal.
b) hexadecimal. d) binary.

8. The octal number 153 would be written in binary as
a)011 101 001. c)011 111 101.
b) 001 101 O11. d) 010 100 011.

9. The binary number 101101 would be written in decimal as
a) 21. c) 45.
b) 36. d) 62.

10. The decimal number 28 would be written in binary as
a) 11100. c) 10110.
b) 00111. d) 01011.

11. The octal number 62 would be written in decimal as
a) Al12. ¢) 50.
b) F35. d) 98.

12. The hexadecimal number C4 would be written in decimal as
a)21. c) 182.
b) 48. d) 196.

13. The hexadecimal number 2D9 would be written in binary as

a) 0010 1101 1001. c) 1100 1111 0010.
b) 1001 1011 0010. d) 0010 1011 1001.

14. The decimal number 213 would be written in BCD as

a) 0010 0001 0011. c) 0111 1001 0011.
b) 1101 1000 1100. d) 1011 1101 0101.
No. 2 No. 3

¥ ¥
Lol+[1]ofoft]+]ofofofs]+]1]o]+]1]
|<

| No. 1 ~I

- No. 4 >

10.

11.

12.

13.

14.

Figure 3-1 Data for question 15.
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15-1. One byte of the data shown in Figure 3-1 is represented by 15-1.
a) No. 1. ¢) No. 3.
b) No. 2. d) No. 4.

15-2. The MSB of the data shown in Figure 3-1 is represented by 15-2.
a) No. 1. c¢) No. 3.
b) No. 2. d) No. 4.

Bits
1514131211109 8 76 54 3 2 1 0

0000
0001
0002
0003
0004 (0|1(1(0|Of1|1(O0(0|Of1|1|1[O]|1
0005

Figure 3-2 Memory size for question 16.

-t

1019
1020
1021
1022
1023

Word
Addresses

16. Figure 3-2 represents a memory size of 16.
a) 1023 K. c) 500 K.
b) 1000 K. d) 1 K.

17. The main advantage of using the Gray code is 17.
a) only one digit changes as the number increases.

b) it can be easily converted to decimal numbers.

c) large decimal numbers can be written using fewer digits.

d) it uses the number 2 as its base.

18. The acronym BCD stands for 18.
a) binary-coded decimal. b) binary code decoder.
c) base code decoder. d) base-coded decimal.
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19. For a base 8 number system, the weight value associated with the third

digit would be
a) 16. c) 64.
b) 32. d) 512.

20. All digital computing devices operate using the binary number system
because

a) most people are familiar with it.

b) large decimal numbers can be represented in a shorter form.

c) digital circuits can be easily distinguished between two voltage levels.
d) all of the above

21. If a given memory unit consists of 1250 sixteen-bit words, the memory
capacity would be rated

a) 1250 bits. c) 3260 bits.

b) 20,000 bits. d) 156 bits.

22. In the sign bit position, a 1 indicates a(n)
a) negative number. ¢) octal code.
b) positive number. d) hexadecimal code.

23. The 2s complement form of a binary number is the binary
number that results when

a) all the Is are changed to Os.
b) all the Os are changed to Is. d) bothaand b

24. The ASCII code
a) is used with absolute encoders.
b) is considered to be an error-minimizing code.

c) includes letters as well as numbers.

d) all of the above

25. A(n) bit is used to detect errors that may occur while
a word is moved.

a) parity C) positive

b) negative d) overflow

19.

20.

22.

23.

c) 1 is added to the 1s complement.

24.

25.
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TEST 3.2
Place the answers to the following questions in the answer column at the right.

1. PLCs work on numbers in one form or another to

represent various codes or quantities.

2. The decimal system uses the number 9 as its base. (True or False)

3. The only allowable digits in the binary system are (a)
and (b)

4. Each digit of a binary number is known as a(n) .

5. With reference to processor memory locations, the term register is often
used interchangeably with ___.

6. All digital computing devices perform operations in binary.
(True and False)

7. The base of a number system determines the total number of unique
symbols used by that system. (True or False)

8. Match the following bases with the appropriate number system.

BASE NUMBER SYSTEM
1) Base 2 a) Binary

2) Base 16 b) Decimal

3) Base 10 c) Octal

4) Base 8 d) Hexadecimal

9. In any number system, the position of a digit that represents part of
the number has a weighted value associated with it. (True or False)
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3a.
3b.

8a.
8b.
8c.
8d.



10. Match the following decimal numbers with their binary equivalent.

DECIMAL NUMBER BINARY EQUIVALENT
1)9 a) 110011

2)37 b) 1001

3) 51 ¢) 100101

4y 42 d) 101010

11. Usually a group of 8 bits is a byte, and a group of one or more bytes
is a word. (True or False)

12. The bit of a word is the digit that represents the smallest value.

13. A memory that has a capacity of 700 sixteen-bit words can

actually store bits of information.

14. To express a number in binary requires fewer digits than in the
decimal system. (True or False)

15. The octal number system consists of digits 0, 1, 2, 3,4, 5, 6, and 7.
There are no 8s or 9s. (True or False)

16. The octal number 46 expressed as a decimal number would
be

17. The octal number 153 expressed as a binary number would
be

18. The hexadecimal number system consists of 16 digits including the
numbers 0 through 9 and letters A through F. (True or False)

19. Hexadecimal 2F equals in decimal.

20. Hexadecimal A6 equals in binary.

21. The decimal number 29 equals (a) in binary and (b) in BCD.

10a.
10b.
10c.
10d.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21a.

21b.
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22. The BCD number 1000 0101 0110 0111 equals in decimal.

23. In the Gray code there is a maximum of one bit change between

two consecutive numbers. (True or False)

24. The radix of a number system is the same as the base. (True or False)

25. Binary number systems use positive and negative symbols to
represent the polarity of a number. (True or False)

26. Two systems of parity are normally used: (a) and (b) ___ .

27. Add binary 11101 and 1100.

28. Subtract binary 11101 from 111010.

29. Multiply binary 110 and 111.

30. Divide binary 11010 by 10.

31. The three basic compare instructions are (a)

. (b)

32. Without floating point, a PLC word can only represent an
integer or whole number. (True or false)

33. The three basic of a floating point number are
(@) _,(b)__,and (c) _.
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,and (¢) ____

22.

23.

24.

25.

26a.

26b.

27.

28.

29.

30.

31a.

31b.

31ec.

32.

33a.

33b.
33c.



Programming Assignments

1) Complete the following table using the change radix function of a PLC or online

conversion calculator.

Binary Octal Decimal Hexadecimal
101
11
15
D
16
1001011
47
73

2) Construct a program for the monitoring of the setting of a thumb-wheel switch

program shown in Figure 3-3.
- The Convert from BCD Instruction (FRD) is used to convert 16-bit integers into BCD
(Binary Coded Decimal) values.
- The Convert to BCD Instruction (TOD) instruction is used to convert BCD values into

integers.

The instructions used are intended to be generic in nature. Enter the program into the

PLC and prove its operation.

FRD
— 1 FromBCD —
Source Thumb_Wheel_Sw
Dest FRD_Dest
TOD
— | ToBCD —
Source FRD_Dest
Dest LED_Display
BCD I/O Interface
Slot5s Slot6
’» {00 |
0:0:10-{0-| g || LEERLREH
1010

Figure 3-3 Program for assignment 2.
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cuaptEr 4 Fundamentals of Logic

TEST 4.1
Choose the letter that best completes the statement.

1. The binary concept makes use of the fact that certain information
a) can exist in one of two possible states.

b) can be broken down into smaller units for easier analysis.

¢) can be divided into two or more categories.

d) can be divided into two, or multiples of two, categories.

2. A gate is a device that

a) allows current flow in one direction only.

b) changes alternating current to direct current.
¢) performs a logical decision based on its inputs.

d) performs a logical decision based on its outputs.

3. In conventional logic circuits, binary 1 represents
a) the presence of a signal. c) a high voltage level.
b) the occurrence of some event. d) all of these

4. The logic function(s) used by PLCs is (are)
a) AND. c) NOT.
b) OR. d) all of these

5. The basic rule for an AND gate is

a) if all inputs are 1, the output will be 1.
b) if all inputs are 1, the output will be 0.
c) if all inputs are 0, the output will be 1.
d) bothaand b
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6. The basic rule for an OR gate is

a) if one or more inputs are 1, the output is 1.
b) if one or more inputs are 1, output is 0.

¢) if one or more inputs are 0, the output is 1.
d) both b and ¢

7. The NOT function can be thought of as

a) a FALSE-to-TRUE converter. ¢) an inverter.

b) a changer of states. d) all of these

8. A NOT function is used when a logic 1 must some device.
a) activate ¢) switch

b) deactivate d) light

9. The OR function, implemented using contacts, requires contacts
connected in

a) series. c) series/parallel.

b) parallel. d) parallel/series.

A
:DY_ Figure 4-1 Logic symbol for question 10.
B

10-1. The logic symbol drawn in Figure 4-1 is that of the
a) AND function. ¢) NOT function.
b) OR function. d) NAND function.

10-2. The Boolean equation for the logic symbol is

a)Y=4+B8B b) Y = 4B
c)Y=4+B d) either b or ¢

A

B y Figure 4-2 Logic symbol for question 11.
c

10-1.

10-2.
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11-1. The logic symbol drawn in Figure 4-2 is that of the 11-1.

a) AND function. ¢) NOT function.
b) OR function. d) NOR function.
11-2. The Boolean equation for the logic symbol is 11-2.
a)Y=4A+B+C c)Y=(4B)+C
b)Y =ABC d)Y=@A-B)C

A

y  Figure 4-3 Logic symbol for question 12.
. >
12. With reference to the logic circuit of Figure 4-3, the output Y will be 12.

at a logic 1 when

a) inputs 4 and B are logic 1.

b) input 4 or B is logic 1.

c) input A4 is at logic 1 and input B is at logic 0.
d) input 4 is at logic 0 and input B is at logic 1.

e e

Inputs  Output Inputs Output
AB Y A B Y
00 1 00 0
01 0 01 1
10 0 10 1
1 0 11 1 Figure 4-4 Logic symbol for question 13.
(a) (©)
Inputs  Output Inputs Output
AB Y A B Y
00 1 00 0
01 1 01 0
10 1 10 0
11 0 11 1
(b) (d)
13-1. The logic symbol drawn in Figure 4-4 is that of the 13-1.__
a) AND function. c¢) NOR function.
b) OR function. d) NAND function.
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13-2. The truth table for the logic symbol is . 13-2.

4 ‘—D‘)‘ Y Figure 4-5 Logic symbol for question 14.

14-1. The logic symbol drawn in Figure 4-5 is that of the 14-1.
a) NOT function. c) NAND function.
b) NOR function. d) OR function.

14-2. The Boolean equation for the logic symbol is: 14-2.
aA)A=Y c) A=Y
A —
B— y  Figure 4-6 Logic circuit for question 15.
c

15. The Boolean expression for the logic circuit drawn in Figure 4-6 is 15.
a) Y =ABC c)Y=(4-+B)C

b)Y =A+B+C d)Y=4B+C

A

g@—‘ Figure 4-7 Logic circuit for question 16.

)4

D

16. The Boolean expression for the logic circuit drawn in Figure 4-7 is 16.

a) Y = (4B)(CD) b) Y=(4+B+C)D

c) Y=ABC+D d)Y=A4ABC +D

B— A
o— ) >
c— Y
- ———
D—Y i Figure 4-8 Logic circuits for

question 17.

=

(d)

o

T
i

a)
(b)



17. Which logic circuit of Figure 4-8 represents the Boolean expression 17.
Y =A(BC + D)?

A
A
) o -
D———— Y D
= D
c @ % Figure 4-9 Logic
(@ © circuits for
A — .
t 18.
) o question
B : :
o]
[ }—Y
° L B
(b) b

(d)

18. Which logic circuit of Figure 4-9 represents the Boolean expression 18.

Y=(A+B)(C+D)?

A —1»—>&
Figure 4-10 Logic circuit for question 19.

N
¥

B
19. The Boolean expression for the logic circuit drawn in Figure 4-10 is 19.
a) Y=AB+ AB ) Y=AB+AB
b) Y=(4B)(AB) d) Y=(4+B)(A4+B)

A —

E —

D Figure 4-11 Logic circuit for question 20.

— L

20. The Boolean expression for the logic circuit drawn in Figure 4-11 is 20.
a) Y=(4+E)DCB ¢) Y=(4E+D)CB
b) Y=AE(D+C+ B) d) Y=(A+E) DCB
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id Inputs Program QOutput L2
A (o} Y
ofA] [ :>_{
E ’
B

L2 Figure 4-12 Hardwired circuits for

A A c
e—ogo1Xr% ’ question 21.
B, |
(0

L1

(@
L1

L2 L1 L2
A A
R fetetond
B
(b) o

21. Which of the hardwired relay schematics of Figure 4-12 is being 21.
implemented by the PLC program shown?

22. A single rung of a ladder logic program is arranged with 22.
a) input conditions connected from left to right, with the output at the far right.

b) input conditions connected from right to left, with the output at the far left.

¢) the output in the center and the input conditions to the left and right of it.

d) all input conditions in parallel and all output conditions in series.

23. An AND gate operates on the same principle as 23.
a) a series circuit. ¢) a series-parallel circuit.

b) a parallel circuit. d) none of these

24. An OR gate operates on the same principle as 24,
a) a series circuit. c) a series-parallel circuit.

b) a parallel circuit. d) none of these

25. A NOR gate is 25.

a) an AND gate with an inverter connected to the output.
b) an OR gate with an inverter connected to the output.
c) equivalent to a series circuit.

d) equivalent to a parallel circuit.
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26. The basic rule for an XOR function is

a) if one or the other, but not both, inputs are 1, the output is 1.
b) if one or more inputs are 1, the output is 1.

¢) if one or more inputs are 1, the output is 0.

d) if one or more inputs are 0, the output is 1.

27. If you want to know when one or both matching bits in two different

words are ON, you would use the logic instruction.
a) AND c) OR
b) XOR d) NOT
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TEST 4.2
Place the answers to the following questions in the answer column at the right.

1. The binary concept used in logic refers to the fact that many things can
be thought of as existing in one of states.

2. Normally, a binary 1 represents the presence of a signal, while a binary 0
represents the absence of a signal. (True or False)

3. A light that is ON or a switch that is closed would normally be
represented by a binary :

4. All gates are devices that have one input with which they perform logic
decisions and produce a result at one or more of their outputs. (True or False)

5. The gate output is 1 only if all inputs are 1.

6. The gate output is 1 if one or more of its inputs are 1.
7. The NOT output is 1 if the input is

8. The NOT function is also called a(n)

9. In a NAND gate, when all inputs are 0, the output is

10. In a two-input OR gate, when one input is 0 and the other one
is 1, the output is

11. In a NOR gate, when all inputs are 0, the output is
12. In a two-input XOR gate, when both inputs are 0, the output is .

13. In a two-input XOR gate, when one input is 0 and the other is 1,
the output is .

N
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14. All inputs to an AND gate must be 1 to produce a 1 output.
(True or False)

15. All inputs to a NAND gate must be 1 to produce a 1 output.
(True or False)

16. Only one input to an OR gate must be 1 to produce a 1 output.
(True or False)

17. All inputs to a NOR gate must be 1 to produce a 1 output.
(True or False)

18. Inverting the output of an OR gate will result in creating a NOR gate.
(True or False)

19. The mathematical study of the binary number system and logic
is called algebra.

20. The AND function, implemented using switches, will mean switches
connected in parallel. (True or False)

21. A two-input OR function, expressed as a Boolean equation, would be
Y =AB. (True or False)

A —

B— Figure 4-13 Logic circuit for question 22.

c

22. The correct Boolean expression for the logic circuit of
Figure 4-13 is .

c

A
B:E>_ )—Y Figure 4-14 Logic circuit for question 23.

23. The correct Boolean expression for the logic circuit of
Figure 4-14 is .
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y Figure 4-15 Logic circuit for question 24.

B
24. The correct Boolean expression for the logic circuit of 24,
Figure 4-15 is .
A —
B y Figure 4-16 Logic circuit for question 25.
c
25. The correct Boolean expression for the logic circuit of 25.
Figure 4-16 is .
26. Hardwired logic refers to logic control functions determined by the 26.
way devices are interconnected. (True or False)
27. Hardwired logic can be implemented using relays and relay 27.
schematics. (True or False)
28. Hardwired logic is fixed and is changeable only by altering the 28.
way devices are connected. (True or False)
29. Programmable control is based on logic functions that are 29.
programmable and easily changed. (True or False)
30. There is no difference between a relay schematic and a ladder logic 30.
program. (True or False)
31. On some PLCs, only one output is allowed per ladder logic rung. 31.
(True or False)
32. One of the most common PLC programming languages is ladder logic.  32.

(True or False)
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33. Ladder logic is a graphical representation of a user program. 33.
(True or False)

34. Complete the truth table of basic Boolean operations by signifying the correct true or
false condition for each blank space.

A B A and B AorB not A AnorB
False False
False True
True False
True True
Input  —AND
F—— BITWISE AND
Source A B3:51
1111000011001111 Figure 4-17 Instruction for question 35.
Source B B3:72
1100110000101100
Destination B34
0000000000000000
35. What will be the data stored in the destination address B3:4 of 35.
Figure 4-17 when the input is true?
Input NOT
|—l NOT . . .
Source A B3:25 Figure 4-18 Instruction for question 36.
1100110011001100
Destination B3:27
36. What will be the data stored in the destination address B3:27 of 36.

Figure 4-18 when the input is true?

A —

B— Figure 4-19 Gate logic for question 37
¢ }y program answer.

37. Draw a PLC ladder diagram program for the gate logic array shown in Figure 4-19.
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A D G H M
] 1 Figure 4-20 PLC ladder diagram logic gate array

B E

] answer for question 38.
c F

L

38. Draw the equivalent gate logic array for the PLC ladder diagram shown in
Figure 4-20.

39. A truth table is a graphical illustration of the relationship 39.
between input and output logic levels of a gate circuit. (True or False)

40. The dot (.) or no symbol represents the AND operation. (True or False)  40.

41. The minus (—) symbol is used to express the OR function in 41.
Boolean algebra. (True or False).

42. An inverter is a digital circuit which takes a digital input and 42.
produces an output which is the opposite state of the input. (True or False)

43. The output of the NAND gate is exactly the opposite of the 43.
OR gate for the same combinations of inputs. (True or False)

44. The output of the NOR gate is exactly the same as the 44.
AND gate. (True or False)
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Programming Assignments
Relay schematic Ladder logic program

L1 L2
LS1 LS2 L A ° Y
l,%HvHH 1

Boolean equation: AB =Y

Figure 4-21 Program for assignment 1.

1) Program the relay schematic of Figure 4-21 using your PLC, and simulate its

operation.
Relay schematic Ladder logic program
L1 soL 2 A Y
LS1 1t #
5 Figure 4-22 Program for assignment 2.
LS2 it
1L

Boolean equation: A +B =Y

2) Program the relay schematic of Figure 4-22 using your PLC, and simulate its

operation.

L1 Relay schematic L2 Ladder logic program

LSt PS PL A c ¥
LS2 | Z : Figure 4-23 Program for
& assignment 3.

Boolean equation: (A + B)C =Y

3) Program the relay schematic of Figure 4-23 using your PLC, and simulate its

operation.
Relay schematic Ladder logic program
L1 L2
st Fs1PL A c Y
B D Figure 4-24 Program for
LS2 FS2 F 1 F .
o—o—ot assignment 4.

Boolean equation: (A+B)(C+D) =Y
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4) Program the relay schematic of Figure 4-24 using your PLC, and simulate its

operation.
Relay schematic Ladder logic program
L2
Ls1  Ls2 R A B ¥
Figure 4-25 Program
00,0 —] _( gure 5 Progra
- c for assignment 5.
o— | !

Boolean equation: (AB)+C =Y

5) Program the relay schematic of Figure 4-25 using your PLC, and simulate its
operation.

Relay schematic Ladder logic program

L1 L2
LSt LS2 PL A B 14 .
Figure 4-26 Program for
—O0E [_] [_‘( g. £
LS3 LS4 c D assignment 6.
oo ==

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

6) Program the relay schematic of Figure 4-26 using your PLC, and simulate its
operation.

Relay schematic Ladder logic program

L1
@ sy Tk i A B Y b . } . y
LS1 2 ) .
\’%\O—%Q—H I/ 1gure rogram for assignmen

Boolean equation: AB =Y

7) Program the relay schematic of Figure 4-27 using your PLC, and simulate its
operation. The program is meant to turn on the output when LS1 is closed and LS2 is not
closed.

8) Execute each of the following Boolean equations as a ladder logic rung. Program each
rung into the PLC, and prove its operation.

a) Y=(4+B)CD ¢) Y=[(4+B)C] + DE
b) Y=(4BC)+D+E d) Y=(4BC)+(DEF)

9) Develop a PLC program that will simulate the operation of the XOR function. Enter
the program into the PLC, and prove its operation.
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10) A conveyor will run when any one of four inputs is on. It will stop when any one of

four other inputs is off. Develop a PLC program that will simulate this operation. Enter

the program into the PLC, and prove its operation.

Figure 4-28 Gate array for assignment
Y
11.

11) Develop a PLC program that will simulate the gate array logic shown in Figure 4-28.

Enter the program into the PLC, and prove its operation.

Input
[_

—AND
Source A B3:1
Source B Ba:g
Destination Bazg
0

“

Figure 4-29 Logical AND program for
assignment 12.

12) Enter the logical AND program shown in Figure 4-29 into the PLC. Use the data
monitor function to store the following data:

B3:1=1111 0000 1111 0000

B3:2=0000 0000 1111 0000

Run the program, and verify that B3:3 contains the following bit pattern:

B3:3=0000 0000 1111 0000

Input
—

—XOR
Source A B3:5
Source B BS:g
Destination B:a:g
0
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13) Enter the logical XOR program shown in Figure 4-30 into the PLC. Use the data
monitor function to store the following data:

B3:5=101011000111 1111 B3:6=101001110111 0111
Run the program, and verify that B3:7 contains the following bit pattern:
B3:7=0000 1011 0000 1000

14) Assume you have an alarm condition as part of a machine operation that tells you
when one (or more) of eight limit switches wired into one input module is not in the
correct position to allow the process to continue. Develop a program that uses the XOR
logical instruction and that provides a simple means for the troubleshooter to isolate
which switch (or switches) is in the wrong position by operating a pushbutton. Enter the

program into the PLC, and prove its operation.
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CHAPTER Basics of PLC Programming

TEST 5.1

Choose the letter that best completes the statement.

1. The will account for most of the total memory of a given 1.
PLC system.

a) input image table file C) user program

b) output image table file d) internal operating instructions

2. The status bit of switches and pushbuttons connected to a PLC are 2.
stored in the

a) input image table file. C) user program.

b) output image table file. d) all of these.

3. The memory organization of a PLC can be divided into what two broad 3.
categories?

a) Input and output image files ¢) Program and data files

b) Timer and counter files d) Control and integer files

111 0:2
<o [ |-¢
<o [l |-© 6
so @ |- @
<o @ |-¢ @
<o |e m|m
<o @ |e @

?2??—Ppsom|e @
somilem Figure 5-1 1/O module for question 4.
<o [ |-e @
<o [ |-e E
<o il |-o Ea
<o il |-o
<o |e |
<o §H |¢ =
<o |e I
<o §H e @

4. The address for the point on the I/O module shown in Figure 5-1 4.
would be

a) [:6/1. c) 0:6/1.

b) I:1/6. d) O:1/6.
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111 0:2
<o [ |-e
<o [l —0—
so [ |-e [
<o [E |- [E
<o |e m
<o |e @
<o [ |e @
<o %m
<o @ | Eeg—77?7?
<o @ |-e E
<o §il |-¢ K&
<o 5l o E
<o iH|e 1’
<o iH |-o =
<o e m
<o | =

Figure 5-2 I/0 module for question 5.

5. The address for the point on the I/O module shown in Figure 5-2

would be
a) [:2/8. c) 0:8/2.
b) I:8/2. d) 0:2/8.
]
L1
%]
Q@
(open) g
2|
% Figure 5-3 Input module for question 6.
closed Q
2 ?

6. For the input module of Figure 5-3, the data stored in the word

corresponding to the open switch would be ____ and that for the closed
switch would be ___, respectively.

a)l,1 c)0,0

b) 0, 1 d)1,0
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e Figure 5-4 Output module for

question 7.

| l@l@l@l@l@l@l@l@l%

7. For Figure 5-4, according to the data stored in the word corresponding
to the outputs, PL1 would be ____ and PL2 would be , respectively.
a) on, on ¢) on, off

b) off, off d) off, on

8. The scan is normally a sequential process of

a) reading the control logic, evaluating the outputs, and updating the inputs.
b) writing the control logic, evaluating the outputs, and updating the inputs.
c¢) reading/writing the status of inputs and updating the outputs.

d) reading the status of inputs, evaluating the control logic, and energizing
or de-energizing the outputs.

9. Which of the following is a factor in determining the total scan time?
a) Length of the ladder program

b) Type of instructions executed

¢) Speed of the processor

d) All of these

10. If a PLC has a total scan time of 10 ms and has to monitor a signal

that , then the controller may not detect this change.

a) changes state once in 20 ms c) is constantly changing

b) is fast d) changes state twice in 5 ms
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Input Output o
Input image image utput
data — | tablo table [ data
file file
A
Examine Return Figure 5-5 Scan process for question
data result
11.
Program |
ri1FE3FE (
}% =/t t L )‘{
11-1. For the scan process illustrated in Figure 5-5, the input data are 11-1.
provided by the
a) ladder program. ¢) input module.
b) output module. d) all of these
11-2. The output data are sent to the 11-2.
a) output field devices. ¢) input module.
b) output module. d) ladder program.
{o_o_oFo!n;luél_TaIZi;a_?o_o_oILo,4 ﬁ Siep:l
e et H]
:1”‘:'_‘ a Figure 5-6 Scan process for question 12.
H HH —— -
H— ———H
—llll:l—( H
—* END
[oToloJofolofololoolol1Tol0]1]o] = E
Output Image Table

12. For the scan process illustrated in Figure 5-6, step 2 involves 12.
a) solving the ladder program. ¢) transferring data to the input module.
b) transferring data to the output module.  d) reading data from the input module.

13. The two types of patterns used to accomplish the scan function are 13.
a) horizontal and vertical. ¢) up and down.
b) left and right. d) input and output.
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14. A(n)
a) horizontal
b) vertical

scan pattern examines instructions rung by rung.

15. The actual scan time is:
a) calculated and stored in the PLC’s memory.

b) computed each time the END instruction is executed.

c) the time taken to scan inputs and outputs and execute the user program.

d) all of these

c) input
d) output

16. Which of the following standard PLC programming languages is a

graphical language?

a) Function Block Diagram

b) Ladder Diagram

BAND 01

o Dat—f

BAND
Boolean And

Out

¢) Sequential Function Chart
d) All of these

Caution Figure 5-7 Program for

3_0_ question 17.

17. The PLC program of Figure 5-7 isa __ type.

a) structured text

b) functional block diagram

c) ladder diagram
d) structured text

18. The Examine If Closed instruction

a) is also known as the Examine-On instruction.

b) is also known as the XIC instruction.

c¢) looks and operates like a normally open relay contact.

d) all of these

19. The instructions always interpret a 1 status as true and a 0 status
as false.

a) XIC ¢) contact

b) XIO d) all of these
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20. The Examine If Open instruction

a) is also known as the Examine-Off instruction.

b) is also known as the XIO instruction.

c¢) looks and operates like a normally closed relay contact.
d) all of these

21. The Output Energize instruction

a) is also known as the OTE instruction.

b) signals the PLC to energize or de-energize the output.
¢) looks and operates like a relay coil.

d) all of these

A B c D Y
1]
3 EA

E
1 F
AL

Figure 5-8 Program for question 22.

22-1. For the program of Figure 5-8, instruction 4 represents an

a) Examine If Closed instruction. c¢) Output Energize instruction.

b) Examine If Open instruction. d) Input Energize instruction.

22-2. Instruction B represents an

a) Examine If Closed instruction. ¢) Output Energize instruction.

b) Examine If Open instruction. d) Input Energize instruction.

22-3. Instruction Y represents an

a) Examine If Closed instruction. c¢) Output Energize instruction.

b) Examine If Open instruction. d) Input Energize instruction.

22-4. Which of the following input combinations will result in the ¥ output
being energized?

a) Aand Band C and D c)AorBorCorD

b) A and not B and not C and D d) £ and not D

20.

21.

22-1.

22-2.

22-3.

22-4.
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23. A programmed XIO instruction

a) with a bit status of 1 will not have logic continuity.
b) is examined for an OFF condition.

¢) is examined for an ON condition.

d) bothaand b

24. A programmed XIC instruction

a) with a bit status of 1 will have logic continuity.
b) with a bit status of 0 will have logic continuity.
c) is examined for an OFF condition.

d) both b and ¢

25. A ladder rung is said to have logic continuity when
a) at least one left-to-right true logical path exists.
b) all input instructions are at a logic 1.
¢) all input instructions are at a logic 0.
b) both a and b
Slot 2

L1 28

EeF

LK

Ls1

26. The most likely module address for LS1 of Figure 5-9 is

a) LSI 12. c) [:2/2.
b) LS1 O2. d) 0:2/2.
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Slot 3

| L2

'
.l

.-Br——

=

PL1 Figure 5-10 Module for question 27.

27. The most likely module address for PL1 of Figure 5-10 is 27.
a) 1:3/6. c) 0:3/6.

b) 1:6/3. d) 0:6/3.

28. The addressing format used with PLCs 28.
a) is standard for all PLCs.

b) indicates what PLC input is connected to what input device.

¢) indicates what PLC output is connected to what output device.

d) both b and ¢

29. Branch input instructions are used to create a 29.

a) series path of input instructions.
b) parallel path of input instructions.

] %{

A HH
Sl

30-1. For the matrix limitation diagram of Figure 5-11, the maximum 30-1.
number of parallel rows allowed is

a) one. c) five.

b) four. d) limited only by the memory size.
30-2. The maximum number of rungs allowed is 30-2.
a) one. c) five.

b) four. d) limited only by the memory size.

c) serial connection of input modules.

d) parallel connection of input modules.

— Figure 5-11 Matrix for question 30.
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30-3. The maximum number of series contacts allowed per rung is 30-3.

a) one. c) five.
b) four. d) limited only by the memory size.
30-4. The maximum number of outputs allowed per rung is 30-4.
a) one. c) five.
b) four. d) limited only by the memory size.
A B Y
_] [ 11 '
[ 11 \
c D Figure 5-12 Program for question 31.
1L ]
11 ]
E
1[
11
31. In Figure 5-12, the nested contact is contact 31.
a) B. c)D.
b) C. d) E.
A Y
11 '
11 N
Figure 5-13 Program for question 32-1.
—— B
C D
32-1. The Boolean equation for the logic represented in the ladder logic 32-1.
program in Figure 5-13 can be expressed as
a)Y=(4) + (CD) + (BC). c) Y= (4B) + (CD,).
b)Y=4+ B+ (CD). d) Y = A(BCD,).
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B C D

(a)

A

S

B

I

!

O ZHT'H

-

(@

HE—
B C

(d)

32-2. The ladder logic program can be reprogrammed as shown in

Figure 5-14,

maintain the

to eliminate the vertical programmed contact and
same input logic conditions.

E

B 4
— ] { )—‘ Figure 5-15 Program for question 33-1.
c D
Ll 1 lJ

1L
1T

33-1. With reference to the program of Figure 5-15, if it could be

programmed as shown, part of the logic would be ignored due to the fact

that the processor allows for a flow
a) from right to left only. ¢) in the upward direction only.
b) from left to right only. d) bothaand c

33-2. The Boolean equation for the logic represented in the ladder diagram

can be expre

a) Y = (4B) + (ACD) + (DE).

ssed as

b) Y = (4B) + (ACD) + (DE) + (BCE). d)Y = (4B) + (CD) +E.

Figure 5-14 Programs for question 32-2.

32-2.

33-1.

33-2.

¢) Y = (4B) + (AC) + (AD) + (ED).
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34. An internal control relay 34.
a) does not directly control an output field device.
b) is not controlled by the programmed logic.
¢) is used primarily to control the internal power to the processor module.
d) is used primarily when controlling multiple output circuits.
1:2/8 0:3/6
{ ] / [ ( ) i Figure 5-16 Ladder rung for question 34.

35. In Figure 5-16, the bit status condition of the input device connected to  35.

address 1:2/8 must be to turn on output address O:3/6.

a) 0 c¢) normally open

b) 1 d) normally closed

36. The address 1:1/3 identifies an input module residing in slot ____ 36.
of the PLC chassis.

a) zero c) two

b) one d) three

37. The address O:3/7 would be found on terminal _____ 37.
of an output module residing in slot ___ of the PLC chassis.

a)3,7 c)4,7

b)7,3 d)7,4

38. When using an XIC instruction, the reference address could be 38.
a) a bit from an input device. ¢) a bit from an internal relay.

b) a bit from an output device. d) any of these

’—l/ l‘E ::’—{ )—‘ Figure 5-17 Ladder rung for question 39.

39. The highlighted rungs in the program rung shown in Figure 5-17 indicate 39.

a) the instruction is true.

b) the instruction is false.

c) the instruction does not have logic continuity.
d) both b and ¢
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40. When the PLC is required to operate the user program without energizing 40.

41.

42.

43.

44,

45.

any outputs, it is placed in the ___ mode.

a) RUN ¢) PROGRAM

b) CLEAR MEMORY d) TEST

41. In ladder logic programs, outputs are represented by

a) contact symbols. c¢) schematic load device symbols.
b) coil symbols. d) eithera or b

42. When a program rung consists of an output instruction only, the output
would be

a) continuously ON. ¢) shorted.

b) continuously OFF. d) both a and ¢

43. Parallel connections of ladder logic are typically called

a) rungs. ¢) coils.

b) networks. d) branches.

44. Each complete horizontal line of a ladder diagram is generally referred
to as a(n)

a) rung. ¢) input.

b) branch. d) output.

45. The last element to be entered on a ladder rung is a(n)

a) coil. ¢) XIC instruction.

b) contact. d) XIO instruction.

46. A normally open limit switch is wired to an input module and

programmed using an XIO instruction. The instruction will be true when
a) power is applied and the PLC is in the run mode.

b) the limit switch is closed.

c) the limit switch is open.

d) never

46.
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TEST 5.2
Place the answers to the following questions in the answer column at the right.

1. All PLC manufacturers organize their memories in the same way. 1.
(True or False)

2. The memory organization of a PLC is often called a memory map. 2.
(True or False)

3. Allen-Bradley PLCs have two different memory structures identified 3a.
by the terms (a) ___-based and (b) ___-based systems. 3b.
4. The memory space can be divided into the two broad categories of 4a.
(a) ___files and (b) ___files. 4b.

5. Match the following data files with the closest description. Place the name from the

data file list in the answer column.

DATA FILE

1) Bit

2) Integer

3) Input

4) Status

5) Timer

6) Output

DESCRIPTION

a) Used for internal relay logic storage. Sa.
b) Used for storage of the status of input field devices. 5b.
c¢) Used for the storage of accumulated and preset values. Sc.
d) Stores controller operation information. 5d.
e) Used to store numeric values. Se.
f) Used for storage of the status of output field devices. 5f.
6. Most of the total PLC memory is used for the ___ . 6.
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7. The user program contains the logic that controls the machine 7.
operation. (True or False)

8. Most instructions require one word of memory. (True or False) 8.
9. The address 1:1/4 breaks down into the following parts: I is for (a) . 9a.
The colon is used to separate the module type from the (b) . One is 9b.
the (c) number. The forward slash is used to separate the slot from 9c.
the (d) . Four is the (e) number. 9d.
9e
10. The status of input and output devices is stored in a 1 data table. 10.

(True or False)

11. If a switch connected to an input module is closed, a binary 1 is stored 11.
in the proper ___ location.

12. The ____ image table file is updated during the I/O scan to reflect the 12.
current status of digital inputs.

13. If the program calls for a specific output to be on, the corresponding 13.
bit in the output image table file is setto __.

14. The program ___ cycle is a continuous and sequential process of reading 14.
the status of inputs, evaluating the control logic, and updating the outputs.

15. The greater the scan time, the faster the PLC can react to changes 15.
in inputs. (True or False)

16. Scan time varies with program content and length. (True or False) 16.

17. If any input signal changes state very quickly, it is possible that the 17.
controller may never be able to detect the change. (True or False)

18. Scan patterns are identified as being either (a) or (b) ) 18a.
18Db.
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19. Misunderstanding the way the PLC scans a program can cause
programming bugs. (True or False)

20. It takes the processor exactly the same amount of time to examine

different types of instructions. (True or False)

21. The ladder logic program language is basically a(n) ___ set of
instructions used to create the controller program.

22.(a) ___and (b) ___ are the basic symbols of the ladder logic program
instruction set.

4< } _]/ E % E Figure 5-18 Instructions for question 23.
)

(@ (b) (c
23. Identify the relay ladder logic instructions shown in Figure 5-18.

24. In general, a ladder logic rung consists of input conditions represented
by (a) symbol and an output instruction represented by the

(b) symbol.

25. When the XIC instruction is associated with a physical input, the
instruction will be set to 1 when there is no input voltage applied to the
terminal. (True or False)

26. When the XIO instruction is associated with a physical input,
the instruction will be set to 1 when there is no input voltage applied to

the terminal. (True or False)

27. Both normally open and normally closed pushbuttons can be
examined for a XIC or XIO condition. (True or False)

28. The status of the OTE instruction is set to 1 to energize the output
and to 0 to de-energize the output. (True or False)
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23a.
23b.
23c.

24a.
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26.

27.

28.



29. When logic exists in at least one path, the rung condition is said
to be true.

30. The main function of the ladder logic program is to control outputs

based on conditions.

31. Each individual contact instruction can be used only once
throughout the program. (True or False)

32. The rung condition and OTE instruction are false if no logical
continuity path has been established. (True or False)

33. The addressing format for inputs and outputs is standard for all
PLC models. (True or False)

34. The ___ will indicate what PLC input is connected to what input device
and what PLC output will drive what output device.

35. There may be a limit to the number of series contact instructions that can

be included in one rung of a ladder logic program. (True or False)

36. Branch instructions are used to create paths of input conditions.

37. When there is a true logic rung path, all parallel outputs in the rung
become true. (True or False)

38. A(n) ___branch starts or ends within another branch.

39. On some PLC models, branches can be established at both the input
and output portions of a rung. (True or False)

40. An internal output does not directly control an output field device.
(True or False)

41. An internal output is used when an output instruction is required but no

connection to a(n) is required.

35.

36.

37.

38.

39.

40.

41.
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42. Match the PLC modes of operation with the most correct description. Select the

answers from the mode list, and place them in the answer column.

MODE
1) Program
2) Test
3) Run

DESCRIPTION
a) Used to execute the user program. 42a.
b) Used to monitor the user program without energizing any outputs. 42b.

c) Used to enter the user program. 42c.

43. A PLC ladder logic program consists of a number of rungs 43.
with each rung controlling an input. (True or False)

44. Normally closed motor control stop buttons are entered as 44,
normally closed contact instructions on the PLC logic rung.

(True or False)

45. Internal relay outputs are not accessible at the I/O rack. 45.
(True or False)

46. The method used by the PLC to write a ladder logic 46.
program is called scan. (True or False)

47. Logic continuity exists when there is a continuous path of 47.
true conditional instructions in a PLC rung. (True or False)

48. Analog devices operate using, discrete ON or OFF signals, 48.
that have only two possible values. (True or False)

49. Analog signals must be coded into digital signals before 49.
they can be processed by the PLC. (True or False)
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Programming Assignments

A B Y
I_] H E ( >_| Figure 5-19 Program for assignment 1.

1a) On a separate sheet, redraw the ladder logic program of Figure 5-19 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?

A Y
H /H H Figure 5-20 Program for assignment 2.

2a) On a separate sheet, redraw the ladder logic program of Figure 5-20 using addressing
that applies to your PLC. Use a normally open pushbutton or switch for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What input conditions will result in an output at ¥?

A

y
[ (
1L \
B Figure 5-21 Program for assignment 3.

3a) On a separate sheet, redraw the ladder logic program of Figure 5-21 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?
<

_]D[ ]CF Figure 5-22 Program for assignment 4.
E

A ¥

1 [
1L
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4a) On a separate sheet, redraw the ladder logic program of Figure 5-22 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?

A B C Y
[ 1 E
L 1y |

1 [ r
J L \ Figure 5-23 Program for assignment 5.
D

1 [
1L

5a) On a separate sheet, redraw the ladder logic program of Figure 5-23 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?

[ 1L ] /f £
L It 7t b Figure 5-24 Program for assignment 6.

]
I ]
6a) On a separate sheet, redraw the ladder logic program of Figure 5-24 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.
b) What combination of the input conditions will result in an output at ¥?

A B Y
H/ H .
y Figure 5-25 Program for assignment 7.

7a) On a separate sheet, redraw the ladder logic program of Figure 5-25 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?
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A B ) 4
H I Y >—| Figure 5-26 Program for assignment 8.

8a) On a separate sheet, redraw the ladder logic program of Figure 5-26 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and a pilot light for the output field device. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?

A X

[ 1YL (

—4 (
% o v Figure 5-27 Program for assignment 9.
/[ ]/l' (

L 7L \

9a) On a separate sheet, redraw the ladder logic program of Figure 5-27 using addressing
that applies to your PLC. Use normally open pushbuttons or switches for the input field
devices and pilot lights for the output field devices. Program the circuit into the
controller, and verify its operation.

b) What combination of the input conditions will result in an output at X and ¥?

H——O-
HF——O-
_] H /E ( >_ Figure 5-28 Program for assignment 10.
—]/H H >
O

10a) On a separate sheet, redraw the ladder logic program of Figure 5-28 using
addressing that applies to your PLC. Use normally open pushbuttons or switches for the
input field devices and pilot lights for the output field devices. Program the circuit into
the controller, and verify its operation.

b) What combination of the input conditions will result in an output at V, W, X, ¥, and
z?
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11a) On a separate sheet, redraw the ladder logic program of Figure 5-29 to maintain the

D Y
i [ a
|| w
EJ Figure 5-29 Program for assignment 11.

original control logic and eliminate the nested branch within a branch. Use normally open
pushbuttons or switches for the input field devices and a pilot light for the output field
devices. Program the circuit into the controller, and verify its operation.

b) What combination of the input conditions will result in an output at ¥?

A B C D E F G H Y Figure 5-30 Program for
)—‘ assignment 12.

HHHHHHHHEC

12) Assume that the PLC used to program the circuit in Figure 5-30 can accommodate a
maximum of five series contact instructions per rung. On a separate sheet of paper,
redesign the program to meet this PLC requirement by using an internal relay instruction.
Program the circuit into the controller, and verify its operation.

H H H H ) ] H H Figure 5-31 Program for assignment 13.

13a) What problem is posed in trying to program the ladder logic program of Figure 5-31
into a PLC?

b) On a separate sheet, redraw the ladder logic program of Figure 5-31 to maintain the
original control logic and eliminate the problem. Program the circuit into the controller,
and verify its operation.

c

4
1] /r '
! ELPI N Figure 5-32 Program for assignment 14.

BpsEy
F m
Efam—

14a) On a separate sheet, redraw the ladder logic program of Figure 5-32 to solve the
problem of some logic ignored. Program the circuit into the controller, and verify its
operation.

b) What combination of the input conditions will result in an output at ¥?
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cHAPTER 0 Developing Fundamental PLC Wiring

Diagrams and Ladder Logic Programs

TEST 6.1

Choose the letter that best completes the statement.

1. An electromagnet control relay is basically a(n) 1.
a) electromagnet used to switch contacts.

b) electromagnet used to relay information.

c) manually operated control device.

d) pressure-operated control device.

No. 1
— ¥
ik
Figure 6-1 Relay illustration for question 2.
+

2-1. In the relay illustration of Figure 6-1, the coil would be considered 2-1.
to be
a) energized. ¢) operated from an AC source.
b) deenergized. d) both a and ¢
2-2. In the relay illustration, the contact No. 1 is a(n) 2-2.
a) NO fixed contact. ¢) NO movable contact.
b) NC fixed contact. d) NC movable contact.
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ig

Figure 6-2 Hardwired relay circuit for question 3.

3. In the hardwired relay control circuit of Figure 6-2, when the switch 3.
is closed, CR coil is

a) energized, and the red and green lights are both on.

b) de-energized, the red light is off, and the green light is on.

c) energized, the red light is on, and the green light is off.

d) energized, the red light is off, and the green light is on.

4. A contactor 4.
a) 1s another name for a relay.

b) is designed to handle heavy power loads.

c) always has an overload relay physically and electrically attached.

d) is a physically small relay.

START oL
STOP
-
\_{ }J o/
M
M - Figure 6-3 Motor starter circuit for question 5.
L1— | |
[
IMI
L2 | |
M

82



5-1. In the motor starter circuit of Figure 6-3, the main contacts M are 5-1.
a) part of the power circuit.
b) part of the control circuit.
c) designed to handle the full load current of the motor.
d) both a and ¢
5-2. The motor starter coil M is 5-2.
a) part of the power circuit.
b) energized to start the motor.
c) energized only as long as the start button is pressed.
d) all of the above
5-3. Any overload current is sensed by the 5-3.
a) starter coil. ¢) OL caoils.
b) control contact M. d) OL contact.
6. The abbreviations NO (normally open) and NC (normally closed) 6.
represent the electrical state of switch contacts when
a) power is applied. c) the switch is actuated.
b) power is not applied. d) the switch is not actuated.
QJ& Figure 6-4 Pushbutton symbol for question 7.
o O
7. The pushbutton symbol shown in Figure 6-4 would be classified as a(n) 7.
a) NO pushbutton. c) break-before-make pushbutton.

b) NC pushbutton. d) ON/OFF pushbutton.
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OFF ON

| Figure 6-5 Symbol for question 8.

o O

8. The device represented by the symbol of Figure 6-5 is a
a) drum switch. ¢) sequence switch.

b) selector switch. d) toggle switch.

9. A limit switch is usually actuated by
a) hand. ¢) contact with an object.

b) pressure. d) an electromagnet.

10. A proximity switch can be actuated
a) without any physical contact. ¢) by a change in capacitance.

b) by a change in light intensity. d) by all of the these

_%\O Figure 6-6 Symbol for question 11.

11. Figure 6-6 represents the symbol for a
a) pressure switch. ¢) limit switch.

b) temperature switch. d) level switch.

é ; Figure 6-7 Symbol for question 12.

12. Figure 6-7 represents the symbol for a
a) pressure switch. ¢) proximity switch.

b) temperature switch. d) level switch.
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O_
? Figure 6-8 Symbol for question 13.

13. Figure 6-8 represents the symbol for a
a) proximity switch.

b) temperature switch.

¢) limit switch.

d) level switch.

4010* Figure 6-9 Symbol for question 14.

14. Figure 6-9 represents the symbol for a
a) pressure switch.

b) temperature switch.

i
)

ol
©
J

¢) limit switch.

d) proximity switch.

Figure 6-10 Symbol for question 15.

15. Figure 6-10 illustrates a typical application for a

a) level switch.

b) temperature switch.

¢) proximity switch.

d) limit switch.

\ Figure 6-11 Symbol for question 16.

16. Figure 6-11 represents the symbol for a
a) heater.

b) horn.

¢) solenoid.

d) motor.

13.

14.

15.

16.
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_@_ Figure 6-12 Symbol for question 17.

17. Figure 6-12 represents the symbol for a(n)
a) solenoid valve. c¢) overload relay coil.
b) motor starter coil. d) overload relay contact.

Figure 6-13 Symbol for question 18.

18. Figure 6-13 represents the symbol for a
a) light sensor. C) pressure sensor.
b) heat sensor. d) proximity sensor.

L1

B Figure 6-14 Circuit for question 19.
Load

L2

3

19. The circuit shown in Figure 6-14 is that of a
a) one-wire proximity sensor. c) three-wire proximity sensor.
b) two-wire proximity sensor. d) four-wire proximity sensor.

20. Most proximity switches come equipped with an LED status
indicator to

a) indicate that power is being applied to the switch.

b) indicate that the target is within sensing range.

c) indicate a blown fuse within the switch.

d) verify the output switching action.
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L1 L2

Input
module
=
g Figure 6-15 Circuit for question 21.
) Proximity g
sensor @
S
S
A% =3
21. The resistor shown in the circuit of Figure 6-15 21.

a) is called a bleeder resistor.
b) is used to used to power the sensor continuously.

c) allows enough current for the sensor to operate but not enough to turn on the input.

d) all of these

22. Capacitor proximity sensors 22.
a) are actuated by both conductive and nonconductive materials.

b) are actuated by conductive materials only.

¢) produce an electromagnetic field.

d) have a long sensing range.

23. An inductive proximity sensor is actuated by 23.
a) a metal object. c) a light beam.

b) a nonconductive material. d) any of these

24. The most common actuator for a reed switch is 24,
a) a permanent or electromagnet. ¢) application of pressure.

b) a light beam. d) a heat source.



25. A(n) converts light energy directly into electric energy.
a) LED c) solar cell

b) phototransistor d) photoconductive cell

i U

Figure 6-16 Sensor for question 26.

G

26. The light sensor shown in Figure 6-16 would be classified as a
a) solar cell. ¢) photovoltaic cell.

b) photoconductive cell. d) all of these

27. The light source used in most industrial photoelectric sensors is a(n)

a) LED. c) photovoltaic cell.
b) phototransistor. d) miniature incandescent lamp.
/;,lf
c [ 2 1
\ }‘:S:\‘ 1 ' Figure 6-17 Sensor for question 28.

28. For the photoelectric sensor shown in Figure 6-17, part 1 is the ____
and part 2 is the___.
a) input, output ¢) transmitter, receiver

b) primary, secondary d) high side, low side
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29. Fiber optic sensors

a) are not affected by electrical interference.
b) carry light wave signals.

c) use a flexible cable containing tiny fibers.

d) all of these

30. Bar code scanners are used primarily for
a) data collection.

b) temperature measurement.

C) pressure measurement.

d) flow measurement.

31. A(n) ___ operates by sending sound waves toward a target and

measuring the time it takes for the pulses to bounce back.

a) pressure sensor

b) bar code scanner

32. The force applied to a strain gauge causes it to bend and change its

a) temperature.

b) resistance.

33. A thermocouple, when heated
a) produces a small DC voltage.

b) produces a small AC voltage.

A

L m Tl

¢) ultrasonic sensor

d) flowmeter

c) voltage.

d) current.

¢) increases its resistance value.

d) decreases its resistance value.

+ Figure 6-18 Sensor for question 34.

34. The sensor illustrated in Figure 6-18 is a
a) thermocouple.

b) turbine flow meter.

c) strain gauge load cell.

d) retroreflective sensor.

29.

30.

31.

32.

33.

34.
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35. A tachometer normally refers to a(n) used for speed measurement.  35.

a) load cell ¢) ultrasonic sensor

b) capacitive proximity sensor d) small generator

36. An encoder is used to 36.
a) encode signals from a scanner. c¢) change DC to AC.

b) decode signals from a scanner. d) convert motion into a digital signal.
37. An actuator is a device that 37.
a) changes AC to DC.

b) changes DC to AC.

c) converts an electrical signal into mechanical movement.

d) converts mechanical movement into an electrical signal.

38. Solenoid valves are available to control 38.
a) oil flow. c) water flow.

b) air flow. d) all of these

39. A(n) ____ converts electrical pulses applied to it into discrete rotor 39
movements.

a) tachometer c) stepper motor

b) solenoid d) electronic magnetic flowmeter

40. All servo motors 40,
a) operate in the closed-loop mode. c) operate without feedback.

b) operate in the open-loop mode. d) both b and c
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Motor
START STOP  starter coil L2

L1
-
o, 0 Q._LO—®—, Figure 6-19 Circuit for question 41.

| |
|1

41. The purpose of the M contact shown in the circuit of Figure 6-19 is to 41
a) open the circuit in the case of a motor overload.

b) start the motor from a remote location.

c) keep the starter coil energized when the start button is released.

d) keep the starter coil de-energized when the start button is released.

42. The electromagnetic latching relay 42.
a) is used to lock in a condition.
b) uses a latch coil to set and hold the relay in the latched position.

¢) uses an unlatch coil to disengage the mechanical latch.

d) all of these
i Inputs Program Output
ON } { (L =
ol
OF:_ Figure 6-20 Program for question 43.
to -
43. For the programmed latching operation shown in Figure 6-20, which 43.

two instructions must have the same address?
a) ON and OFF inputs ¢) ON input and latch output

b) Latch and unlatch outputs d) OFF input and unlatch output
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44. The Output Latch (OTL) instruction

a) can turn an output on, but it cannot turn the output off.

b) is used only to turn a bit on and latch it on.

c) allows the output to remain on even if the rung changes to false.

d) all of these

45. Programmed latching circuits are retentive. This means that if power is
interrupted the output will ____ when power is returned.

a) switch to the ON state

b) switch to the OFF state

¢) remain in its original ON or OFF state

d) flash ON and OFF

Ladder logic program

L1 Inputs Output 5
L L1011/ ?3:1/3
G O0—1:1/0  Rung 1 ] [ JJ [ ( > Figure 6-21
B3:1/3 0:2/0
0,0 [:1/1 ]

B3:1/3 I:
—O O—1:1/2 Rung 2 ] [ J_l [ < >_
Re! 1:1/3
’-«CL\O'LI/_) 10
1L

46-1. For the program of Figure 6-21, what is the address of the instruction
associated with the pressure switch?

a) I:1/0 c) :1/1

b) [:1/2 d) L:1/3

46-2. What type of the instruction is associated with the selector

switch?
a) OTE ¢) XIC
b) OTD d) XIO
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46-3. Rung 1 will be true whenever the 46-3.
a) pushbutton and limit switch are closed.

b) selector switch and pressure switch are closed.

¢) selector switch and pushbutton are closed.

d) pressure switch and pushbutton are closed.

46-4. Rung 2 will be true whenever 46-4.
a) the pressure switch is closed.

b) the pushbutton is closed.

c) the selector switch is closed and rung 1 is true.

d) either a or ¢

46-5. The instruction at address B3:1/3 is associated with 46-5.
a) an internal relay coil. ¢) an external output device.

b) an external input device. d) the solenoid.

46-6. If the XIC instruction at address 1:1/3 is true 46-6.
a) output B3:1/3 will also be true. c) input I1:1/2 will also be true.

b) output O:2/0 will also be true. d) bothaand b

46-7. Assume that an NC limit switch is substituted for the NO limit switch. 46-7.

For the circuit to operate in the same manner as before

a) the wires to the limit switch would have to be reversed.

b) the address of the limit switch would have to be changed to 1:1/4.

c) the instruction representing the limit switch would have to be changed to an XIO.
d) both b and ¢

93



Hardwired Circuit Equivalent PLC Program
L1 L2

\ I1:1/1 B3:1/15
LS1 (I:1/1)
Rung 1 " Rung 1 —4 [—< |
:1/2 2
LS2 (1:1/2) 11-1;~ B}.ma
Rung 2 !) Rung 2 11 { )
CR1-1 CR2-1  (0:2/5) B3:1/15 B3:1/16 ?:2/5
11 11
Rung 3 'h—‘ J Rung 3 1t J/l ( >_
CRi2 cm22  (0:26) B3:1/15 B3:1/16  0:2/6
Rung 4 >—,|/r—| I—‘—‘ g Rung 4 —]/[—] [—( —
CR1-3 CR2-3  (0:2/7) B3:1/15 B3:1/16 0:2/7
Rung 5 o—| I—I b Rung 5 % [—] [—( —

47-1. With reference to the hardwired circuit and equivalent PLC program
of Figure 6-22, when LS2 is actuated and LS1 is not,

a) PLC input I:1/2 is true. c) pilot light PL2 is ON.

b) PLC programmed rung 2 is false. d) bothaand c

47-2. When LS1 is actuated and LS2 is not

Figure 6-22
Program for

question 47.

47-1.

47-2.

a) pilot light PL1 (O:2/5) is ON. ¢) pilot light PL3 (O:2/7) is ON.

b) pilot light PL2 (0:2/6) is ON. d) all of these

47-3. When both LS1 and LS2 are not actuated

47-3.

a) PLC program rung 1 is false. ¢) pilot light PL2 (O:2/6) is ON.

b) PLC program rung 2 is true. d) all of these.

47-4. When both LS1 and LS2 are actuated

a) PLC program rung 2 is true. c¢) PLC program rung 4 is true.

47-4.

b) PLC program rung 3 is true. d) PLC program rung 5 is true.
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TEST 6.2

Place the answers to the following questions in the answer column at the right.

1. An electromechanical relay uses electromagnetism to operate contacts.

(True or False)

2. When current flows through the coil of a relay, the coil is said to be

3. A normally closed (NC) relay contact is closed when current flows

through the coil. (True or False)

4. A relay usually will have only one coil but a number of different contacts.

(True or False)

5. Each contact of a relay is usually drawn as it would appear with the

coil .

6. In general, control relay contacts are designed to handle higher currents

than contactors. (True or False)

7. In general, PLC output modules are designed to switch high current loads

directly. (True or False)

8. A motor starter is made up of a contactor with a(n) relay physically

attached to it.

9. In a magnetic motor starter, the control circuit is required to handle

the full load current of the motor. (True or False)
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10. In a motor starter, a(n) relay is provided to protect the motor 10.

against excessive current.
11. A(n) operated switch is controlled by hand. 11.

12. A selector switch is rotated to open and close contacts. (True or False) 12.

O}/O |
o O==0 o O Figure 6-23 Program for

@)
(a) (b) (c) (d)

Lo 22

(e) (H (g) (h)

question 13.

13. Identify the symbols for the input devices shown in Figure 6-23 from the following
list: NO pushbutton, NC pushbutton, break-make pushbutton, selector switch, NC limit
switch, NO temperature switch, NO pressure switch, and NC level switch.

13a.

13b.

13c.

13d.

13e.

13f.

13g.

13h.
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D Ao @ A

(b) (d)

z:z . Figure 6-24 Program for question 14.
1 CR2

(2)
(

14. Identify the symbols for the output devices shown in Figure 6-24 from the following

list: pilot light, control relay, motor starter coil, OL relay contact, solenoid, solenoid

valve, and motor.
14a.
14b.
l4c.
14d.
14e.
14f.
l4g.

15. Proximity switches usually sense the presence or absence of a target

by means of physical contact. (True or False)

16. The small difference between the ON and OFF point of a proximity

sensor is known as

17. A small current flows through a solid-state proximity sensor even when

the output is turned off. (True or False)

18. An inductive proximity sensor is actuated by conductive and

nonconductive materials. (True or False)

15.

16.

17.

18.
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19. LED light sources used in photoelectric sensors normally emit a

continuous beam of light. (True or False)

20. A through-beam photoelectric sensor is used to detect the light beam

reflected from a target. (True or False)

21. Bar code are used by PLCs to read bar codes on products.

22. Changes to dual-in-line (DIP) package switch settings are made

mainly during installation. (True or False)

23. For a thermocouple to generate a voltage, a temperature difference

must exist between the (a) and (b) junctions.

24. Ultrasonic sensors operate using high-frequency light waves. (True

or False)

25. Weight strain gauges operate by detecting small changes in temperature.

(True or False)

26. Reed switches are activated by magnetism. (True or False)

27. The usual approach to flow measurement is to convert the

energy that the fluid has into some other measurable form.

28. A(n) generator converts rotational speed into a voltage signal used

for speed measurement.

29. Encoders are used in applications where positions have to be precisely

determined. (True or False)
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19.

20.

21.

22.

23a.

23b.

24.

25.

26.

27.

28.

29.



30. Fiber optic sensor systems are completely immune to all forms of

electrical interference. (True or False)

31. A solenoid is made up of a(n) (a) with (b) iron core.

32. A one-degree-per-step stepper motor requires pulses to move

through one revolution.

33. All servo motors operate in open loop. (True or False)

34. A circuit is a method of maintaining current flow after a momentary

switch has been pressed and released.

35. Latching relays are used when it is necessary for contacts to stay open

and/or closed, even though the coil is momentarily energized. (True or False)

36. The electromagnetic latching relay function can be programmed

on a PLC using the (a) and (b) output instructions.

37. The programmed latching relay instruction is retentive; that is,
if the relay is latched, it will unlatch if power is lost and then restored.

(True or False)

38. A(n) control process is required for processes that require certain

operations be performed in a specific order.

30.

31a.

31b.

32.

36a.
36b.

37.

38.
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39. A(n) control process is required for processes that require certain
operations be performed without regard to the order in which they are

performed.

40. There is more than one correct way to implement the ladder logic for a

given control process. (True or False)

41. The resistance of resistance temperature detectors (RTDs)

increases with temperature. (True or False)

42. An electrical circuit is used to prevent a piece of
equipment from operating under certain potentially hazardous or

undesirable conditions.

43. Instrumentation is the use of measuring instruments to

(a) and a process.
44.To an instrument involves checking and,

if necessary adjusting, its response so the output accurately corresponds to

its input throughout a specified range.

100

39.

40.

41.

42.

43a.
43b.
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Programming Assignments

This section presents several common programming conversion applications designed to
give you, the student, a feel for the potential of the ladder logic programming language.
The instructions used are intended to be generic in nature and, as such, will require some
conversion for the particular PLC model you are using. The use of a prewired PLC

input/output control panel is recommended to simulate the operation of these circuits.

LI L2
_| P8t
-0 O— @-——0
CR1 HORN
| | .
H Figure 6-25 Hardwired circuit for
CR2 soL . (1
| assignment 1.
A N—"
CR3
| |
1 (—r1
CR4
|
—t—

1) The hardwired circuit shown in Figure 6-25 can be programmed to show how contacts
of a programmed output relay can be examined for an ON or OFF condition as many times
as you like. Prepare an I/O connection diagram and ladder logic program for the circuit.

Enter the program into the PLC, and prove its operation.

L1 L2

0—04’!;—@——0
| Figure 6-26 Hardwired circuit for assignment 2.
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2) The hardwired circuit shown in Figure 6-26 can be programmed to show how a single-
pole input device can be programmed as a double-pole input device. Prepare an I/O
connection diagram and ladder logic program for the circuit using only the single set of

NO contacts of the pressure switch. Enter the program into the PLC, and prove its

operation.
L1 L2
Sto Start . . . . .
0P il Figure 6-27 Hardwired circuit for assignment 3.
—O O—4
M

3) The hardwired start/stop motor control circuit shown in Figure 6-27 can be
programmed using a PLC. Prepare an 1/O connection diagram and ladder logic program

for the circuit. Enter the program into the PLC, and prove its operation.

L1 L2

Stop  Stop S_taLn

Start Figure 6-28 Hardwired circuit for assignment 4.

4) The hardwired multiple start/stop motor control circuit shown in Figure 6-28 can be
programmed using a PLC. Prepare an I/O connection diagram and ladder logic program

for the circuit. Enter the program into the PLC, and prove its operation.
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L1 L2

Stop i
r—oMc @—0

11 Figure 6-29 Hardwired circuit for assignment 5.

Manual Auto
‘Yl
e gy

\_O_I_

M

Hiled

5) The hardwired manual/automatic circuit shown in Figure 6-29 can be programmed

using a PLC. The operation of the process is summarized as follows:

e The pump is started by pressing the start button.

e  When the selector switch is in the manual position, the solenoid valve is energized at
all times.

e When the selector switch is in the automatic position, the solenoid valve is energized

only when the pressure switch is closed.

Prepare an I/O connection diagram and ladder logic program for the circuit. Enter the

program into the PLC, and prove its operation.

L L2

St F R
Stop
»—-o_Lo—o—;{/’/—@—o
E

Figure 6-30 Hardwired circuit for assignment 6.
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6) The hardwired reversing motor starter circuit shown in Figure 6-30 can be
programmed using a PLC. Prepare an I/O connection diagram and ladder logic program

for the circuit. Enter the program into the PLC, and prove its operation.

L1 L2
Up
Soe ] W)
—O o—o—oq@——;H/—@—o
F s Figure 6-31 Hardwired circuit for

1
T

assignment 7.

Down F
i (Down)
—O o—<'
LS2
R
| |

7) The hardwired electric door opener circuit in Figure 6-31 can be programmed using a
PLC. Prepare an I/O connection diagram and ladder logic program for the circuit. Enter

the program into the PLC, and prove its operation.

Three-phase
reversing Work piece
motor

Stop
| LT
Forward ER

= F Figure 6-32 Hardwired circuit for

—0 O—

Nt

Reverse

assignment 8.

Si=
L

N
N

—H
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8) The hardwired reciprocating machine process circuit shown in Figure 6-32 can be

programmed using a PLC. The operation of the process is summarized as follows:

e The work piece starts on the left and moves to the right when the start button is

pressed.

e When the piece reaches the rightmost limit, the drive motor reverses and brings the

piece back to the leftmost position.

e This operation is then repeated.

e The forward and reverse pushbuttons provide a means of starting the motor in either

forward or reverse so that the limit switches can take over automatic control.

Prepare an I/O connection diagram and ladder logic program for the circuit. Enter the

program into the PLC, and prove its operation.

L1

Start

Stop J_

—O O

PL1

M

-

Stop

(1

Start

—S O0—9

{1

® 1

p Figure 6-33 Hardwired circuit for

assignment 9.

@

ks

9) The hardwired interlocking circuit of two motors shown in Figure 6-33 can be

programmed using a PLC. The application requires that motor No. 2 cannot be started

unless motor No. 1 is running. Prepare an I/O connection diagram and ladder logic

program for the circuit. Enter the program into the PLC, and prove its operation.
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@ Figure 6-34 Hardwired circuit for assignment 10.

10) The hardwired pushbutton interlock circuit of Figure 6-34 can be programmed using
a PLC. The output is energized if button A or button B is pressed but not if both are
pressed. Prepare an I/O connection diagram and ladder logic program for the circuit.

Enter the program into the PLC, and prove its operation.

Ladder logic program

/0 B3:1/10  B3:1/11 B3:1/12
1 E 1/ 1 E 8 o

L1
O—1:1/0 L1/0  B3:1/10  B3:1/12  B3:1/11 0:2/0 — f‘# )
1 b 1/E -3/E ( Figure 6-35 Push-to-

Input Output 2

4 L 47 L \

B3:1/11

] ¥ start/push-to-stop
1:1/0 B3:1/10 program for
] - {

assignment 11a.

B3:1/11 0:2/0
N ()

11a) The ladder logic program shown in Figure 6-35 is a push-to-start/push-to-stop

operation. The operation of the program is summarized as follows:

e A single momentary normally open pushbutton (I:1/0) performs both the start and
stop functions.

e The first time the pushbutton is pressed, internal relay instruction B3:1/11 is latched,
energizing output 0:2/0.

e The second time you press the pushbutton, internal relay instruction B3:1/12
unlatches instruction B3:1/11, de-energizing output O:2/0.

e Internal relay instruction B3:1/10 prevents any interaction between instructions

B3:1/12 and B3:1/11.
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Prepare an I/O connection diagram and ladder logic program for the circuit. Use
addresses that apply to your PLC. Enter the program into the PLC, and prove its

operation.

11b) The program in Figure 6-35 is to be used to control the light ON and OFF from four
remote locations. Assuming that one NO pushbutton is used at each location, prepare an
I/O connection diagram and ladder logic program for the circuit. Enter the program into

the PLC, and prove its operation.

Inputs Ladder logic program Output
L1 onN

L2
- " Figure 6-36 Latch/Unlatch program
" 1E (L
for assignment 12a.
OFF B ¢ |e—{Pry
_LO—B _i HU

12a) Prepare an I/O connection diagram and a ladder logic program for the Latch/Unlatch

program shown in Figure 6-36. Enter the program into the PLC and prove its operation.

12b) Operate the circuit with both the ON (Latch) and OFF (Unlatch) pushbuttons pressed.
Make note of the status of the light (ON or OFF) at all times?. With reference to the way

the controller executes the program, explain why the light appears to be ON or OFF at all

times.
Inputs Ladder logic program Output
1 alli e
o—A JE W Figure 6-37 Latch/Unlatch program
o A = | @ for assignment 12c.
1 11 i
o—B 1L X
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12¢) Repeat 12b with the order of the program changed as shown in the ladder logic

program in Figure 6-37.

L2
L1 S
iali Stop OL Figure 6-38 Hardwired control circuit for
—O O—4
M assignment 13.
|
|

13) Design two different PLC programs of the hardwired motor start/stop control circuit
shown in Figure 6-38. One design is to be a seal-in type, start/stop control, and the other
is to be a latch/unlatch type start/stop control. Incorporate both designs into a single
program. Enter the program into the PLC, and prove its operation. With both outputs
initially ON, simulate a power failure to the PLC system. When power was restored, what

happened to the outputs? When would you use one circuit over the other?
14) Design a PLC program that will perform the following tasks:

a) When switch 1 is closed, three lights will come on.

b) If switch 2 is then closed, two of the lights will drop out, leaving one light on.

c) If switch 3 is then closed (switches 1, 2, and 3 all closed at this point), one of the lights
that dropped out in operating state b above will come on, thus showing two lights on.

d) Closing switch 4 turns off any of the three lights that happen to be on.
Enter the program into the PLC, and prove its operation.

15) There are four normally open input sensors to an annunciator system that switches the
output alarm ON if some operational malfunction occurs. Design a program that operates
the alarm system as follows:

e I[fany one input is closed, nothing happens.

e Ifany two inputs are closed, a green pilot light goes on.
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e If any three inputs are closed, a yellow pilot light goes on.

e If all four inputs are closed, a red pilot light goes on.

Enter the program into the PLC, and prove its operation.

L1

Ladder logic program Output module
i MAN/AUTO LOW SENSOR SWITCH OFF/ON MOTOR wiring connection
wiring connections r S P
11—/ f——
OFF ON / L 1t N MOTOR
' S ——1
MAN « AUTO MAN/AUTO  LATCH/UNLATCH PUMP RUNNING
O o— 1 E 1 E —@—0
LOW SENSOR SWITCH LOWLEVEL
) 5 MAN/AUTO  HIGH SENSOR SWITCH @ o
NP~ 2 1 E 1 E (L)
HIGH LEVEL
HIGH SENSOR SWITCH LATCH COIL
oS MAN/AUTO LOW SENSOR SWITCH —E—“
3 B/ (U )=

UNLATCH COIL

MAN/AUTO
] f————
MOTOR G
4 ] E

LOW SENSOR SWITCH
S5f————— e / P—-( —
HIGH SENSOR SWITCH

1 /\
6 1 € G o

~
W

Figure 6-39 Water-level control program for assignment 16.

16) The program of Figure 6-39 is described in the text and is used to control the level of
water in a storage tank. Prepare an I/O connection diagram and ladder logic program for
the process. Use addresses that apply to your PLC. Enter the program into the PLC, and

prove its operation.
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Ladder logic program

L1

Internal L2
Input module PB1 PB2 LS relay Output module
wiring connections 1:3/0 1:3/1 1:3/2 B3:1/0 wiring connection
—— = = —()—]
B3:1/0 oL
PB1 ] E
O:4/1—(:)—/|/r—0
—0O O0——I:3/0 PLA1
B3:1/0 0:4/2
PB2 _i / P—-( ) PL1
+—-alo—r31 : !
PL2 0'4/2_23_'
LS B3:1/0 0:4/3
1 r 7
—O<go—1:3/2 1t N PL2
M 0:4/3—@—4-
B3:1/0 O:4/1
1 ‘3
1 ¢ \ o/

Figure 6-40 Sequential process program for assignment 17.

17) The sequential process program of Figure 6-40 is described in the text. Prepare an I/O
connection diagram and ladder logic program for the process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.

Ladder logic program

Internal

Inputs Start Stop relay Output
L1 Jog 1:3/0 1:311 B3:1/0
—— = ——( )]
—O O—I:3/2 B3:1/0 oL
Start 1E Figure 6-41 Motor jog
_]_ 0:2/2
¢+—G o—1:3/0 Jog Stop M program for
Stop 1:3/2 1:3/1 0:2/2 . 18
1o o )—] assignment 18.
¢+—alo—ra :
B3:1/0
1E
J L

18) The motor jog program of Figure 6-41 is described in the text. Prepare an I/O
connection diagram and ladder logic program for the process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.
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L1 L2
Inputs Output
Ladder logic program
PB1 . 11e
B Motor Figure 6-42 Drilling
Motor
*—0 O—1:3/4 PB1 PB1 Sensor Contactor
Contactor
1:3/4 1:3/5 1:3/6 0:4/0 process program for
PB2 1E 1L 1L ( — O:4/0—®—0 .
1€ 1C 1C \ asslgnment 19.

—O O—1:3/5

Sensor

o—@ 1:3/6

19) The drilling process program of Figure 6-42 is described in the text. Prepare an I/O

connection diagram and ladder logic program for the process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.

Input devices Program Output devices
(shown in unactuated
condition) L2
L1 DOOR AJAR
UP LIMIT DOWN 5 o
+—O<<J0O—1:3/0 sSTOP uP DOWN  INTRLOCK UP LIMIT MOTOR UP 0:4/0 —( : )—4
1:3/7 1:3/4 1:3/5 0:4/4 1:3/0 0:4/3 7 N
e ] e /e /] () ——
DOWN LIMIT MOTORLP
"_O<TG_ 1:3/1 0:4/3 DOOR OPEN
s | XS o
J C
up 0:4/1 —@—
DOOR UP STOP DOWN uP INTRLOCK DOWN LIMIT  MOTOR DOWN o N
T 1:3/7 1:3/5 1:3/4 0:4/3 1:3/1 0:4/4
0 o134 = e/ / e () DOOR
MOTOR DOWN C\LOSED
0:4/4 4
DOOR DOWN ] E 0:4/2—®—-
S s N
*—O O—1:3/5
UP LIMIT DOWN LIMIT DOOR AJAR
1:3/0 1:3/1 0:4/0 MOTOR
e e = - CONTACTOR
STOP DOOR o o
0—Olo— 1:3/7 UP LIMIT T O:4/3»
1:3/0 0:4/1
1/E G o
MOTOR
DOWN LIMIT DOOR CLOSED CONTACTOR
1:3/1 0:4/2
1/F () O:4/4>

Figure 6-43 Motorized door program for assignment 20.

111



20) The motorized door program of Figure 6-43 is described in the text. Prepare an I/O
connection diagram and ladder logic program for the process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.

Ladder logic program

Inputs Outputs
STOP START RUN
= E ( MOTOR
T, - E ( L2
‘ | RUN _O_‘,
START _— STANDBY| SOLENOID
i g\,—«
+—o6 o— /B = = Figure 6-44
LEVEL PHOTO FULL RUN g
PHOTO g e — Y . .
@ 174t s —O— Continuous filling
[
FUL"F STf\ND,BY program for
LEVEL —O— )
' PHOTO  RUN Motor assignment 21.
/e (o ™
—0—
FULL N
F
RUN LEVEL FULL PHOTO  Solenoid
— /e /] ——o( )

21) The continuous filling program of Figure 6-44 is described in the text. Prepare an /O
connection diagram and ladder logic program for the process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.

22) Design a ladder logic program that will cause output pilot light PL to be ON when
selector switch SS is closed, pushbutton PB is open, and limit switch LS is open. Enter

the program into the PLC, and prove its operation.
23) Design a ladder logic program that will cause a solenoid, SOL, to be energized when

limit switch LS is closed and pressure switch PS is open. Enter the program into the PLC,

and prove its operation.
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24) Design a ladder logic program that will cause output pilot light PL to be latched when
pushbutton PB1 is closed, and unlatched when either pushbutton PB2 or pushbutton PB3
is closed. Also, do not allow the unlatch to go true when the latch rung is true, nor allow
the latch rung to go true when the unlatch rung is true. Enter the program into the PLC,

and prove its operation.

25) Design a ladder logic program that will cause pilot light PL to be ON when
pushbutton PB is closed and either limit switch LS1 or LS2 is closed. Enter the program

into the PLC, and prove its operation.

26) Design a ladder logic program that will cause pilot light PL to be ON when
pushbutton PB1 is open, pushbutton PB2 is closed, and either LS1 is open or limit switch

LS2 is closed. Enter the program into the PLC, and prove its operation

L1 L2
Motor 1
Motor 1
Start PB
Stop PB oL
-»—9.Ln—<—0J_°—<
1
JL
M1-1 .
Figure 6-45
Motor 2 . . .
Motor 2 Start PB Interlocking circuit for

Stop PB oL

+—olo I _OJ—M, () 4 assignment 27.
M1|-:2_‘_]F

M2-1

Motor 3
Motor 3 start PB

_S:JZPB_] 55 @4
M2-2 _] F

M3-1
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27) Prepare an I/O connection diagram and ladder logic program for the hardwired
electrically interlocked motor control circuit shown in Figure 6-45. This circuit is
designed to avoid the motors from accidently operating in an order other than their proper

sequence. Enter the program into the PLC, and prove its operation.

Figure 6-46
Interlocking circuit for

assignment 28.

28) Prepare an I/O connection diagram and ladder logic program for the hardwired
pushbutton interlocking control circuit shown in Figure 6-46. This circuit is designed to
prevent solenoid SOL_A and SOL_B from being energized at the same time. Enter the

program into the PLC, and prove its operation.
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CHAPTER '/ Programming Timers

TEST 7.1

Choose the letter that best completes the statement.

1. Certain contacts of a mechanical timing relay are designed to operate 1.

at a preset time interval.

a) after the coil is energized. c) after power is applied to the circuit.
b) after the coil is de-energized. d) eitheraorb

Figure 7-1 Symbols

O @ O—  —O O0—
01\ T for question 2.
(d)
(a) (b) (o)

2. Which of the symbols shown in Figure 7-1 represents an on-delay timed 2.

relay contact?

o—\yo Figure 7-2 Contact symbol for question 3.

3. The relay contact drawn in Figure 7-2 is designed to operate so that 3.

a) when the relay coil is energized, there is a time delay in closing.

b) when the relay coil is energized, there is a time delay in opening.

c) when the relay coil is de-energized, there is a time delay before the contact opens.
d) when the relay coil is de-energized, there is a time delay before the contact closes.

i

Figure 7-3 Hardwired circuit for question 4.

D1 L
.)—OTO%}G
5s
4. In the hardwired circuit of Figure 7-3, the light will stay on 4.
a) as long as S1 is closed. c) for 5 s after coil TD is de-energized.

b) for 5 s after coil TD is energized. d) both a and ¢
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5. Which one of the following timer parameters determines the time 5.
duration for the timing circuit?

a) Accumulated time c¢) Timer address

b) Preset time d) Time base

6. Which one of the following timer parameters represents the value 6.
that increments as the timer is timing?

a) Accumulated time c¢) Timer address

b) Preset time d) Time base

7. Which one of the following timer parameters determines the accuracy 7.

of the timer?

a) Accumulated time c¢) Timer address
b) Preset time d) Time base
Input Timer
| Jm
l JL e ‘
True Figure 7-4 Timer program for question

False
Rung condition 8.

Timed period JTimed duration_>|—

8-1 The timer shown in Figure 7-4 would be classified as a(n) 8-1.
a) on-delay timer. ¢) normally open timer.

b) off-delay timer. d) normally closed timer.

8-2. The timing commences when 8-2.
a) the input instruction is true. c) power is applied.

b) the input instruction is false. d) power is removed.

9. The timer file for SLC 500 controllers is 9.
a) T1. c) T3.

b) T2. d) T4.
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—TON

Timer

Time base
Preset
Accumulated

TIMER ON DELAY

T4:3
0.1
200
0

—(EN
—(DN)

10-1. For the on-delay timer instruction shown in Figure 7-5, the timer

number is
a) 0.
b) 200.

Figure 7-5 Timer instruction for question

10.

¢) T4:3.
d)0.1.

10-2. The on-delay timed period would be

a)3s.
b) 4s.

c) 20 s.
d) 200 s.

L1 Ladder logic program
Input
InputA — TON
O— Input A 1 TIMER ON DELAY
P 1| Timer T4:0 —EN—
Time base 1.0
Preset 10
Accumulated 0 —0ON)
T4:0 Output B
I ®
EN
T4:0 Output C
I ()
TT
T4:0 Output D
]| >
DN

Figure 7-6 Timer program for question 11.

11-1. For the on-delay timer program shown in Figure 7-6, output B

is switched ON when
a) power is applied.
b) input 4 is closed.

c) the timer is accumulating time.

d) the accumulated value equals the preset value.

10-1.
10-2.
L2
Outputs
Output B

Output C

Output D

290

11-1.
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11-2. Output C is switched ON when 11-2.
a) power is applied.

b) input 4 is closed.

¢) the timer is accumulating time.

d) the accumulated value equals the preset value.

11-3. Output D is switched ON when 11-3.
a) power is applied.

b) input 4 is closed.

c) the timer is accumulating time.

d) the accumulated value equals the preset value.

11-4. The timer accumulated value will reset to zero whenever 11-4.
a) input 4 switch is opened. c) the DN bit is set to 1.
b) input 4 switch is closed. d) the EN bit is set to 1.

/E

=

7

=

T /N .PRE .ACC
0 0 10 0
0 0 0 . . .
0 0 o Figure 7-7 Timer table for question 12.
0 0 0
0 0 0
0 0 0

Address [T4.0 Table: [T4: Timer |

oOoooooo
cooooo

12. For the timer table shown in Figure 7-7, bit-level addressing is used for  12.
a) EN, TT, PRE, and ACC.

b) EN, TT, and DN.

c) PRE, ACC, TT, and EN.

d) PRE and ACC.

L1 START L2

STOP

p—O O—4 @ 4 . . . .
Figure 7-8 Hardwired timer for question 13.

TD-1 _01\0_®_0
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13. For the hardwired timer circuit of Figure 7-8, contact TD-1 is the 13.

contact and TD-2 is the contact.
a) ON, OFF ¢) instantaneous, timed
b) OFF, ON d) timed, instantaneous
Inputs Ladder logic program
Output
PB1 PB2 [ TON
L1 START-UP TIMER ON DELAY L2
il % P— Timer T4:0 HENH
Oo—PB1 e ;ime base 1.0
‘ t 10
RESET Aglatea 0 o HORN
PB2 EN
T4:0 T4:0 HORN
RS- £
L Il S
DN EN
Figure 7-9 Programmed timer for question 14.
14-1. For the programmed timer circuit of Figure 7-9, the bit of the 14-1.
timer functions similar to an instantaneous contact.
a) DN c) PB1
b) EN d) PB2
14-2. The bit of the timer functions similar to a timed contact. 14-2.
a) DN c) PB1
b) EN d) PB2
15. The on-delay timer (TON) starts timing when the timer’s 15.
a) ladder rung switches from false to true.
b) ladder rung switches from true to false.
c¢) accumulated value equals its preset value.
d) accumulated is greater than its preset value.
16. The off-delay timer (TOF) starts timing when the timer’s: 16.

a) ladder rung switches from false to true.

b) ladder rung switches from true to false.

c¢) accumulated value equals its preset value.
d) accumulated is greater than its preset value.
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Input
L1

S1
O—1:1/0

Ladder logic program

1:1/0 ~TOE
— —— TIMEROFF DELAY  —EN
Timer T4:3
Time base 1.0 _CDN)
Preset 15
Accumulated 0
T4:3/DN 0:2/1
it €

Output

0:21

@

L2 Figure 7-10

Programmed timer for

question 17.

17.

17. For the programmed timer circuit of Figure 7-10, the pilot light should
come on
a) as soon as the switch is closed.
b) before the switch is closed.
c) for 15 s after the switch is opened.
d) both a and ¢
Ladder logic program
L1 Input - o Outputs L2
Switch ] E TIMER OFF DELAY —(EN) oL
Timer T4:1
o-SW
Preset 5 (DN) M1 -Q— /I/_o
Accumulated 0 /
oL
—TOF
TIMER OFF DELAY —(EN)— Mz'Qj i
Timer T4:2 oL
Preset 10 (
Accumulated 0 DN> M3_O /I/
4
A
—TOF
TIMER OFF DELAY —(EN)—
Timer T4:3
Preset 15 (
Accumulated 0 DN>
T4:1/DN M1
alid ‘)
10 N W
T4:2/DN M2
i G 3 D)
2 1 AN—
T4:3/DN M3
1E { )
1 C N/

Figure 7-11 Programmed timer for question 18.
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18-1. For the programmed timer circuit of Figure 7-11, when the switch

is initially closed, motor(s) start(s) immediately.
a) M1 c) M3
b) M2 d) all of these

18-2. Assume the switch is closed for 5 seconds and then opened.

After 12 seconds have elapsed, motor(s) will still be operating.
a) M1, M2, and M3 c) M3
b) M2 and M3 d) none of these

19. The main difference between a TON and TOF timer is that the

a) TON timer can maintain its accumulated time on loss of power or logic

continuity.

b) TOF timer can maintain its accumulated time on loss of power or logic

continuity.

c¢) TOF timer begins timing when logic continuity to the timing rung is lost.
d) TON timer begins timing when logic continuity to the timing rung is lost.

20. The operation of a PLC retentive timer is similar to that of an
a) electromagnetic pneumatic timer. c) off-delay timer.
b) electromechanical motor-driven timer.  d) on-delay timer.

21. The main difference between a PLC retentive and nonretentive timer

1s that the

a) retentive timer can be programmed for much longer time-delay periods.
b) nonretentive time can be programmed for much longer time-delay periods.

c) retentive timer maintains the current time should power be removed from

the device or when the timer rung goes false.

d) nonretentive timer maintains the current time should power be removed

from the device or when the timer rung goes false.

22. Unlike the TON timer, the RTO timer requires a(n)
a) timer reset instruction. c) internal relay instruction.

b) input condition instruction.

18-1.

18-2.

19.

20.

21.

22.

d) instantaneous contact instruction.
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23. When addressing an RES instruction, it must be addressed to 23.
a) a TOF instruction.

b) a TON instruction.

c¢) any address other than that of the RTO instruction.

d) the same address as that of the RTO instruction.

Inputs ) Output
L1 Ladder logic program
RESET .
PB2 T4:2 L2
Lo— PB2 % [ (Res)
[ NS
TIME wk
Lo_ o | EH Figure 7-12
% F RETENTIVE TIMER ON —(EN)— Programmed timer for
Timer T4:2
Time Base 1.0 _<DN> questions 24, 25, and
Preset 9 26
Accumulated 0 °
T4:2 PL
% [ N
[ L
DN
24-1. The type of timer programmed in Figure 7-12 is a 24-1.
a) retentive on-delay. c¢) nonretentive off-delay.
b) retentive off-delay. d) nonretentive on-delay.
24-2. The timer starts timing when 24-2.
a) PB1 is closed. c) both PB1 and PB2 are closed.
b) PB2 is closed. d) either PB1 or PB2 is closed.
24-3. The timer accumulated time is set to zero any time 23-4.
a) PB1 is closed. c) PB1 is open.
b) PB2 is closed. d) PB2 is open.

For the timer program of Figure 7-12, assume the following sequence of events:
» First PB2 is momentarily pressed closed.

» Next PB1 is pressed closed for 5 s and released.
» Next PB2 is pressed closed for 4 s and released.
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25-1. As a result, the timer-accumulated value at the end of the sequence

would be
a)s. c)9.
b) 4. d) 0.

25-2. As a result, the output PL would be

a) on for 4 s and off for 5 s.

b) on for 5 s and off for 4 s.

c) on after the entire sequence has been completed.
d) off after the entire sequence has been completed.

25-1.

25-2.

For the timer program of Figure 7-12, assume the following sequence of events:

» First PB2 is momentarily pressed closed.
» Next PBI1 is pressed closed for 3 s and released.
» Next PBI is again pressed closed for 6 s and released.

26-1. As a result, the timer accumulated value at the end of the sequence

would be
a) 3. c)9.
b) 6. d) 0.

26-2. As a result, output PL would be

a) on for 3 s and off for 6 s.

b) off for 3 s and on for 6 s.

c) on after the entire sequence has been completed.
d) off after the entire sequence has been completed.

27. To reset a retentive timer, the

a) AC time must be greater than the PR time.
b) PR time must be greater than the AC time.
c¢) AC time must equal the PR time.

d) none of these

28. The interconnecting of timers is commonly called
a) grouping. ¢) sequencing.
b) programming. d) cascading.

26-1.

26-2.

27.

28.
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Ladder logic program

PB1 PB2 M1
Inputs L ] [ /4 >7 Outputs
L1 stop | I 1L . OF. -
PB1 M1
START T M1'O7/ R
o— PB2 oL
—TON M2 ( )
]M1|— TIMER ON DELAY < >_ //_1
Timer T4:1 HEN
J |- Time base 1.0 _< ) oL
Preset 20 HDN M3 ( )
Accumulated 0 //_1
T4:1/DN M2

O

T4:1/DN

—TON
r TIMER ON DELAY
Timer T4:2 {EN)—
J L Time base 1.0
Preset 20
Accumulated 0 (DN)
T4:2/DN M3

I &

Figure 7-13 Programmed timer for question 29.

29-1. In the timer program of Figure 7-13, the timer T4:1 is energized

by actuating
a) PBI. c) both PB1 and PB2.
b) PB2. d) either PB1 or PB2.

29-2. Output M1 is normally energized

a) as soon as PBI is actuated.

b) as soon as PB2 is actuated.

c¢) 10 s after PB1 has been actuated.

d) 40 s after both PB1 and PB2 have been actuated.

29-3. Output M2 is normally energized _____ after output M1 has
been energized.

a)10s c)30s

b)20s d)40s
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29-4. Output M3 is normally energized after output M1 has been

energized.
a)10s
b) 20 s

Inputs
L1

o—TS1 | T46
o— Pst

o LSt T4:5

A E

c)30s
d)40 s

Ladder logic program

—TON

3/ B TIMER ON DELAY
DN

Timer

Time base
Preset
Accumulated

T4:5
1.0

1

0

—EN)-
—oN)

— TON

1 C

DN

TS1

[H ]
m

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

T4:
1

7 O\

N>

T4:5

3 E

6
0
1
0
G

PS1

I E

3.k
DN
T4:5

i

1 C

LS1

[H ]
m

2 IO

DN
T4:5

3 E

DN

VAl T e W o Y
Yoot Nl Rt

Figure 7-14 Programmed flasher timer for question 30.

Outputs

S

30-1. In the annunciator flasher program of Figure 7-14, the two timers are

interconnected to form a(n)
a) amplifier circuit.

b) rectifier circuit.

30-2. The output of timer T4:5

¢) oscillator circuit.

d) series-parallel circuit.

a) turns on after a 10-s time delay and remains on.

b) turns off after a 2-s time delay and remains off.

c) turns on after a 3-s time delay and remains on.

d) is pulsed on and off at 1-s intervals.

29-4.

30-1.

30-2.
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30-3. When pressure switch PS1 closes, the

a) green indicating lamp is turned on.

b) red indicating lamp is turned on.

¢) yellow indicating lamp is pulsed on and off.
d) red indicating lamp is pulsed on and off.

31. Which instruction can best be used to turn an output coil on or off after
the rung has been false for a desired time?

a) RTO c) ONOF

b) TON d) TOF

32. The amount of time for which a timer is programmed is called the
a) preset. ¢) set point.

b) desired time. d) lapsed time.

33. When the timing of a device is not reset on a loss of power,
the timing is said to be

a) continuous. c) retentive.

b) holding. d) saved.

34. RES instructions are used with:
a) TOF timers. ¢) RTO timers.
b) TON timers. d) all of these

126

30-3.

31.

32.

33.

34.



TEST 7.2

Place the answers to the following questions in the answer column at the right.

1. Mechanical timing relays are used to ____ the opening or closing of 1.

contacts for circuit control.

2. An off-delay timing relay provides time delay when its coil is . 2.

Figure 7-15 Timed contact for question 3.

g/

3. For the timer relay contact shown in Figure 7-15, when the relay coil is 3.
energized, there is a time delay before the contact closes. (True or False)

7,

Figure 7-16 Timed contact for question 4.

4. For the timer relay contact shown in Figure 7-16, when the relay coil is 4.
de-energized, there is a time delay before the contact opens. (True or False)

Figure 7-17 Timed contact for question 5.

<

5. For the timer relay contact shown in Figure 7-17, when the relay coil 5.
is de-energized, there is a time delay before the contact closes. (True or False)

Figure 7-18 Timed contact for question 6.

g

6. For the timer relay contact shown in Figure 7-18, when the relay coil 6.
is energized, there is a time delay before the contact opens. (True or False)

7. PLC timers are input instructions that provide the same functions as 7.
mechanical timing relays. (True or False)

8. Timer instructions are found on all PLCs manufactured today. 8.
(True or False)
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9. Timer instructions may be (a) formatted or (b) formatted.

10. The parts of a timer instruction include (a) , (b) , (©) , (d)

and (e) .

11. The timer output is energized when the (a) time equals
the (b) time.

12. If the preset time of a timer is 100 and the time base is 0.1,
the time-delay period would be S.

13. A(n) timer must be intentionally reset with a separate signal.

14. The retentive timer reset (RES) instruction is always given the same
address as the timer it resets. (True or False)

15. An alarm is to be switched on whenever a piping system has sustained

9a.
9b.

10a.
10b.
10c.
10d.
10e.

11a.
11b.

12.

13.

14.

15.

a cumulative overpressure of 60 seconds. The most directly applicable timer to use

would be the on-delay nonretentive timer. (True or False)

16. A lamp is to be switched off 10 seconds after a switch has been switched 16.

from its ON to OFF position. The most directly applicable timer to use would be

the off-delay nonretentive timer. (True or False)

17. When a time-delay period longer than the maximum preset time allowed
for a single timer is required, the problem can be solved by programming

two or more timers together. (True or False)

18. Normally, the reset input to a timer will override the control input
of the timer. (True or False)
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19. A retentive timer must be completely timed out to be reset. 19.
(True or False)

20. Retentive timers lose the accumulated time every time the rung condition 20.
becomes false. (True or False)

21. The instantaneous contacts of a timer have no time-delay period 21.
associated with them. (True or False)

22. What timer instruction (TON, TOF, or RTO) would be best suited for each of the

following control application:

a) Keep track of the total time to make one batch of product, even if the 22a._
process is halted and then started again.

b) Hold the clamp on for 25 s after the glue is applied. 22b._
c¢) Open a valve 27 s after a switch is turned on. If interrupted, the valve 22¢.__

should close and the time should reset to 0.
d) Begin timing when the rung is true, and hold the accumulated time 22d.
when rung logic goes false.

23. The accumulated time of a TOF timer is reset by causing the rung 23.
to go true momentarily. (True or False)

24. A timer’s _____1is the length of time the timer is to time. 24
25. A timer’s _____ specifies at what rate the timer will increment. 25
26. A timer’s _____ value is the current elapsed time. 26
27. A RES (reset) instruction must be used to zero the accumulated 27

value in an RTO timer. (True or False)

28. A timer's delay time equals the value in the ACC multiplied by 28.
the time base. (True or False)

29. Timers can be retentive or nonretentive. (True or False) 29.
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30. An RTO timer retains the present accumulated value when the rung
goes false. (True or False)

31. A TOF timer starts to accumulate time when the rung becomes true.
(True or False)

32. A TOF timer starts to accumulate time when the rung makes a true
to false transition. (True or False)

33. One of the advantages of using a PLC for timing circuit applications is

the entire timing function occurs inside the controller. (True or False)

34. The only way to reset a TON instruction is to use a Reset (RES)

instruction. (True or False)

35. When one timer's output triggers another timer's input, those timers are
referred to as .

36. The two quantities that most PLC timers display are
(a) time and (b) time.

37. The timer Enable Bit (EN) is set whenever rung conditions are .
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Programming Assignments

This section presents several common timing program applications. The instructions used
are intended to be generic in nature and, as such, will require some conversion for the
particular PLC model you are using. The use of a prewired PLC input/output control

panel is recommended to simulate the operation of these circuits.

1) Prepare an I/O connection diagram and ladder logic program for a nonretentive on-
delay timer that will turn a light on 5 seconds after a switch is closed. Enter the program
into the PLC, and prove its operation.

2) Prepare an I/O connection diagram and ladder logic program for a nonretentive off-
delay timer that will turn a light off 10 seconds after a switch is opened. Enter the

program into the PLC, and prove its operation.

L1 L2
Stop Start

= . i Figure 7-19 Hardwired timer circuit for
assignment 3.
e

TD-2
(5s)

—_ —

|
|
TD-

3) Prepare an I/O connection diagram and ladder logic program to execute the hardwired
timer circuit shown in Figure 7-19. Enter the program into the PLC, and prove its

operation.
L1 L2
Start-Up Reset
_| P8t PB2 .
—o0 O0—4 QlO 1
CR-1
OR.E Figure 7-20 Hardwired start-up warning circuit
@_4 for assignment 4.
CR-3 Horn
. | 1 [
1 ||
TD-1
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4) Prepare an I/O connection diagram and ladder logic program to execute the hardwired
start-up warning signal circuit shown in Figure 7-20. Enter the program into the PLC, and
prove its operation.

L1 Stop Start Lube oil L2

pump motor OL

PB1 J_PBZ
o—QJ_Q—o—o o—c»—@%
__‘ }__

Main drive
PS1 M=) motor  OL
0—0\£C +—(M2 ] Figure 7-21 Hardwired sequence control
(Lube oil circuit for assignment 5.

pressure switch)

OL
tore &
D1 Feed
(15 s) motor

5) Prepare an I/O connection diagram and ladder logic program to execute the hardwired
automatic sequential control system shown in Figure 7-21. Enter the program into the
PLC, and prove its operation.

Ladder logic program

L1 Input Outputs L2
) sw —TOF
Swich. | —J E TIMER OFF DELAY —(EN) oL
o-SW Timer T4:1
Preset 5| (o) M1 -O— L T—
Accumulated 0 /
oL
—TOF ————
——  TIMER OFF DELAY —(EN)— M2‘Oj/—‘
Timer T4:2 oL
Preset 10
Accumulated 0 C) MSO //
/
—TOF ———————— .
—  TIMER OFF DELAY —(eN)— Figure 7-22 Off-
Timer T4:3 .
Preset 15 ( delay timer
Accumulated 0 DN) f
rogram ior
T4:1/DN M1 prog
VD" .
I E . assignment 6.
T4:2/DN M2
T P N\
a3 I L O
T4:3/DN M3
I E 7
1 C N o)
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6) The program of Figure 7-22 is described in the text and uses off-delay timers to switch
motors off sequentially at 5-second intervals. Prepare an I/O connection diagram and
ladder logic program for the process. Use addresses that apply to your PLC. Enter the
program into the PLC, and prove its operation.

L1 L2

LS1
-»
5s

TD-1 oL

'._OTO—@%.

oL Figure 7-23 Hardwired off-delay timer circuit for

TD-2
»—O?O—@—H/—o assignment 7.

TD-3
% G :}—0
O

TD-4

7) Prepare an I/O connection diagram and ladder logic program to execute the hardwired
off-delay timer circuit shown in Figure 7-23. Enter the program into the PLC, and prove
its operation.

Ladder logic program

Input LS1 N Outputs
L1 ] [ TIMER OFF DELAY —EN— oL,
Timer T4
{»%\o—l_m Tins b 0| o M ( ) i’
Accumulated 0 o
1:|4:/T>_N _/M1 - C ) 7! | Figure 7-24
J/I_ N >-; Off-delay timer
T /Mz\ . CE [ program for
110 ./ @ assignment 8.
R 3
T4:/EN G
. -
%/ ~ = >H
T4:/EN R
i )
L N o
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8) The program of Figure 7-24 is described in the text and uses an off-delay timer

containing both instantaneous and timed contacts. Prepare an I/O connection diagram and

ladder logic program for the process. Use addresses that apply to your PLC. Enter the

program into the PLC, and prove its operation.

L1 Inputs

o | o sTOP

1
G~ O— START

P—O}O— PS1
»—o}o— PS2
»-c}o- PS3

Ladder logic program

STOP START T4:5 PSt1 PUMP
= S — /DPN—] %{ >_ Output
PUMP L2
E oL
PUMP _ TON Pump delay
—3 TIMER ON DELAY HEN) PUMP
Timer T4:6
Time base 1.0
DN
Preset 5 N
Accumulated 0
T4:6 pPS2 _ TOF Pump time
—3 / TIMER OFF DELAY HEN)
DN Timer T4:5
PS3 Time base 1.0
/ Preset 14 -©ON)
Accumulated 0

Figure 7-25 Fluid pumping process program for assignment 9.

9) The program of Figure 7-25 is described in the text and uses both on-delay and off-

delay timers as part of a fluid pumping process. Prepare an I/O connection diagram and

ladder logic program for the process. Use addresses that apply to your PLC. Enter the

program into the PLC, and prove its operation.

Inputs Output
L1 Ladder logic program
RERET PB2 T4:2 L2
o PB2 [ (Res)
— f LRES )
TIME PL
PB1 RTO
Oo—PB1 r
—] F RETENTIVE TIMER ON —(EN —|
Timer T4:2
Time Base 1.0 —<DN)
Preset 9
Accumulated 0
T4:2 PL
% [ @ N
[ L
DN
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10) Prepare an I/O connection diagram and ladder logic program to execute the retentive
on-delay timer program shown in Figure 7-26. Enter the program into the PLC, and prove

its operation.

Ladder logic program

Inputs Output L2
t S1 T4:1
RESET ] { (ReS)
=8, 0—1 PS HORN
KEY SWITCH RTO ————————
—] RETENTIVE TIMER ON [~CEN )] Figure 7-27
Timer 14:1 —(DN) Timer alarm
PRESSURE SWITCH Prosst 60
->—02 o——FPS Accumulated 0 program for
assignment 11.
T4:1 HORN
] { )
1 TN N

11) The program of Figure 7-27 is described in the text and uses a retentive on-delay as
part of an alarm program. Prepare an I/O connection diagram and ladder logic program
for the process. Use addresses that apply to your PLC. Enter the program into the PLC,
and prove its operation.
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Inputs

L1

o0 0—SW

—O O—RESET

Ladder logic program

Motor Starting Time Delay

- b _IONER ON DELAY
IM LA
— =/ Timer T4:0 —(EN
DN Time base 1.0
Preset 10 —(DN)
Accumulated 0
Pump Off Time Delay
— TOF
TIMER OFF DELAY —(EN
Timer T4:1
Time base 1.0
Preset 15 ~ON)
Accumulated 0
T4:1 PUMP
— (
DN
T4:0 MOTOR
—3 € ¥
DN
RESET T4:2
—3 E (RES)—
Pump Running Time
e _EE?’ENTIVE TIMER ON
s
1 E Timer Tap [EN)
Time base 1.0
Preset 10800 HDN)
Accumulated 0
T4:2 PL
—3 (
DN

Figure 7-28 Bearing lubrication program for assignment 12.

Output
utputs L

oL

PUMP@—/H’—«

oL

MOTOR@—/H/—<
PL—Z Z—<

2

12) The program of Figure 7-28 is described in the text and uses TON, TOF, and RTO
timers as part of a bearing lubrication program. Prepare an I/O connection diagram and

ladder logic program for the process. Use addresses that apply to your PLC. Enter the

program into the PLC, and prove its operation.
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L1 sTOP START L2

PB1 PB2 oL

p——O O———4 4

ol

TD1-1

i

oL Figure 7-29 Hardwired sequential
' ~ @ ! delayed motor starting circuit for
oL

(20s) assignment 13.

(20 s)

13) Prepare an I/O connection diagram and ladder logic program to execute the
hardwired sequential time delayed motor starting circuit shown in Figure 7-29. Enter the

program into the PLC, and prove its operation.

Inputs Outputs
L1 Ladder logic program

o—TS1 T4:6 — TON

| i /5 ?MER ON DELAY &N @
DN imer T4:

o— PS1 Time base 1

Preset

Accumulated

—(ON)

o—=owm

LYy

1 E TIMER ON DELAY —(EN)—
DN Timer T4:6

Time base 1.0 Y.
Preset 1 —ON)

Accumulated 0 program for assignment

Figure 7-30
»  Annunciator flasher

TS1  T45 G 14.

1 E

1 C
DN

PS1  T45

T E 1 E

(
%
'
1 € 1 C \
K
\

L
m

DN
LS1 T4:5

] E
1 C

DN

[E
m

14) The program of Figure 7-30 is described in the text and uses two interconnected TON
timers to form an annunciator flasher program. Prepare an I/O connection diagram and
ladder logic program for the process. Use addresses that apply to your PLC. Enter the
program into the PLC, and prove its operation.
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Ladder logic program

Red Time
T4:2 —TON Out
puts
3/ TIMER ONDELAY | oy
Timer T4:0 i
DN ; Traffic lights
Time base 1.0 L2
Preset 30 DN)
Accumulated 0
RED Red ]
Green Time
T4:0 — TON
5 i TIMER ON DELAY \
2 BN Timer T4:1 —(EN)
Time base 1.0 AMBER )
Preset 25 —(DN)
Accumulated 0
_— TON Amber Time GREEN ‘
. TIMER ON DELAY N
o Timer Ta:2 [EN)
Time base 1.0
Preset 5 —(DN)
Accumulated 0
T4:0 T4:0 RED
EN DN
T4:1 T4:1 GREEN
—3 /= ()
EN DN
T4:2 T4:2 AMBER
) e/ )
EN DN

Figure 7-31 Traffic lights program for assignment 15.

15) The program of Figure 7-31 is described in the text and is used for control of traffic
lights in one direction. Prepare an I/O connection diagram and ladder logic program for
the process. Use addresses that apply to your PLC. Enter the program into the PLC, and

prove its operation
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Ladder logic program

Ta:2 —TON Outputs
J— | pMER ONDELAY | oy | SRR LY
e imer T40 traffic light
Time base 1.0 Ll
Preset 30 —(DN)
Accumulated 0 RED Fisd |
NORTH/SOUTH
T4:0 —TON
] E :Ir_!MER ON DELAY - —(EN>_
DN T:mzrbase 1.0 e [
~ NORTH/SOUTH
Preset 25 —(DN)
Accumulated 0
GREEN b
T4:1 —TON ON DE NORTH/SOUTH
T TIMER ON DELAY
' I Timer Ta2 [EN—
Time base 1.0
Preset 5 —DN)
Accumulated 0
T4:0 — TON
;:MER ON DELAY 43 —(EN)—
- EEN imer ]
Time base 1.0
Preset 25 —(DN)
Accumulated 0
T4:0 T4:0 RED
- e e D
EN DN NORTH/SOUTH
T4:1 T4:1 GREEN traffic lights
ey € )
EN DN NORTH/SOUTH RED
EAST/WEST [
T4:2 T4:2 AMBER
] -/ € )
EN DN NORTH/SOUTH AMBER b
EAST/WEST
T4:3 T4:3 GREEN
GREEN s
= EP—']N 4 DP—N =, EAST/WEST
EAST/WEST
T4:3 T4:0 AMBER
] -/ ()
DN DN EAST/WEST
T4:0 RED
“ | E ( %)
s \ J
DN EAST/WEST

Figure 7-32 Traffic lights program for assignment 16.

16) The program of Figure 7-32 is described in the text and is used for control of traffic
lights in two directions. Prepare an I/O connection diagram and ladder logic program for
the process. Use addresses that apply to your PLC. Enter the program into the PLC, and
prove its operation
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Solenoid A (Fill)

Agitator motor
==f ) ey
Float
i /O su(/’itach

FS1—Contact opens when
| tank is full but
! does not close

o until tank is empty
o;t FS2—Contact closes when

tank is full but
does not open
until tank is empty

Level adjustment

u

l Solenoid B (Empty)

Mixed
fluid

>

L1

(Top)
FS1
—OT 0

Solenoid A

FS2
(Bottom)

| 22

(5 min)

TD-3

(5 min)

Figure 7-33 Hardwired automatic mixing process for assignment 17.

(Fiy

oL

Solenoid B

(Empty)

17) Prepare an I/O connection diagram and ladder logic program for the hardwired
automatic mixing process circuit shown in Figure 7-33. Enter the program into the PLC,

and prove its operation. The operation of the process can be summarized as follows:

e Process is initiated by pressing the start pushbutton PB2.

e Solenoid A is energized to allow fluid to flow into the tank.

e Fluid flows in until the float switch is activated at the full position.

e Agitator motor is started and operates for 5 minutes and then stops.

e Solenoid B is energized to empty the tank.

e When the float switch is activated at the empty position, the process stops and is

placed in the ready position for the next manual start.
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Figure 7-34 Hardwired motor control
_i }',\_42—_1 circuit for assignment 18.
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18) Prepare an I/O connection diagram and ladder logic program for the hardwired motor
control circuit shown in Figure 7-34. Enter the program into the PLC, and prove its
operation. The operation of the process can be summarized as follows:

e The control process consists of three motors: M1, M2, and M3.

e The electrical control system is to be designed so that motor M1 must be running
before motor M2 or M3 can be started.

e Each motor has its own start/stop pushbutton station.

e Both motors M2 and M3 can normally be stopped or started without affecting the
operation of motor M1.

e However, if all three motors are running, the stopping of any one motor, for any
reason, will automatically stop all three motors.

19) Write a PLC ladder logic diagram for a display sign that will sequentially turn on
three lights 2 seconds apart and then turn all three lights off and repeat the sequence.

Enter the program into the PLC, and prove its operation.

20) Write a PLC program that will turn on pilot light PL1 10 seconds after switch S1 is
turned on. Pilot light PL2 will come on 5 seconds after PL1 comes on. Pilot light PL3
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will come on 8 seconds after PL2 comes on. Pressing pushbutton PB1 will reset all the
timers but only if PL3 is on. Enter the program into the PLC, and prove its operation.

21) When a switch is turned on, PL1 goes on immediately and PL2 goes on 9 seconds
later. Opening the switch turns both lights off. Write a program that implements this
process. Enter the program into the PLC, and prove its operation.

22) When a switch is turned on, PL1 and PL2 immediately go on. When the switch is
turned off, PL1 immediately goes off. PL2 remains on for another 3 seconds and then
goes off. Write a program that will implement this process. Enter the program into the

PLC, and prove its operation.

23) When a switch is turned on, PL1 and PL2 immediately go on. PL1 turns off after 4
seconds. PL2 remains on until the switch is turned off. Turning the switch off at any time
turns both lights off. Write a program that will implement this process. Enter the program
into the PLC and prove its operation.

24) A saw, fan, and lube pump all go on when a start button is pressed. Pressing a stop
button immediately stops the saw but allows the fan to continue operating. The fan is to
run for an additional 5 seconds after shutdown of the saw. If the saw has operated for
more than 20 seconds, the fan should remain on until reset by a separate fan reset button.
If the saw has operated less than 20 seconds, the lube pump should go off when the saw
is turned off. However, if the saw has operated for more than 20 seconds, the lube pump
should remain on for an additional 10 seconds after the saw is turned off. Write a
program that will implement this process. Enter the program into the PLC, and prove its

operation.

25) A lamp is required to turn on for 10 seconds each time a door is opened. Prepare an
I/O connection diagram and ladder logic program that will perform this operation. Enter
the program into the PLC, and prove its operation.

26) A PLC program is required to control part of an industrial heating oven as follows:

e The system is activated by a Start button that seals in an internal control relay and is
deactivated by pressing a Stop button.
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e When the Start button is pressed, a TON timer will activate a warning buzzer which is
on for 5 seconds and warns that the oven is about to start.

e After 5 seconds the buzzer stops and the heating coils for the oven are turned on for
10 minutes (600 seconds).

Prepare an I/O connection diagram and ladder logic program that will perform this
operation. Enter the program into the PLC, and prove its operation.
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CHAPTER 8 Programming Counters

TEST 8.1

Choose the letter that best completes the statement.

1. Programmed counters can 1.

a) count up. ¢) be combined to count up and down.
b) count down. d) all of these

2. The counter instruction is found on 2.

a) all PLCs. ¢) medium-size PLCs.

b) small-size PLCs. d) large-size PLCs.

3. The PLC counter instruction is similar to the 3.

a) internal relay instruction. ¢) relay coil and contact instruction.
b) transitional contact instruction. d) timer instruction.

4. The output of a PLC counter is energized when the 4.

a) accumulated count equals the preset count.
b) preset count is greater than the accumulated count.
¢) counter input rung is true.

d) counter input rung is false.

5. Which of the following is not usually associated with a PLC counter 5.
instruction?

a) Address c¢) Time base

b) Preset value d) Accumulated value

6. A PLC up-counter (CTU) counter counts 6.
a) scan transitions. c) false-to-true transitions.

b) true-to-false transitions. d) both b and c
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7. When the up-counter reset is set to true, the following happens: 7.
a) the preset value is set to 0.

b) the preset value increments.

c¢) the accumulated value is set to 0.

d) the accumulated value is set to maximum.

/U /XD /MON 0V MUN MUA PRE ACC
50 0 0 0 0 0 0 0 0
51 0 0 0 0 0 0 0 0
C52 0 0 0 0 0 0 0 0 . .
€53 o 0 0o 0 0 0 0o 0 Figure 8-1 Counter table for question 8.
C54 0 0 0 0 0 0 0 0
Cs5 0 0 0 0 0 0 0 0
Addeess | C53 Table: |C5: Courter |
8. For the counter table shown in Figure 8-1, word level addressing 8.
is used for
a) CU, CD, DN, OV, UN, and UA. ¢) OV and UN.
b) CU, CD, and DN. d) PRE and ACC.
9. In an up-counter, when the accumulated count exceeds the preset count 9.
without a reset, the accumulated count will
a) set itself to zero. ¢) continue incrementing.
b) start decrementing. d) hold the accumulated value.
10. When the accumulated count exceeds the preset count, the 10.
a) accumulated value is set to zero. c) reset changes state.
b) preset is set to zero. d) counter done bit is true.
11. The counter RES instruction 1.

a) is used to reset the counter.

b) is given the same reference address as the counter instruction.
c¢) decrements the count when actuated.

d) bothaand b
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12. For the PLC counter to reset, the counter reset rung must
a) be true.

b) be false.

c) be either true or false, depending on the manufacturer.

d) undergo a true-to-false transition.

13. Normally counters are retentive. This means that if your accumulated
count is up to 300 and power to your system is lost, when power is restored,

the accumulated count will be
a) 000. ¢) 300.
b) 250. d) 999.

14. A one-shot, or transitional, contact

a) operates the same as an NO contact instruction.
b) operates the same as an NC contact instruction.
c) operates the same as a timed closed contact.

d) closes for only one program scan when actuated.

15. A PLC down-counter (CTD) counter counts
a) scan transitions. c) false-to-true transitions.
b) true-to-false transitions. d) both b and c

16. The accumulated count of a CTD counter

a) increments with each true-to-false transition.
b) decrements with each true-to-false transition.
c¢) decrements with each false-to-true transition.

d) increments with each false-to-true transition.

17. The accumulated count of a CTU counter

a) increments with each true-to-false transition.
b) decrements with each true-to-false transition.
c¢) decrements with each false-to-true transition.
d) increments with each false-to-true transition.
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18. A counter is to be programmed to keep track of the number of parts

coming off a production line. If you wanted to subtract the number of rejected

parts so your counter would count only the good parts, you would program
a) two up-counters.

b) two down-counters.

¢) an up/down-counter.

d) a counter with a transitional contact input.

i Inputs Ladder logic program Outputs
PB1 E
CTU
] | COUNT-UP COUNTER | —(cu)— Pui—SCH—¢
Counter C5:1 (DN)
Preset 7 PL2 G
] Accumlated 0
—O O— PBi
C5:1/DN PL1
s il
—/F ~
C5:1/DN PI2
1 1 E Vi
—O O—PB2 1 C &
PB2 C5:1
] E (RES)—

Figure 8-2 Counter program for question 19.

19-1. For the counter program of Figure 8-2, output PL2 will be energized
a) until the accumulated value equals the preset value.

b) when the accumulated value equals the preset value.

c) only when the accumulated value exceeds 10.

d) only when the accumulated value is zero.

19-2. Output PL1 will be energized

a) until the accumulated value equals the preset value.
b) when the accumulated value equals the preset value.
c¢) only when the accumulated value is less than 10.

d) only when the accumulated value is 99.

18.

19-1.

19-2.
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19-3. The field device that will cause the counter to increment is
a) input PB1. c) output PL1.
b) input PB2. d) output PL2.

Ladder logic program

L1 Inputs ENTER
SWITCH  _.qy
ENTER 1 F COUNT-UP COUNTER ———(CU)—| LOT FULL
oS Counter C5:1 LIGHT
Sy Preset 150 (oN)
Accumulated 0
EXIT
SWITCH
o o EXT alla COUNT-DOWN COUNTER [——(CD)—
1 Counter C5:1
WITCH (
- - Preset 150 DN)
Accumulated 0 LOT FULL
C5:1/DN LIGHT
g 7
1L C )
—O0 O—RESET RESET c51
AN 7
1L (RES)—

Figure 8-3 Parking garage counter program for question 20.

20-1. For the parking garage counter program of Figure 8-3, the output Lot
Full Light will be energized when the accumulated count is

a) 0. c) 100.

b) 150. d) 125.

20-2. Which instruction will cause the counter to decrement?
a) Enter switch input. c¢) Reset input.

b) Exit switch input. d) Lot Full Light output.

20-3. Which instruction, when true, will preset the counter to a count

of zero?
a) Enter switch input. c¢) Reset input.
b) Exit switch input. d) Lot Full Light output.
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20-4. Suppose the accumulated count is 60 before the Enter switch input 20-4.
is actuated 15 times and the Exit switch input is actuated 5 times. After this
operational sequence, the accumulated count would be
a) 80. c)75.
b) 65. d) 70.
20-5. During normal operation of the program, the accumulated value 20-5.
of CTU would always be
a) the same as that of CTD. c) between 50 and 100.
b) 150. d) between 0 and 100.
20-6. Assume the accumulated count is 100 and the following order 20-6.
of events then occurs: Exit switch input is actuated 20 times, Reset input is
actuated 10 times, and Enter switch input is actuated 5 times. After this
sequence, the accumulated count would be
a) 100. c)S.
b) 115. d) 0.
21. The counter file for SLC 500 controllers is 21.
a) C2. c) C4.
b) C3. d) Cs.
On

off . . . .

_m_ ; Figure 8-4 Contact instruction for question 22.
On

Symbol < One

Off scan |
22. Figure 8-4 illustrates the operation of a 22.

a) timer contact instruction. ¢) one-shot contact instruction.

b) counter contact instruction. d) sensor contact instruction.
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Ladder logic program

Inputs B
u PBI C5:0/DN B3:000 . utpu

L2
— B F—{0osR}H count-up counteER  CU)—
Counter Cs:1
Preset 32000 _<DN> PL
Accumulated 0
—O O— PBf1
B3:0/0 T
[osR] COUNTUP COUNTER —(cu)—|
ounter 5
—O O—PB2 Preset 32000 —CDN>
Accumulated 0
C5:0/DN C5:1/DN PL
1L 5|
Al L A E < >_
PB2 C5:0
1 E (RES—
C5:1
RES)—
Figure 8-5 Counter program for question 23.
23-1. The counter program of Figure 8-5 is designed to 23-1.
a) count up and count down.
b) record the time of an event.
¢) count beyond the maximum count allowed per counter.
d) count below the maximum count allowed per counter.
23-2. Counter C5:1 starts counting 23-2.
a) after the accumulated value of C5:0 reaches 32,000.
b) before the accumulated value of C5:0 reaches 32,000.
c¢) whenever input PB2 is actuated.
d) either b or ¢
23-3. Output PL will be energized when 23-3.

a) the accumulated value of C5:0 reaches 32,000.

b) counter C5:0 is reset.

c) the accumulated value of C5:1 reaches 32,000.

d) the accumulated value of C5:0 and C5:1 reaches 32,000.
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23-4. When output PL is energized, how many counts have occurred?

23-4.

a) 4,000 c) 64,000
b) 32,000 d) 99,999
23-5. If you wanted output PL to go on after a count of 40,000, you would 23-5.
change the preset count of C5:1 to
a) 9,999. ¢) 8,000.
b) 6,000. d) 12,000.
23-6. When input PB2 is actuated 23-6.
a) output PL is switched off. c¢) counter C5:1 is reset.
b) counter C5:0 is reset. d) all of these
Ladder logic program
RTO
000 RETENTIVE TIMER ON[—(EN)—
Timer T4:0
Time base 1.0 —<DN)
Preset ?
Accumulated 0
T4:0/DN
1r —CTU
001 4 E GOUNT:OR COUNTE(F;S . —(Cu)—
ounter .
Preset ? _(DN>
Accumulated 0 Figure 8-6 Clock
program for question 24.
C§I:0/1I3N ]
002 i OOUNT-P SOUNTER —(CU)—
Preset ? _<DN>
Accumulated 0
T4:0/DN T4:0
03— F (RES—
C5:0/DN C5:0
1 LC
004 1 E (RES)—
C5:1/DN C5:1
]
005 4 F RES)-
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24-1. The 24-hour clock program of Figure 8-6 uses 24-1.

a) three timers and three counters. c) one timer and two counters.

b) two timers and two counters. d) two timers and one counter.

24-2. RTO is preset for a 24-2.
a) 60-s time period. ¢) 12-h time period.

b) 2-min time period. d) 24-h time period.

24-3. Counter C5:0 is preset for 24-3.
a) 12. c) 60.

b) 24. d) 120.

24-4. Counter C5:1 is preset for 24-4,
a) 12. c) 60.

b) 24. d) 120.

24-5. A false-to-true transition of rung 002 increments the clock by 24-5.
a) 1 ms. ¢) 1 min.

b) 1s. d) 1h.

24-6. Rung 003 undergoes a true-to-false transition once every 24-6.
a) 60 s. ¢) hour.

b) 2 min. d) 24 h.

24-7. Assume the accumulated count of counter C5:1 is 14 and that of 24-7.
C5:0 is 10. The correct time of day would be

a)2:10 p.m. c) 10:14 p.m.

b) 10:14 a.m. d) 2:10 a.m.
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TEST 8.2
Place the answers to the following questions in the answer column at the right.

1. Programmed counters can serve the same function as mechanical 1.

counters. (True or False)

2. The majority of counters used are classified as -counters. 2.

3. Every PLC model offers some form of counter instruction. (True or False) 3.

4. Counters are similar to timers, except that they do not operate on 4.

an internal clock. (True or False)

5. Counter instructions can be (a) formatted or (b) formatted. Sa.
5b.

6. The up-counter increments its accumulated value by 1 each time the 6.

counter rung makes a(n) transition.

7. The output of the counter is energized whenever the accumulated count 7.
is less than or equal to the preset count. (True or False)

8. A programmed counter is reset by means of a counter instruction. 8.
9. PLC counters are normally nonretentive. (True or False) 9.
10. Some PLC counters operate on the leading edge of the input signal, 10.

while others operate on the trailing edge. (True or False)

11. All PLC manufacturers require the reset rung or line to be true 11.
to reset the counter. (True or False)

12. A transitional off-to-on contact will allow logic continuity for one scan  12.
and then open, even though the triggering signal may stay on. (True or False)

13. The acronym CTD stands for a(n) counter instruction. 13.
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14. The acronym CTU stands for a(n) counter instruction.
15. The instruction is used to set the counter accumulated value
to zero.

16. The transitional contact instruction is also known as a(n)

contact instruction.

17. Transitional contacts are often used for counters and timers.

18. A down-counter output instruction will decrement by 1 each

time the counted event occurs. (True or False)

19. In normal use, the down-counter is used in conjunction with the

up-counter to form an up/down-counter. (True or False)

20. All up-counters count only to their preset values, and additional
counts are ignored. (True or False)

21. One way of counting events that exceed the maximum number
allowable per counter instruction is by the of two counters.

22. The counter reset (RES) instruction, it is always given the same
address as the counter it is to reset. (True or False)

23. The counter enable bit is true whenever the counter instruction
is false. (True or False)

24. The counter done bit is true whenever the (a) value is equal
to or greater than the (b) value.
25. The counter bit is true whenever the counter counts past

its maximum value.
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26. The counter
must count to before it changes the state of the done bit.

values specify the value that the counter

27. The counter accumulated value is the current count based on the

number of times the rung goes from false to true. (True or False)

28. The counter number C5:4 represents counter file 5, counter 4 in
that file. (True or False)

29. Encoder pulses can be counted to measure distance. (True or False)

30. A counter instruction is an input instruction. (True or False)

31. A counter’s input signal can come from an external device such as
a sensor. (True or False)

32. Up and down counters may be programmed together to count up
and down. (True or False)

33. Counters can count past their preset values. (True or False)

34. Mechanical counters do not require physical contact with the product
being counted. (True or False)

35. A down counter will count to its preset value and energize

an output. (True or False)

35.

36. What type of counter would most likely be used for each of the following counter

applications?

a) Keep track of the current number of parts at the stage

of a process as they enter and exit.

b) Accumulate the total number of components made during a
production shift of operation.

c) Keep track of the current number of parts remaining in a
full bin of 100 parts as parts are extracted.

36a.

36b.

36c¢.
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Programming Assignments

This section presents several common counter program applications. The instructions

used are intended to be generic in nature and, as such, will require some conversion for

the particular PLC model you are using. The use of a prewired PLC input/output control

panel is recommended to simulate the operation of these circuits.

Ladder logic program

L1 Inputs
[:1/0 ~CTU
Rung 1 1 E COUNT-UP COUNTER  —(CU)—
PB1 (Count) Counter C5:1 (DN
PB1 (Count) Preset 7 )
] Accumlated 0
—O O—1I1/0
C5:1/DN 0:2/0
ngz|— L ( >
Counter Done Bit Red PL
PB2 (Reset) ! '
1
—O O—1Ii/N C5:1/DN 0:211
Aung s |——/F ~
Counter Done Bit Green PL
11 C5:1
Rung 4 J F (RES)—
PB2 (Reset)

Figure 8-7 Up-counter program for assignment 1.

Qutputs L2

1) The operation of the up-counter program shown in Figure 8-7 is described in the text.

Prepare an I/O connection diagram and ladder logic program for the process. Use

addresses that apply to your PLC. Enter the program into the PLC, and prove its

operation.
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Ladder logic program

L1 Inputs
Stop Start C5:0/DN Motor Output
Stop | e — L2
oL
Motor Motor
O- Start
Motor —CTY)——————
3 F———— COUNT-UP COUNTER —(Ccu—
Counter C5:.0
O—Reset Preset 10 —(DN)
Accumulated 0
Stop Reset C5:0
@ 1E (RES)—
Start
Reset

Figure 8-8 Motor counter program for assignment 2.

2) The counter program of Figure 8-8 is used to stop a motor from running after 10
operations. The operation of the program is described in the text. Prepare an I/O
connection diagram and ladder logic program for this application. Use addresses that
apply to your PLC. Enter the program into the PLC, and prove its operation.

Ladder logic program

Parts
L1 Inputs PROX-SW 6T

1 E COUNT-UP COUNTER ~ ——(CU)——

Counter C5:1 (
@— PROX-SW Preset 10 oN)
Accumulated 0

—CTU———
T COUNT-UP COUNTER  —(CU)——
—O  O—RESETPB Counter C5:2 4<
: DN)
Preset 32767 Figure 8-9 Can
Accumulated 0| CLOSE BOX g
C5:1/DN B3/1 i
S {1 counting
- program for
. Packages ——Res)—  assignment 3.
—CTU———
] E COUNT-UP COUNTER  [——(CU)——
Counter C5:3 —(
Preset 300 DN)
Accumulated 0
RESET PB C5:2
1C (RES)—
] [ (RES
C5:3
—RES)—

3) The can counting program of Figure 8-9 is described in the text. Prepare an I/O
connection diagram and ladder logic program for this process. Use addresses that apply to
your PLC. Enter the program into the PLC, and prove its operation.
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Ladder logic program

Inputs Output
L1 STOP L:1/3 B3:0/0 —CTU
i [osR] COUNT-UP COUNTER —(cu—
I:1/1 Counter C5:0 0:2/0
Preset 50 |—DN)
START Accumulated 0
L1/ L:1/2 0:2/0
—0O O—1I:1/2 Y
—e f-——] [ {)
:0/DN -
PROXIMITY cqs 0;,/ 03 ZE/O
SWITCH
C5:0/DN C5:0
4 1:1/3 ] E (RES)—
I:1/4
RESET 1
7

T—OLO—I:M

Figure 8-10 Case counting program for assignment 4.

4) The case counting program of Figure 8-10 is described in the text. Prepare an I/O

oL

L2

connection diagram and ladder logic program for this process. Use addresses that apply to

your PLC. Enter the program into the PLC, and prove its operation.
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Ladder logic program

L1 T4:6 —TON L2
Trpiifa —e=| //f———————— TIMER ON DELAY —(EN)— Output
DN Timer T4:5 (
o—FS Time base 1.0 DN) LIGHT
|'\ Preset 1
Accumulated 0
T4:5 —TON
1 L
1 ¢ H\AER ON DELAY ree —(EN)—
DN imer . (
Time base 1.0 DN)
Preset 1
Accumulated 0
FS
OFF ON 1 ~ETu

COUNT-UP COUNTER  —(CU)—

I’ 4 k Counter C5:1
o-S8 —0oN)
P

T—o Preset 1
|
[

Accumulated 0
; 5& C5:1 T4:5 LIGHT
. 1 C 1 C N

4 L 19 N/
DN DN
C5:1 FS

‘|SS r et
1 C {RES)

Figure 8-11 Alarm monitor program for assignment 5.
5) The alarm monitor program of Figure 8-11 is described in the text. Prepare an I/O

connection diagram and ladder logic program for this process. Use addresses that apply to
your PLC. Enter the program into the PLC, and prove its operation.
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Ladder logic program

1 Inout ENTER L2
P SWITCH  .q, cuut
BERITER 1 F COUNT:UP COUNTER' —(CU} LOT FULL
<2 switcH gf’e“s'gfr (’;%; (N | HeRT
Accumulated 0 3
EXIT v Figure 8-12
SWITCH
-CTD i
1 E gOUI;IT-DOWN COSQ'IER —(co) Parking
ounter E:
Preset 150 CDN) garage
Accumulated 0 LOT FULL counter
C5:1/DN LIGHT
1F (
I ( program for
n assignment 6.
G O—RESET RESET C5:1
. 1LC (T
N 1F (RES)—

=

6) The parking garage counter program of Figure 8-12 is described in the text. Prepare an
I/O connection diagram and ladder logic program for this process. Use addresses that
apply to your PLC. Enter the program into the PLC, and prove its operation.

Inputs Ladder logic program Outputs
L1 N — L2
PB1 Input A COUNT-UP COUNTER
| ] F Counter C52 ——(cu)—
p—O O—lInput A t Preset 10 Output A o
Accumulated 0
PB2 oN
1
¢—0O O—lInputB Output B e
—CID———
RESET Input B COUNT-DOWN COUNTER
] | Counter C5:2 CcU)— .
,_o_l_o_mputc P Preset 10 _C Output C e Flglll'e 8'13 Up/dOWIl-
Accumulated 0
—o0 counter program for
assignment 7.
C5:2 Output A
1 VR
1 lCU \ /
C5:2 Output B
1 VR
1 lCD \ /
C5:2 Output C
1 )
] lDN A
Input C C5:2
'l (RES)

7) The operation of the up/down-counter program shown in Figure 8-13 is described in
the text. Prepare an I/O connection diagram and ladder logic program for the process. Use
addresses that apply to your PLC. Enter the program into the PLC, and prove its
operation.
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L1 Inputs

COUNT

BUTTON
ol

¢ o— PBI

RESET
BUTTON

35 o— PB2

Ladder logic program

PBI C50DN B30O ooy e
— B F—{osrR countupcounter  [Cu)—
Counter C5:1
DN
Preset 32000 _< ) LIGHT
Accumulated 0
oo I B e—
{osR} gourtw-up COUNTEE{:SO —Cuy—
ounter &
Preset 32000 _<DN>
Accumulated 0
C5:0/DN C5:1/DN LIGHT
1E B (
B B ¢
PB2 C5:0
1E (RES—
C5:1
RES)—

L2

Figure 8-14
Cascading of
counters program
for assignment 8.

8) The cascading of counters program shown in Figure 8-14 is described in the text.
Prepare an I/O connection diagram and ladder logic program for the process. Use
addresses that apply to your PLC. Enter the program into the PLC, and prove its

operation.
Ladder logic program
Input
o COUNT B30/0
PB1 — F—{osR—— countupcountER  CU)—
C5:1 (
O— COUNT 500 oN)
PB2 Accumulated 0
O—RESET
1C5:1r —CTU
1 COUNT-UP COUNTER  —(CU)—
DN C5:2 (
500 oN)
Accumulated 0
C5:1 C5:1
1 E G
4 F (RES)—
DN
RESET
1 E
1 L
RESET C5:2
1 E G
{ F (RES)—
C5:2 LIGHT
1 E (
1 C \ >_
DN

Output

LIGHT

L2

Figure 8-15 Cascading of counters for extremely large counts program for
assignment 9.
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9) The cascading of counters for extremely large counts program shown in Figure 8-15 is
described in the text. Prepare an I/O connection diagram and ladder logic program for the
process. Use addresses that apply to your PLC. Enter the program into the PLC, and

prove its operation.

000

001

002

003

004

005

Ladder logic program

Seconds
—RTO
RETENTIVETIMERON  —(EN)—
Timer T4:0 (DN
Time base 1.0 >
Preset 60
Accumulated 0
T‘_‘]:O/E{)‘N —CTU Minutes
1 C COUNT-UP COUNTER —(cu)-
Counter C5:0
DN
Preset 60 _< )
Accumulated 0
C?’]:O/?_N —CTU Hours
1 C COUNT-UP COUNTER —(cu}
Counter C5:1
DN
Preset o4 —< )
Accumulated 0
T4:0/DN -
1 L -
S (RES—
C5:0/DN 0
1 L ’
L L (RES)—
C5:1/DN o
1 L )
4k (RES)—

Figure 8-16 24-hour clock program for
assignment 10.

10) The 24-hour clock program shown in Figure 8-16 is described in the text. Prepare an
I/O connection diagram and ladder logic program for the application. Use addresses that

apply to your PLC. Enter the program into the PLC, and prove its operation.
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Inputs
L1

<

¢—alostopP

1
¢—G O—START

PHOTO
SENSOR

Ladder logic program

M2 run time
M2 —TON
— F————— TMERONDELAY —EN—
Ti T4:1 (
T:ﬂzrbase 1.0 DN)
Preset 5
Accumulated 0
STOP START M2 M1
= 3 3k ¢
M1 M2
T4:1
1 E
PHOTO
e DN _CTUNumberof plates
—] F————— countupcounTER ——(CU)—
Count C5:1
Sy W o0
Accumulated 0
C5:1 M2
— ¢
DN
T4:1 C5:1
=N e
DN
STOP
—/—
T4:1 T4:1
— FES—
DN
STOP
—/—

Figure 8-17 Automatic stacking program for assignment 11.

11) The automatic stacking program shown in Figure 8-17 is described in the text.
Prepare an I/O connection diagram and ladder logic program for the application. Use
addresses that apply to your PLC. Enter the program into the PLC, and prove its

operation.

Outputs

M1

M2

L2
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Inputs
L1

¢+—lo—stop

1
—0 O— START

OL relay

Ladder logic program

LOCK-OUT
START STOP OL T4:0 LIGHT MOTOR
EN
MOTOR
1 C
1 L
5 min
oL T4:0 —TON
— F——=/F— m™MEeroN DELAY —(EN——
DN Timer T4:.0 (
) Time base 1 DN)
0 Preset 300
] [ Accumulated 0
EN
1hr
T4:1 —TON
e /=—————————— TIMER ON DELAY —(EN———
DN Timer T4:1 (
Time base 1 DN)
Preset 3600
Accumulated 0
oL —CTU
{ F COUNT-UP COUNTER  —(CU———
Counter C5:0 (
Preset 6 DN)
Accumulated 0
_]T4I1r /05:0\
1 L (RES)
DN
RESET-PB
1 L
4L LOCK-OUT
C5:0 LIGHT
1 L 4 L N\
1 L A
DN LOCK-OUT
RESET-PB LIGHT
1 LC (u)
3 B \ VY J

Figure 8-18 Motor lock-out program for assignment 12.

Source: This material and associated copyrights are proprietary to, and used with the permission of

Schneider Electric

Outputs

MOTOR —O—<

LOCK-OUT
LIGHT

12) The motor lock-out program shown in Figure 8-18 is described in the text. Prepare an

I/O connection diagram and ladder logic program for the application. Use addresses that

apply to your PLC. Enter the program into the PLC, and prove its operation.
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Ladder logic program

L1 Inputs START SW A 1 min timer
1 L
Off On 1 C T!MER ON DELAY — EN>—
# Timer T4:1 (DN)
Time base 1.0
—O O— START SW Preset 60
Accumulated 0
Total
START SW T4:1 SENSOR gy parts
- @ SENSOR ] F=d/F=— F— countupcounter —(cu)r
DN Counter C5:1
- Preset 0 C)
Accumulated 0
START SW o
/ r; =\/RES>-—

Figure 8-19 Product flow rate program for assignment 13.

Source: Photo courtesy Omron Industrial Automation, www.ia.omron.com

13) The product flow rate program shown in Figure 8-19 is described in the text. Prepare
an I/O connection diagram and ladder logic program for the application. Use addresses
that apply to your PLC. Enter the program into the PLC, and prove its operation.

14) Write a PLC program and prepare a typical I/O connection diagram and ladder logic
program for the following counter specifications. Use addresses that apply to your PLC.
Enter the program into the PLC, and prove its operation.

e Counts the number of times a pushbutton is closed.

e Decrements the accumulated value of the counter each time a second pushbutton is
closed.

e Turns on a light any time the accumulated value of the counter is less than 30.

e Turns on a second light when the accumulated value of the counter is equal to or
greater than 40.

e Resets the counter to 0 when a selector switch is closed.
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Proximity
switch

Case |—> Case ——>

EI Figure 8-20 Control process for assignment 15.
O

(0]

Conveyor motor Count reset
Start/stop station button

15) Design a PLC program and prepare an I/O connection diagram and ladder logic
program that will correctly execute the conveyor motor control process illustrated in
Figure 8-20. Enter the program into the PLC, and prove its operation. The operational

sequence can be summarized as follows:

e The start button is pressed to start the conveyor motor.

e Cases move past the proximity switch and increment the counter’s accumulated
value.

e After a count of 50, the conveyor motor stops automatically and the counter’s
accumulated value is reset to zero.

e The conveyor motor can be stopped and started manually at any time without loss of
the accumulated count.

e The accumulated count of the counter can be reset manually at any time by means of
the counter reset button.

16) Design a PLC program that will latch on an output, PL1, after an input, PB1, has
cycled on 20 times. When the count of 20 is reached, the counter will reset itself
automatically. PB2 will unlatch PL1. Enter the program into the PLC, and prove its
operation.
Photoelectric
proximity

switch
1 Containers

Q QQ‘( Figure 8-21 Control

Chute A process for

00 0000000y
-z

00 00 .
§22222) Chute B assignment 17.

& OO

—_— -z

<
Light beam /
Product [

Solenoid-operated
deflector plate
(SOL A)
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17) Design a PLC program and prepare an I/O connection diagram and ladder logic
program that will correctly execute the packaging process illustrated in Figure 8-21.
Enter the program into the PLC, and prove its operation. The operational sequence can be

summarized as follows:

e The purpose of this process is to deposit 50 pieces of the product in each container.

e The process is set in operation by pressing a start pushbutton.

e As the product passes through the light beam, it is detected by the photoelectric
proximity switch and counted by the PLC counter.

e When the count reaches 50, the solenoid-operated deflector plate (SOL A) energizes
to channel the product from chute A to chute B.

e The counter is reset automatically for the next count of 50.

e When the second count of 50 is reached, the solenoid-operated deflector plate de-
energizes to channel the product back into chute A, and so on.

¢ Provisions must be made for stopping the process at any time and manually resetting
the accumulated value of the counter to any number.

18) Write a program to operate a light according to the following sequence. Enter the
program into the PLC, and prove its operation.

e A momentary pushbutton is pressed to start the sequence.

e The light is switched on and remains on for 5 seconds.

e The light is then switched off and remains off for 5 seconds.
e A counter is incremented by 1 after this sequence.

e The sequence then repeats for a total of five counts.

o After the fifth count, the sequence will stop and the counter will be reset to zero.

19) Write a program designed to alternate the use of two input pumps so that they both
get the same amount of usage over their lifetime. Enter the program into the PLC, and
prove its operation. The control process can be summarized as follows:

e A start/stop pushbutton station is provided for control of the two input pump motors
P1 and P2.

e The start/stop pushbutton station is operated to control pump P1.

e When the tank is full, drain pump motor P3 is started automatically and runs until the
low-level sensor is actuated.

167



e After five fillings of tank by pump P1, control automatically shifts to pump P2.
e Operation of the start/stop pushbutton now controls pump P2.

e After five fillings of the tank by pump P2, the sequence is repeated.

Input Ladder logic program Output
L1 te
Sensor
CTu
] ¢ Count Up
O Counter Counter_1
Preset 5
Accum 0
CTu
Count Up
Counter Counter_2
Preset 10 ~DN)—
Accum 0
Counter_2.DN Sensor Counter_1
] ¢ i/t (RES)
Counter_2
(RES)
Counter_1.DN Sensor SoL
1 ¢ 1/ ¢ ()
SOL

L

Figure 8-22 Up-counter program for assignment 20.

20) The PLC program shown in Figure 8-22 is an example of a bottling operation where

5 out of every 10 bottles are removed as they pass by on a conveyor. The operation of the

program can be summarized as follows:

e Counter_1 Preset value is set for 5.

e Counter_2, Preset value is set for 10.

e As each bottle is detected by the main conveyor Sensor, both counters increment their
value by 1.

e When the 6th bottle is detected, the diverter gate solenoid (SOL) is activated and
diverts bottles 6 through 10 from the main conveyor.

e The diverter gate is then switched off to allow bottles 11 through 15 to pass by on the
main conveyor.

Prepare an I/O connection diagram and ladder logic program that will perform this

operation. Enter the program into the PLC, and prove its operation.
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CHAPTER 9 Program Control Instructions

TEST 9.1

Choose the letter that best completes the statement.

1. Which of the following PLC instructions would noft be classified as an 1.
override instruction?

a) Master control reset c¢) Output energize

b) Jump-to-subroutine d) Jump-to-label

2. The MCR instruction establishes a zone in the user program in which 2.

all nonretentive outputs can be
a) turned on simultaneously. ¢) turned on in a defined sequence.
b) turned off simultaneously. d) turned off in a defined sequence.

Ladder logic program

L1 Inputs Outputs L2
ON/OFF
1 F (MCR)
O O—ON/OFF 4 X _&
M ] .
STOP START M Figure 9-1
r O
‘ | SToE —= —7F N I Progr.am 3for
Q question 3.
] [ PL1 p
$—O O—START | eveLswitcH PL1
—3F o
LEVEL soL ]
o—ogo— SWITCH LSt soL
1E C L)
1C hJ
o0 LSt rSE SoL
&4k Cu)
L A
"_OV'Q_ LS2
fom)
(o)
3-1. In the program of Figure 9-1, when the MCR instruction is false, 3-1.
output(s) will always be de-energized.
a) M, PL1, and SOL c) PL1

b) M and PL1 d) SOL



3-2. Assume that the MCR instruction makes a false-to-true transition. 3-2.

As a result,

a) all outputs will be controlled by the respective input conditions.

b) all nonretentive outputs will de-energize.

c) all retentive outputs will de-energize.

d) all nonretentive outputs will energize.

Inputs
L1

¢—alo Stop

—O O- Start
Man
2
Manual
Automatic

3

—O O=

0,0 LSt

OO0 LS2

1»%2— LS3

$—O 0 LS4

7
4 o- Temperature
switch

8

4-1. In the program in Figure 9-2, assume output SOL C is energized

Manual
Automatic

Ladder logic program

T e

—

LSt

ml
LS2
11

-

SOL B

I
LS3

\}—

=l

\L)_

LS4
—

\”>—

Temperature
switch

i

G-

\MCR}— SOLA—o’\,o—o

Alarm
O-

Outputs

SC)LB'Cl/\,O——0
SOLC—O'\IO—O

o —

Figure 9-2
Program for
question 4.

4-1.

at the time the MCR instruction makes a true-to-false transition. As a result,
output SOL C will

a) de-energize.

b) remain energized.

c¢) remain energized but still be controlled by inputs LS3 and LS4.
d) de-energize but still be controlled by inputs LS3 and LS4.

4-2. The fenced zone controlled by the MCR instruction is (are)

a) rungs No. 1 through No. 8.
b) rungs No. 3 through No. 6.
c¢) rungs No. 2 and No. 6.

d) rung No. 2.
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4-3. Which of the following is the conditional instruction that controls the 4-3.
MCR zone?

a) Stop ¢) Manual Automatic
b) Start d) Temperature Switch
4-4. The latch and unlatch instructions would be classified as 4-4.

a) retentive outputs.
b) nonretentive outputs.
¢) conditional instructions.

d) unconditional instructions.

4-5. Assume the alarm output is activated. This would require the 4-5.
a) temperature switch input to be true.

b) manual automatic input to be true.

c) LS4 input to be true.

d) bothaand b

5. The main advantage to the jump-to-label instruction is that 5.
a) any number of rungs may be programmed between the jump and label

rungs.

b) it allows you to use one set of condition instructions to control

multiple outputs.

c) it allows you to use one set of condition instructions to control

multiple inputs.

d) it has the ability to reduce the processor scan time.

6. The label (LBL) instruction is 6.
a) always logically true.

b) has the same address as the jump instruction with which it is used.

c) is used to identify the ladder rung that is the target destination of the

JMP instruction.

d) all of these
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7. Which of the following instructions would most likely be programmed 7.

outside the jumped area of a program?
a) Latch and unlatch instructions

b) Timer and counter instructions

¢) Immediate inputs and outputs

d) Forced inputs and outputs

PB1

Inputs H [_

-

L1

¢-O0 O—PB1

N

T4:6

Lot -][—][T

Ladder logic program

—]m[——<M>—

Hen—

0
15 —ON)

0

T46

PL1

0—0}0— PS1 3
loN

LLS1

\)—

LS1

Pz b

JM@—

SOL 1

v

Qg o-Lst __] {

1
3

~

0 O—PB3

@

cb—o}\o—TS1

8-1. In the program of Figure 9-3, which output is not affected by the

jump instruction?
a)M
b) SOL 1
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$-0<70-LS3 __]E ()__

BT

(-
oA

O

SOL2

SOL 4

Heater

c) SOL 2

d) PL2

-0

Figure 9-3
Program for
question 8.

8-1.



8-2. Rungs 5, 6, and 7 are not scanned by the processor when rung

has logic continuity.

a)l
b) 2

c)3
d) 4

8-3. When the jump-to-label instruction is executed, the outputs of the

jumped rungs
a) are all ener

gized.

b) are all de-energized.

c) are all immediately updated.
d) remain in their last state.

9. The jump-to-subroutine instruction can save a great deal of duplicate

programming

a) that require the programming of several timers.

1n cases

b) that require the programming of several counters.

c¢) where a machine has a portion of its cycle that must be repeated several

times during one machine cycle.

d) all of these

Inputs
SOL

L1

—O O—Off/On
»—QJ_Q— Stop

—O O—Start

1*®-Sensor

Sensor
ol A

Sensor
— ———

Main Program

File 2

— JSR

| Jump To Subroutine
SBR File Number U:3

— -
T4:1/EN

— —
Stop

Off/On

T4:0/DN

1 [ ——3 |

-

Start

AN

Motor

Sensor

——— U—{

Subroutine
File 3

. TON
T4:A/DN ’_-TIMER ON DELAY

SBR

Time base 1.0
Prosut ~(DN)

Accumulated 0

\

SOL

T4:0 <EN)—

1

Preset

—TON
TIMER ON DELAY

— ————— Timer

Time base 1.0 <oN)
1

Accumulated 0

Ta:1 ~(EN-

RET
1,?eturn '—-

_/Pu)-_1 Motor -@—«

Outputs 12

Figure 9-4 Program for

question 10.

173



10-1. In the program of Figure 9-4, when the examine on sensor instruction ~ 10-1.___
is true, the processor

a) turns on all outputs in the subroutine area.

b) turns off all outputs in the subroutine area.

c) stops executing the subroutine.

d) starts executing the subroutine.

10-2. When the processor scan reaches the RET instruction, it will return 10-2.
the processor to the
a) start of the program. ¢) rung above the JSR instruction.

b) end of the program. d) rung below the JSR instruction.

11. The immediate input and output instructions provide a way of 11.
a) ending the program immediately.

b) restarting the program immediately.

¢) temporarily interrupting the program scan to allow selected bits in the

data table to be updated.

d) temporarily interrupting the program scan to reset all bits in the data

table to zero.

12. Immediate instructions should be used only when 12.
a) a program must be halted immediately.

b) a program must be restarted immediately.

c) the updating of an input or output is critical to your operation.

d) the resetting of all bits in the data table is critical to your operation.

13. Immediate instructions are most useful when programmed 13.
a) immediately after the I/O scan has occurred.

b) immediately prior to the I/O scan.

c) at the middle or toward the end of the program.

d) near the beginning of the program.

14. The use of immediate instructions 14.
a) increases the total scan time of the program.

b) decreases the total scan time of the program.

¢) increases the number of rungs that can be programmed.

d) decreases the number of rungs that can be programmed.
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15. The forcing function of a PLC allows the user to turn an external input 15.

or output on or off

a) according to the forced program.

b) according to the main program.

c¢) from the keyboard regardless of its actual status.

d) all of these

16. Forcing functions are often used

16.

a) to continue a machine process until a faulty field device can be repaired.

b) for testing purposes during an initial start-up.

c) for troubleshooting purposes.
d) all of these

Ladder Logic Program

L1  Input Outputs
1:1/3 0:2/5 L2
O—:1/3 ¢ H Ju——o
ﬁ Force> ON o
Figure 9-5 Program for question 17.
025 o026 0:2/6
lb—} H ’———0
17-1. In the program of Figure 9-5, the actual status of input 1:1/3 is 17-1.
but the forced status is .
a) false, true c) false, false
b) true, false d) true, true
17-2. The output of O:2/5 would be and the output of O:2/6 17-2.

would be )
a) false, true
b) true, false

c) false, false
d) true, true
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Ladder Logic Program

L1 Input Outputs
1113 0:2/5 L2
}—%g—lﬂla o—] H )——o - Figure 9-6 Program for question
Force> ON 18.
0:2/5 0:2/6 0:2/6
1% H{ }—0

18-1. In the program of Figure 9-6, the actual status of output address 18-1.
0:2/51s , but the forced status is )
a) false, true c) false, false
b) true, false d) true, true
18-2. The status of examine on instruction O:2/5 would be and 18-2.
the status of output O:2/6 would be .
a) false, true c) false, false
b) true, false d) true, true
19. Forcing functions should not be used 19.

a) with retentive outputs.

b) with nonretentive outputs.

c¢) with immediate I/O instructions.

d) without consideration for any potential unsafe effects.

20. PLC emergency stop circuits should be 20.
a) hardwired outside the controller program.

b) programmed as part of the master control reset instruction.

c¢) programmed as part of the zone control last state instruction.

d) programmed as an immediate input instruction.
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L1
L2 PoYver
L3 mains

(¢}

o AR W Main disconnect switch
I_____x SO UW! l Step-down
YY) _ isolation transformer
L1 EEE « 120> L2
Vac [
"~ Machine Master

Emergency stop switches start/stop

Processor module
L2[owo

| buttons
' - 1
$—+—To——o<go— > (o)
1Emergency Overtravel! Stop Start
\  stop limit 1
: switch : MCR1

control
relay

21.

'MCR2 Input module
[u]1]2]3]4 [re]
B T

+—G6 o—n-—

——O0<J0—
Output module

(w1 1]2]a]4]e]

21-1. In the diagram of Figure 9-7, power to the processor module is

controlled by the
a) master control relay.
b) start/stop buttons.

¢) main disconnect switch.

d) all of the above

21-2. Power to the input and output module is controlled by the

a) master control relay.
b) start/stop buttons.

21-3. The transformer is used to

¢) main disconnect switch.

d) all of the above

a) isolate the controller from the main power lines.

b) step up the main power line voltage.

c¢) provide the low-voltage operating voltage for the controller.

d) all of the above

21-2.

21-3.

Figure 9-7 Program for question
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21-4. Assume the processor comes equipped with a normally closed fault
relay contact output designed to open when a processor malfunction is
detected. This contact would be

a) programmed as part of the master control reset instruction.

b) programmed as part of the zone control last state instruction.

c¢) hardwired in series with the emergency stop button.

d) hardwired in parallel with the emergency stop button.

21-5. When replacing modules or working on equipment controlled by the
PLC installation, the safest way to proceed is to

a) de-energize the MCR coil.

b) block open the emergency stop switch.

c¢) remove the fuse from the circuit.

d) pull and lock the disconnect switch.

Ladder logic ram
Inputs loglo prog Ouput

O O—Start Starter

euxillary
| |-y
contact

22-1. In the program in Figure 9-8, the use of the starter auxiliary contact
instead of a programmed contact

a) is more costly.

b) is safer.

¢) provides positive feedback about the exact status of the motor.

d) all of these

22-2 Assume that the stop button was changed to a normally open contact
type. As a result, the program could be made to operate as before by
changing the

a) stop instruction to examine if open.

b) start instruction to examine if open.

¢) starter auxiliary contact instruction to examine if open.

d) both a and ¢
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21-5.

Stop
>—0.LD— Stop
n Flgure 9-8 Program for question

22-1.

22-2.



22-3. Assume that the NC stop button is replaced with an NO stop button
and that the program is changed so it operates as before. Should the field
wire connected to one end of the stop button break off

a) the motor would stop automatically.

b) pressing the stop button would stop the motor.

¢) pressing both the start and stop buttons would stop the motor.

d) none of these

23. A jump instruction is similar to a(n)
a) MCR command. ¢) skip command.

b) ZCL command. d) JSR command.

24. A JSR instruction

22-3.

23.

24.

a) tells the processor to jump from the main program to a subroutine area or file.

b) tells the processor to execute the fault routine.
c) latches outputs when energized.
d) latches outputs when de-energized.

25. The MCR instruction

a) 1s an output instruction.

b) is used in pairs.

c) is used to disable or enable a zone within a ladder program.
d) all of these

26. The _____1is the target for the jump instruction.

a) LBL ¢) 10T

b) TND d) RET

27.The ____instruction will return the scan to your main program at the
completion of the subroutine.

a) LBL c) TND

b) I[IN d) RET

25.

26.

27.
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28. The _____instruction stops the processor from scanning the rest
of the program.

a) LBL c) TND

b) IOT d) STI

29. The MCR instruction can be used to control
a) entire sections of a program.

b) entire rungs of a program.

c) selected elements within a rung of a program.
d) bothaand b

30. The JMP and LABEL instructions allow a processor to
a) return to the beginning of a program.

b) take a shortened route to the end of the program.

c) skip sections of the program, reducing scan time.

d) create a fault condition.

31. The JSR instruction requires that a(n)

a) separate file be created. c) separate power supply be used.

b) separate processor be used. d) all of these
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TEST 9.2

Place the answers to the following questions in the answer column at the right.

1. Master control reset (MCR) and jump (JMP) are often referred 1.
to as instructions.
2. The MCR instruction can only be programmed to control an entire 2.

circuit. (True or False)

3. When the MCR instruction is , all rung outputs below the 3.

MCR will be controlled by their respective input conditions.

4. If the MCR output is turned off or de-energized, all nonretentive 4.
rungs below the MCR will be .

5. instructions should not normally be placed within an MCR zone 5.
because they will remain in their last active state when the instruction

goes false.

6. When programming an MCR instruction to control a fenced zone, 6.

an MCR rung with no conditional inputs is placed at the beginning of the
zone and an MCR rung with conditional inputs is placed at the end of the
zone. (True or False)

7. The master control instruction is used as a substitute for a hardwired 7.
emergency stop switch. (True or False)

8. The jump (JMP) instruction is used to jump over certain program 8.
instructions if certain conditions exist. (True or False)

9. The advantage of the JMP instruction is the ability to reduce 9.
the processor _____

10. In a jump-to-label program, the instruction is used to identify 10.

the ladder rung that is the target destination of the jump instruction.
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11. The label address must match that of the jump instruction with which

it is used. (True or False)

12. The JMP instruction does not contribute to logic continuity and,
for all practical purposes, is always logically true. (True or False)

13. The jump-to-subroutine instruction is used where a machine has a

portion of its cycle that must be several times during one machine cycle.

14. When the program scan reaches an immediate I/O instruction, the

scan is interrupted and the bits of the addressed word are .

15. The immediate I/O instruction is used with I/O devices that

require updating in advance of the I/O scan.

16. The immediate 1/O instruction is most useful if the instruction

associated with the device is at the beginning of the program. (True or False)

17. The use of the immediate I/O instruction increases the total
of the program.

18. The forcing capability of a PLC allows the user to turn an external
I/O on or off regardless of the of the device.

19. Random forcing of given inputs or outputs can cause equipment
damage. (True or False)

20. Emergency stop circuits should be outside of the controller
program so that, in the event of total controller failure, independent and

rapid shutdown means are available.

21. A main is installed on the incoming power lines as a means

of removing power from the entire PLC system.

22. Power to the PLC input and output devices is usually controlled
by means of a hardwired circuit.
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23. The master control relay instruction can be used as a substitute for a 23.
disconnect switch. (True or False)

24. The use of a motor starter seal-in contact in place of a programmed 24,
contact provides feedback about the exact status of the motor.

25. The safest way to wire a stop button to a PLC system is to use a(n) 25a.
(a) contact programmed to examine for a(n) (b) condition. 25b.
26. The label instruction has a logical true condition. (True or False) 26.
27. Jumping to a subroutine does not cause any rungs of the main 27.

program to be skipped over. (True or False)

28. The jump instruction allows a section of a program to be jumped 28.
when a production fault occurs. (True or False)

29. It is not possible to jump backward in the program. (True or False) 29.
30. Nesting subroutines allow you to direct program flow from the (a) 30a.
program to a subroutine and then to another (b) . 30b.

31. Nested subroutines make complex programming easier. (True or False)  31.

32. Forcing output affects only the addressed output terminal. (True or 32.
False)

33. Programming the selectable timed interrupt is done when a section 33.
of program needs to be executed on a(n) basis rather than on an event basis.
34. The fault routine allows for an orderly shutdown in case of a fault. 34,

(True or False)

35. The temporary end instruction, when true, the program scan. 35.

36. A latch instruction will automatically unlatch if it is contained 36.
within a de-energized MCR zone. (True or False)
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37. The MCR instruction is not a replacement for a hardwired master
control relay that provides emergency stop. (True or False)

38. When programming MCR instructions, the first rung has a conditional
MCR output instruction and the last rung is a(n) MCR rung.

39. When an MCR zone goes false, off-delay timers within the zone will
automatically activate and begin their off-delay cycle. (True or False)

40. Each JMP instruction must have a LBL instruction. (True or False)

41. You must de-energize the JMP instruction to activate it. (True or False)

42. You must energize the MCR instruction to activate it. (True or False)

43. Program control instructions are used to alter the
program scan. (True or False)

44. In addition to controlling power to an entire system,
MCRs are also used when only a portion of a program is
required to be isolated. (True or False)

45. On a typical PLC program, the JUMP instruction, when
executed, increases the scan time. (True or False)

46. The Jump to Subroutine (JSR) instruction redirects
logic execution from the current ladder file to
a random subroutine file. (True or False)

47. The Return instruction RET is used on the first line
of the subroutine. (True or False)

48. A Subroutine (SBR) is used to store recurring section

of program logic that must be executed from different
locations within the main program. (True or False).
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Programming Assignments

This section requires you to simulate several program control applications. The
instructions used are intended to be generic in nature and, as such, will require some
conversion for the particular PLC model you are using. The use of a prewired PLC
input/output control panel is recommended to simulate the operation of these circuits.

Ladder logic program

L1 Inputs Outputs L2
ON/OFF
1L Garis)
JE \ch)
¢—O O—ON/OFF M_O_"
STOP START M
—3 3 )
¢—alo—sTop N
b 1o PL1—Q—0
1C
t—C O—START | \EVELSWITCH PL1 Figure 9-9 Program
[ VAR f .
—ﬂ = or assignment 1.
) LEVEL N/ SOL—O’\/O—o
' Oga SWITCH LSt SoL
1L '
1C N
o0 Ls2 soL
- (o)
L N
o—OV.Q—LSZ
o

1) Construct a simulated program for the MCR program of Figure 9-9 using any available
addresses, switches, and lights on your PLC control panel. After constructing your
program on paper, enter the program into the PLC. Demonstrate that when the MCR
instruction is de-energized, all nonretentive outputs de-energize and all retentive outputs

remain in their last state.
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L1 Inputs Ladder logic program Outputs L2

Input A ACTIVE
e B {MCR) Start fence
¢—O0—0O—Input A Input B Output A Output A |
InputC —TON
o—o_LQ—Input B ]t TIMER ON DELAY EN Output Bn
Timer T4:1 b
Time base 1.0—ON
| c Preset 10
1 o 0 nput Accumulated 0
Input D Latch output B
] [ =( L
< Input D
Input E Unlatch output B
1 E () J—————
1»@—Input E
(MCR) End fence

Figure 9-10 Program for assignment 2.

2) Construct a simulated program for the MCR fenced zone program of Figure 9-10.

After constructing your program on paper, enter it into the PLC. Demonstrate how the
rungs between the two MCR instructions are controlled.

Ladder logic program

PB PL1
" Inputs ; ] E > Outputs i
J_c>—PB 5
H
Switch Q2:0

Figure 9-11 Program
2 |

I ( )_
- L —QMP
Oo— f()l‘a i nmen

PB PL2
3 E ( )— PL3 —Q—o
Q2.0 PB PL3 il
4f{1BeL} J E ( )— 11
Bl
<

3) Construct a simulated program for the jump-to-label program of Figure 9-11. After

constructing your program on paper, enter it into the PLC. Demonstrate how the jump-to-
label operation is executed.
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Inputs
L1

0O O—PB1

¢+alopp2

o—ol\o—ps1
o—og:? LLS1

$-0 Q- LSt

0—%&— LS2

9-O<70— LS3
O O—PB3

-O<7y0— LS4

0—0}?—T81

n

w

S

(&}

~

10

Ladder logic program

PB1 PB2 M
M
1L
10
M PS1 TON
ﬁ H TIMER ON DELAY ——EN—
Timer T4:6
Time base 1.0 (
Preset 5 DN)
Accumulated 0
T4:6 Bkl
10 )
IlpN Ve ok
LLSH (/)2\1
|
= )
LS1 SOL1
Ihl i
Il N o
LS1 LS2 SOL2
&{; L 7N
L Ny o
LS3 PL2

PB3 T4:6 SOL3

B 1T N

BT Ty
SOL3

SOL3 LS4 SOL4

HEATER

Figure 9-12 Program for assignment 4.

4) The jump-to-label program of Figure 9-12 is described in the text. Prepare an 1/O
connection diagram and ladder logic program that will simulate its operation. Use

O

HEATER

Outputs
L2

<

T 1% 9

PL1

SOLA

SOL2

d

PL.

?

SOL3

T 71

SOL4

HEATER

d

addresses that apply to your PLC installation. Enter the program into the PLC, and verify

its operation.
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Inputs
L1

$—o""o- s1
o0 S2
b0~ S3
"0~ S4

—0~"0- S5

Ladder logic program

Main Program File 2
S1 PL1

— JSR

— »a

s2 e
Jump To Subroutine
_] H SBR File Number U:3
83

Subroutine File 3

S5 PL4

Figure 9-13 Program for assignment 5.

HE <3
E.S?&E{ [ (O

=l (>

Outputs

PL1

i

PL2

2

PL3

PL4

e

5) Construct a simulated program for the jump-to-subroutine program in Figure 9-13.

After constructing your program on paper, enter it into the PLC. Demonstrate how the
jump-to-subroutine operation is executed.
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Main program

file 2
Inputs SENSOR — JSR
L1 ] E JUMP-TO-SUBROUTINE
SBR file number u:3
SENSOR B
+—0 O—OFF/ON
T4:1/EN
ol o—srop 1t
STOP START ""/‘?Tc’Fl
== —— F L
+—0O O—START
MOTOR
T E
o B
o—@SENSOR
OFF/ON  SENSOR Sof:
=t )
> Subroutine
file 3
—TON
—— SBR T4:1/DN|  TIMER ON DELAY
- {SUBROUTINE Timer T4:0 HENH
Time base 1.0 HDN)
Preset 1
Accumulated 0
—TON
T4:0/DN TIMER ON DELAY
] E Timer T4:1 HENH
Time base 1.0 HDN)
Preset 1
Accumulated 0
RET
,_RETURN l—

Figure 9-14 Program for assignment 6.

MOTOR

PL1

SOL

Qutputs
L2

TE g

6) The flashing pilot light subroutine program of Figure 9-14 is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation.
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Ladd
1 input er Logic Program —

Switch  PL1 L2
l-o/o-smtch ’_—] [ ( : [ pL1
Figure 9-15 Program for

assignment 7.
PL2

HE—O

7) Enter the forcing program of Figure 9-15 into the PLC, and demonstrate how each of
the following is executed: (a) forcing the switch on; (b) forcing the switch off; (c) forcing
PL1 on; and (d) forcing PL1 off.

Inputs Ladder logic program Output

L1 L2
Stop M

Start
_o_Lo- Stop —] [_—< == Figure 9-16 Program for

_]M[__ assignment 8.

P O==Start

8) Enter the simulated start/stop pushbutton program of Figure 9-16 in the PLC.

e Demonstrate how an open in the stop pushbutton circuit will fail to de-energize the
output.

e Replace the normally open stop pushbutton with a normally closed type, and modify
the program so that the circuit operates properly. Demonstrate how an open in the
stop pushbutton circuit of this program will automatically de-energize the output.
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L1

1—0/0-81

¢—o0" 0—83

o— S6

o— §7

o——/o——&‘

Ladder logic program

s1
—3 E —(MCR)-—
S2 X ]
—3 F——{ TIMER ON DELAY ——{EN}—
Timer T4:2
Time base ( 1.0 |
) 1860
Accumulated 0
T4:2 PL1
: (
ssDN PL2
2 4
£ %
sS4 PL3
E —(L)—
s5 PL3
il (0=
88 ~RTO
— E—{ RENTENTIVETIMERON [—(EN)—
Timer T4:3
Time base (g) 1.0 —©N
Preset 50 )
Accumulated 0
s7 T4:3
facR—

Figure 9-17 Program for assignment 9.

Outputs
L2
N\ v
rr <O
I & \
X Vg
2 ~(O—t
/7 \
S /
s (O
7/ N

9) Construct a simulated program for the MCR program of Figure 9-17. Enter the

program into the PLC. Operate the program according to the following sequence:

a) Close switches 1, 2, 3, 4, and 6, and allow timer T4:2 to time out. What lights are on?
b) Open switch 1. What light is on now? Why did lights 1 and 2 go off?
c¢) Open switch 4 and close switch 5. Did light 1 go off? Why or why not?
d) What happened to the two timers when you disabled the MCR zone?
e) What happened to the two timers when you reenabled the MCR zone?
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Ladder logic program

-3 F—()—
$-o~"0—S2 '_3 l}""'<::>'-
ds ¢ H}

PL4 |PL3

o wifd

PL1 )
Figure 9-18 Program for

assignment 10.
PL2

é\
’?8?5

PL4

O

10) Construct a simulated program for the ladder logic program of Figure 9-18. Enter the
program into the PLC. Operate the program to force specified inputs and outputs
according to the following sequence:

a) Turn switches 1 and 2 off and switch 3 on.

b) Force off switch 3. Use the data monitor to observe the status of the corresponding bit
for switch 3 in the input image table file. Close switch 3 and observe the status of the bit.
How does forcing inputs manipulate the input image table file bits? Disable the force, and
exit from the data monitor to the ladder logic screen.

c¢) With all switches turned off, force on pilot light 2. Use the data monitor to observe the
status of the corresponding bit for pilot light 2 in the output image table file. How does
forcing outputs manipulate the output image table file bits?
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Main Program

File 2
L1 Input 81 —JSR |
——— JUMP TO SUBROUTINE
Program file no. 4 3
o— §1 input parameter N7:5

input parameter  N7:20
Retum parameter N7:30

Subroutine
File 4
SBR ~—ADD
4 SUBROUTINE ADD it
Input parameter N7:50 Source A N7:50
Input parameter N7:51 .
Source B N7:51
Destination N7:52
—Div
DIVIDE -
Source A N7:52
Source B 2
Destination N7:53
—RET
RETURN( ) -
Retum parameter N7:53

Figure 9-19 Program for assignment 11.

11) Construct the example of the subroutine instruction (SBR) and the return instruction
(RET) program shown in Figure 9-19. The purpose of the program is to find the average
value of N7:5 and N7:20 and store the result in N7:30. This is accomplished by passing
parameters to the subroutine and doing the math in the subroutine, and then returning the
answer to the main program through the RET instruction. The operation of the program
can be summarized as follows:

e When Sl is closed, the data from the input parameter, N7:5, are copied into the first
input parameter in the SBR instruction, N7:50.

e The data from the second input parameter, N7:20, are copied into the second input
parameter in the SBR, N7:51.
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e In the subroutine, N7:50 and N7:51 are then added together, with the result stored in
N7:52.

e The value in N7:52 is then divided by 2, which gives the average of N7:50 and
N7:51, with the result stored in N7:53.

e The RET instruction then returns the average value through the return parameter,
N7:53, to N7:30 in the JSR instruction in the first rung in the main program.

Prove the operation by using the data monitor to insert values for N7:5 and N7:20 and

verifying that the average value is contained in N7:30.

12) Design a program that uses the temporary end (TND) instruction described in the

text. Demonstrate how this instruction can be used to progressively debug the program.
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cuapter 10 Data Manipulation Instructions

TEST 10.1

Choose the letter that best completes the statement.

1. Data manipulation instructions enable the PLC to 1.
a) move data from one memory area to another.
b) compare data.

c) take on some of the qualities of a computer.

d) all of these

2. Depending on the manufacturer, which of the following might be 2.
considered the same as a word?

a) Register c) Table

b) File d) All of these

B i No. 2

| P rd
m OO AITOITON[E[TTTTT]

B T
N

§:§§\\\\\\\\\\\\\m Figure 10-1 Memory map for question 3.
i\\\\\ \\\\\\\ o

A \\\\ I 1

\\\\\\\\\ \ \ \\\\\\\\\\\\' I

E | "No.3

3. According to the memory map of Figure 10-1, 3.

a) No. 1 is a word, No. 2 is a register, No. 3 is a file.
b) No. 1 is a register, No. 2 is a bit, No. 3 is a file.
c¢) No. 1 is a file, No. 2 is a bit, No. 3 is a table.

d) No. 1 is a bit, No. 2 is a table, No. 3 is a file.

Ladder logic program

Input A —MOV

L1
| —— MovE
o-A Source N7:?0 “ Figure 10-2 Logic rung for question 4.
5
Destination  N7:20
0
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4-1. The logic rung of Figure 10-2 is an example of a
a) data compare instruction. ¢) timer instruction.

b) data move instruction. d) counter instruction.

4-2. The logic rung is telling the processor to copy the data stored in word
a) N7:30 to word N7:20 when input A is true.

b) N7:20 to word N7:30 when input A is true.

¢) N7:30 to word N7:20 when input A is false.

d) N7:20 to word N7:30 when input A is false.

4-3. If input A is closed and then opened

a) 15 will be stored in N7:20 and 0 in N7:30.
b) 0 will be stored in N7:20 and 15 in N7:30.
c¢) 15 will be stored in N7:20 and 15 in N7:30.
d) 0 will be stored in N7:20 and 0 in N7:30.

5. The masked move (MVM) instruction
a) is an output instruction.
b) moves data through a mask to get to their destination.

c) hides a portion of a binary word before transferring it to its destination.
d) all of these

6. For the following masked move instruction data, the contents of the
destination after the MVM went true would be

1100 1010 0011 0110 contents of the source
1111 0000 1111 1111 contents of the mask
1010 1101 1010 1010 contents of the destination before MVM went true

a) 1100 1101 001 10110.
b) 1010 1010 1010 1010.
c) 1111 0000 1111 0000.
d) 0000 1111 0000 1111.

7. The bit distribute (BTD) instruction is used to
a) move bits within a word. ¢) hide bits of a binary word.
b) move bits between words. d) bothaandb
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Ladder logic program

Inputs BE —TON Output L2
] E TIMER ON DELAY L (EN)>—
Timer T4:1
b—O O—PB1 Time base 1.0 ——(DN)
Preset 0
10s 5s Accumulated 0 PL1
—O O—ssi sst —MoV
| -d | MOVE -
_— Source N7:1
B
w Destination T4:1.PRE
0
ss1 —MoV
3 ] E MOVE -
Source N7:2
5
Destination T4:1.PRE
0
T4:/DN PL1
4 ] E ¢ 2
Figure 10-3 Timer program for question 8.
8-1. For the timer program of Figure 10-3, the timer starts timing when 8-1.
a) PB1 is open. c¢) SS1 is open.
b) PBI1 is closed. d) SS1 is closed.
8-2. When SS1 is closed, the time-delay period will be 8-2.
a)0s. c) 10s.
b)5s. d) 15s.
8-3. Rung No. 3 will be true 8-3.
a) 10 s after PB1 remains closed.
b) 5 s after SS1 remains closed.
c) 15 s after both PB1 and SS1 remain closed.
d) any time SS1 is closed.
8-4. Rung No. 2 tells the processor to set the preset time of the timer to 8-4.

a) 15 when SS1 is open.
b) 15 when SS1 is closed.

c¢) 10 when SS1 is open.
d) 10 when SS1 is closed.
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Ladder logic program

L1 Inputs LS1 —CTU
1 1 E COUNT UP - (CU)—
Counter C5:1
Preset 0+——DN)
¢—o<To-Lst Accumulated 0
FULL
oA A —MOV
2 ] E MOVE —
Source N7:1
300
o8B Destination  C5:1.PRE
0
o oiE B —MOV
3 = MOVE —
Source N7:2
¢—O O—RESET 175
Destination C5:1.PRE
0
(o] —MOV
4 -k MOVE —
Source N7:3
50
Destination C5:1.PRE
0
C5:1/DN FULL
5 ] E ( r—
RESET C5:1
6 1 E (RES)—

Figure 10-4 Counter program for question 9.

9-1. For the counter program of Figure 10-4, the counter increments by one
for each false-to-true transition of

a) rung No. 1. ¢) rung No. 3.

b) rung No. 2. d) rung No. 4.
9-2. A preset count of 50 is selected when input is closed.
a) LS1 c)B

b) A d)C
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9-3. For the light to come on after an accumulated count of 175 9-3.
a) rung No. 3 must be true.

b) rungs No. 2, No. 3, and No. 4 must be true.

c¢) rungs No. 1, No. 2, and No. 6 must be true.

d) rungs No. 1, No. 2, No. 4, and No. 6 must be true.

10. A file is a group of 10.
a) related consecutive words. c) related instructions.
b) unrelated consecutive words. d) unrelated instructions.

File File

YYYYYY

Figure 10-5 Illustration for question 11.

11. The illustration shown in Figure 10-5 illustrates a 11.
a) word to file move. c) file to file move.
b) file to word move. d) file to instruction move.

Ladder logic program

i3 Input " cop . .
s — Figure 10-6 File copy (COP) rung for
M A Source #N40:1 question 12.
Destination #N20:1
Length 6
12. For the file copy (COP) instruction rung of Figure 10-6, 12.

a) both source and destinations are file addresses.
b) when input A goes true, the values in file N40 are copied to N20.
¢) both file N40 and N20 contain 6 words.

d) all of these

13. Which of the following is not considered to be a data compare 13.
instruction?

a) LESS THAN c) MOV

b) EQUAL d) GREATER THAN
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Ladder logic program

EQU Qutput

EQUAL PL1 L2 . ) .
Source A  N7:5 (—( Figure 10-7 Logic rung for question 14.
080 ,
Source 8 N7:10 PLA
XXX

14. Output PL1, of the logic rung shown in Figure 10-7, will be true when 14.

the value of the number stored in word N7:10 is
a) less than 80. c) equal to 80.
b) greater than 80. d) equal to or greater than 80.

Ladder logic program

GRT s Qutput
GREATER THAN ' L2 . .
Source A N7:60 _( Figure 10-8 Logic rung for
28 .
PL1 question 15.
Source B N7:50
35
15. The logic rung in Figure 10-8 15.
a) has logic continuity. c¢) will cause output PL1 to be energized.
b) does not have logic continuity. d) both a and ¢
Ladder logic program
Inputs Outputs
STOP START SOLA L2
L1 e ] F )
soLA soL A—of\ o—
sToP L5
so-me SoL A —TON——————— soL 8-0/\ o—
I E TIMER ON DELAY —(EN)>—
Timer T4:1
® L Time base 1.0 —(pN)
Preset 15
:. Accumulated 0 soL c—-o\ o
| Figure 10-9 Timer
9 ® rGEQ———MM SOLB
S | GREATER THAN OR EQUAL ) program for
Source A T4:1.ACC soL D—o’\,o—«
Source B g question 16.
A
B
~GEQ ————— soLc c
— GREATER THAN OR EQUAL pDa
Source A T4:1.ACC )
0
Source B 10
T4:1 SOL D

o
A
e
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16-1. In the timer program of Figure 10-9, solenoid B is energized 16-1.

a) as soon as the start button is pressed. ¢) 10 s after the start button is pressed.

b) 5 s after the start button is pressed. d) 15 s after the start button is pressed.

16-2. Source A of the GREATER THAN OR EQUAL instructions 16-2.
contains the

a) preset time value of the timer. c) reset time value of the timer.

b) time base value of the timer. d) accumulated time value of the timer.
16-3. Bit T4:1/DN is called the 16-3.
a) reset bit. ¢) timing bit.

b) done bit. d) data compare bit.

Ladder logic program

Input St —TON —————— Output
L1 1 1 E TIMER ON DELAY —(EN)—
Timer T4:1
Time base 1.0 ——(DN) PL1
Preset 20
o—S1 Accumulated 0

Source A  T4:1.ACC

jon} —EQU —————— PL1 .
@9 2 | EQUAL (L)

Source B 5

—EQU —mM8M8M8 PL1

3 — EQUAL (u)
Source A T4:1.ACC
Source B 15

Figure 10-10 Timer program for question 17.

17-1. In the timer program of Figure 10-10, when switch S1 is closed 17-1.
a) the light turns on after 20 s and remains on.

b) the light turns on after 5 s and remains on.

c) the light turns on after 15 s and remains on.

d) the light turns on after 5 s, stays on for 10 s, and then turns off.

17-2. Ten seconds immediately after switch S1 is closed, rung(s) 17-2._____
will be true.

a) No. 1 only c¢) No. I and No. 3

b) No. I and No. 2 d) No. 1, No. 2, and No. 3
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Ladder logic program

L1 Input Output
PB —CTU L2
—] [—{ COUNTUP ——(CU)
J_ Counter C5:1
o PB Preset 50 —(DN) | PL1
Accumulated 0
—LES PL1
LESS THAN —
Source A C5:1.ACC
0
Source B 20
C5:1 C5:1
] E —(RES)—
DN

18-1. For the counter program of Figure 10-11, source A is addressed to the

a) pushbutton input.
b) light output.

18-2. Output PL1 will be true when the accumulated value of the counter is

a) equal to 50.
b) equal to 20.

18-3. The LESS THAN instruction is

a) always true.

¢) done bit of the counter.

Figure 10-11
Counter
program for

question 18.

18-1.

d) accumulated value of the counter.

c¢) between 0 and 19.
d) between 20 and 50.

b) true as long as the value contained in source A is less than 20.

c) true as long as the value contained in source A is more than 20.

d) true as long as the value contained in source A is equal to 20.

18-4. Assume that the input pushbutton is pulsed 60 times after the counter

had first been reset. After this operational sequence,

a) the light would be on and the accumulated count would be 10.

b) the light would be off and the accumulated count would be 10.

¢) the light would be on and the accumulated count would be 60.
d) the light would be off and the accumulated count would be 60.
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Thumbwheel

switch \

1s units

[<]

[T TTTETHH g

10s units

|
a
a

=

Figure 10-12 Thumbwheel switch for question
19.

Decimal T

[ ]

I

1000s units

[w]

19. The BCD value for the thumbwheel switch setting of Fig. 10-12 would be 19.
a) 10100110 1110 1101. ¢) 0011 0010 1000 0100.
b) 1110 0001 1010 1010. d) 0010 1010 0110 1011.

Ladder logic program

L1 L2
Inputs ~-MOV Outputs
MOVE —
4-—0/0— S1 Source TWS PL ; j s
Destination LED
U
N
TWS LED !
] EQUAL ()
Source A TWS e
Thumbwheel switch Source B 1208 LED display

1:20%8: [1]2o[8

Figure 10-13 Program for question 20.

20-1 For the program of Figure 10-13, the thumbwheel switch is connected ~ 20-1.

toa input module.
a) BCD ¢) PID
b) discrete d) LED
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20-2. The MOV instruction is used to move data 20-2.
a) from the LED display to the thumbwheel switch.

b) from the thumbwheel switch to the LED display.

c¢) from the LED display to the PL.

d) from the thumbwheel switch to the PL.

20-3. The PL output is energized when 20-3.
a) S1 is closed and the value of the TWS is 1,208.

b) S1 is opened and the value of the TWS is 1,208.

c¢) S1 is closed and the value of the TWS is less than 1,208.

d) S1 is closed and the value of the TWS is greater than 1,208.

Ladder logic program

L1 Inputs Outputs L2
81 ~Mov
1= b= MOVE — HEATER-HMMB»
+—0—0—51 Source Thermocouple
Destination LED
) 6|
> rLEQ B3:0/1 LED E
2 — LESS THAN OR EQUAL = Ju——,
Thermocouple Source A Thermocouple (Internal) ﬂ
1| Source B 597 LED Display
M‘l- ‘ ~GEQ B3:0/2 [
31— GREATER THAN OR EQUAL { — =
Source A Thermocouple (Internal)
Source B 603
High temp. Low temp.
S1 B3:0/2 B3:0/1 HEATER
4] o 7] e -
HEATER

Figure 10-14 Temperature control program for question 21.

21-1. For the temperature control program of Figure 10-14, rung No. 1 21-1.
contains the logic that

a) detects when the temperature drops below the low set point.

b) allows the thermocouple temperaure to be monitored by the LED

display board.

c) detects when the temperature rises above the high set point.

d) switches the heater on and off.
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21-2. Rung No. 2 contains the logic that 21-2.
a) detects when the temperature drops below the low set point.

b) allows the thermocouple temperature to be monitored by the LED

display board.

c) detects when the temperature rises above the high set point.

d) switches the heater on and off.

21-3. Rung No. 3 contains the logic that 21-3.
a) detects when the temperature drops below the low set point.

b) allows the thermocouple temperature to be monitored by the LED

display board.

c) detects when the temperature rises above the high set point.

d) switches the heater on and off.

21-4. Rung No. 4 contains the logic that 21-4.
a) detects when the temperature drops below the low set point.

b) allows the thermocouple temperature to be monitored by the LED

display board.

c) detects when the temperature rises above the high set point.

d) switches the heater on and off.

22. In a closed-loop control system, the PLC control program acts to 22.
a) form a closed circuit between input and output modules.

b) monitor the output signal and adjust the input signal accordingly.

c) keep the input and output in balance.

d) correct any difference between the measured value and the desired value.

23. The move instruction copies data from a(n) word to a(n) __ word.  23.

a) source, destination c) integer, floating point
b) destination, source d) floating point, integer
24. With the masked move instruction, where there is a in the mask, 24,

data will pass.
a)l ) negative sign
b) 0 d) positive sign

205



25. The mode of the FAL instruction allows one element of data to be  25.
operated on for every false-to-true transition of the instruction.

a) all ¢) incremental

b) numeric d) sequential

26. PID controllers produce outputs that depend on 26.
a) magnitude of the error signal. c) rate of change of the error signal.
b) duration of the error signal. d) all of these

27. The transfer of data from a word location to a file is called a 27.
a) file-to-file move. c¢) word-to-file move.

b) file-to-word move. d) word-to-word move.

206



TEST 10.2
Place the answers to the following questions in the answer column at the right.

1. The source of a move instruction contains a copy of the data that 1.
is to be moved. (True or False)

2. The of a move instruction contains the address where the instruction 2.
sends a copy of the data.

3. Each data manipulation instruction requires two or more of data 3.

memory for operation.

4. The words of data memory in singular form may be referred to as 4.
either words or .

5. A consecutive group of data memory words may be referred to as Sa.
either a(n) (a) or a(n) (b) ) 5b.
6. The data contained in words will be in the form of binary 6.

represented as series of 1s and 0s.

7. The format used for data manipulation instructions is the same for all 7.
PLC models. (True or False)

8. Data manipulation can be placed into the two broad categories 8a.
of data (a) and data (b) : 8b.
9. Data instructions involve the transfer of the contents from one word 9.

or register to another.

10. Data instructions compare the data stored in two or more words. 10.

11. Data transfer instructions can address only a limited number of special 11.
locations in the memory. (True or False)

12. The MOV instruction is used to the value in one word to another. 12.
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13. When the move instruction is true, the value stored at the (a)
address is copied into the (b) address.

14. The move with mask instruction uses a mask to filter out that are

not to be transferred from the source to the destination.

15. Numerical data I/O interfaces are used to interface (a) digital
devices and (b) devices.
16. Multibit interfaces allow a(n) of bits to be input or output as a unit.

17. Multibit interfaces are used to accommodate devices that require BCD

input or outputs. (True or False)

18. The analog input module contains a digital-to-analog converter circuit.
(True or False)

19. An analog I/O will allow monitoring and control of voltages

and currents.

20. The analog output interface module receives numerical data from

the processor that are translated into a proportional (a) or (b) .
21. Set-point control in its simplest form an input value to a set-point
value.

22. Four types of set-point control are (a) , (b) , (©) ,

and (d) .

23. Each type of set-point control involves the use of some form of
loop control.

24. To copy the value in N12:0 into N12:40 using the MOV instruction,
you would enter (a) as the source and (b) as the destination.
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25. To put the value of 0 into N10:0 through N10:150 using the FLL 25a.

instruction, you would enter (a) as the source, (b) as the 25b.
destination, and (c) as the length. 25c.
26. To put the value in the upper half of N13:30 into the upper half 26a.
of N12:0 using the MVM instruction, you would enter (a) as 26b.
the source, (b) as the mask, and (c) as the destination. 26c.

EQU

ggﬁ?g 4 n72|  Figure 10-15 Instruction for question 27.

Source B 25
27. What value(s) stored in N7:2 of Figure 10-15 would make this 217.

mstruction true?

NEQ

NOT EQUAL —

Source A N7:2 Figure 10-16 Instruction for question 28.
Source B 20

28. What value(s) stored in N7:2 of Figure 10-16 would make this 28.
instruction true?

LES ————
LESS THAN |
Source A N7:2 Figure 10-17 Instruction for question 29.
Source B N7:5
10
29. What value(s) stored in N7:2 of Figure 10-17 would make this 29.

mstruction true?

GRT
GREATER THAN s
Source A N7:2 Figure 10-18 Instruction for question 30.
Source B N7:5
10
30. What value(s) stored in N7:2 of Figure 10-18 would make this 30.

instruction true?
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GEQ

GREATER THAN OR EQUAL TO . . .

Source A N7:2 — Figure 10-19 Instruction for question 31.

Source B N7:5

10

31. What value(s) stored in N7:2 of Figure 10-19 would make this 31.
instruction true?

LIM

mHEST 100 Figure 10-20 Instruction for question 32.

Test N7:2

High limit 200

32. What value(s) stored in N7:2 of Figure 10-20 would make this 32.

instruction true?

—LIM
—— LIMITTEST
Low limit

High limit

Test N7:2

33. What value(s) stored in N7:2 of Figure 10-21 would make this 33.

instruction true?

—MEQ
—— MASKED EQUAL TO
Source
Mask B3:4
Compare B3:5

B3:4 = 0000 0000 0000 1111
B3:5 = 0000 0000 0000 0111

34. What value(s) stored in the source address of Figure 10-22 would make  34.

this instruction true?

35. The move instruction a value from one location to another. 35.

36. The bit distribute instruction is used to move within a word 36.

or between words.

37. Files allow large amounts of data to be scanned quickly. (True or False)  37.
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—FAL (FAL ~FAL
FILE ARITH/LOGICAL FILE ARITH/LOGICAL FILE ARITH/LOGICAL
Control R6:6 Control R6:5 Control R6:6
Length 5 Length 4 Length 5
Position 0 Position 0 Position 0
Mode INC Mode ALL | | Mode ALL
Destination N29:5 Destination #N28:0 Destination #N29:0
Expression #N29:0 Expression #N27:3 Expression N29:5
a) b) c)

38. For each instruction shown in Figure 10-23, signify the type of FAL

copy operation used (file to file, file to word, or word to file).

FLL

FILL FILE

Source N7:0
Destination #N12:0
Length 5

Figure 10-23
FAL
instructions

for question
38.

38a.
38b.
38c.

Figure 10-24 FLL instructions for question 39.

39. The FLL instruction shown in Figure 10-24, when true, tells the

processor to (a) the value of word N7:0 into the first (b)

words of (¢) N12:0.

40. The COP instruction operates at a lower speed than the same operation

that uses the FAL instruction. (True or False)

41. The FLL instruction is frequently used to zero all the data in a file. (True 41.

or False)

42. Data transfer and data compare instructions are both output instructions.  42.

(True or False)

43. Input and output modules can be addressed either at the (a)

level or at the (b) level.

44. PID control is inexpensive but not accurate enough for many

applications. (True or False)

39a.
39b.
39c.

43a.
43b.

44,
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45. Control systems that don't use feedback are called -loop. 45.

46. An open-loop control system can't sense changes, nor compensate 46.
for them. (True or False)
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Programming Assignments

This section requires you to simulate several data manipulation applications. The

instructions used are intended to be generic in nature and, as such, will require some
conversion for the particular PLC model you are using. The use of a prewired PLC

input/output control panel is recommended to simulate the operation of these circuits.

Inputs
L1 d

0O o0—PB1

10s b5s

+—O O—ss1

Ladder logic program

PB1 — TON
] E TIMER ON DELAY ——(EN)>—
Timer T4:1
Time base 1.0 ——(DN)
Preset 0
Accumulated 0
SS1 — MOV
Source N7:1
10
Destination T4:1.PRE
0
SS1 — MOV
3 E MOVE _—
Source N7:2
5
Destination T4:1.PRE
0
T4:/DN BLi
Il ()

Figure 10-25 Timer data transfer program for assignment 1.

Qutput

PL1

1) The timer data transfer program of Figure 10-25 is described in the text. Prepare an I/O

connection diagram and ladder logic program that will simulate its operation. Use
addresses that apply to your PLC installation. Enter the program into the PLC, and verify

its operation.

213



Ladder logic program

T Inputs LS1 —CTU Output i3
1—3 E COUNT UP L ccu)>—|
Counter C5:1
T Preset 0L—(DN)
1 0-LS1 Accumulated 0
FULL
+—o" oA A —MOV
2 1 E MOVE _—
Source N7:1
300
o008 Destination  C5:1.PRE
0
o o B —MOV
3 ] E MOVE -
_L Source N7:2
+—0 O—RESET 175
Destination C5:1.PRE
0
c — MOV
4 ] E MOVE I
Source N7:3
50
Destination C5:1.PRE
0
C5:1/DN FULL
5 1 E ¢ >—
RESET C5:1
6 1 E {RES)—

Figure 10-26 Counter data transfer program for assignment 2.

2) The counter data transfer program of Figure 10-26 is described in the text. Prepare an
I/O connection diagram and ladder logic program that will simulate its operation. Use
addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.
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Ladder logic program
L1 Inputs — EQU Outputs L2

S1 EQUAL Ll
—c" o S1

‘ * s
SOU ce B 45

—LES i i i j .
s2 LESS THAN FLz Ples

/o—'ss ] E Source A N7:112 _(>_

Source B 65 _

(%
m

$—o"0- 82

oo S4 —GRT

- GREATER THAN PL3

e Source A N7:112 _()__ PLA—(: }:-JP
o—o/a— S5 T Source 234

s —LEQ - PLS —z:z—«
_E Vs 84 | LESSTHANOREQUAL | FH4

Source A N7:112 _C)—

(8 ¥}
(e

Source B 387
GEQ PLS
S5 GREATER THAN OR EQUAL
—3 Source A N7:112 ( ) =
Source B 429

Figure 10-27 Data compare program for assignment 3.
3) Construct the data compare program of Figure 10-27 using a thumbwheel switch

interface module for the changing variable. Enter the program into the PLC, and prove
the operation of each rung.
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Ladder logic program

lnpuIs Outpuls
STOP START SOL A L2
L1 e ] [ { )
SOL ;ﬁ—oJ \ o—¢
SOL A
lv—Q_LD— STOP ] L
Y
$—G O-START | SOLA —TON soL 8-o/\ o4
] [ TIMER ON DELAY —(EN)}——
Timer T4:1
° » Time base 1.0 ——(DN)
Preset 15
Accumulated 1] SOL c-d\ o—
=2
® e ~GEQ SoL B
- — GREATER THAN OR EQUAL { )
Source A T4:1.ACC SOL D—OJ \,o—d
0
Source B 5
—GEQ SOoLC
- GREATER THAN OR EQUAL { )
Source A T4:1.ACC
0
Source B 10
T4:1 soL D
1 C { Y
4 Kk LS r
DN

Figure 10-28 Timer program for assignment 4.

4) A timer program controlling multiple loads using a single timer and the GEQ
instruction is shown in Figure 10-28 and described in the text. Prepare an I/O connection
diagram and ladder logic program that will simulate its operation. Use addresses that
apply to your PLC installation. Enter the program into the PLC, and verify its operation.
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Ladder logic program

Input 1 — TON Output
L1 1 E TIMER ON DELAY ——(EN)—
Timer T4:1
Time base 1.0 ——DN) PL1
Preset 20
o—S1 Accumulated 0
oN] —EQU PL1 .
2 — EQUAL (L)
Source A  T4:1.ACC
' @ Source B 5
—EQU PL1
3 — EQUAL (U)>—
Source A T4:1.ACC
Source B 15

Figure 10-29 On-delay timer program for assignment S.

5) An on-delay timer program implemented using the EQU instruction is shown in Figure
10-29 and described in the text. Prepare an I/O connection diagram and ladder logic
program that will simulate its operation. Use addresses that apply to your PLC

installation. Enter the program into the PLC, and verify its operation.

L1

Input
Sensor —CTU
1 E COUNT UP ——(Ccu)—
Counter C5:1
Preset 50— (DN)
Sensor Accumulated 0
LES SOL
= LESS THAN ()
‘?. Source A C5:1 .ACC(;
Source B 20
C5:1 C5:1
1 E (RES)—
DN

Ladder logic program

Figure 10-30 Counter program for assignment 6.
Photo courtesy Turck, Inc., www.turck.com

Output
L2

SOL—O‘\(O—*

6) A counter program implemented using the LES instruction is shown in Figure 10-30

and described in the text. Prepare an I/O connection diagram and ladder logic program
that will simulate its operation. Use addresses that apply to your PLC installation. Enter
the program into the PLC, and verify its operation.
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Ladder logic program

L1 Input Output
PB —CTU L5
—3 —— COUNTUP L (CU)>—
Counter C5:1
o- PB Preset 50 |(DN) PL1
Accum 0 .
- Figure 10-31
— GRT
GREATER THAN — Counter program
Source A CE1.ACC ¢ ) for assignment 7.
0
Source B 20
G511 cs:
—3 E (RES)—
DN

7) Construct the counter program shown in Figure 10-31 using your PLC demonstration
panel. After constructing the program on paper, enter it into the PLC. Demonstrate that
the output will be energized when the counter’s accumulated value is from 21 to 50 and
that the counter will reset automatically when it reaches its preset value of 50.

Ladder logic program

L1 L2
Inputs MOV Outputs
MOVE -
| - 3] s1 Source TWS PL ( j !
Destination LED
u
s -
(Al 16 bits) | 1 FEQU————— PL (All 16 bits)
— EQUAL ()
Source A TWS U
Thumbwheel switch Source B 1208 LED display

125078

Figure 10-32 Thumbwheel switch program for assignment 8.

8) Monitoring the setting of a thumbwheel switch program of Figure 10-32 is described
in the text. Prepare an I/O connection diagram and ladder logic program that will
simulate its operation. Use addresses that apply to your PLC installation. Enter the
program into the PLC, and demonstrate that the decimal setting of the thumbwheel
switches is monitored by the LED display board and that pilot light PL will turn on when
switch S1 is closed and the value of the thumbwheel switches is 1,208.
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Ladder logic program

L1 Inputs Outputs L2
S1 ~Mov
1—=d = MOVE - HEATEH-HMWE"
—0—0—51 Source Thermocouple
Destination LED
] 8]
> ~LEQ B3:0/1 LED E
2 | LESS THAN OR EQUAL - Ju—
Thermocouple Source A Thermocouple (Internal) ﬂ
II Source B 597 LED Display
'lﬂ-m‘l- ‘ ~GEQ B3:0/2 l
31— GREATER THAN OR EQUAL { — 1l
Source A Thermocouple (Internal)
Source B 603

High temp. Low temp.

51 B3:0/2 B3:01 HEATER
4 e ] e e
HEATER
e e ———

Figure 10-33 Set-point control switch program for assignment 9.

9a) The set-point control program of Figure 10-33 is described in the text. Prepare an I/O
connection diagram and ladder logic program that will simulate its operation. Use
addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.

b) Modify the program to include alarm lights that come on if the temperature rises
above 610°F or drops below 590°F. Once on, each alarm light stays on until manually
reset with a pushbutton.

Solenoid 1

valve Mixer

motor
A
Flow

meter

B

Solenoid 2
valve

Figure 10-34 Process flow diagram for
assignment 10.

00)
Empty
switch

Solenoid 3
valve

Finish product
tank
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10) Design a PLC program to implement the process of mixing two ingredients, A and B,
as illustrated in Figure 10-34. The mixing cycle can be summarized as follows:

e Ingredient A is sent to the tank first by energizing solenoid No. 1. The flow meter
gives one pulse for every gallon of flow. Solenoid valve No. 1 will open (energized)
until 200 gallons have poured in.

e After ingredient A is in the tank, 300 gallons of ingredient B should be added. The
process of adding ingredient B follows the same procedure as that of adding
ingredient A.

e After ingredient B is in the tank, the mixer motor starts and runs for 5 minutes.

e After the mixing is complete, solenoid No. 3 should open and let the mixed batch go
into a finished tank.

e When the tank is empty (as indicated by the NC empty liquid-level switch), solenoid
No. 3 should close and stop the cycle.

Enter the simulated program into the PLC, and prove its operation.

e — Figure 10-35 Move instruction program for
100 assignment 11.

Destination N7:60

11) Enter the move instruction program of Figure 10-35 into the PLC, and prove its

operation.
Input MVM
MASKED MOVE . ) -
|H Source B3:0 _‘ Figure 10-36 Masked move instruction program

1010101010101010 .

Mask B3:1 for assignment 12.
FFOF

Destination B3:4

12) Enter the masked move instruction program of Figure 10-36 into the PLC,
and prove its operation.
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EQU —————— Cutput
EQUAL (
Source A N7:0
25
Source B N7:1
25
(a)
LES ——mM8M™™m
LESS THAN Ouftp“t
Source A N7:13
33
Source B N7:23
48
(c)
GRT —™™
GREATER THAN oy
Source A N12:10
124
Source B 25
(e)
MEQ
MASKED EQUAL G
Source B3:1
1100110011001100
ask B3:2
FF0O
Compare B33
1100110011111
(9)

LIMIT TEST (CIRC)
Low limit N7:28
100
N7:29
125
N7:27
50

Test

High limit

W
s

Output

0]

s

N I

NEQ

NOT EQUAL ki
Source A N7:5
30
Source B 25
(b)
LEQ ——
LESS THAN OR EQUAL TO 0”("’”'
Source A 55
Source B N7:101
75
(d)
GEQ
GREATER THAN OR EQUAL TO Et“pm
Source A N7:13
33
Source B N7:12
23

zZ Z
e
S SR VL
cCRDWO

(f)

LIM

LIMIT TEST (CIRC)
Low limit N7:22
Test

High limit

(h

Output

¢

Figure 10-37 Data
compare instructions
program for assignment
13.

13) Enter each of the data comparison instructions, (a) through (i), shown in
Figure 10-37 individually into the PLC, and prove the operation of each.
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— FAL
Input| FILE ARITH/LOGICAL
— E{ Control R6:1 ——(EN)—
Length 6 (
Position 0 ON)
Mode Al ——ER)
Destination #N7:50
528
Expression
#N7:20
(a)
—FAL
Input| FILE ARITH/LOGICAL
— B Control R6:4 |——(EN)—
Length 5 (
Position 0 DN)
Mode Incremental | ———(ER)
Destination N7:125
0
Expression
#F8:10
(c)
FLL
Input| FILLFILE
Source 0
Destination #N7:40
Length 10

==

(e)

— FAL

Input| FILE ARITH/LOGICAL
Control R6:2 ——(EN)—
Length 6 (
Position 0 DN)
Mode Incremental +———-(ER)
Destination #N7:101
0
Expression
N7:100
(b)
COoP
Input| COPY FILE
Source #N7:30
Destination #N7:80
Length 4

(a)

Figure 10-38 Copy instructions program for assignment 14.

14) Enter each of the file copy instructions, (a) through (e), shown in Figure 10-38
individually into the PLC, and prove the operation of each.
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Ladder logic program

PR— | Outputs
Count PB i i
1 F COUNT UP —{CU)—
_J_ - Counter C5:1 b
©-Count PB Preset 10 —ON) Bk
Accumulated 0

—GRT —————— C5:1 PL2 I}‘L
|| GREATER THAN (RES)—

Source A C5:1.ACC

L Source B 12J pm{j—q

—EQU PL1
—  EQUAL { >r—
Source A C5:1.ACC
Source B 0
—GRT LES PL2
—l GREATER THAN LESS THAN b —
Source A C5:1.ACC Source A C5:1.ACC
Source B 0 Source B 9
—GEQ LEQ PL3
— GREATER THAN OR EQUALTO LESS THAN OR EQUAL TO—( )>——
Source A C5:1.ACC Source A C5:1.ACC
Source B 4 Source B 9

Figure 10-39 Data comparison program for assignment 15.

15) Enter the data comparison program of Figure 10-39 into the PLC. Operate the
program, and answer the following questions about the operation:

a) What is the highest count achieved before the counter is reset?

b) At what accumulated values of the counter are lights PL1, PL2, and PL3 energized?

16) Construct and test each of the following PLC data compare problems:
a) A light is to come on only if a PLC counter has an accumulated value of 8 or 14.

b) A light is to be on if a PLC counter does not have accumulated values of either 6 or
10.

¢) A light is to come on if three PLC counters have the same accumulated values.
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17) Design and test a PLC program to implement a solution to the following problem:

A room heating and air conditioning system is to be implemented with a programmable
controller. The room temperature is read by a temperature transducer to word N33:1. The
outdoor temperature is read by another temperature transducer to word N33:2. The logic
to place these temperatures into these locations is assumed to be already in place. Design
logic to:

e Turn on the heat when the indoor temperature is at or below 21°C and the outdoor
temperature is below 16°C.

e Turn off the heat when the temperature is at or above 22°C.

e Turn on the air conditioning when the indoor temperature is at or above 22°C and the
outdoor temperature is above 20°C.

e Turn off the air conditioning when the indoor temperature is at or below 21°C.

18) A baking process includes three ovens (No. 1, No. 2, and No. 3), each controlled by a
separate PLC timer. The baked product is to remain in each oven for a specified time
according to the recipe produced. There are three separate recipes to run through the
ovens. The following gives the bake time, in seconds, for each recipe:

OVEN BAKE TIMES

Recipe No. 1 No. 2 No. 3
A 10s 20 s 5s
B 8s 12s 48 s
C 24 s 16 s 4s

Construct a program that will allow an operator to select and run any one of the three
recipes. Enter the program into the PLC, and prove its operation.
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19. The up-counter program of Figure 10-40, used in conjunction with the LES, EQU,

and GRT compare instructions, is described in the text. Prepare an I/O connection

diagram and ladder logic program that will simulate its operation. Use addresses that

apply to your PLC installation. Enter the program into the PLC, and verify its operation.

L1

Input

©O-Counter input

O- Counter reset

Ladder logic program

) COMPARE COUNTER
Coun.;err input —CTU )_
COUNT UP —(Cu
1L Counter Cs5:1
Preset 50 —(DN
Accumulated 0 )
LESS Output
—LES )_
— LESS THAN 4(
Source A C5:1.ACC
0
Source B 10
EQU Output
r EQU
— EQUAL ———(
Source A C5:1.ACC )—
0
Source B 20
GRT Output
GRT
GREATER THAN 4( )
Source A C5:1.ACC
0
Source B 30
Coun‘tlelt reset /05:1
Ik (RES—

Figure 10-40 Up-counter program for assignment 19.

Output

LESS Output

EQU Output

GRT Output

Y,
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20. The Limit Test (LIM) program of Figure 10-41 is described in the text. Prepare an I/O
connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.

Inputs Ladder Logic program Outputs
L Counter_Input L2
SLocaliiT.Dete1> - CTU Count_Within_ Range_Output
¢+ 0 o Counter_Input —]%‘ gz:}:p Counter_Range {CU)— %\/—:E
Preset 20« —(DN)—
Accum 0+
0 o—Counter_Reset Count_Within_ Range_Output
o LIM <Local:2:0.Data.1>
s
: - | Limit Test {CIRC) ———()>—
| Low Limit 6

Test Counter_Range.ACC
0

High Limit 12

Counter_Reset
<Local:1:1.Data.2> Counter_Range

] [ (RES)—

Figure 10-41 Limit Test program for assignment 20.
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cuaptEr 11 Math Instructions

TEST 11.1
Choose the letter that best completes the statement.

1. The ability of a PLC to perform math functions is intended to 1.
a) replace a calculator.

b) multiply the effective number of input and output devices.

c¢) perform arithmetic functions on values stored in memory words.

d) all of these

Ladder logic program

t
AD Output
ADD L2
Source A N7:0
124
Source B N-ﬁ; PL1
Destinaton  N7:2 Figure 11-1 Program for question 2.

PL1

LES —

LESS THAN =@:

Source A N7:2

Source B N7:3
2-1. In the program of Figure 11-1, the value of the number stored in N7:2 is  2-1.
a) 172. c) 325.
b) 601. d) 348.

2-2. Which of the following numbers stored in N7:3 will cause output PL1 2-2.

to be energized?
a) 048 c) 172
b) 124 d) 325
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Inputs

L1

#-0<To- LSt

-o=<To-152

0 O Hesst

Ladder logic program

LS1 ~CTU
—] F—— COUNT-UP ——(cu)}—
Counter C5:0 (
Preset 350 DN)
Accumulated 0
LS2 —CTU
L3 — COUNT-UP ——(cu)—
Counter C5:1 (
Preset 350 DN)
Accumulated 0
—ADD
ADD
Source A C5:0.ACC
Source B C5:1.ACC
Destination N7:1
PL1
—GEQ
GREATER THAN OR EQUAL —{( )—
Source A N7:1
Source B 350
Reset C5:.0
1 B
< L

Figure 11-2 Counter program for question 3.

3-1. In the counter program of Figure 11-2, assume the accumulated count

(RES)—
C5:1
L(HES)—

Qutput
L2

PL1-] A

of counters C5:0 and C5:1 to be 124 and 248, respectively. As a result,
a) the number 372 will be stored in word N7:1 and output PL1 will be energized.
b) the number 372 will be stored in word N7:1 and output PL1 will not be energized.
c¢) the number 350 will be stored in word N7:1 and output PL1 will be energized.
d) the number 350 will be stored in word N7:1 and output PL1 will not be energized.

3-2. Assume that the light is to come on after a total count of 120. As a

result,

a) the preset counter C5:0 must be changed to 120.

b) the value in source B of the GEQ instruction must be changed to 120.

c) the value in source B of the ADD instruction must be changed to 120.
d) the value in word N7:1 must be changed to 120.
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Ladder logic program Output

L2
—SuB
Source A 185
Source B N7:0
52
Destination N7:1
— ADD ————— Figure 11-3 Program for question 4.
2 — ADD
Source A N7:1
Source B 48

Destination N7:2

—EQu—— PL1

3 — EQUAL —(

Source A N7:2
Source B 120

4-1. For the program of Figure 11-3, the number stored in N7:2 would be 4-1.

a) 85. c) 181.
b) 28. d) 285.
4-2. Rung No. 2 will be true 4-2.

a) at all times.

b) when the number stored in word N7:1 is equal to 48.

c) when the number stored in word N7:1 is less than 48.

d) when the number stored in word N7:1 is greater than 48.

4-3. Output PL1 4-3.
a) would be energized.
b) would not be energized.
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Ladder logic program

Inputs FILL
L STOP START FULL  SOLENOID
1 o3 i/ —
¢—G O— START FILL
SOLENOID
3
St FILL
® SOLENOID FULL FILLING
= 2 f— F——=/E O
— GEQ FULL
_ lo—mmm  ° GREATER THAN OR EQUAL ()
Source A 1.012
Source B 500
- R
Weight (Al 16 bits) FULL —SUB
transducer 4 5 F— SUBTRACT —
Source A L.o12
@ ’ Source B 500
Destination N7:1
_GEQ ALARM
5 GREATER THAN OR EQUAL ()
Source A N7:1
Source B 5

Figure 11-4 Vessel filling program for question 5.

5-1. For the program of Figure 11-4, the preset full weight of the vessel

is changed by changing

a) the value of the number stored at input 1:012.
b) the value of source B of the GEQ instruction of Rung 3.
c) the value of source B of the GEQ instruction of Rung 5.

d) the value of the number stored in word N7:1.

5-2. The amount of overfill weight required to trigger the alarm is changed

by changing

a) the value of the number stored at input 1:012.
b) the value of source B of the GEQ instruction of Rung 3.
c) the value of source B of the GEQ instruction of Rung 5.

d) the value of the number stored in word N7:1.
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L2

FILL

soLENoiD 2 Vo1
h._}“c‘{‘

FILLING —{_}—¢
E FuLL— ¢
e[

4
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5-3. When the Full light is on 5-3.
a) the weight of the vessel is 500 pounds or more.
b) Rung No. 3 is always true.

¢) Rung No. 1 is always false.
d) all of these

5-4. When the Filling light is on 5-4.
a) the weight of the vessel is less than 500 pounds.

b) Rung No. 2 is always true.

¢) Rung No. 4 is always false.

d) all of these

5-5. The number stored in word N7:1 represents the 5-5.
a) weight of the empty vessel.

b) preset weight of the vessel.

¢) current weight of the vessel.

d) difference between the current and preset weight of the vessel.

Ladder logic program Output

L2
—MUL
— MULTIPLY LA
Source A N7:1
30
Source:s Nrtg Figure 11-5 Program for question
Destination N7:3 6.
PL1
—EQU
— EQUAL —( )
Source A N7:3
Source B N7:4
6-1. For the program of Figure 11-5, the number stored in N7:3 is 6-1.
a) 6. c) 150.
b) 60. d) 300.
6-2. What number stored in N7:3 will turn PL1 on? 6-2.
a) 150 c) 50
b) 100 d) All of these
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6-3. Assume the value stored in N7:1 changes from 30 to 10. Which value

stored in N7:4 will result in PL1 being energized?

a) 10
b) 25

Inputs
L1 ¥

¢——o 0—ON/OFF
™WS

c) 35
d) 50

Ladder logic program

o do3

1 1018 F—

Thermocouple
input

—MuUL
MULTIPLY
Source A 1012
400
Source B 0.0100000
Destination N7:0
4
—ADD
ADD
Source A 1:012
400
Source B N7:0
High Limit 4
Destination N7:1
404
—SuUB
SUBTRACT
Source A 1:012
400
Source B N7:0
Low Limit 4
Destination N7:2
396
—LES PL1
— LESS THAN e O e
Source A 1:013
0
Source B N7:2
396
—GRT PL2
— GREATER THAN ()
Source A 1:013
]
Source B N7:1
404
ON/OFF PL1 PL2 HEATER
e / —( —
HEATER

Figure 11-6 Temperature control program for question 7.

7-1. For the program of Figure 11-6, the set-point temperature is set
by the number stored in

a) N7:0.
b) N7:2.

232

c) [:012.
d) [:013.

Qutputs

HEATER

:

PL2

W

6-3.

7-1.



7-2. The number stored in N7:1 represents the
a) upper temperature limit.

b) lower temperature limit.

¢) current temperature of the oven.

d) difference between the preset and current temperature.

7-3. PL1 will be on whenever the current temperature is
a) greater than the preset temperature.

b) less than the preset temperature.

c) greater than the upper temperature limit.

d) less than the lower temperature limit.

7-4. The ADD instruction is telling the processor to add the
a) preset and current temperatures.

b) upper and lower temperature limits.

¢) current and upper limit temperatures.

d) preset and upper deadband range.

7-5. Assume the set-point temperature is changed to 200°F. As a result, the
number stored in N7:0 would be
a) 2.
b) 4.

c) 6.
d) 8.

7-6. Assume the upper and lower temperature limits are programmed for 2%
instead of 1% and the preset is 400°F. As a result, the number stored in
N7:2 would be

7-2.

7-3.

7-4.

7-5.

7-6.

a) 392. c) 388.
b) 390. d) 386.
Ladder logic program Output
— DIV L2
|| DiviDE
Source A N7:0
200 PL1
Source B N?:; Figure 11-7 Program for question 8.
5
Destination N7:5
PL1
—EQU
— EQUAL —
Source A N7:5
Source B
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8-1. For the program of Figure 11-7, the number stored in N7:5 would be 8-1.

a) 1,000. c) 4.

b) 500. d) 2.

8-2. Which constant stored in source B of the EQU instruction would 8-2.
turn PL1 on?

a) 24 c)6

b) 20 d) 4

8-3. Assume the value stored in N7:0 is 90, the value stored at N7:1 is 8-3.

3, and the constant for source B of the EQU instruction is 10. What would the
state of PL1 be?
a) Off b) On

Ladder logic program

L1 ingut il Output L2
MULTIPLY .
TWS Source A 1:012 LED display
Source B 9
}_‘ 1012 Destination N7:0 0:013
—Eiv Figure 11-8 Program
— DIVIDE 1 g g
Source A N7:0 for question 9.
Source B 5
Destination N7:1
—ADD
— ADD 1
Source A N7:1
Source B 32
Destination 0:013

9-1. The program of Figure 11-8 is used to convert the Celsius temperature ~ 9-1.
indicated by the thumbwheel switch to Fahrenheit values for display.
Answer each of the questions with reference to this program, assuming a

thumbwheel switch setting of 25°C. The value of the number stored in 1:012 is

a) 25. c) 35.

b) 30. d) 40.

9-2. The value of the number stored in N7:0 is 9-2.
a) 225. c) 750.

b) 500. d) 230.
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9-3. The value of the number stored in N7:1 is 9-3.

a) 90. c) 35.
b) 45. d) 60.
9-4. The value of the number stored in O:013 is 9-4.
a) 98. c) 67.
b) 77. d) 57.
10. Math instructions are all instructions. 10.
a) output ¢) binary
b) input d) BCD
11. File arithmetic functions are used to perform arithmetic operations on 11.
a) multiple words. c¢) decimal numbers only.
b) integer numbers only. d) BCD numbers only.
ADD
ADD
Source A N7:15
Source B 303 Figure 11-9 ADD instruction for question 12.
Destination N7:20
0
12. For the ADD instruction of Figure 11-9, the used as part of the 12.
expression is a constant.
a) Source 4 ¢) 300
b) 0 d) N7:20
13. Which math instruction would you use if you wanted to take the 13.
opposite sign of a value?
a) SUB c) NEG
b) SQR d) CLR
14. Which math instruction would you use if you wanted to calculate 14.
the difference between the accumulated values of two counters?
a) ADD c) MUL
b) SUB d) DIV
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ADD
ADD
Source A N7:7 “
100 . . . .
A o Figure 11-10 ADD instruction for question 15.
Destination N7:9
428
15. With reference to the ADD instruction of Figure 11-10, the value 15.
of the number stored at Source B is
a) N7:8. c) 328.
b) N7:16. d) 528.
—SuB
SUBTRACT Figure 11-11 SUB instruction for question 16.
Source A N7:50
243
Source B 585
Destination N7:51

16. With reference to the SUB instruction of Figure 11-11, the value of the  16.
number stored at Destination is

a) 293. c)5l1.
b)—193. d) —342.
MUL
MULTIPLY
Source A F8:10 “
- N;ggg Figure 11-12 MUL instruction for question 17.
Destination F8:11
7.75

17. With reference to the MUL instruction of Figure 11-12, the value of the  17.
number stored at N7:30 is

a)s. c)4.87.
b) 15.5. d) 1.85.
DIV
DIVIDE
Source A N7:50 “ Figure 11-13 DIV instruction for question 18.
100
Source B N7:55
6
Destination N7:60
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18. With reference to the DIV instruction of Figure 11-13, the value of 18.
the number stored at Destination is

a) 17. c) 50.

b) 16.666. d) 51.
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TEST 11.2

Place the answers to the following questions in the answer column at the right.

1. Math instructions enable the programmable controller to take on some
of the qualities of a system.

2. The ability of a PLC to perform math functions is intended to allow
it to replace a calculator. (True or False)

3. PLC math functions perform arithmetic on stored in memory words.
4. The four basic math functions performed by PLCs are (a) , (b) ,
(©) ,and (d) .

5. All PLC manufacturers use the same format for math instructions.
(True or False)

A ADD—————
‘—i | ‘g‘,f’j’,ce A NT0 “ Figure 11-14 Logic rung for question 6.

Source B N7:1
Destination N7:2

6. The rung of Figure 11-14 is telling the processor to add the values

stored in words (a) ___ ____ store the sum in word (b) _____ and whenever

(c)___ 1istrue.
SuB

ggﬁ;ﬂﬁm N7:10 “ Figure 11-15 Logic rung for question 7.

Source B N7:05
Destination N7:20

7. The rung of Figure 11-15 is telling the processor to subtract the value

stored in word (a) from the value stored in word (b) and

store the difference in word (¢) .
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6b.
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MUL

MULTIPLY

Source A N7:8
Source B N7:10
Destination N7:2

8. The rung of Figure 11-16 is telling the processor to multiply the values 8a.
stored in words (a) __ ____ and store the product in word (b) . 8b.

DIV
DIVIDE

Source B N7:6
Destination N7:3

“ Figure 11-16 Logic rung for question 8.

Source A NT7:4 " Figure 11-17 Logic rung for question 9.

9. The rung of Figure 11-17 is telling the processor to divide the value 9a.
of word (a) by the value of word (b) and store the quotient 9b.
in word (c) . 9c
—ADD
— ADD
Source A N7:5
Source B N7:8
Destination N7:6
= Figure 11-18 Program for question 10.
0:213
—GEQ
— GREATER THAN OR EQUAL —( )
Source A N7:6
Source B N7:4

10. The program of Figure 11-18 is telling the processor to energize output  10a.

0:2/3 whenever the sum of the values stored in words (a) ____ ____is 10b.
(b) or (c) the value stored in word (d) . 10c.
10d.
1:3/7 SUB
—1 SUBTRACT
Source A N7:8
Source B N7:4 Figure 11-19 Program for question 11.
Destination ~ N7:3

—EQl) ——
EQUAL —( A
Source A N7:3
Source B N7:6

0:6/2
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11. The program of Figure 11-19 is telling the processor to energize output  11a.

0:6/2 whenever (a) is true and the difference between the values stored 11b.
inwords (b) ___ s equal to the value stored in word (c) . l1lc.
12/3  _puL
— MULTIPLY —
Source A N7:1
Source B N7:2
Destination  N7:3 Figure 11-20 Program for question 12.

EQU 0:5/8

EQUAL —(

Source A N7.3
Source B N7:4

12. For the program of Figure 11-20, if output O:5/8 is to be energized 12.
when the product of the values stored in words N7:1 and N7:2 is equal
to 1,520, then the value of the number stored in word N7:4 must be .

— DIV
DIVIDE

Source A N7:0
Source B N7:1

Cistinatian  NeS Figure 11-21 Program for question 13.

—

— EQUAL —( >—
Source A N7:5
N7:8

Source B

13. For the program of Figure 11-21, assume output O:3/2 is energized and  13.
the values of the numbers stored in words N7:0 and N7:1 are 500 and 40,

respectively. The value of the number stored in word N7:8 would be .

-LEQ 0:3/5
LESS THAN OR EQUAL  [—( )
Source A N7:1
Source B N7:2
035 _—suB
— F—{ SUBTRACT Figure 11-22 Program for question 14.
Source A N7:2
Source B N7:1
Destination N7:3
—EQU Q47
EQUAL H
Source A N7:3
Source B N7:6
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14. For the program of Figure 11-22, assume the value of the numbers

stored in words N7:1, N7:2, and N7:6 are 600, 750, and 100, respectively.
As a result, output O:3/5 state will be (a)
N7:3 will be (b)

, the number stored in word
, and output O:4/7 state will be (c) .

—MUL
—1 MULTIPLY
Source A N7:1
Source B N7:2
Destination N7:3
— DIV
— DIVIDE -
Source A N7:3 Figure 11-23 Program for question 15.
Source B N7:4
Destination N7:5
—ADD
Source A N7:5
Source B N7:6
Destination N7:8

15. For the program of Figure 11-23, assume the value of the numbers
stored in words N7:1, N7:2, N7:4, and N7:6, are 40, 9, 5, and 32,
respectively. As a result, the value of the number stored in

N7:31s (a) ,in N7:5 is (b) ,and in N7:81is (c) ____.

16. Math instructions are all output instructions. (True or False)

17. There is no limit to the maximum value a PLC math function can
store. (True or False)

18. File arithmetic instructions are designed to perform math operations on
single words. (True or False)

14a.
14b.
14c.

15a.
15b.
15c.

16.

17.

18.
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a) FAL
FILE ARITH/LOGICAL

Length
Position
Mode
Destination

Expression
SQR #F8:100

Control R6:1

#F8:200

b) rFAL
FILE ARITH/LOGICAL
Control
Length
Position
Mode
Destination

Expression
#N10:0 — 255

R6:5

#N7:255

c)

d)

e)

 FAL
FILE ARITH/LOGICAL
Control R6:8
Length 4
Position 0
Mode All
Destination #N7:500
Expression
#N7:330 » N7:23

r FAL
FILE ARITH/LOGICAL
Control R6:1
Length 4
Position 0
Mode All
Destination #N7:100
Expression
#N7:25 + #N7:50

r FAL
FILE ARITH/LOGICAL
Control R6:7
Length 4
Position 1
Mode Incremental
Destination F8:200

0.1

Expression

#F8:20 | #F8:100

Figure 11-24 FAL

instructions for question 19.

19. Identify the math function for each of the FAL instructions shown

in Figure 11-24.

Input ~ADD
E ADD
Source A N7:1
Source B N7:2
Destination N7:3
rMUL
— MULTIPLY
Source A N7:3
Source B N7:4
Destination N7:5
rDIV
— DIVIDE
Source A N7:5
Source B 5.000000
Destination F8:1

242

Figure 11-25 Program for question 20.

19a._
190,
19c._
19d._
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20. With reference to the program of Figure 11-25, when the input goes
true, determine the value that will be stored in each of the following

words.
a) N7:3
b) N7:5

Input

L1
‘—o-/o—

Input

Ladder logic program

- MOV

MOVE

Source 113

Destination N7:0
-MOV

MOVE

Source 331

Destination N7:1
~ADD

ADD

Source A N7:0

Source B N7:1

Destination N7:2
-SUB

SUBTRACT

Source A 785

Source B N7:2

Destination N7:3
- MUL

MULTIPLY

Source A N7:3

Source B 25

Destination N7:4
- DIV

DIVIDE

Source A N7:3

Source B 10

Destination F8:0

c) F8:1

20a.
20b.
20c.

Figure 11-26 Program for question 21.

21. With reference to the program of Figure 11-26, when the input goes true, determine

the value that will be stored in each of the following words.

a) N7:0
b) N7:1
c) N7:2
d)N7:3
e) N7:4
f) F8:0

21a.
21b.
2lec.
21d.
2le.

21f.
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Ladder logic program

L1
Input a [HAL
e | FILEARITHLOGICAL
Bl E:’:;’tﬁ' HG:l —EN Figure 11-27 Program for

Position o [(ON) question 22.
#N7:25 Mode Al HER)
o5 Destination #N7:100
Expression
234 :
1256 #N7:25 + 20
77

22. With reference to the program of Figure 11-27, when the input goes true, determine
the value that will be stored in each of the following words.

a) N7:100 22a.
b) N7:101 22b.
c) N7:102 22c¢.
d) N7:103 22d.
23. The GRT instruction will energize an output if the 23.

contents of one location are greater than the other. (True or False)

24. The LIM instruction is used to compare contents of two 24.
memory locations for an equal condition. (True or False)

25. With the LES instruction, if the contents of one register 25.
are greater than the other the instruction will energize an
output. (True or False)

26. Once a number has been loaded in a memory location, 26.
the number can be changed by loading another number

into the same location. (True or False)

27. The Source A field of a math instruction cannot be 27.
a fixed value. (True or False)

28. The Destination field of a math instruction can be the 28.
preset value of a timer. (True or False)
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Programming Assignments

This section requires you to simulate several arithmetic functions. The math instructions
used are intended to be generic in nature and, as such, will require some conversion for
the particular PLC model you are using. The use of a prewired PLC input/output control
panel is recommended to simulate the operation of these circuits.

Ladder logic program

Inputs 51 —ClU—————— Output L2
COUNT-UP COUNTER —(CU)—

Counter C5:0
— PL
~ Preset 350 DN) 1
1 Accumulated 0 e
- | @
”1'@9 s2 —CTU

COUNT-UP COUNTER —(cu}—

Counter C5:1
“'@32 Preset 350 CDND
Accumulated 0 nmm

(A
m

s
m

—ADD—————————————
L ADD
5 ©—RESET Source A C5:0.ACC [w
s - Source B C5:1.ACC .
1]
) l:' Destination N7:1
— PL1
GREATER THAN OR EQUAL 4< )—
Source A N7:1
Source B 350
RESET C5:0
J E {’

[ - \RE%
C5:1
RES)—

Figure 11-28 Counter program for assignment 1.

1) The counter program of Figure 11-28 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC, and verify its operation.

b) Modify the program so that a second light comes on when the accumulated count of
the two counters is equal to 345 and remains on until the reset button is pressed. Enter the
modified program into the PLC, and prove its operation.
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Inputs
L1

—0 O— START

Start

Stop

+—oalo—stop

>—-—l:012

Weight (All 16 bits)
transducer

=

Figure 11-29 Vessel overfill alarm program for assignment 2.

4

Ladder logic program

FILL
STOP START FULL  SOLENOID
—e= /
FILL
SOLENOID
FILL
SOLENOID FULL FILLING
] -/ - ( }
—GEQ FULL
GREATER THAN OR EQUAL ()
Source A [:012
Source B 500
FULL —SUB
1E SUBTRACT
Source A L.o12
Source B 500
Destination N7:1
—GEQ ALARM
GREATER THAN OR EQUAL ()
Source A N7:1
Source B 5

Outputs
L2

FILL

soLEnoiD 2 Vo1
(o B

FILLING —{_1—4
E FULL——¢

aarm- |

J

2) The vessel overfill alarm program of Figure 11-29 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation.

b) Modify the program so that should an overfill condition of 5 pounds or more occurs,

an overfill solenoid is energized to automatically reduce the level back down to the 500-

pound point. Enter the modified program into the PLC and prove its operation.
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Inputs
L1 P

4+——oc 0—ONIOFF

Ladder logic pro|

gram

—rMUL——m—————

— 1013 ——,

Thermocouple
input

-mﬂill-—

MULTIPLY  —
Source A 1012
400
Source B 0.0100000
Destination N7:0
4
—ADD————
ADD —
Source A 1012
400
Source B N7:0
High Limit 4
Destination N7:1
404
—SUB
SUBTRACT =
Source A 1012
400
Source B N7:0
Low Limit 4
Destination N7:2
396
—LES PL1
— LESS THAN = =
Source A 1:013
a
Source B N7:2
396
—GRT PL2
1 GREATER THAN ()
Source A 1:013
o]
Source B N7:1
404
ON/OFF PL1 pL2 HEATER
! S ——
HEATER
|

PL2

Figure 11-30 Temperature control program for assignment 3.

3) The temperature control program of Figure 11-30 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation.

b) Modify the program to include each of the following:

e An LED output module to display the actual temperature

e A high temperature light to come on if the temperature rises above 410°F

e A low temperature light to come on if the temperature drops below 390°F

Enter the modified program into the PLC, and prove its operation.
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Input Ladder logic program

= FRD

e From BCD
n Source 1012
. 1012 Destination B3:0
60
Thumbwheel
switch MUL

1 MULTIPLY

- . - Source A B3:0

Celsius Source B 9
Destination N7:0
540
DIV
1 DIVIDE
Source A N7:0
540
Source B 5
Destination N7:1
108
ADD
ADD
Source A N7:1
108
Source B8 32
Destination B3:
140
roo
1 TO BCD
Source B3:1

Destination 0:013

[0:013]

Output

(o CDE

LED
Display

140
Fahrenheit

Figure 11-31 Celsius to
Fahrenheit program for

assignment 4.

4) The Celsius to Fahrenheit conversion program of Figure 11-31 is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC and verify its operation.

5) Design a simulated PLC program that will control the temperature of a furnace and

monitor the temperature between 87°C and 100°C. An analog thermocouple input that

measures Celsius temperature is to be used. The operation of the program can be

summarized as follows:

e The sensed Celsius temperature is to be converted to Fahrenheit for display.

e When the displayed temperature drops below 190°F for a minimum of 5 seconds, a

heater is turned on to bring the temperature back into the desired range. The heater

stays on until the temperature rises back to 190°F.

e Should the displayed temperature reach 212°F, an alarm is turned on and remains on

until manually reset with a pushbutton.

After constructing your program on a separate sheet of paper, enter it into the PLC and

prove its operation.
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a) Input
I—% -

b) Input
‘——1 —

c) Input
|—1 —

d) Input
h F—

e) Input
}——l S

~ADD
ADD
Source A N7:23
22
Source B N7:24
36
Destination N7:30
58
~DIV
DIVIDE
Source A N7:48
333
Source B 50
Destination F8:0
6.66
-rSUB
SUBTRACT
Source A N7:10
520
Source B N7.05
322
Destination N7:20
198
- MUL
MULTIPLY
Source A F8:10
1.65
Source B N7:30
5
Destination F8:11
7.75
- SQR
SQUARE ROOT
Source A N7:101
144
Destination N7:105
12

f

g)

h)

i)

Input CLR
l—] — CLEAR —‘
Destination N7:22
0
Input [ NEG
}-H — NEGATE 4’
Source A N7:52
101
Destination N7:53
-101
Input FRD
—— FROMBCD
Source 1:30 4‘
16
Destination N7:24
10
Input [ TOD
—— TOBCD
'ﬂ Source N7:23 4'
10
Destination 0:20
16
)
— FAL
Input | FILE ARITH/LOGICAL
H control R6:1
Length 4
Position 0
Mode All
Destination #N7:100
Expression
#N7:25 + #N7:50
N7:25 | 25 50 | N7:50
234 22
1256 456
N7:28 | 77 100 | N7:53

Figure 11-32 Math operations for assignment 6.

6) Program each of the math operations (a through j) shown in Figure 11-32 into the
PLC, and prove the operation of each.

7) Design a program that will implement the following arithmetic operation:

e Using a move instruction, place the value of 16 in N7:1 and 48 in N7:2.
e Add the values together, and store the result in N7:3.
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e Subtract the value in N7:3 from 650, and store the result in N7:4.
e Multiply the value in N7:4 by 15, and store the result in N7:5.
e Divide the value in N7:4 by 18, and store the result in F8:1.

Enter the program into the PLC, and prove its operation.

8) Create a program that will determine the average value of the accumulated value from
four counters. Enter the program into the PLC and prove its operation.

9) A conveyor has 6-, 8-, and 12 packs of canned soda entering it. Each size of entering
pack has an individual pack quantity counter. To know how many cans enter the
conveyor, set up a program for multiplying and then adding to give a total can count.
Enter the program into the PLC, and prove its operation.

10) Write a program that will implement the following arithmetic operation:

e Using a move instruction, place the value 30 in N7:1 and 25 in N7:2.

e Multiply the values together, and store the result in N7:3.

e Add the value 115 to the value stored in N7:3.

e Subtract the value 325 from the value stored in N7:3, and store the result in N7:4.
e Divide the value in N7:3 by 5, and store the result in F8:1.

Enter the program into the PLC, and prove its operation.

11a) Create a program that uses a file arithmetic logic (FAL) instruction to copy a table
or file of data from N7:0—4 to N7:5-9. Add the two files together, and store the results at
N7:10-14.

b) Repeat part a using subtraction, multiplication, division, and square root

expressions.

12) Two parts-conveyor lines, A and B, feed a main conveyor line M. A third conveyor
line, R, removes rejected parts a short distance down from the main conveyor. Conveyors
A, B, and R have parts counters connected to them. Construct a PLC program to obtain
the total parts output of main conveyor M. Enter the program into the PLC, and prove its

operation.
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Input Ladder logic program
L1 Temp_Convert
CPT
Temp_Convert P_ Compute
Dest Result
B 60
ol Expression  (N7:5-32)*5/9

Figure 11-33 Compute program for assignment 13.

13) The Compute (CPT) program, shown in Figure 11-33, is used to convert Fahrenheit

temperature readings to Celsius. Its operation is described in the text. Prepare an 1/0O

connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation by entering different values in the Expression for the

Fahrenheit temperature.

L Inputs.

o—{Main_Limit_Switch

o-{Reject_Limit_Switch

o (e ve]

Ladder logic program

Main_Limit_Switch

] Count Up HCU—
Counter Main_Counter
Preset 5000 [~(DN)}—
Accum 0
Reject_Limit_Switch cTu
]k Count Up CUy—
Counter Reject_Counter k
Preset 5000 [<(DNy—
Accum 0
Main_Limit_Switch SUB
L —
n Source A Main_Counter ACC
b ]
Reject_Limit_Switch Source B Reject_Counter ACC
J L
1 | 0
Dest Data_Format_Conversion
0
ToD
To BCD —
Source Data_Format_Conversion
0
Dest BCD_Output_Display
0
Reset_PB Main_Counter Reject_Counter CLR

1 (RES)-

(RES})- Clear

Dest

Data_Format_Conversion
0

Figure 11-34 Pass/fail program for assignment 14.

Output L2

BCD_ Output_Display
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14) The pass/fall parts count program, shown in Figure 11-34, is used to display the

number of parts on a conveyor line that pass inspection. Its operation is summarized as

follows:

The main conveyor has a diverter gate which directs defective parts to a reject
conveyor.

If a part fails inspection, the diverter gate is energized and the part is routed onto the
reject conveyor.

Each conveyor has a limit switch used to count items as they pass by.

The Subtraction (SUB) instruction is used to find the difference between the two
count values and passes this data on to Data_Format_Conversion memory location
where the value is converted to BCD format by the TOD instruction.

The converted BCD representation of the result is then sent to the BCD_Output
display which shows the running count for passed parts.

Activating the Reset_PB will rest both counters.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation.

L1

Ladder logic program

Inputs Output L2
\ Cuu‘nt__rput — cTu
0 1 & ount Up HCUy——
Courk Input Counter Count_To_Be_Multiplied
Preset 200 DN}—
\ Accumulated 0
Multiply_input,
0 ul _Inp
BCD_ Output_Display
Muttiply_input
MUL
1 ¢k Multiply
Source A Count_To_Be_Multipied. ACC
0
Source B 10
Dest Data_Format_Conversion

0

TOD

To BCD
Source Data_Format_Conversion

0
Dest BCD_Output_Display
0

Figure 11-35 Multiply instruction program for assignment 15.
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15) Figure 11-35 shows an example of the Multiply (MUL) instruction used to multiply
the Accumulated value present in a counter.

e Source A of the MUL instruction contains the accumulated value of the counter
while Source B contains a fixed value of 10.

e Each false-to-true transition of the Count_Input pushbutton increments the
accumulated value of the Count_To_Be_Multiplied _Counter.

e  When the Multiply_Input pushbutton is closed, the MUL function is executed and
the counter accumulated value in Source A is multiplied by the Source B constant
10.

e The resulting value is stored in an intermediate memory location for data
conversion.

e The TOD instruction converts the BCD format and sends the result to the
BCD_Output_Display.

Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC, and verify its operation.
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cuapTER 12 Sequencer and Shift Register Instructions

TEST 12.1

Choose the letter that best completes the statement.

1. Which of the following would not be classified as a sequencer switch? 1.
a) Rotary switch ¢) Drum switch

b) Pressure switch d) Stepper switch

2. Sequencer switches are used whenever 2.

a) a counter function is required.

b) a timer function is required.

c) a time-delay function is required.

d) a repeatable operating pattern is required.

3. The information for each PLC sequencer step is entered into 3.
a) the output module. c) the programmer.

b) the input module. d) a word file.

4. As the PLC sequencer advances through its steps, information is 4.

transferred from

a) the output module to the input module.
b) the input module to the output module.
c¢) the programmer to the processor.

d) the word file to the output word.

208080 09P00000808

MNelelele 1 Nelel | Tel lel lelel ' pjgyre 12-1 Sequencer

V:‘ Tolele U 1 ol Tol el el Tel 2 _
WLW T T Tel [ I 1ol [ ]* datafor question 5.
\ Lo Jel Jefel T [ Jof Jof Jo] J4

\ 7 S A S B S B B |
5. The equivalent sequencer data for step 2 of the sequencer shown in 5.
Figure 12-1 would be
a) 0000000000000000. ¢)0111001010101010.
b) I111111111111111. d) 1111 0000 0011011.
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— SQO
SEQUENCER OUTPUT
File
Mask
Destination
Control
Length
Position

—(EN
ov)

question 6.

6-1. For the Sequencer Output (SQO) instruction of Figure 12-2, the _____
is the address of the output word to which the sequencer moves the data.
a) Control c¢) Length

b) Destination d) Position

6-2. The _____is the address of the word used to selectively screen out data.
a) File ¢) Mask
b) Length d) Destination
6-3. The is the starting address for the registers that contain the data
to be transferred.
a) File c¢) Mask
b) Control d) Length
6-4. The _____is the number of steps of the sequencer file.
a) Position c¢) Mask
b) Control d) Length
6-5. The _____ bit is set after the last word in the sequencer file is transferred.
a) Position c) EN
b) Control d) DN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Qupi 2[00 o] o]o]o]o]o]o]o]o]o]o]o]o]
Positions
" s3o[ofololofolololofolololo[o]o]o]o]str
Ba1|1 [ofof1[1]olof|1|ofofl1|o]o]o]|of1 [stp
Se%lf: ezl oot olol1 1ot |1 o1 ]o]o]0]" Step2
B33 o1 |o|1|of1]|]ojofjoflo|o|jof|1|[1]|] 0] O [stp3
B3:4| 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 [Step4
.

Figure 12-2 Sequencer OQutput instruction for

6-2.

6-4.

Figure 12-3
Sequencer
Output
instruction
for question
7.
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7-1. The sequencer instruction shown in Figure 12-3 reads the 16-bit
data file words
a) one bit at a time. ¢) two bits at a time.

b) one word at a time. d) two words at a time.

7-2. As the sequencer advances through the steps, data are transferred
a) through the sequencer file from B3:0 to B3:4.

b) through the sequencer file from B3:4 to B3:0.

c) from the output word to the sequencer file.

d) from the sequencer file to the output word.

7-3. outputs are to be controlled from one 16-point output module.
a) 6 c) 16
b) 15 d) 24

7-4.Instep 1 _____ will be energized.

a) outputs 0:2.0, 0:2.5, 0:2.8, 0:2.11, O:2.12, and O:2.15

b) outputs 0:2.2, 0:2.3, 0:2.10, 0:2.12, and O:2.14

c) outputs 0:2.0, 0:2.4, 0:2.6, 0:2.7, 0:2.9, 0:2.10, and O:2.13
d) all outputs

7-5. In step 2 _____ will be energized.

a) outputs 0:2.0, 0:2.5, 0:2.8, 0:2.11, 0:2.12, and O:2.15

b) outputs 0:2.2, 0:2.3, 0:2.10, 0:2.12, and O:2.14

¢) outputs 0:2.0, 0:2.4, 0:2.6, 0:2.7, 0:2.9, 0:2.10, and O:2.13
d) all outputs

7-6. Instep 3 ____ will be energized.

a) outputs 0:2.0, 0:2.5, 0:2.8, 0:2.11, 0:2.12, and O:2.15

b) outputs 0:2.2, 0:2.3, 0:2.10, 0:2.12, and O:2.14

¢) outputs 0:2.0, 0:2.4, 0:2.6, 0:2.7, 0:2.9, 0:2.10, and O:2.13
d) all outputs
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7-7. Instep 4 _____ will be energized. 7-7.
a) outputs 0:2.0, 0:2.5, 0:2.8, 0:2.11, O:2.12, and O:2.15

b) outputs 0:2.2, 0:2.3, 0:2.10, O:2.12, and O:2.14

¢) outputs 0:2.0, 0:2.4, 0:2.6, 0:2.7, 0:2.9, 0:2.10, and O:2.13

d) all outputs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0:2 Destination|—|—|—|—|—|—|—-|—|—|—|Ol olololo OI
A A A A A | Figure 12-4
Sequencer
mask [ 0 [ o ofofofoolofofofs[a]a]s]1]1] 1
A 4 2 4 4 & Output
instruction
—>
B30| 0| o|ojofojojojojojojojojojo]o]|o|Sat g ayestion
31| 0| ojojofofojofoJofojt1[oJofofo[1 sepr g
Sequencer °
file B32f olo|o|ojofo|lo|lo]Jo|o|ofT|]o)oOo]| o1 |Stp2
B33l o|o|o|o]Jofo|ofloJo|lof[o|]O|1]| 1] 0| O] Stp3
B34/ 0| O0|O0OflO]Jo]J]o|OoOf|o]Jo|J]oOo|O|oO]1T|O| 1] O]|Steps
3
8-1. The sequencer instruction shown in Figure 12-4 controls bits of 8-1.
output word O:2.
a)2 c) 10
b) 6 d) 15
8-2. For each bit that the sequencer is to control, the corresponding bit 8-2.
of mask must be set to
a) 0. c) positive.
b) 1. d) negative.
8-3. All unmasked bits 8-3

a) can be used elsewhere in the program.
b) cannot be used elsewhere in the program.
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Ladder logic program

L1 Input
L F SEQUENCER OUTPUT —(EN)
Oo—PB , ]
File #B3:0 —<DN>
Mask 003Fh
Dest 0:2
Control R6:0
Length 4
Position 1
File #B3:0 0:2
2 [
Positions ' ' ' -
4

9-1. The sequencer program shown in Figure 12-5 advances to the next 9-1._
position on each

a) true-to-false transition of the sequencer rung.

b) false-to-true transition of the sequencer rung.

c¢) on power up of the PLC.

d) on power down of the PLC.

9-2. When the sequencer is at step 1, the binary information transferred into  9-2._
word O:2 would be

a) 010001. c) 100001.

b) 001010. d) 001010.

9-3. When the sequencer is at step , outputs O:2/2 and O:2/3 will be 9-3.__
on and all the rest will be off.

a)l c)3

b) 2 d)4

9-4. When the position parameter reaches 4, the _____ bit is set to 1. 9-4._
a) Control c) DN

b) EN d) all of these

10. Normally, sequencer instructions are retentive. This means that if you 10.

Output L2

0:2.0 T
0:21 LTH—
0:2.2 34—
0:2.3 4+
0:2.4 L4+
0:2.5 3

Figure 12-5 Sequencer
program for question
9.

are at step 3 of a 10-step sequencer and power to your system is lost, when

it is restored, the power sequencer will

a) return to step 3.

b) increment to step 4 automatically.
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11. A single sequencer instruction may have an upper limit on 11.
a) the number of steps that can be programmed.

b) the number of external outputs that can be programmed.

c¢) the number of times the operating cycle can be actuated.

d) bothaand b

12. When using a time-driven sequencer, the sequencer advances to the 12.
next step

a) when the preset value equals the accumulated value.

b) when the preset value is less than the accumulated value.

c) for every true-to-false transition of the sequencer rung.

d) for every false-to-true transition of the sequencer rung.

Ladder logic program

L1 Input
— TON
IRUEAS  Reo TIMER ON DELAY
O— input A L{ H E"'— Timer T4:0 —(EN)—
EN Time base 1.0
Preset 3 —(DN)
Accumulated 0
40 — SQ0
; SEQUENCER OUTPUT
— F—— Fie #8322 —(EN)}—
DN Mask FOOOh )
Destination 0:2 DN 3
i oz — Figure 12-6 Sequencer
Length 5 .
Fostion 0 program for question 13.
¥ Binary Table
538 A 20 9.8 7286 5.4 3.2 1.0 0
B3:22/ o 0 0 00D 0O O0COO0OO®OOOTOOOO0 O
B3:23/ oo ol o o o0 o0 o0 o0 0 0 00 0 O
B3:24/ ool oo oo o0 00000 O0TO0O
B3:25/ ool 1 00000000000 O
B3:26/ o1 o o o o000 0 0 0 0 0 0 ©
B327/ 1 o o 0 0 o0 0 0 0 © 0 0 0O O O O =
Radi [Binay | Table: [B3:Binay v|
Addiess [  symbol |
13-1. The sequencer program of Figure 12-6 is 13-1.
a) motor-driven. c) event-driven.
b) time-driven. d) gear-driven.
13-2. The sequencer operates whenever 13-2.
a) input A is false. c) the PLC is in the run mode.
b) input A is true. d) the PLC is in the program mode.
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13-3. When the sequencer is functioning, the circuit increments
automatically through the steps of the sequencer at

a) five, 3-second

b) six, 3-second

13-3.
intervals.

¢) five, 3-minute
d) six, 3-minute

13-4. When the sequencer is at position 2, which output(s) will be energized? 13-4.

a) 0:2/12
b) 0:2/13

13-5. A program modification is to be made to the sequencer that

c¢) 0:2/12 and O:2/13
d) 0:2/14

13-5.

requires outputs 0:2/12, 0:2/13, 0:2/14, and O:2/15 to all be energized
at step 3. This would require
a) bits 12, 13, 14, and 15 of word B3:22 to be set to 1.
b) bits 13, 14, and 15 of word B3:23 to be set to 1.

c) bits 12, 14, and 15 of word B3:24 to be set to 1.

d) bits 14 and 15 of word B3:25 to be set to 1.

L1 Inputs

w@m
‘,@sz

i

Ladder logic program

—SQO

SEQUENCER OUTPUT

File #B3:0
Mask FOFF
Destination 0:2
Control R6:0
Length 8
Position 2

HEN
(on)

Figure 12-7 Sequencer program
for question 14.

14-1. The sequencer program of Figure 12-7 is

a) motor-driven
b) time-driven.

14-2. The sequencer advances its position whenever

a) S1 makes a false-to-true transition

b) S2 makes a false-to-true transition
c) the PLC is in the run mode.

d) eitheraorb
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14-3. For each position data are copied from file #B3:0 through the 14-3.
word to the destination.

a) mask ¢) position
b) control d) length
Input
module Ladder logic program
Inputs I3 Output
L1 P o L2
S — sQl
| SE——
on] oo o SEQUENCER INPUT i
@D PR = File #N7:11 PL1
@ 0T Mask FFFO
. —0/0——6) Source I:3
fon} oo 4 Control R6:21
@9 »—o-"'c’c C . II;eng'th 4
Eﬁ ] o/o_,_Q osition 2
: o ©
oo S
—O— O ®
— o~ ote Sequencer file
— o o—1o Word T | Step
oo © #NT:11 0
o0 )
12 1
hl 13/0000|1010|1100|1101]2
Input word 1:3 Mask value " 8
0000[1010[ 1100/ 1101 ==p 11 11[1111[ 11110000 15 4

Figure 12-8 Sequencer input program for question 15.

15-1. The sequencer input instruction of Figure 12-8 is true whenever 15-1.__
the unmasked input data are _____ the data stored in the sequencer file.

a) matched to c) less than

b) greater than d) greater than or equal to

15-2. In this example, the data at position _____ match the unmasked 15-2.
input data making the PL1 output ____.

a) 2, true c) 4, true

b) 2, false d) 4, false

Ladder logic program

r SQI rSQO . .
SEQUENCER INPUT SEQUENCER OUTPUT —(EN Flgure 12-9 Sequencer lnPUt
File #N7:1 File #N7:20 and output instructions for
Mask 00FF Mask 00FF —(DN) .

Source I:3 Destination 0:2 question 16.
Control R6:5 Control R6:5
Length 8 Length 8
Position 0 Position 0
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16. When the SQI instruction is paired with the SQO instruction, as 16.

illustrated in Figure 12-9,

a) the same control address, length value, and position value are used for

each instruction.

b) the sequencer input instruction is indexed by the sequencer output instruction.
¢) it allows input and output sequences to function in unison.

d) all of these
Ladder logic program
I:1/0
' Inputs Input — sac Output
| module I: ol SEQUENCER COMPARE [<(EN)-
—0 O0—mmm 0 File #B3:22 _(DN)
'y ® 1 Mask FOO0Oh
f__# ® 2 Source I —(FD)
7 g 2 Control R6:7
Length 5 PL1—Z i—o
® 5
é? ® 6 Position 0
® 7
o | o &
L S R6:7 PL1
% ®10 I1C Y
® 11 1 C N/
o—O0—0 12 FD
o © 13
0—0/ —® 14
o0 15 Binary Table
EX
jon] 9 8766543210
S 0O 0 0O 0O 0O O OO OGO OOTGOTG OT® OO O
g b o B3:23/ o ool oo oo o0 o0 00000 0
Hi% B¥24/ o o 1 o o o o 0o 0 0 0 O O O ©O O
Position 3 B3:25/ o o1 1 oo o o000 00000 0
B326/ o 1 o o o o o o o Oo ©0 0 O O O O
B32?/ 1 o o o o o 0 o 0 0 0 0 O O O O
Radix | Binary 'l Table: | B3: Binary ¥

Figure 12-10 Sequencer compare instructions for question 17.

17-1. The sequencer compare instruction (SQC) of Figure 12-10 increments  17-1.

the position parameter whenever

a) the unmasked input data match the data stored in the sequencer file.

b) the unmasked input data do not match the data stored in the sequencer file.
c) input I:1/0 makes a false-to-true transition.

d) input I:1/0 makes a true-to-false transition.
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17-2. The found bit (FD) is set true whenever the

a) instruction is true.

b) source pattern matches the sequencer file word.

¢) source pattern does not match the sequencer file word.

d) PLC is powered on.

L1

g
|
vk

t————  o<gotoo0
o<Io

Inputs

Source word 1:2

C
=

L
()é ) ©

—_ ek D D L OONOOOAWN

Q ¢ Oé() ) € é()
aprwON=O

Cam (on machine)

Operating
force

Limit switch

Figure 12-11 Sequencer load instructions for question 18.

18-1. The sequencer load instruction (SQL), shown in Figure 12-11,

data from the source to the sequence file.

a) adds
b) subtracts

18-2. The sequencer load instruction

a) does not function during the machine’s normal operation.

17-2.
Ladder logic program
PB1 saL
SEQUENCER LOAD —(EN
File #N7:20
Source 1:2 DN
Control R6:22 _< )
Length 5
Position 3
Source word 1:2
15 0
0000[1010[1100[1101]| SOUce
Destination file #N7:20
Word | I
%45 0
N70:20 0
21 1
22
23//0000 1010|1100 1101|/3
24 :\ Current
25 step
18-1.
c) copies
d) negates
18-2.

b) replaces manual loading of data into the sequencer file.

c¢) does not use a ma
d) all of these

sk.
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19. A bit shift register shifts bits 19.
a) serially from bit to bit. c¢) randomly from bit to bit.
d) serially between words. d) randomly between word.
20. A common application for a shift register would be 20.

a) tracking parts.
b) controlling machine or process operations.

¢) inventory control.

d) all of these
L1
Inputs Ladder logic program
Limit switch BSL
¢—o<To—LS BIT SHIFT LEFT —(EN
File #B3:10
Sensor Control R6:0 —<DN>
Bit address 11
' I n Length 20

15 14 13 12 11 10
B3:10/ i 1 0 0 1 1
B3:11/ 0 0 0 0 O O

21-1. For the bit shift left (BSL) register shown in Figure 12-12, file 21-1.
length is given in

a) words. c) steps.

b) bits. d) files.

21-2. Momentary actuation of causes the BSL instruction to execute. ~ 21-2.

a) the limit switch

b) the sensor

c) either the limit switch or sensor

d) both the limit switch and the sensor

21-3. The data block contains

a) 20 words. ¢) 20 bits.
b) 32 words. d) 32 bits.
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Figure 12-12 Bit shift left
register for question 21.
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21-4. When the BSL rung goes from false to true, the data block is shifted
a) one bit position to a lower bit number.

b) one bit position to a higher bit number.

¢) two bit positions to a lower bit number.

d) two bit positions to a higher bit number.

21-5. Each time the BSL executes, the last bit is
a) shifted out of the array.

b) reset to 0.

c)setto 1.

d) shifted to the start of the array.

21-6. All bits in the unused portion of the last word of the file
a) can be used elsewhere in the program.

b) can only be used elsewhere in the program if masked.

¢) can only be used elsewhere in the program if not masked.
d) should not be used elsewhere in the program.

22. A bit shift register operates synchronously in that

a) information is shifted one bit at a time within a word or words.

b) for every bit shifted in, one is shifted out.

c) the data entered must be shifted the length of the register before they are
available to be shifted out.

d) all of these

23. In a word shift register, the data are shifted out ___bit(s) at a time.
a) 1 c)4
b) 2 d) 16

21-4.

21-5.

21-6.

22.

23.
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Ladder logic program

Inputs
L1 Integer Table
InputA FFL
— —— FIFoLoaD —(EN) Value
_J_ Source N7:10 N7:10 23
¢S o—Input A FIFO #N7:12 L—(pN) N7:11 16
Control R6:0 N7:12 31
Length 10 (EM
Position 8 ) /13 b
N7:14 146
—O O—Input B -FFy ————————————— N7:15 9875
——{ FIFOUNLOAD —(Eu)— fI N7:16 125
% FIFO #N7:12 N7:17 867
Input B Destination N7:11 —(DN) N7:18 5
Control R6:0 N7:19 11
g - —(Em) N7:20 0
osition
N7:21 0

Figure 12-13 Word shift register program for question 24.

24-1. For the word shift register program shown in Figure 12-13,the __ 24-1.
instruction loads logic words into FIFO stack.

a) FFL c) EM

b) FFU d) EN

24-2. The address of the stack is 24-2.
a) R6:0. c) #N7:12.

b) N7:10. d) N7:11.

24-3. Data enter the FIFO file form __ on a false to true transition 24-3.
of input 4.

a) R6:0 c) #N7:12

b) N7:10 d) N7:11

24-4. A false-to-true transition of input B causes all data in the FIFO fileto  24-4.
a) shift one position toward the ending address of the file.

b) shift one position toward the starting address of the file.

c) set all data in the file to 1.

d) reset all data in the file to 0.
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TEST 12.2

Place the answers to the following questions in the answer column at the right.

1. Mechanical sequencer switches are often referred to as (a) , (b) , la.
(©) ,or (d) ___ switches. 1b.
Ic.
1d.

B
N

Figure 12-14 Mechanical sequencer switch for question 2.

2-1. With the mechanical sequencer switch shown in Figure 12-14, contacts  2-1a.

interact with the cam so that, for different degrees of rotation of the cam, 2-1b.
different contacts (a) and (b) .

2-2. An electric is used to rotate the sequencer cam. 2-2.
3. Sequencer switches can be used for processes that require a repeatable 3.

operating pattern. (True or False)

4. To program a sequencer, binary information is entered into a series of 4.

consecutive memory .

5. As a programmed sequencer advances through its steps, binary 5.
information is transferred from the sequencer file to the word.
6. When a sequencer operates on an entire output word, all outputs 6.

associated with the word are required to be controlled by the sequencer.
(True or False)

7. Bits of an output word not used by the sequencer can be used elsewhere 7.
in your program. (True or False)
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8. The word selectively screens out data from the sequencer word
file to the output word.

9. Sequencers, like other PLC instructions, are programmed exactly
the same for all PLC models. (True or False)

10. Due to the way in which a sequencer instruction operates, all output
points must be on a single output module. (True or False)

11. Sequencer instructions simplify your ladder program. (True or False)

12. Sequencer instructions are usually nonretentive. (True or False)

13. There is usually no limit to the number of external outputs and steps
that can be operated on by a single sequencer instruction. (True or False)

14. Many sequencer instructions reset the sequencer automatically to
step 1 on completion of the last sequence step. (True or False)

15. A(n) -driven sequencer operates in a manner similar to a mechanical

drum switch that increments automatically after a preset time period.

16. A(n) -driven sequencer advances to the next step by an external
pulsed input.

17. The hexadecimal equivalent of the binary number 0011 1111 is .

18. With time-driven sequencers, each step functions in a manner similar

to timer instructions because it involves a(n) (a) time value and a(n)
programmed (b) time value.
19. The parameter is the address of the sequencer file.

20. Before a sequencer starts its sequence, we need a starting point

where the sequencer is in a neutral position. The start position is all zeroes,

representing our neutral position; thus, all outputs will be .
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16.

17.

18a.

18b.

19.
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21. The sequencer parameter is where the status bits, length, and 21.

instantaneous position are stored.

—SQ0
— SEQUENCEROUTPUT | _(gN)—

File #B3:0

Mask 00FF —(DN)

Bestisation 0:0.0 Figure 12-15 Sequencer output instruction for

Control R6:0 question 22.

Length 12

Position 0
22. The sequencer output instruction of Figure 12-15 will send the data 22a.
in file (a) out to the (b) ____ output connections through the 22b._
(c) ____value. The length of the file is specified as 12 (d) ____. 22¢._

22d._

23. State which sequencer instruction (SQO, SQC, or SQL) would 23a._
be used if you want to (a) capture reference conditions by manually 23b.___
stepping the machine through its operating sequence; (b) control 23c.______

sequential machine operations by transferring 16-bit data to output
image addresses; (c) monitor machine operating conditions for diagnostic
purposes by comparing 16-bit image data with data in a reference file.

Sale] Jel ] Jel I Jol I JeJelele)e)
:90000000000000000
r0000000000000000 Figure 12-16 Sequencer
‘' 0000000000000000 output file for question 24.

15141312 1110 9 8 7 6 5 4 3 2 1 0

LI LTI T T T TTTTTT T [maskword

Step 1
2
3
4

24. Complete the information for the mask word and sequencer file in Figure 12-16 so
that the sequencer will operate the lamps as shown (dark circle indicates lamp is on).
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—SQO External outputs
—| SEQUENCER OUTPUT | —(EN)—{ associated with O:14
File #B10:1 00
Mask oFoF —(DN) 01
Destination 0:14.0 02
Control R6:20 03
Length 4 04
Positi 2 .
i gg Figure 12-17 Sequencer data
07 for question 25.
Sequencer output file #810:1 08
Word Step ?g
B10:1{ 0000 [ 0000 [0000 [0000 |0 i1
2[1010[0010 1111 [0101 |1 12
3[1111[0101 [0100 [1010 |2 13
4[0101 (0101 [0101 [0101 |3 14
5[0000[1111[0000 [1111]4 15
25. For the SQO instruction condition of Figure 12-17, which outputs 25.
will be on?
26. Shift registers are often used for parts on a production line. 26.
27. In general the two types of shift instructions are bit shift (a) 27a.
and bit shift (b) . 27b.

28. With a bit shift register, the status data (1 or 0) is shifted automatically  28.
through the register from one bit address to the next. (True or False)

29. Shift registers cannot be used to control processes where parts are 20.
shifted continually from one position to the next. (True or False)

30. You can program a shift register instruction to shift only 1s through 30.
the register. (True or False)

31. If you wanted to produce an external output when a certain bit in a 31.
shift register is on, you would program a rung with an examine for on

instruction corresponding to the address.

32. When you program a shift register instruction, you can shift data 32.

only to the left. (True or False)
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BSR

BIT SHIFT RIGHT
File

Control

Bit address
Length

—(DN)

33. For the BSR instruction of Figure 12-18, which parameter tells the

processor the

a) instruction’s address?

b) number of bits in the bit array?

¢) source bit address?

d) location of the bit array?

33a.
33b.
33c.
33d.

—EN>-  Figure 12-18 BSR instruction for question 33.

~FFL

FIFO LOAD —(EN)H

Source N60:1

FIFO #N60:3

Control R6:51 P

Length 64

Position 0 EM)

Figure 12-19 FFL-FFU instruction pair for question 34.
~FFU

FIFO UNLOAD - (EUH

FIFO #N60:3

Destination N60:2

Control R6:51 ~DHD

Length 64

Pisition o —EW™
34. For the FFL-FFU instruction pair of Figure 12-19, which 34a.
parameter tells the processor 34b.
a) the location of the exit word? 34c.
b) the location of the next in word? 34d.
c) to start at the FIFO file address? 34e.
d) the location of the stack? 34f.
e) the instruction’s address?
f) the maximum number of words you can load?
35. Sequencers that advance automatically are called event-driven 35.

sequencers. (True or False)
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36. Because all the outputs in a word may not be required 36.
for a specific process, it is possible to mask the sequencer
outputs that are not needed. (True or False)

37. If the sequencer mask contains a 1, the output will 37.
become active because data are transferred through the
mask to the output file. (True or False)

38. The Bit Shift Left (BSL) moves the data from the 38.
most significant bit to the least significant bit. (True or False)

39. LIFO, or Last-In, First-Out, instruction inverts the order 39,

of the data it receives by outputting the last data received first

and the first data received last. (True or False)
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Programming Assignments

This section requires you to simulate how PLC sequencer and shift register functions

operate. The instructions used are intended to be generic in nature and, as such, will

require some conversion for the particular PLC model you are using. The use of a

prewired PLC input/output control panel is recommended to simulate the operation of

these circuits.

Ladder logic program

L1 Input
PB1 SQO
. [ SEQUENCER OUTPUT  HEN)H
o—PB File #830 | ()
Mask 003Fh
Dest 0:2
Control R6:0
Length 4
Position 1
File #B3:0 0:2
Destination
Positions

Figure 12-20 Event-driven sequencer for assignment 1.

0:2.0 4+

0:21 L4+
0:2.2 L+
0:2.3 L4
0:2.4 1+

>

0:2.5 ¢+

1) The event-driven traffic light sequencer program of Figure 12-20 is described in the

text. Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation by using the pushbutton to step manually the sequencer

steps.
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N/S

E/W

Ladder logic program

Outputs
T4:1/DN
rSQO .2
—] | SEQUENCER OUTPUT |EN)
File #N7:0 —<DN> North/South
Mask 00FFh 0:2/0 L1+
Dest 0:2
Control R6:0 0:2/11 3+
Length 4
Position 0 0:2121+
rSQO
— SEQUENCER OUTPUT (—EN)
File #N7:10 —<DN> East/West
Mask 00FFh
Dest T4:1.PRE 0:2/4 44—
Control R6:0
Length 4 0:215 1
Position 0
0:2/6 L +—
T4:1/DN “TON by
| /= TIMER ON DELAY —EN) %
Timer T4:1 |
Time base 1.0 (DN
Preset 25 _< >
Accumulated 0
Timing Chart
RED GREEN YELLOW
GREEN  |YELLOW RED
25s 5s 25s 5s —

Figure 12-21 Time-driven sequencer for assignment 2.

2) The time-driven traffic light sequencer program of Figure 12-21 is described in the
text. Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the

PLC, and verify its operation.

3a) Design a PLC sequencer program that provides the following:
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The sequencer must step in 5-second intervals.

Output No
Output No
Output No
Output No
Output No

. 3—on only in step 3
.4—on in steps 2 and 4.
. 5—on in steps 2, 3, and 4.

. 2—on except for steps 3 and 5.

. 1—on all the time the machine is cycling.



e Output No. 6—on in steps 1 and 5.

Prepare a sequencer file, I/O connection diagram, and ladder logic program for the
circuit. Enter the program into the PLC, and prove its operation.

b) Modify the program to provide the following additional control features:

e All outputs must stay off and the sequencer must not operate until a start button is
pressed.

e Once the start button is pressed, the sequencer completes one complete cycle and
then stops automatically.

¢ Pushing a stop button resets and stops the sequencer.

Prepare a sequencer file, I/O connection diagram, and ladder logic program for the
circuit. Enter the program into the PLC, and prove its operation.

4) Traffic flow on a one-way street is to be controlled by means of a pedestrian
pushbutton so that the green traffic light and the Don’t Walk pedestrian light are to be
normally on at all times when the pedestrian pushbutton is not actuated; and when the
pedestrian pushbutton is actuated, the sequencer is started and controls the outputs as
follows:

e The green traffic light immediately switches off, and the amber traffic light
switches on to begin to stop the traffic flow—the Don’t Walk pedestrian light
remains on. Outputs remain in this state for 5 seconds.

e The amber traffic light switches off, and the red traffic light switches on—the Don’t
Walk pedestrian light remains on. Outputs remain in this state for 5 seconds to
ensure that traffic has stopped before pedestrians begin to cross.

e The Don’t Walk pedestrian light switches off, and the Walk pedestrian light
switches on—the red traffic light remains on. Outputs remain in this state for
15 seconds, allowing pedestrians safe passage across the street.

e The Walk pedestrian light switches off, and the Don’t Walk pedestrian light
switches on—the red traffic light remains on. Outputs remain in this state for
5 seconds to ensure that pedestrians are not still crossing the street when the traffic
light changes from red to green.

e The green traffic light switches on, and the red traffic light switches off—the Don’t
Walk pedestrian light remains on. Outputs remain in this state for 30 seconds to
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ensure a minimum amount of automobile traffic flow time, even if the walk

pushbutton is frequently actuated.

The sequencer stops, and the green traffic light and Don’t Walk pedestrian light

remain on until the pedestrian pushbutton is pressed to start the cycle again.

Prepare a sequencer file, I/O connection diagram, and ladder logic program that can be

used to simulate this traffic control system. Enter the program into the PLC, and prove its

operation.
Event | Water input | Soap release | Hot wax | Air blower
il L L 2 0 Figure 12-22 Car wash sequencer chart
LS2 1 1 0 0 .
1S3 < 0 0 0 for assignment 5.
LS4 0 0 1 0
LS5 0 0 0 1
LS6 0 0 0 0

5) Design a PLC event-driven sequencer output program for the automatic car wash

sequencer chart of Figure 12-22. Enter the program into the PLC, and prove its operation.

0

1

2

Outputs

3

4

5

*

Figure 12-23 Matrix chart for assignment 6.

6a) Design a PLC sequencer program to turn on outputs according to the matrix chart

shown in Figure 12-23. Use a switch to step through the table. Enter the program into the

PLC, and prove its operation.

b) Modify the program to operate continuously by using a recycling timer’s done bit to

trigger a step in the sequence. Enter the modified program into the PLC, and prove its

operation.
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Ladder logic program Output

module O:2
L1 Inputs [l g
$1 SEQUENCER OUTPUT _< 0 Q_Iﬁ
File #B83:0 HEN 193]
Mask FOFF | (DN 2 &
S2 d : 3 o
Destination 0:2 4 6——0O
Control R6:0 5 ——0O—
Length 8 6 &—1T—0—
Position 2 g O—T—0—]
)
PR . 90
<= 2 - 4 R 10 ©
[ < 2 v ', ~. 3 1 1 ®
il < g g R ”""u., 12 0—+—0—
& UL 13 ®_ Fo
e igure 12-24 Event-
Field triggered input events 1‘5‘ g: O 8
. driven sequencer
15 1110 9 8 0 Destination
Current rogram for
[o[o[olo] T [ [ Tolololo[i[i[i[1] 02 o —> Pos2 PTO8

I T p assignment 7.

HOMTIToJoJoJO[AAATATITI[1]1] Mask

oo [ TTTHTTTHTT 1

0 #B3:0
1

o bl L=l (=) (=]

O|O|=|O|=|O|o|= O

FEEEEREEE
M EEE R EEE
o|o|=|o|o|o|o|=|o] —
—[=[=]o|o|o|o|=|o
SEEEEEEEE
o|o|o|o|o|o|o|o|o
o|o|o|o|o|o|o|o|o
o|o|o|o|o|o|o|o|o
EEEEEmEEEE
[ S R P P= S =)
o|=[=o|=]=]=|clo
o]=[=|o|=|o]—

[ N N Vo | Y o | Y N 1, )

—| O —=| =

7) The event-driven sequencer program of Figure 12-24 is described in the text. Prepare
an I/O connection diagram and ladder logic program that will simulate its operation. Use
addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.

277



Ladder logic program

I:1/0 Output
Inputs Input — SQC P
1:1/0 )
L1 J_ module I:1 ] [ SEQUENCER COMPARE _<EN)_ ke
—0 O0——m7m 0 File #B3:22 _(DN)
" ® 1 Mask FO0Oh
. o 2 Source I —(FD)
SR g 2 Control R6:7
Length 5 PL1—} i—«
e 5
o o 6 Position 0
® 7
EX % o 8
g ® 9 R6:7 PL1
® 10 1r T
® 11 1 C Ll
o0 12 FD
o © 13
——o0o—— L o114
= t

jon] 9 8766543210
B3:22/ 0O 0 0O 0O 0O O OO OGO OOTGOTG OT® OO O
B3:23/ o ool o oo o0 o0 00000 0 O
B3:24/ o ol o oo o o0 o0 o0 0@O0O0OTO OGO O
Position 3 B3:25/ o o1 1 oo o o000 00000 0
B3:26/ o1 o oo oo0oo0o0o0o0o00UO0TOOO
B3:27/ 1 oo oo o o0 o o0 0 000 0 0 0
Radix | Binary 'l Table: IBB: Binary ¥

Figure 12-25 Sequencer input (SQC) program for assignment 8.

8) The sequencer compare (SQC) program of Figure 12-25 is described in the text.
Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC, and verify its operation.
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t—————————o<q0—o0
t————o<Tlo——Fo 1

Inputs

Source word [:2

S 2

p————————o<Jo—+04
-l D

S 3

S 6

t————— o<To—+o38
p————Oo<qo—T09

o 7

S 10

p———————o<Tots 12

o 11

-0 13

S 14

© 15

Cam (on machine)

Operating
force

[

-~

<l

A

Limit switch

PB1

Ladder logic

program

SQL

SEQUENCER LOAD

File
Source
Control
Length
Position

#N7:20
1.2
R6:22
5

3

Source word 1:2

15

0

word |

N70:20
21
22

23

0000|1010

1100|1101

Source
1.2

Destination

15

file #N7:20

2

0

0000 1010

1100 1101

w

>

24

Figure 12-26 Sequencer load (SQL) program for assignment 9.

Current
step

9) The sequencer load (SQL) program of Figure 12-26 is described in the text. Prepare an

I/O connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC, and verify

its operation.

L1
Inputs

Limit switch

¢—o<To—LS

Sensor

q l1/1

i

Ladder logic program

BSL

BIT SHIFT LEFT

File #B3:10
Control R6:0
Bit address 11
Length 20

Figure 12-27 Bit shift left
(BSL) program for assignment
10.

15 14 13 12 11
B3:10/ i 1 0 0 1
B3:11/ 0 0 0 0 O
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10) The bit shift left (BSL) program of Figure 12-27 is described in the text. Prepare an
I/O connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.

L1
Inputs Ladder logic program
Limit switch BSR
¢—o<To—Ls BIT SHIFT RIGHT —(EN
Sensor File #B3:50

Control Re:1 —(DN)
Bit address 1:3/5 : _ . . .

. 13/5 Laneith 28 Figure 12-28 Bit shift right

(BSR) program for
assignment 11.

B3: Table - Before limit switch clock pulse

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
B350/ 1 0 1 1 0 0 0110010110
B35/ 0 0 0 0 O 0 0010110011

11) The bit shift right (BSR) program of Figure 12-28 is described in the text. Prepare an
I/O connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.

Ladder logic program

i Inputs SW  T4:0DN TON— Outputs L2
| TR [ o L
Time base 1.0 Lo
Preset 3 -ON
o—sw Rt 0 e 'Q_‘
TAOON g . .
] E BIT SHIFT LEFT _( N PQ‘Q_‘ Figure 12-29 Wraparound bit
File
Control HGO DN i
Sitsaess 0508 N . shift left program for
Length Q .
assignment 12.

™
@
=4
S

R6:0/UL

g Y
St p
B3:0/0 PL1
> 7
EE L/
B3:0/1 RE2
50 )

\

. PL3
83072 -
3 C \ /

12) The wraparound bit shift left (BSL) program of Figure 12-29 is described in the text.
Prepare an I/O connection diagram and ladder logic program that will simulate its
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operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC, and verify its operation.

L1 Inputs Ladder logic program Outputs L2
LS1 — BSL Spray gun 1
Clock pulse ] E BIT SHIFT LEFT (EN)
$—O,O— LSt File #B3:0 SOL 1
Control R6:1 —(DN)
Data pulse Bit address 1:1/2
) o— LS2 Length 8 Spray gun 2
:V\ I:1/2
B3:0/0 SOL 1
1 T 7N SOL 2
1 L N o
B3:0/5 SOL 2
1 L T
1 L . P“‘Q_‘
¢——O O— RESET
1:1/2
1 r — CTU N
1 COUNT-UP COUNTER {CU)
LS2 Counter C5:1
Preset —<DN>
Accumulated
1L83r o i
1 C COUNT-UP COUNTER {CU)
Counter C5:2
Preset —<DN)
Accumulated
RESET C5:1
1 L (mnra)
1 {RES)
C5:2
RES
— EQU /PL1\
EQUAL A
Source A C5:1.ACC

Source B C5:2.ACC

Figure 12-30 Spray-painting program for assignment 13.

13) The spray-painting program of Figure 12-30 is described in the text. Prepare an I/O
connection diagram and ladder logic program that will simulate its operation. Use
addresses that apply to your PLC installation. Enter the program into the PLC, and verify
its operation.
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Station

® © 9 ®© © 9 ® 06 060 © 06 0 60 0

[0:4/15]0:4/14|0:4/13 [0:4/12]0:4/11]0:4/10[0:4/9| 0:4/8]| 0:4/7| 0:4/6 | 0:4/5]0:4/4] 0:4/3| 0:4/2| 0:4/1[0:4/0] O:4

L4

Inputs

PROX #1
(Carrier detection)

-»—@—HH

PROX #2
(Part detection)

»—@—1:1/2

PB1
(Failed part)

——o0 O0—1I:1/3

PB2
(Reworked part)

——OC o—1i/4

1:1/1

SR

PROX #1

1:1/3

‘ ‘ ¥
E?E@ Rework Inspection @

Ladder logic program

— T
PB1

1:1/4

— BSL
BIT SHIFT LEFT —(EN)—
File #0:4
Control R6:0 —(DN
Bit address I:1/2 )
Length 16
0:4/4
O
PL4
0:4/6 0:4/6
L. Iz
% H/ = (L)
PL6

PB2

Outputs
04 L2

0 o1T—0—
1 O3
201—0—
3 01—
4 o——0—
5 o——0—
6 1—0O0—
70—0—
8 O
90—
10 O——38—
11 o1—0—
12 o1—0—
13 1—0—
14 1—0—
15 &—4—0—

Figure 12-31 Carrier tracking program for assignment 14.

Source: Photo courtesy Omron Industrial Automation, www.ia.omron.com

14) The carrier tracking program of Figure 12-31 is described in the text. Prepare an 1/O

connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC, and verify

its operation.

15) Construct a program that will keep track of the presence of parts on a 23-station

conveyor line as follows:

e [Ifapartis placed on the line, then a limit switch connected to input A address will

close.

e The conveyor will be indexed by pressing a pushbutton connected to input B.

e An indicator light connected to output C will turn on when a part comes off the line.

Enter the program into the PLC, and prove its operation.
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Ladder logic program
Inputs

L1 Integer Table
InputA FEL
{ % FIFO LOAD
J_ Source N7:10 N7:10 23
¢S Oo—Input A FIFO #N7:12 L—(pN) N7:11 16
Control R6:0 N7:12 31
Length 10 (EM
Position 8 ) N7:13 53
N7:14 146
—O O—InputB -FFy ——————————— N7:15 9875
—] —— FIFounLoAD —(u)| || N7:16 125
FIFO #N7:12 N7:17 867
Input B Destination N7:11 _<DN) N7:18 5
Control R6:0 N7:19 11
tandh " —Ew N7:20 0
osition
N7:21 0

Figure 12-32 FIFO word shift register program for assignment 16.

16) The FIFO word shift register program of Figure 12-32 is described in the text.
Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC, and verify its operation.
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Input Ladder logic program Output L2

L1
Stop_Start_ Timer 2:0.Data.1
o~ Stop_Start_ Timer <Local:1:1.Data.0 Step_Timer.DN TON
2 1| 1/t Timer On Delay N 2:0.Data.2 -
Timer Step_Timer .
% Preset 5000 [<(DN)= Z.0data:3
Accum
= s 2:0.Data.4
2:0.Data.5
2:0.Data.6—_|
2:0.0ata.7—{_{~
Step_Timer.DN sQO0
1/ ¢ Sequencer Output < EN }—
S Array SQO_Data_Array[0]
Mask 16#0000_00FE |={DN)—
Dest Output _Card
<Llocal:2:0.Data>
Control Control_Tag
Length 5
Position 0
Output states entered into sequencer data array

[-] SQO_Data_Array fous}
[+] SQO_Data_Array[0] 2#£0000_0000_0000_0000_0000_0000_0000_0000
[+] SQO_Data_Amay[1] 2#0000_0000_0000_0000_0000_0000_0000_0010
[+] SQO_Data_Armav[2] 2#0000_0000_0000_0000_0000_0000_0000_0110

[+] SQO_Data_Amay[3] 2#0000_0000_0000_0000_0000_0000_0001_0000
[+] SQO_Data_Amay[4] 2#0000_0000_0000_0000_0000_0000_1100_0000
[+] SQO_Data_Amay[5] 2#0000_0000_0000_0000_0000_0000 1111 0000
Outputs which are On for each step
Outputs Step
7 6 5 4 3 2 1 0
0
On 1
On On 2
On 3
On On 4
On On On On 5

Figure 12-33 Time-driven sequencer output program for assignment 17.

17) The time-driven sequencer output program of Figure 12-33 is described in the text.
Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Use addresses that apply to your PLC installation. Enter the program into the
PLC and verify its operation.
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Inputs
L1 0
+—0O O— Reject_Button
]
) 1

Product_Sensor

»—O O— Reset_Button

Gl

¢

<=

¢
Unload_Bit I:l

Ladder logic program

BSL_Array

Reject_Button i .
<local:1:1.Data.1> Control_Status.DN Reject_Source Bit Outputs
1L 1L 2N L2
1L 1C P
Reject_Source Bit <Local:2:0.Data.0> H
I
1L
Product_Sensor <Local:2:0.Data.1> @
<Local:1:I.Data.0 >
1 = = BSL
aly Bit Shift Left —EN>—
Array BSL_Array .. - L
Control Control_ Status ~(ON- <Local:2:0.Data.2> @
Source Bit Reject_Source_Bit
Length 4
<Local:2:0.Data.3> @
MOV
Move
Source BSL_Array
Dest Zone_Outputs
0
Reset_Button
<local:1:1.Data.2>
MOV MOV
-——]% Move —1 Move
Source 0 Source 0
Dest BSL_Array Dest Control_ Status.POS
0 0
D chccliSOurcciBiI -5 O- Reject_Button Tag Name Value Style Data Type
- BSL_Array 0| Decimal | DINT
[, [#]-Control_Status {fovind CONTROL
i
. [=}-Zone_Outputs 0| Decimal | DINT
Zone_Outputs.0 0| Decimal | BOOL
Zone_Outputs.1 0| Decimal | BOOL
Zone_Outputs.2 0| Decimal | BOOL
Zone_Outputs.3 0| Decimal | BOOL
Product_Sensor 0| Decimal [ BOOL
Reject_Button 0| Decimal | BOOL
Reject_Source_Bit 0| Decimal | BOOL
Reset_Button 0| Decimal [ BOOL

Figure 12- 34 Pass/fail inspection program for assignment 18.

Source: Photo courtesy Omron Industrial Automation, www.ia.omron.com

18) The pass/fail inspection program of Figure 12-34 is described in the text. Prepare an

I/O connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC and verify

its operation.
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L1 Inputs

1
L

! GHHFHEE

Thumbwheel switch

$—O O— Data_Stack_Load

»—0 o— Data_Stack_Unload

Data_Stack_Input
<Local:5:1.Data>

Data_Stack_Load
<Local:1:1.Data.0>

Ladder logic program

1L
J.L

Data_Stack_Unload
<Llocal:1:I.Data.1>

FFL
FIFO Load
Source Data_Stack_Input
FIFO Data_Stack_Array[0]

Control Data_Stack_Status
Length 5
Position 0

L(EN)—
HDN)
HEM)

1E
B, 2

FFi
FIFO Unload

FIFO Data_Stack_Array[0]
Dest Data_Stack_Output
Control Data_Stack_Status
Length 5
Position 0

L(EN)]
HDN)
HEM)

Data_Stack_Output[0]
<lLocal:6:0.Data>

Outputs

LED display

Figure 12- 35 The FOFO instruction pair program for assignment 18.

19) The FIFO instruction pair program of Figure 12-35 is described in the text. Prepare
an I/O connection diagram and ladder logic program that will simulate its operation. Use

addresses that apply to your PLC installation. Enter the program into the PLC and verify

its operation.
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cuapter 13 PLC Installation Practices, Editing, and
Troubleshooting

TEST 13.1

Choose the letter that best completes the statement.

1. PLCs are placed within an enclosure to provide protection against 1.
a) atmospheric conditions. ¢) moisture.

b) conductive dust. d) all of these

2. For most PLC installations, a NEMA enclosure is recommended. 2.
a)2 c)8

b) 4 d) 12

3. Typically, PLC systems installed inside an enclosure can withstand a 3.
maximum of

a) 60°C outside the enclosure. ¢) 60°C inside the enclosure.

b) 50°C outside the enclosure. d) 50°C inside the enclosure.

4. Malfunctions due to electrical noise interference usually cause 4.

a) temporary occurrences of operating errors.
b) permanent occurrences of operating errors.
¢) temporary loss of memory.

d) permanent loss of memory.

5. A good location for a PLC enclosure is close to 5.
a) the machine or process. ¢) high-frequency welders.

b) large AC motors. d) annealing furnaces.

6. When routing power and I/O signal wiring to and within a PLC 6.

enclosure, you should

a) use the shortest possible wire runs for I/O signals.

b) never run signal and power wiring in the same conduit.
c¢) run low-level signal conductors as shielded twisted pair.
d) all of these
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7. Electrical noise can be coupled into a PLC system

a) by an electrostatic field. c) by a fiber optic system.

b) through electromagnetic induction. d) bothaand b

8. Which of the following would not normally be located within the

PLC enclosure?

a) /O modules c¢) Master control relay

b) Limit switch d) Isolation transformer

9. Under no circumstances should

a) fiber optic and power wiring be run in the same conduit.

b) fiber optic and signal wiring be run in the same conduit.

c) signal wiring and power wiring be run in the same conduit.

d) all of the above

10. Certain input field devices may have a small leakage current when

they are

a) in the ON state. c¢) examined for an ON condition.
b) in the OFF state. d) examined for an OFF condition.
11. A leakage problem can occur when connecting an output module to a
high-impedance load. This problem can be corrected by connecting

a) a bleeder resistor in series with the load.

b) a bleeder resistor in parallel with the load.

c¢) an NO contact in series with the load.

d) an NC contact in parallel with the load.

12. I/O leakage problems usually occur with devices that use

a) solid-state switching circuits. C) noise-suppression circuits.
b) hard contacts. d) voltage-suppression circuits.
13. The authoritative source on grounding requirements for a PLC

installation is the
a) plant electrician. ¢) equipment manufacturer.
b) plant engineer. d) National Electrical Code.
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14. In addition to being an important safety measure, proper grounding of 14.
a PLC system can

a) lower installation costs.

b) increase the power efficiency of the system.

¢) limit the effects of EMI.

d) assist in the operation of the MCR.

15. Proper grounding procedures for a PLC installation specify that 15.
a) all enclosures, CPU and I/O chassis, and power supplies be connected

to a single low-impedance ground.

b) paint or nonconductive materials should be scraped away to provide good
ground connections.

c) all ground connections should be made using star washers.

d) all of these

16. Which of the following load devices is most likely to require some 16.
form of noise or voltage suppression?

a) Lamp ¢) Solenoid

b) Heater d) LED display

17. Excessive line voltage variations to a PLC installation can be corrected  17.
by installing a

a) constant voltage transformer. ¢) step-up transformer.
b) step-down transformer. d) current transformer.
18. A high voltage spike is generated whenever current to 18.
a) an inductive load is turned off. c) a resistive load is turned off.
b) an inductive load is turned on. d) a resistive load is turned on.
| 2
| N
Output module
@ o
+) Solenoid coil
@ N Figure 13-1 Suppression circuit for question 19.
2 4
@ L
@
@
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19. The diode used in the suppression circuit of Figure 13-1 19.
a) is connected in forward-bias to suppress DC loads.
b) is connected in reverse-bias to suppress DC loads.
¢) is connected in forward-bias to suppress AC loads.
b) is connected in reverse-bias to suppress AC loads.

Qutput module
L1 — L1 'I'

ouT o0
OuUT 1 _L
ouT2 —o

ggli Inductive load Figure 13-2 Suppression circuit for question 20.
ouUT 5
OuUT 6
ouT 7
coM L2
20. The suppression circuit of Figure 13-2 20.
a) can be used to suppress DC loads. c) uses a metal oxide surge suppressor.
b) can be used to suppress AC loads. b) all of these
21. Editing a PLC program normally refers to 21.

a) replacement of an existing program.
b) monitoring of an existing program.

¢) making changes to an existing program.

d) all of these

22. Preparing a PLC control process for start-up is called 22.
a) commissioning. c) validating.

b) troubleshooting. d) installing.

23. In which of the following program modes are modifications 23.
executed immediately on entry of the instruction?

a) Continuous test mode ¢) Off-line program mode

b) Single scan test mode d) On-line program mode

24. The data monitor feature of a PLC may allow you to 24.
a) change the radix or data format. c¢) view data within an instruction.

b) store data for an instruction prior to use. d) all of these
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25. Which function of a PLC would be used to search each instance of
a particular address?
a) Change radix c¢) Cross-reference
b) Forcing d) Contact histogram

26. Which function of a PLC would be used to view the transition history
(ON or OFF states) of a bit(s)?
a) Change radix c) Cross-reference
b) Forcing d) Contact histogram

27. Which of the following would not normally be included as part of
a routine preventive maintenance program?
a) Inspection of I/O field devices

b) Monitoring the program

28. If an output module fuse blows repeatedly, a probable cause may be
a) the module’s output current is being exceeded.

b) the output device may be shorted.

c) the output field wiring may be shorted.

d) any of these

29. Which of the following is not normally included in the array of status
indicators found on the processor module?
a) Memory OK

b) Wiring OK

¢) Battery OK
d) Power supply OK

30. A watchdog timer is used to monitor

a) how long it takes the CPU to complete a scan.
b) battery voltage.

C) memory circuits.

d) all of these

25.

27.

c¢) Checking connections to I/O modules
d) Cleaning of the PLC enclosure

28.

29.

30.
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Input module

O O 2 E

- @ @ @
L
+24V DC »—0 0_7' INO
IN1
: IN2
— B3 Figure 13-3 Input module circuit for question 31.
| ] IN4
IN5
IN6
IN7
DCCOM |-
Common
DC COM
31. With reference to the input module circuit of Figure 13-3, a voltmeter 31.
reading of 24 VDC would indicate
a) normal operation. ¢) a possible fault in the field wiring.
b) a possible shorted PB. d) either b or ¢
Input Input module . .
device status Monuto.r dl_splay
condition indicator | Status indicator
=GP — False | True
(@)| Closed —ON
ON e
24V DC Input % E
—O0="0— False True
b Closed — ON OFF . _ . s
L g — | =Ne= | Figure 13-4 Guide for question 32.
—O0LO— False True
()| Open—OFF OFF § E
0V DC Input % E
—O0L 00— True False
(d)| Open—OFF ON %\B
24V DC Input -i E
32. With reference to the troubleshooting guide of Figure 13-4, which 32.

condition indicates no fault?

Input Input module . .
device status Monitor display . .e .
condition indicator | Status indicator Figure 13-5 Fault condition for question
—0 00— True False 33.
Open — OFF ON }
24V DC Input _i E-
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33. With reference to the condition illustrated in Figure 13-5, what 33.

is the most likely fault?

a) Short circuit in the field device or wiring

b) Input module fault

c¢) Processor module fault

d) Open in the field device or wiring

34. The input wiring or device is suspected as being the source of a PLC 34.

problem. If this circuit is not at fault, then the status indicator on the input

module should be illuminated when the input device is

a) closed and programmed for an XIC condition.

b) open and programmed for an XIO condition.

c) closed, regardless of how it is programmed.

d) open, regardless of how it is programmed.

35. Assume an open in the field wiring is suspected between the output 35.

module and output load device. This condition would be confirmed if

a) full output voltage was measured at the module and 0 voltage at the load.

b) full output voltage was measured at the load and 0 voltage at the module.

c) the output status indicator on the module is on and the load is not

operating.

d) the output status indicator on the module is off and the load is not

operating.
Output module : :
Output device pstatus Monlto'r dt.splay
condition indicator status indicator
A, True
(a) On
De-energized — off ( )"—
N\~ True
(b) off
De-energized — off —* >*
_/\,_ True
(© On
Energized — on —dm—( J——
V False
©) -

De-energized — off

—( >—

Figure 13-6 Guide for question
36.
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36. Which of the choices of the troubleshooting guide shown in Figure 13-6  36.
indicates a problem with the wiring to the output device or the output device itself?

37. The majority of PLC system faults are caused by 37.
a) faulty power supplies. c) software failure.

b) malfunctioning microprocessors. d) field wiring and devices.

38. A single output device has failed while the remainder of the PLC 38.

system is functioning normally. The indicator light on the output module
indicates that a signal is sent to the output point where the device is
connected. You would now

a) trace the circuit back through the logic to locate the inputs.

b) use a programming terminal to call up the rung that controls the output to
see if the output coil is on.

¢) check the point where the output device’s field wiring is connected to the
output rack.

d) check the input modules for short-circuit conditions.

39. The force instruction 39.
a) will force data table bits on only.

b) will force data table bits off only.

c) if used indiscriminately, could cause haphazard machine operation.

d) can be used only to force inputs.

40. The first step in troubleshooting is to 40.
a) identify or describe the faulty operation.

b) test the process field devices.

c) test the wiring.

d) test the I/O modules.

41. The I/O module input and output status lights 41.
a) are found only on analog modules.

b) indicate the status of the inputs and outputs.

c¢) indicate whether the process field devices are faulty.

d) are not used in the troubleshooting process.
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42. Which instruction is used to change the amount of logic scanned to
progressively debug a program?

a) Suspend c) Force

b) Temporary end d) Timed interrupt

43. Program addressing conflicts can be caused by
a) using the same address for two outputs. c¢) faulty connections.

b) faulty wiring. d) scan time period.

44. With Allen-Bradley controllers software is required to develop
and edit programs.

a) RSLinx ¢) Microsoft word

b) RSLogix d) LogixPro

45. With Allen-Bradley controllers software is required to monitor,
download, and upload programs.

a) RSLinx ¢) Microsoft word

b) RSLogix d) LogixPro

46. PLC communications protocol is a standardized method for
a) programming PLCs.

b) connection of input devices.

¢) connection of output devices.

d) transmitting data between different devices.

42.

43.

44.

45.

46.
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TEST 13.2

Place the answers to the following questions in the answer column at the right.
1. PLCs are generally placed within an enclosure. (True or False)

2. An enclosure is used to shield the controller from electrical (a)
and airborne (b) .

3. Most PLC installations require additional cooling provisions, not included

in the original installation. (True or False)

4. A hardwired electromechanical master control relay is not normally
included as part of the wiring for a PLC system. (True or False)

5. PLC malfunctions due to electrical noise usually produce temporary
occurrences of operating errors. (True or False)

6. Electromagnetic interference (EMI) may enter a PLC system through
either (a) or (b) .

7. Common potential noise generating devices include noninductive
resistive loads. (True or False)

8. A fiber optic wired control system is most susceptible electrical noise.

(True or False)

9. Running signal wiring and power wiring in the same conduit helps

cut down on electrical noise. (True or False)

10. Most solid-state switches will conduct a small amount of leakage
current in the state.

11. Leakage current can falsely activate a PLC input. (True or False)

12. A resistor can be connected to drain off unwanted leakage current.
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13. A properly installed grounding system will provide a -impedance 13.
path to earth ground.

14. When a grounding connection must be made to the metal enclosure 14.
of a PLC system, any paint coating must remain intact. (True or False)

15. Ground loop circuits cause problems by adding or subtracting 15.
current or voltage from input signal sources. (True or False)

16. A ground loop circuit can develop when each device’s ground is 16.
tied to a different earth potential. (True or False)

17. Where line voltage variations to the PLC are excessive, a(n) 17.

voltage transformer can be used to maintain a steady voltage.

18. When current in to a DC load is interrupted or turned off, a 18.
very high voltage spike is generated.

19. A(n) can be connected in reverse-bias across a DC solenoid to 19.
suppress voltage spikes.

20. Generally, output modules designed to drive inductive loads include 20.
suppression networks as part of the module circuit. (True or False)

21. A metal oxide varistor (MOV) can be used to suppress AC or 21.
DC voltages. (True or False)

22. Using PLC editing functions, instructions and rungs can be added, 22.
deleted, or modified. (True or False)

23. Preparing a PLC control process for initial start-up is called . 23.

24. The offline programming mode permits the user to change the program  24.
during the machine operation. (True or False)

25. When a PLC is placed in the continuous test mode, the processor 25.
operates the user program without any outputs.
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26. PLC data functions allow you to monitor and/or modify specified

program variables.

27. The contact histogram function is used to locate each instance of
a selected address. (True or False)

28. The cross-reference function allows you to view the transition history
of a data table value. (True or False)

29. All field I/O devices should be inspected periodically to ensure that they

are properly adjusted as an important part of a PLC’s maintenance

program.

30. The processor of a PLC monitors its battery voltage level. (True or False)

31. To make sure that equipment does not operate while PLC maintenance
is conducted, (a) and (b) devices must be in use.

32. The first step in the troubleshooting of a PLC system is to identify
the (a) and its (b) .

33. One of the diagnostic checks carried out by the processor is the proper
operation of all I/O devices. (True or False)

34. The watchdog timer is a separate timing circuit that must be set and
reset by the .

35. If the scan time is too short, a watchdog error will be declared.
(True or False)

36. Usually, each 1/O device has at least two status indicators. One

of these indicators is on the I/O (a) , and the other is provided by
the programming device (b) .

37. The status indicator on an input module will normally be illuminated

if the input device is off and examined for an off condition. (True or False)
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38. The programming device monitor normally indicates a true instruction  38.
if the addressed input device is off and examined for an OFF condition.
(True or False)

39. PLC output modules may incorporate fuse or electronic protection 39.
for output circuitry. (True or False)

40. It is rare for sensors and actuators connected to the I/O of the process 40.
to fail. (True or False)

41. The suppression device is wired in with the load device. 41.

42. The temporary end instruction is used when you want to change the 42.

amount of logic being scanned. (True or False)

43. The suspend instruction is used to trap and identify specific conditions.  43.
(True or False)

44. An addressing conflict is caused by the address being used for 44,

two or more coil instructions in the same program.

45. The PLC will only accept one program at a time. (True or False) 45.

46. Communications is a standardized method for establishing 46.
communications between different PLC devices.

47. The maximum operating temperature of a PLC is typically 60°C. 47.
(True or False)

48. The resistance from the PLC system ground to the earth ground must 48.
have a value of less than 0.1 Q. (True or False)

49. PLC noise suppressors are installed in series with the device generating  49.
the voltage surge. (True or False)

50. Leakage current produced by PLC output devices is caused by 50.
bleeder resistors. (True or False)
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51. The cable shield used with PLC input devices should be grounded at only 51.

one end. (True or False)

52. The procedure of prestart-up inspection of a PLC installation is 52.
commonly referred to as commissioning. (True or False)

53. Most PLC failures occur in the processor hardware. (True or False) 53.
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Programming Assignments

This section requires you to perform simulated PLC editing and troubleshooting

functions.

L1 Inputs

s1
0" 0—
s2

0" 0—

S3

0—/0—

S4
¢—0"" 0
S5

0——0/0—

S6

0" o

PB1

—0 O—
PB2

gl

r—oo—

N

w

Ladder logic program

3 B b

gy By Sy

- —CTU
——] [ countupcounter  ——(CU)—
Counter C5:0
Preset 1o [0V
Accumulated 0
C5:0 E K
3 ,
£ {
DN
C5:0 c L
Y ,
L
DN
C5:0
T
1 C
DN
H C5:0
! I 1 Ie
1 E =

Figure 13-7 Editing and data control program for assignment 1.

Output

P9 999

L2

1) Construct a simulated program for the program editing and data control exercise

shown in Figure 13-7. Use field devices and addresses available for use with your PLC

trainer. Have the program checked by your instructor after each editing change. Enter the

original program into the PLC, and prove its operation.

Enter an additional rung following rung No. 4. This new rung is to examine the status

bit of output 1 for an OFF condition and energize output M when the rung condition is

true.

Remove the instruction from rung No. 2 that examines address E for an XIC
condition.
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e Place the XIC instruction (E) that was removed from rung No. 2 into rung No. 6.
Insert this XIC instruction in parallel with the existing XIC instruction H.

e While in the run mode, change the preset value of the counter from 10 to 25.

e Remove rung No. 5 of the original program.

e While in the run mode, force output K to an ON condition.

e While in the run mode, force output J to an OFF condition.

2) Enter the original program of assignment 1 into the PLC, and complete the
troubleshooting exercises that follow. Have your instructor simulate each type of fault.
Demonstrate your ability to identify the source of each problem systematically.

a) Defective input module

b) Defective output module

c¢) Blown fuse in an output module

d) Shorted input device

e) Open input device

f) Open output device

g) Open in field wiring to an input device

h) Open in field wiring to an output device’
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cuarter 14 Process Control, Network Systems, and
SCADA

TEST 14.1

Choose the letter that best completes the statement.

1. A continuous process is I.
a) one that never shuts down.

b) used only for simple tasks.

c¢) one in which raw materials enter one end of the system and the finished
product comes out the other end.

d) used only with computers.

2. Assume two ingredients are added together, processed, and then 2.
stored. This would be an example of a(n)

a) batch process. ¢) individual product-producing process.
b) continuous process. d) discrete product-producing process.
3. A distributive control system (DCS) 3.

a) permits the distribution of the processing task among several controllers.
b) always utilizes a single large computer.

c¢) will stop the whole process if one control element fails.

d) is the least flexible type of control system.

4. Components of a control system may include 4.
a) Sensors. ¢) human-machine interface (HMI).
b) actuators. d) all of these

5. HMIs allow operators to _____ the application. 5.
a) control c¢) diagnose

b) monitor d) all of these
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6. Which of the following devices could be classified as a sensor?
a) Thermistor ¢) Solenoid
b) Relay d) All of these

7. Which of the following devices could be classified as an actuator?
a) Control valve ¢) Servo motor

b) Electric brake d) All of these

8. Generally, compared to an open-loop system, a closed loop is

a) more accurate. C) more expensive.

b) more complex. d) all of these

9. A closed-loop control system measures the _____ output of the
process and compares it to the _____ output.

a) actual, desired c) operating, nonoperating
b) no-load, full-load d) final, initial

10. The set point for a control system refers to

a) the input that determines the operating point for the process.
b) a process variable that is monitored continually.

c) a process error that is uncontrolled.

d) all of these

11. A closed-loop control system

a) requires less power to operate.

b) does not require a feedback signal from the process.
c) uses a feedback signal from the process.

d) requires more power to operate.

12. The error signal in a closed-loop control system is

a) always a positive value.

b) always a negative value.

c) the difference between the set point and feedback signal.
d) the sum of the set point and feedback signal.

304

10.

11.

12.



13. Which of these controller types provides the fastest response to a

system error?

a) PID c¢) Proportional plus integral
b) On/off d) Proportional plus derivative

14. With an on/off controller

a) the output is either completely on or completely off.
b) a positive deviation of the process variable from its set point causes the

controller to shut the control element off.

¢) a negative deviation of the process variable from its set point causes the

controller to turn the control element on.
d) all of these

15. Time-proportioning control refers to

a) linear movement of the final control element.

b) varying the ratio of ON time to OFF of the final control element.

c) the integral action of a controller.
d) the derivative action of a controller.

16. A proportional controller

a) is designed to eliminate the cycling associated with on/off control.
b) allows the final control element to take intermediate positions between on

and off.

c¢) permits analog control of the final control element.

d) all of these

17. The integral action responds to
a) the size and time duration of the error signal.

b) the speed at which the error signal is changing.

¢) proportional bandwidth.
d) proportional gain.

18. The derivative action responds to
a) the size and time duration of the error signal.

b) the speed at which the error signal is changing.

¢) proportional bandwidth.
d) proportional gain.

13.

14.

15.

16.

17.

18.
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19. A PID controller
a) is tuned using a signal generator.
b) is factory-tuned for optimum performance.

¢) must be custom-tuned to each process.
d) bothaand b

20. Each motor of a PLC motion control system is referred to as
a) an axis of motion. c) stepper motor.

b) a synchronous motor. d) a control component.

21. The function of the servo drive as part of a PLC motion control
system is to

a) provide power to the servo motors.

b) translate signals from the motion module into motor drive commands.
¢) monitor the servo motor’s position and velocity.

d) all of these

22. Each axis of an industrial robot arm is controlled by
a) an open-loop servo motor system.

b) a closed-loop servo motor system.

¢) an on/off controller.

d) a PID controller.

23. PLC system data communications is accomplished using
a) network links.

b) point-to-point serial communications links.

c¢) transformer links.

d)bothaandb

24. Open communications networks

a) are based on standards developed through industry associations.
b) do not require you to buy all components from a single supplier.
c¢) do not use a proprietary protocol.

d) all of these
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25. The fundamental job of a local area network (LAN) is to provide 25.

between devices.
a) communication
b) connections

26. The transmission medium used in data communications is 26.

a) coaxial cable.

¢) isolation
d) protection

c) fiber optics.

b) twisted pair. d) all of these

27. Each device on an industrial network is known as a 27.
a) load. ¢) node.

b) control. d) repeater.

28. Network refers to the physical layout of devices on a network. 28.
a) topology c) reliability

b) functionality d) all of these

Network interface module

[ 5 ié- -
HE AE 2|8 AE
3o 3|o 8o g1o
=} o o (=}
St k= S St
=10 =0 =0 = (@

Figure 14-1 Network connection for
question 29.

|

29. The type of network connection topology shown in Figure 14-1 is 29.

a) bus.
b) star.

Network
Switch/Hub

Processor
& Com

Processor
& Com

Processor

Com

(=]

z

Processor

& Com

c) tree.
d) ring.

Figure 14-2 Network connection for question
30.
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30. The type of network connection topology shown in Figure 14-2 is 30.

a) bus. c) tree.

b) star. d) ring.

31. Network defines how data are arranged and coded for transmission 31.
on a network.

a) devices ¢) protocol

b) medium d) functions

32. Communication between different PLC architectures and protocols is 32.
made possible by the use of

a) rectifiers. c) gateways.

b) repeaters. d) hubs.

33. In a token passing network access control scheme, a node can 33.

transmit data on the network
a) at all times. c) only at the end of a scan cycle.
b) only when it has possession of a token.  d) only at the start of a scan cycle.

34. In a collision detection network access control scheme, a node transmits  34.
data on the network

a) at all times.

b) when other nodes are sending messages on the network.

c) at preset timed intervals.

d) if there are no other messages on the network.

Master Controller

A
- o

SAlr e
Il \

T Figure 14-3 Master-slave network for
Write Read
Command | Command

|

question 35.
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35. The network access control scheme used in the master-slave protocol
of Figure 14-3 is known as

a) polling. c) token passing.

b) collision detection. d) analog detection.

36. A peer-to-peer PLC network

a) uses the token passing access control scheme.
b) has no master PLC.

¢) has each device identified by an address.

d) all of these

37. The two methods of transmitting PLC digital data are
a) AC and DC. ¢) input and output.

b) serial and parallel. d) negative and positive

35.

36.

37.

Receivingg 1010 110 1 Transmiing  Figure 14-4 Data transmission for question

Side Side 38.
38. Figure 14-4 illustrates an example of data transmission.
a) DC ¢) output
b) serial d) positive

39. Which communication system allows communications simultaneously

in both directions?
a) Direct c¢) Full-duplex
b) Indirect d) Half-duplex

40. The Allen-Bradley data highway network
a) is a proprietary communications network.
b) uses peer-to-peer communications.

¢) is implemented using token passing access.
d) all of these

38.

40.
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System Reader
Operator

l|||lf|||ﬂﬂt Terminal ~ Figure 14-5 Communication connections

? %I ||| for question 41.
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41. Figure 14-5 illustrates implementation of ____ type 41.
communication connections.
a) serial ¢) analog
b) parallel d) digital
DeviceNet
Scanner

Figure 14-6 DeviceNet network for

question 42.

42-1. The DeviceNet network shown in Figure 14-6 is used with 42-1.
a) Sensors. c) valves.

b) switches. d) all of these

42-2. This network 42-2.

a) exchanges information with the field device.

b) supports field devices from various manufacturers.
c) supplies power to the field device.

d) all of these
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42-3. The DeviceNet scanner is used instead of 42-3.

a) /O modules. c) the chassis power supply module.
b) the processor module. d) all of these
43. The ControlNet protocol 43.

a) is an open network.

b) provides a high-speed link between controller and I/O devices.
c) is highly deterministic and repeatable.

d) all of these

44. The EtherNet/IP protocol 44.
a) is a proprietary network.
b) will not operate with either DeviceNet or ControlNet protocol.

c) is based on the Control and Information protocol.
d) all of these

45. The Modbus protocol 45.
a) transmits information over serial lines between devices.
b) uses the master-slave communication technique.

c) is an open protocol.
d) all of these

46. A Fieldbus communication system 46.
a) can be implemented using daisy-chain topology.

b) is a proprietary system.

¢) cannot serve as a network for field devices.

d) all of these

47. SCADA is an acronym that stands for 47.
a) security control and data acquisition.

b) supervisory control and data acquisition.

¢) security control and digital acquisition.

d) supervisory control and analog acquisition.
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48. For the SCADA system of Figure 14-7, the host computer
c) stores data automatically.

d) all of these

Figure 14-7 SCADA system for
question 48.

Data

SCADA/ HMI
Software

48.

a) monitors the process.
b) sends commands to the PLCs.
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TEST 14.2

Place the answers to the following questions in the answer column at the right.

1. A continuous process involves the flow of product material from

one section of the process to another. (True or False)

2. In a(n) process, a set amount of product is received and then some
operation is performed on the product.

3. control is used when several machines are controlled by
one controller.

4. control involves two or more computers communicating with each
other to accomplish the complete control task.

5. One disadvantage of centralized control is that if the main controller
fails, the whole process is stopped. (True or False)

6. Distributive control systems (DCS) use one controller for all the
processing tasks. (True or False)

7. Distributive control systems are network based. (True or False)

8. Actuators convert physical information into electrical signals.
(True or False)

9. A pushbutton switch could be classified as a type of
human-machine interface. (True or False)

10. A sensor could be classified as a type of controller. (True or False)

11. Signal involves converting input and output signs into
a usable form.

12. values of graphic HMI terminals display information on process
variables over a period of time.

10.

11.

12.
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13. HMI graphic terminal software is used to create and animate objects
related to the process on the screen. (True or False)

14. Control systems can be classified as (a) loop or (b) loop.

15. A -loop system is one in which the output of a process

affects the input control signal.

16. Sensors convert physical information into signals.

17. In an open-loop control system, the controller receives no information

concerning the status of the process. (True or False)

18. Closed-loop control contains a feedback element. (True or False)

19. On/off control eliminates hunting. (True or False)

20. With on/off control, the measured variable will around
the set point.

21. The of a controller is the range above and below the set point
that will not produce a change in the control action.

22. Deadband is used in controllers to prevent repeated
activation-deactivation cycles. (True or False)

23. Proportional controllers are designed to eliminate the cycling associated
with on/off control. (True or False)

24. On/off control permits analog control of the final control element.
(True or False)

25. Time-proportioning control varies the ratio of (a) time to
(b) time.
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26. Proportioning action occurs within a proportional around the 26.
set-point temperature.

27. The operation of a proportional controller leads to process deviation 217.
known as .

28. Integral action eliminates steady-state error. (True or False) 28.
29. Derivative action responds to the at which the error 29.

signal is changing.

30. A PID controller produces an output that depends on the 30a.
(a) , (b) ,and (¢) of the system error signal. 30b.
30c.
31. The input determines the desired operating point for a process. 31.
32. A P1D controller must be factory-tuned to each process being 32.

controlled. (True or False)

Integral
(a) —>®—>—(b)—>— Proportional —>
Figure 14-8 PID loop for question 33.
Derivative
33. For the PID control loop of Figure 14-8, identify the signal (a) 33a.
and signal (b) . 33b.

34. A PID controller reduces the system error to zero faster than any other 34,
type of controller. (True or False)

35. A PID loop is normally tested by making an abrupt change to the 35.
set point and observing the controller’s response rate. (True or False)

36. A fuzzy logic PID controller changes the amount of output signal in 36.
a mathematically specified way. (True or False)

315



37. PLCs can be fitted with I/O modules that produce PID control, or may 37.
have sufficient mathematical functions that allow PID control to be carried
out. (True or False)

38. PLCs can be used for both (a) and (b) motion control 38a.
applications. 38b.
39. Basic control components of a PLC motion control system are 39a.
(a) , (b) , () , and (d) . 39b.
39c.
39d.
40. A robot arm is basically a series of mechanical links driven by 40.
motors.

41. The two general types of communications links found in PLC systems 41a.
are (a) and (b) . 41b.

Programmable Logic Controller

Printer

~
Serial Cable

— < Figure 14-9 Communication links for question
Point-to-Point erial
r{Communications Messages 4 2

Operator Interface

42. Figure 14-9 illustrates examples of point-to-point 42.
communication links.
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Figure 14-10 Communication link for question 43.

43. Figure 14-10 illustrates an example of a local area 43.
communication link.

—“i Figure 14-11 Communication link for
question 44.

(a) (b) (c)

44. For the transmission media of Figure 14-11, identify each type shown in 44a.

(a) , (b) ,and (¢) . 44b.
44c.
45. PLC networks are not able to communicate via wireless radio wave 45.

systems. (True or False)

Level (c)
Level (b) Figure 14-12 Industrial network for question 46.
| Level (a)
46. For the industrial network of Figure 14-12, identify the level of 46a.
functionality for (a) , (b) , and (¢) . 46b.
46c.
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47. A network is a device that amplifies a signal to its original strength.

48. Each device connected on a network is known as a .

49. Network refers to the physical layout of devices on a network.

50. A network switch or hub is required for network topology.

51. Bus topology is a network configuration in which all stations are

connected 1n .

52. bus networks interface with devices such as pushbuttons.

53. Network defines how data are arranged and coded for transmission
on a network.

54. Gateways make communication possible between different protocols.
(True or False)

55. The method refers to the manner in which a PLC accesses a bus

network to transmit information.

56. In a token passing-based network, a node can transmit data on the
network at all times. (True or False)

57. Ethernet networks use a(n) detection-based access control scheme.

58. In master-slave polling protocol network, direct communications among

slaves are possible. (True or False)

59. Peer-to-peer networks use the token passing media access method.
(True or False)

60. In transmission data are transferred one bit at a time.

61. -duplex transmission allows the transmission of data in both
directions simultaneously.
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62. The Allen-Bradley data highway network is an open communications 62.
network. (True or False)

63. Serial transmission is recommended for distances of over 50 feet. 63.
(True or False)

64. DeviceNet is a proprietary high-speed device level network. 64.
(True or False)

65. The field devices connected to a DeviceNet network contain intelligence 65.

in the form of a microprocessor. (True or False)

66. ControlNet is an open high-speed network that is highly 66.
deterministic and repeatable. (True or False)

67. EtherNet/IP is an open communications network based on the same 67.
protocol that is used with DeviceNet and ControlNet. (True or False)

68. refers to the data rate of a network expressed in terms of bits 68.
per second.
69. Both Modbus and Fieldbus are serial communication protocols. 69.

(True or False)

70. A SCADA system usually refers to a system that coordinates but does 70.

not processes in real time.

71. In process control circuitry, the error signal is considered to be the sum  71.
of the process variable signal and the set point. (True or False)

72. Feedback is used in process control systems as a method of monitoring  72.
the controlled variable in the circuit. (True or False)

73. The SECOS standard makes it possible for PLCs to use I/O devices 73.
from various manufacturers. (True or False)
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74. Smart field devices can carry out some functions that were originally
programmed within the PLC. (True or False)

75. HART protocol allows the simultaneous communication of the
continuous 4-20 mA as well as a signal superimposed onto it.

76. SCADA alarm management is not able to distinguish between alarms
and alerts. (True or False)
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Programming Assignment

1) Connect two PLC slave stations to one PLC master station, and assign nodes to each

station. Create three ladder logic programs, and download them to the appropriate PLC.
Verify the operation of the network.
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cuapTER 15 ControlLogix Controllers

pat 1  Memory and Project Organization

TEST 1
Choose the letter that best completes the statement.

1. The memory organization of a ControlLogix (CLX) controller 1.
a) has fixed areas of memory for specific types of data.
b) has fixed areas of memory for inputs and outputs.

c) uses a flexible memory structure with no areas allocated for specific types of data.
d) bothaand b

2. Configuration of a modular CLX system involves 2.
a) establishing a communications link between the controller and the process.

b) identifying the type of processor used.

c) identifying the type of I/O modules used.

d) all of these

3. The _____is the network browser interface that provides a single window 3.
to view all configured network drivers.

a) RSLogix programming software

b) RSLinx

¢) RSWho

d) all of these

4. A project 4.
a) is not required in a CLX application.

b) contains all the information related to the CLX application.

c) is contained in the task in a CLX application.

d) is executed based on an event.
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5. What are the major components of a project? 5.
a) Main routine, subroutine, and fault routine

b) Continuous tasks and periodic tasks

c¢) Tasks, programs, and routines

d) All of these

6. The RSLogix 5000 Controller Organizer 6.
a) is a tree-style presentation of the entire project.

b) simplifies the navigation and the overall view of the whole project.

c) presents all the information about the programs, data, and I/O configuration

of the current project.
d) all of these

7. Each folder of the controller organizer tree is expanded by 7.
a) clicking on the + sign in front of the folder.

b) clicking on the — sign in front of the folder.

¢) placing the controller in the Run mode.

d) placing the controller in the Program mode.

8. Ataskisa 8
a) scheduling mechanism for executing programs.

b) file that stores the logic for a controller.

c) file that stores the data for a controller.

d) file that stores the configuration for a controller.

9. A continuous task 9.
a) executes nonstop. c) has the lowest priority.
b) is always interrupted by a periodic task. d) all of these

10. An event task is triggered 10.
a) automatically. c¢) by an event that failed to happen.
b) by an event that happened. d) either b or ¢
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11. A routine is 1.
a) a set of logic elements for a specific programming language.
b) where the programmer writes the executable code for the project.

¢) specified as ladder logic, sequential function chart, function block, or structure text.
d) all of these

12. Which routine is configured to execute first when the program runs? 12.
a) Fault c) Main

b) Subroutine d) Start

13. Which routine is configured to be called by another routine? 13.
a) Fault ¢) Main

b) Subroutine d) Start

14. ControlLogix controllers use to refer to memory locations. 14.
a) numbers ¢) routines

b) tags d) predefined data tables

15. Which type of tag can only be accessed by routines within a 15.
specific program?

a) Base tag c¢) Program scope tag

b) Alias tag d) Controller scope tag

16. A(n) tag is one whose value is received from another controller. 16.
a) Base c¢) Consumed

b) Alias d) Produced

17. A(n) tag defines a memory location where data are stored. 17.
a) Base c¢) Consumed

b) Alias d) Produced

18. A(n) tag is one that the controller makes available for use by 18.
one or more other controllers.

a) Base c¢) Consumed

b) Alias d) Produced
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19. A(n) tag refers to a memory location defined by another existing tag. 19.

a) Base c¢) Consumed
b) Alias d) Produced
20. Logix controllers are based on -bit operation. 20.
a) 8 c) 32
b) 18 d) 64
21. A SINT base tag uses bits of memory. 21.
a)8 c) 32
b) 18 d) 64
22. A structure type tag 22.
a) is a grouping of different data types. ¢) is made up of members.
b) functions as a single unit. d) all of these
Name | COUNTER
Description I =
= . ) .
e e Figure 15-1 Data structure for question 23.
Name Data Type Style Description
PRE DINT Decimal
ACC DINT Decimal
Ccu BOOL Decimal
CD BOOL Decimal
DN BOOL Decimal
ov BOOL Decimal
UN BOOL Decimal

23. The type of data structure shown in Figure 15-1 would be classified as 23.
a____ type.

a) predefined ¢) user-defined

b) module-defined d) strictly defined

Generic Storage Tank Data Type = _

Figure 15-2 Data structure for

I_I_l_— question 24.
Stores the Level in Inches

Stores the Pressure in PSIG

The Temoerature in F

Speed in RPM
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24. The type of data structure shown in Figure 15-2 would be classified as 24.
a___ type.

a) predefined

b) module-defined

¢) user-defined
d) strictly defined

Figure 15-3 Data structure for

Scope: | {0 controller3 v Shaw... Show Al

question 25.

Name |Value « I Force Mask . | Style
Source: Image Courtesy of Rockwell

+HLocat.C €=~ Configuration Data
|| Locat1:| == Input Data

<[> [\Monitor Tags AEdit Tags / [}

| Data Type
AB:1756_DI_AC_...

ABTSEDLAC.. | Automation, Inc.

25. The type of data structure shown in Figure 15-3 would be classified as 25.
a____ type.

a) predefined

b) module-defined

¢) user-defined
d) strictly defined

26. Tags are created in a CLX controller 26.
a) using the tag editor before your program is entered.

b) by entering tag names as you program.

c) by using question marks in place of tag names and assigning names later.

d) any of these

27. Which of the following pieces of information is not optional when 217.
defining a tag?

a) Tag name c¢) Tag description
b) Tag type d) Data type
Scope: IConllolleﬂ[conlmllerll Show: |5h0WA" L] Sort: IBase Tag
TagN Val F Mask Styl a . .
3 = OI S i | Figure 15-4 Tag window for
[#-Locat2.C = - .
[+-Local:2: fasie) tiail questlon 28’
Section_3_Run 2#0000_0000 Binary
<[> ]\Monitor Tags A Edt Tags /7 || <] | Llﬂ
28. Figure 15-4 shows as an example of the tag window. 28.
a) new c) edit
b) monitor d) define
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Figure 15-5 Array for question 29.

29. Figure 15-5 shows as an example of a_____ dimensional array. 29.
a)l c)3

b) 2 d)4

30. An array-type tag can 30.
a) hold only one type of data. ¢) hold up to 100 values.

b) hold more than one type of data. d) only be used in the main program.
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TEST 2

Place the answers to the following questions in the answer column at the right.

1. The internal memory organization of a ControlLogix (CLX) controller is
fixed and automatically configured when beginning a project. (True or False)

2. RSLinx software is used to set up a communications link between
the RSLogix 5000 (a) software and the ControlLogix (b) .

3. CLX modules will not work unless they have been properly

configured. (True or False)

4. A CLX controller can hold and execute several projects at a time.
(True or False)

5. A project is the overall complete application. (True or False)

6. Each folder of the controller organizer tree groups common functions
together. (True or False)

7. A task contains an executable code. (True or False)

8. The three types of task execution are (a)

, (b)

9. More than one task can execute at a time. (True or False)

10. An application can be broken into a number of tasks. (True or False)

11. Periodic tasks function as timed interrupts. (True or False)

12. Only one task may be executing at any given time. (True or False)

13. The lowest priority task execution is .
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14. A continuous task executes any time a periodic or event-based task
is not executing. (True or False)

15. Programs execute in the order in which they are displayed in the

controller organizer under their .

16. Unscheduled programs can be downloaded to the controller but
remain unscheduled until needed. (True or False)

17. Logic is written in routines. (True or False)

18. A routine in CLX is similar to the program in most other PLCs.

(True or False)

19. It is possible to use different programming languages within any one
routine. (True or False)

20. ControlLogix controllers use a -based addressing structure.

21. refers to which programs have access to a tag.

22. Program scoped tags are available to all programs in a project.
(True or False)

23. A tag is a meaningful name for a memory location. (True or False)

24. The two scopes for tags in CLX controllers are (a) scope
and (b) scope.

25. A scope tag consists of data that are accessible by all

routines within a controller.

26. The scope of a tag must be declared when you create the tag.
(True or False)

27. I/O tags are automatically created as scope tags.

20.

21.

22.

23.

24a.
24b.

25.

26.

27.
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28. Controller scoped tags consist of data that can only be accessed
by the routine within a single program. (True or False)

29. BOOL type tags can be used to hold binary numbers up to 16
digits long. (True or False)

30. DINT type tags can be used to hold binary integers. (True or False)

31. A structure-type tag can only hold data of the same type. (True or False)

32. The CLX timer instruction is an example of a predefined structure.

(True or False)

33. When you add I/O modules to a project, a number of defined tags are
automatically created. (True or False)

34. An array occupies a continuous block of multiple pieces of data.
(True or False)

35. Arrays are similar to tables of values. (True or False)

36. An array can hold multiple types of data. (True or False)

37. An array can have up to three dimensions. (True or False)
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rart 2 Bit Level Programming

TEST 1

Choose the letter that best completes the statement.

1. During each program scan the processor 1.

a) reads all inputs and takes these values to control the outputs according
to the program.

b) reads all outputs and takes these values to control the inputs according
to the program.

c) reads all inputs and adjusts these values to control the outputs according
to the program.

d) reads the program and adjusts all inputs and outputs accordingly.

2. CLX bit level instructions require addresses. 2.
a) DINT c) BOOL
b) INT d) REAL
3. When creating a ladder rung 3.

a) all input instructions must be to the right of an output instruction.
b) a rung must contain at least one input instruction.

c) the last instruction must be an output instruction.

d) all of these

4. The XIC instruction 4.

a) processor checks for a logic input of 0 or 1.
b) returns a true value if the input is logic 1.
c) returns a true value if the input is 0.

d) bothaand b

5. The XIO instruction 5.

a) processor checks for a logic input of 0 or 1.
b) returns a true value if the input is logic 1.
c) returns a true value if the input is 0.

d) both a and ¢
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6. The OTE instruction 6.
a) is true when the rung associated with it has logic continuity.
b) when true can be used to energize an output.

c¢) when true can be used to set a value in memory to 1.
d) all of these

28 Limit_switch

Processor

Figure 15-6 Tag-based address for

30 O<JO l

question 7.

7. The physical address for the tag Limit_switch of Figure 15-6 would be 7.

a) Local:I:3. Data.1. ¢) Local:O:3. Data.1.
b) Local:I:1. Data.3. d) Local:O:1. Data.3.
20
D1
Q2
@3

High_limit_light

s | Figure 15-7 Tag-based address for

@6 question 8.

Processor

Output
Module

8. The physical address for the tag High_limit_light of Figure 15-7 would be 8.

a) Local:I:2. Data.5. c¢) Local:O:2. Data.5.

b) Local:I:5. Data.2. d) Local:O:5. Data.2.

9. The real-world pushbutton associated with an XIC stop contact 9.
in a motor start/stop control logic is

a) normally closed. c) timed closed.

b) normally open. d) timed open.
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10. The real-world pushbutton associated with an XIC start contact 10.
in a motor start/stop control logic is
a) normally closed. ¢) timed closed.
b) normally open. d) timed open.
Name: IMolor_Slarl
Description: ’ Start button for
motor
Alias |
CocatTiDan e Figure 15-8 Window for question 11.
[Name [Dsta Type Source: Image Courtesy of Rockwell
ﬂ + Local1:C AB1756_DO.C:0 Automation. Inc
§ B Locatt:l AB:1756_DO:LD ’ ’
§ | Localt:Faut DINT
f  Lliocalt:lData v|
01 2[3]]4 5 8|7
8 910 11 1213 14]15
16/17 18/19]20(21 22|23
24|25]26]27|28]29]3031
11. Figure 15-8 is an example of creating a tag in the 11.
a) New Tag window. c) Edit Tag window.
b) Controller Organizer window. d) Monitor Tag window.
Ladder logic program
Inputs Start button for Stop button for Output L2
L1 motor motor Motor contactor coil
Motor_Start Motor_Stop Motor_Run
Motor_Stop <Local:1:.Data.3> <Local:1:l.Data.4> <Local:2:0.Data.4> Motor_Run
= I
1cC
Motor contactor coil
Motor_Run
O—Motor_Start <Local:2:0.Data.4>
Monitor Tags Window
[ Tag Name [Value| Style [Data Type[ Description |
Motor_Start 0 Decimal | BOOL Start button for motor
Motor_Stop 1 Decimal  BOOL Stop button for motor
Motor_Run 1 Decimal | BOOL Motor contactor coil
Figure 15-9 Start/Stop program for question 12.
12. For the motor start/stop program of Figure 15-9, what would the value 12.

of the tags be when the motor is not operating?

a) Motor_Start (0), Motor_Stop (1), Motor_Run (0)
b) Motor_Start (0), Motor_Stop (0), Motor_Run (0)
c¢) Motor_Start (1), Motor_Stop (1), Motor_Run (0)
d) Motor_Start (1), Motor_Stop (1), Motor_Run (1)
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13. Internal relay instructions are used when 13.
a) real-world input field devices are needed as inputs.

b) real-world output field devices are needed as outputs.

c) real-world field devices are not needed as input or output

reference instructions.

d) bothaand b

14. The OTL instruction 14.
a) is a retentive output instruction.
b) once on will stay on even if the status of its input becomes false.

c) is used in conjunction with an OTU instruction with the same referenced tag.
d) all of these

Ladder logic program

Inputs Output
L1 L2
Fan_On_Button Vent_Fan
i <Local:1:1. Data.2> <Local:2:0.Data. 4>
©-Fan_On_Button | E (L D Figure 15-10
Vent_Fan
Fan_Off_Button Vent_Fan - Latch/unlatch
O~ Fan Off Button <Local:1:1.Data.3> <Local:2:0.Data.4>
_Off I (U program for
Monitor Tags Window question 15.
| Tag Name |Value| Style |Data Type|
Fan_On_Button 0 Decimal |BOOL
Fan_Off_Button 0 Decimal |BOOL
Vent_Fan 1 Decimal |BOOL
15. For the latch/unlatch program of Figure 15-10, what would the value 15.

of the tags be after momentary actuation of the Fan_Off_Button?
a) Fan_On _Button (0), Fan_Off _Button (1), Vent Fan (0)
b) Fan_On _Button (0), Fan_Off _Button (0), Vent_Fan (0)
c¢) Fan_On _Button (1), Fan_Off _Button (1), Vent_Fan (0)
d) Fan_On _Button (0), Fan_Off _Button (1), Vent_Fan (0)

Ladder logic program

Limit_Switch_1
L1 Input <Local:1:l.Data.6> Storage_1 ADD
] F {ONS] Add .
O— Limit_Switch_1 Source A S Figure 15-11 One shot
Sowze ! program for question 16.
Dest Sum
0+
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16. For the one shot program of Figure 15-11, the ADD function is executed 16.
a) only once per actuation of the limit switch.

b) as long as the limit switch is closed

¢) as long as the limit switch is opened.

d) either b or ¢
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TEST 2

Place the answers to the following questions in the answer column at the right.

1. A CLX controller executes the program in real time. (True or False) 1.
2. A CLX processor can update the input tag from the field and write the 2.

output tag to the field at different points during execution of the program.
(True or False)

Block
T[T
i Block (c)
—o'l_o— 3> - e —
p—o— Block [ e =
—ove— (d) > Processor —T—
—olo— > > | Figure 15-12 Block diagram for
T question 3.
Block (¢)) ' Block (b) T
LILOITTITY AT Block
v (f)
[
Block (g)
3. For the Logix controller block diagram shown in Figure 15-12, block 3a.
(a)is , block (b) is , block (c) is , block (d) is , 3b.
block (e) is , block (f) is , and block (g) is . 3c.
3d.
3e.
3f.
3g.
4. A rung does not need to contain any input instructions. 4.
(True or False)
5. Contacts are output instructions. (True or False) 5.
6. Coils are input instructions. (True or False) 6.
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7. XIO is an acronym for examine if . 7.

10.

11.

12.

13.

15.

L2

8. XIC is an acronym for examine if . 8.
9. OTE is an acronym for output . 9.
10. Output instructions can be placed in series on a rung in CLX logic.
(True or False)
11. Output instructions can be placed in parallel on a rung in CLX logic.
(True or False)
12. A tag is a text-based name for an area of the controller where
is stored.
13. Tag-based addressing is not tied to specific memory locations in the
memory structure. (True or False)
14. The tags window shows the state of the tags created for a program. 14.
15. Internal relay instructions are used when real-world field devices
are needed as input or output reference instructions. (True or False)
Ladder logic program
Inputs Output
L1 Position_1_Switch  Position_2_Switch
<Local:1:l.Data.1>  <Local:1:|.Data.2> Internal_Relay
1E ! €2
D—O/O-Position_1_8witch Position_2_Switch  Position_1_Switch
<Local:1:l.Data.2>  <Local:1:.Data.1> :
/E Room_Light
$—O0—0~ Position_2_Switch
Position_3_Switch Room_Light
Internal_Relay  <Local:1:l.Data.3> <Local:2:0.Data.5>
= i/
¢o0— O Position_3_Switch Position_3_Switch
<Local:1:l.Data.3> Internal_Relay
7 L /
a
Monitor Tags Window
| _Tag Name | Value | Style | Data Type |
Internal_Relay 0 Decimal  BOOL
| Posiion_1_Sw.. 0 |Decimal BOOL
| Postion_2_Sw.. ©0 |Decimal BOOL
| Posiion_3 Sw.. 0 |Decimal BOOL
| Room_Light 0  Decimal BOOL

Figure 15-13 Internal relay program for question 16.
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16. For the internal relay program shown in Figure 15-13, 16a.

when Position_1_Switch is closed and the other two switches are open, 16b.
what value is stored in each of the following: l6c.
Internal_Relay (a), Position_1_Switch (b), Position_2_Switch (c), 16d.
Position_3_Switch (d), and Room_Light (e) 16e.
17. OTU is an acronym for the output instruction. 17.
18. OTL is an acronym for the output instruction. 18.
19. ONS is an acronym for the one instruction. 19.
20. An ONS instruction can be used to turn an output on for one scan. 20.
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Programming Assignments for Part 2

Output L2

» Inputs Ladder logic program
Motor_Start Motor_Stop Motor_Run
Motor_Stop e - =
1E - - = D=
O—NMotor Start Motor_Run

| =

Stop

O Monitor Tags Window

Start [ Tag Name [ Value| Style [Data Type| Description |

Figure 15-14 Start/stop motor control program for assignment 1.

Motor_Start 0 Decimal | BOOL Start button for motor
Motor_Stop 1 Decimal | BOOL Stop button for motor
Motor_Run 1 Decimal | BOOL Motor contactor coil

Motor_Run —@J

1) The start/stop motor control program of Figure 15-14 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.

b) Modify the operation to include a second start and stop pushbutton station.

Inputs
L1

¢—0—"0~ Position_1_Switch

—O—0~ Position_2_Switch

$—0—"0~ Position_3_Switch

ee
=

=)

Ladder logic program

Position_1_Switch  Position_2_Switch Internal_Relay
1 F - 2
Position_2_Switch  Position_1_Switch
1E =l
Internal_Relay  Position_3_Switch Room_Light
plll= =/ = 2
Position_3_Switch  Internal_Relay
3 E -/

Monitor Tags Window

|_Tag Name | Value | Style | Data Type |
Internal Relay | 0 Decimal  BOOL
Position_1_Sw..| 0  |Decimal BOOL
Position_2 Sw..| 0  |Decmal  BOOL
Position_3_Sw... | 0 | Decimal  BOOL
Room_Light 0 Decimal  BOOL

Figure 15-15 Internal relay program for assignment 2.

Output

Room_Light

b,
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2) The internal relay program of Figure 15-15 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.

b) Modify the operation to include an additional single pole switch that will implement
ON/OFF control of the light from a fourth position.

Inputs
L1

=L

O Fan_On_Button

O~ Fan_Off_Button

ON

OFF

Ladder logic program

Fan_On_Button

JE

Vent_Fan

J L

Fan_Off_Button

il

(|

Vent_Fan

1
|

=

Monitor Tags Window

Tag Name | Value| Style

|Data Type|

Fan_On_Button 0
Fan_Off_Button 0
Venl_Fan 1

Decimal
Decimal
Decimal

BOOL
BOOL
BOOL

Qutput
2 Figure 15-16
Latch/unlatch
Vent_Fan program for

assignment 3.

3) The latch/unlatch program of Figure 15-16 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.

b) Modify the operation to include an additional on/off pushbutton station.

24 VDC 120 VAC
| || N\
o
Il 8
Temp Sw
P
\"5 Latch Relay
coil contact
Float Sw 1 Float Sw 2 u _{
Sensor Sw 1
oé—
% Pressure Sw
—1 Sensor Sw 2
N
Reset Button Unla_tch
| coil
O O

340

0_

Figure 15-17 Hardwired
latch/unlatch circuit for
assignment 4.



4) Prepare an I/O connection diagram and ControlLogix program that will simulate the
operation of the hardwired latching relay alarm circuit shown in Figure 15-17 and
described in the text. Utilize field devices found on your ControlLogix installation. Enter
the program into the controller, and monitor its operation.

Full tank
L1 . sensor L2
- Fill
A SN
\—Q_Lg—o—o o—+¢ O D @ >
1CR; ‘
e |}

1CR, Solenoid A

) I f . Figure 15-18 Hardwired tank filling and

emptying operation for assignment 5.
Empty tank

Empty sensor

..
AR A
——

2CR, Solenoid B

S e

5) Prepare an I/O connection diagram and ControlLogix program that will simulate the

operation of the hardwired tank filling and emptying operation shown in Figure 15-18
and described in the text. Utilize field devices found on your ControlLogix installation.
Enter the program into the controller, and monitor its operation.

Inputs Ladder logic program Outputs

L1 L2
Stop_button Forward_button Reverse_coil Forward_ Coil

<Local:1:1.Data.0> <lLocal:1:1.Data1> <Local:2:0.Data.1> <Local:2:0.Data.0> 7
Forward_Coil @

Stop_button ] E 4] Hﬁ—( >—

G- Forward_button Forward_ Coil Reverse _Coil
<Local:2:0.Data.0>
o- Reverse_button 1L
Sgp Stop_button Reverse_button Forward_ Coil Reverse_coil Reversing contactors
. <Local:1:1.Data.0> <Local:1:1.Data.2>  <Local:2:0.Data.0> <Local:2:0.Data.1>
_] 1F . - ()
Forward = 1C ¥ X oA
TS Reverse_coil
<Local:2:0.Data.1>
1r
1L

Figure 15-19 Programmed reversing conveyor motor control circuit for
assignment 6.
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6) The programmed reversing conveyor motor control circuit of Figure 15-19 is described
in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the operation to include Off, Forward, and Reverse pilot lights.

Inputs Ladder logic program Outputs
L1 L2
Motor_Stop Motor _ Start T'rack_Motor Rpeal
<Local'1:1.Data.0> <Local:1:1.Data1> <Local:2:0.Data.0> Do_Not_Enter Sign { )+
+alo Motor Stop Loca ‘_][[:I”l ' ][ ' :’C"( ) “ _-p Wy
. I'rack Motor Enter LS 7
+0 o Motor_Start <Local:2:0.Data.0> | |<local1:l.Data2>  Wash_In_Use Track_Motor -
. [ | O 1
Stop
&) Do_Not_Enter_Sign (
Start Wash _In_Use <Local:2:0.Data.1>
¢ OO Enter LS | ][ ( )
n!%p—x Exit LS
Locak1:1.Data.3 Wash _In_Use
" I O,
OO Exit LS

.
Figure 15-20 Car wash program for assignment 7.

7) The latch/unlatch instruction, used as part of a car wash program, is shown in the
program of Figure 15-20. Its operation is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the operation to include an additional start/stop pushbutton station.
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L1

4_Sensor
8_Sensor

12_Sensor

$—0 ©O—Clear_Sums

€ @ - e

Figure 15-21 One-shot instructions program for assignment 8.

Ladder logic program

4_Sensor
<Local:1:.Data.0> ADD
1 ¢ A0 ]
Source A Sum_ONS
0
Source B 4
Dest Sum_ONS
0
8_Sensor
<Local1:.Data.1> 0OSR
1/ One Shot Rising (0B )—
Storage Bit Storage_OSR
Output Bit Qutput_Bit_OSR |H{SB)—
Output_Bit_OSR ADD
1 ¢ Ao 1
Source A Sum_0OSR
0
Source B 8
Dest Sum_OSR
0
12_Sensor
<Local1:.Data.2> OSF
] ¢ One Shot Falling (0B )—
Storage Bit Storage_OSF
Output Bt  Output_Bit OSF [(SB)—
Output_Bit_OSF ADD
] A ]
Source A Sum_OSF
0
Source B 12
Dest Sum_OSF
0
Clear_Sums_PB
<Local:1:.Data.3> CLR CLR: CLR
] ¢ Clear | Clear |— Clear —
Dest Sum_ONS Dest Sum_OSR Dest Sum_OSF
0 0 0

8) The one-shot instructions, used in conjunction with math operations, are shown in the

program Figure 15-21. Its operation is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.
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rart3  Programming Timers

TEST 1

Choose the letter that best completes the statement.

1. Timers are used to L.
a) turn outputs on and off after a time delay.
b) turn outputs on or off for a set amount of time.

¢) keep track of the time an output is on or off.

d) all of these
Data Type: TIMER
Name: | Pump_Timer
Description:
Figure 15-22 Timer structure for
Members: Data Type Size: 12 byte(s) . )
10N 4.
Name IData Type ISler IDescription I quest 0

PRE DINT Decimal Source: Image Courtesy of Rockwell
| Acc DINT Decimal Automation, Inc.

EN BOOL Decimal
T BOOL Decimal

DN BOOL Decimal

2-1. For the timer structure shown in Figure 15-22, which member specifies 2-1.
the value the timer must accumulate to reach the desired time delay?

a) PRE c) ACC
b) EN d)TT
2-2. Which member indicates that accumulated value 2-2.

is equal to the preset value?

a) PRE c) ACC

b) EN d)TT

2-3. Which member indicates that a timing operation 2-3.
is in process?

a) PRE c) ACC

b) EN d)TT
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Diverter gate
solenoid delay timer

TON
— Timer On Delay —CEN_ Figure 15-23 Timer instruction for question 3.
Timer Solenoid_Delay
Preset 3000 —(DN)>-
Accum 0-
3-1. The timer tag name for the timer shown in Figure 15-23 is 3-1.
a) Diverter gate solenoid delay timer. c¢) Solenoid_Delay.
b) Timer. d) eitheraorc
3-2. The timer’s delay time would be 3-2.
a) 3,000 s. c) 30s.
b) 300 s. d)3s.
4. Which instruction can best be used to turn an output coil on or off after 4.
the rung has been false for a desired time?
a) RTO c) TON
b) TOF d) TONF
5. A TOF timer starts to accumulate time when the rung 5.
a) makes a true-to-false transition. c¢) when the done bit is set to 1.
b) makes a false-to-true transition. d) when the done bit is reset to 0.
TOF
— Timer Off Delay —CEND . ) . . .
Titmer  Sampls_TOF Flgur.e 15-24 Timer instruction for
Preset 5000- DN )-|  question 6.
Accum Q-
6-1. The timer tag name for the timer shown in Figure 15-24 is 6-1.
a) TOF. ¢) Sample.
b) Timer. d) Sample_TOF.
6-2. The timer’s delay time would be 6-2.
a) 5,000 ms. ¢) 50 ms.
b) 500 ms. d) 5 ms.
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7. A RTO retentive on-delay timer retains its ACC value even if
a) the rung goes false.

b) the processor is placed in the program mode.

c¢) power to the processor is temporarily interrupted.

d) all of these

8. The RTO timer’s ACC value is reset to zero by a
a) RES instruction with a different tag name.

b) RES instruction with the same tag name.

c) true-to-false transition of the timer rung.

d) false-to-true transition of the timer rung.
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TEST 2
Place the answers to the following questions in the answer column at the right.

1. The timer address in the ControlLogix controller is a predefined of
the TIMER data type.

2. The on-delay timer (TON) is a retentive timer. (True or False)

3. The timer’s delay time would equal the value in the ACC multiplied by
the time base. (True or False)

4. Retentive timers lose the accumulated time every time the rung condition

becomes false. (True or False)

5. The time increment used in CLX timers is milliseconds. (True or False)

6. The TON instruction produces a(n) -delay timer.

7. A TON timer begins accumulating time when the rung conditions
become true. (True or False)

8. The timer off-delay (TOF) instruction can be used to turn an output coil
on or off after the rung has been false for a desired time. (True or False)

9. A TOF timer begins accumulating time when the rung conditions
become true. (True or False)

10. The instruction is used to reset a timer’s accumulated value.

10.
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Programming Assignments for Part 3

L1 Ladder logic program L2
Input Outputs
Timer_Sw TON
Timer_Sw |—i [@—— Timer On Delay L ENDE—] EN_PL -@—o
Timer Status_Timer
En Preset 10000+ -CDND—
Accum 5000+ .
%9 me-{g)-¢ Figure 15-25 Ten-second
Status_Timer EN EN_PL TON timer program for
== = our-ON4  assignment 1.
Status_Timer. TT TT_PL
d = =]
Status_Timer.DN DN PL
1E <>

1) The 10-second TON timer program of Figure 15-25 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the program with an additional rung added that will energize a solenoid
whenever the timer is enabled and timing.

Ladder logic program
L1 Inputs Output L2

SOL_Energize_Sensor SOL_Deenergize_Sensor TON
SOL_Energize_Sensor ] [ q E— Timer On Delay —CEND—
Timer T_SOL_Delay
~, T_SOL_Delay EN Preset 3000+ —CDND>— SOL_Gate
g arC Accum 0« -
1 C
6,
s ,V C :"'7
SOL_Deenergize_Sensor T_SOL_Delay.DN SOL_Gate =t 7
u i D W
J 7,

\(’g 4 C
Figure 15-26 TON timer program used to delay the operation of a diverter for

assignment 2.

Source: Photo courtesy Omron Industrial Automation, www.ia.omron.com

2) A TON timer program used to delay the operation of a diverter gate is shown in Figure
15-26 and described in the text. Prepare an I/O connection diagram and ladder logic
program that will simulate its operation. Utilize field devices found on your ControlLogix
installation. Enter the program into the controller, and monitor its operation.
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L1 Input

-
v
§ == Timer_Button

Ladder logic program Output

Timer_Button Green_PL TON
J E L) Timer On Delay HCEND——
Timer Pilot_Light_Timer Green PL =
Pilot_Light_Timer.EN Preset 20000+ H(DND>— =
3 F Accum 0 i
Green_PL
Pilot_Light_Timer.DN Pilot_Light_Timer
JE RES) ()

Figure 15-27 Pilot light TON timer program for assignment 3.

L2

3) The pilot light TON timer program of Figure 15-27 is described in the text. Prepare an

I/O connection diagram and ladder logic program that will simulate its operation. Utilize

field devices found on your ControlLogix installation. Enter the program into the

controller, and monitor its operation.

Ladder logic program

Amber_Light_Timer.DN TON
] /i Timer On Delay —ICEN DI
Timer Red_Light_Timer
Preset 30000« —(DND>—
Accum 0«
Red_Light_Timer.DN TON
J E Timer On Delay HCEND——
Timer Green_Light_Timer
Preset 25000« —DND—
Accum 0«
Green_Light_Timer.DN TON
JE Timer On Delay HCEND—
Timer Amber_Light_Timer
Preset 5000« —(DND—
Accum 0«
Red_Light_Timer.EN Red_Light_Timer.DN Red_Light
Green_Light_Timer.EN  Green_Light_Timer.DN Green_Light
IE 9/ €3
Amber_Light_Timer.EN  Amber_Light_Timer.DN Amber_Light
1E o/ D

Figure 15-28 Traffic control program for assignment 4.

Outputs

Red_Light

Amber_Light

Green_Light

L2
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4) The traffic control program of Figure 15-28 is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the program to extend the green light ON time to 40 seconds.

Ladder logic program
L1 Input
ha Timer_Button TOF Output L2
Z— Timer_Button 1 E Timer Off Delay END>—
Timer Pilot_Light_Timer
Preset 20000° (DN~ | ‘reen L
Accum 0- =]
Pilot_Light_Timer.DN Green_PL
JIE D
4 C NS

Figure 15-29 Pilot light TOF timer program for assignment 5.

5) The pilot light TOF timer program of Figure 15-29 is described in the text. Prepare an
I/O connection diagram and ladder logic program that will simulate its operation. Utilize
field devices found on your ControlLogix installation. Enter the program into the

controller, and monitor its operation.

Ladder logic program

Inputs L2
L1 Oven_On_Button Oven_Off_Button Oven_On_PL Qutputs
[+
| ] — <
o
Oven_On_Button v On_PL SR _-_
1 E
Oven_Off_Button =
QOven_On_PL TON- Warning_Horn
1 E Timer On Delay —CEN
o Timer  Timer_Heat
ON Preset 10000« —CDN>—
Accum 0+
Heater_Contactor
OFF TOF =
Timer Qff Delay —CEN
Timer Timer_Cocling
Preset 300000+ —CDND>—
Accum O«
Timer_Heat.TT ‘Warning_Horn
el €=
Timer_Heat.DN Heater_Contactor
- e
- L ~ S
Timer_Cooling DN Fan_Motor
JE C )
4 C ~ A

Figure 15-30 Timer control of a heating process program for assignment 6.
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6) The timer control of a heating process program of Figure 15-30 is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.

Ladder logic program

W Outputs

Limit_Switch RTO L2
J E Retentive Timer On | CEND—

— -  [f

._OV\O- Limit_Switch Timer LS_Timer

Preset 120000+« HCDND—
Zj’ Accum 0% LS_EN_PL —E ):—0
(&)
LS_Timer.EN LS_EN_PL
| JE @ LS. TT_PL _Z:Z_o

p—O O— Reset_LS_Timer

L1 Input

LS_Timer.TT LS_TT_PL
=3\ 1 E C LS_Alarm -m-n
LS_Timer.DN LS_Alarm
JLE D
1 C {0
Reset_LS_Timer LS_Timer
J E RES)—

d

Figure 15-31 Limit switch RTO timer program for assignment 7.

7) The limit switch RTO timer program of Figure 15-31 is described in the text.
a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.

b) Modify the program to include a warning light that comes on with the alarm to signal

that the timer has timed out.

L1 L2
On/Off
switch
o0 (cr)
AN

Low pressure
switch

| |-
11 OIC
CR

On-delay timer

assignment 8.

@

Os

0\1\0 N —

Figure 15-32 Hardwired TON alarm circuit for
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8) Prepare an I/O connection diagram and ControlLogix program that will simulate the

operation of the hardwired TON alarm circuit shown in Figure 15-32 and described in the

text. Utilize field devices found on your ControlLogix installation. Enter the program into

the controller, and monitor its operation.

L1

Inputs

- @F

Stop_PB

Stop_PB
<Local:1:1.Data.0>

=

Start_PB
<Local:1:l.Data.1>
] L

Ladder logic program

Internal_Relay

AR

| r

Internal_Relay
] L

Internal_Relay
h ] L

1 r

by

1 r

Timed_Event_1.DN
h | L

3 L3

Timed_Event_2.DN
h | L

1 T

Timed_Event_1.DN
h | L

TON
Timer On Delay H(EN}—
Timer Timed_Event_1
Preset 3000 |-(DN}—
Accum 0

TON
Timer On Delay (EN}—
Timer Timed_Event_2
Preset 10000 (DN}—
Accum 0

TON
Timer On Delay —(EN}—
Timer Timed_Event_3
Preset 5000 |-(DN}—
Accum 0

Event_1_Complete_PL
<Local:2:0.Data.0>

{ )}
s

3 L3

Timed_Event_2.DN
] L

Event_2_Complete_PL
<Local2:0.Data.1>

({ )
F

3 r

Timed_Event_3.DN
h | L

Process_Complete_PL
<Local:2:0.Data.2>

{ )

3 L3

\ !

Figure 15-33 Cascaded TON timer program for assignment 9.

Outputs
L2

Event_1 ‘Kg—*
Event_2 ﬁi}‘

Complete %aH

9) The cascaded TON timer program of Figure 15-33 is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.
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L1

Input

O— Limit_Switch

f

Ladder logic program

Limit_Switch
<Local:1:.Data.0>

Timer_Reciprocating_On.DN

] i/t

Timer_Reciprocating_Off.DN
] L

1 T

Timer_Reciprocating_Off.DN
h | L

TON
Timer On Delay HENy——
Timer Timer_Reciprocating_Off
Preset 2000 (DNy—
Accum 0
N
Timer On Delay HEN——
Timer Timer_Reciprocating_On
Preset 2000 DN)—
Accum 0
Alarm_PL
<Local:2:0.Data.0>
{
¥

1t

Figure 15-34 Flashing pilot light program for assignment 10.

Output

L2
vy
Alarm_PL —Zgj—o

10) The flashing pilot light program of Figure 15-34 is described in the text.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.
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rart4  Programming Counters

TEST 1
Choose the letter that best completes the statement.

1. Counters count 1.
a) true-to-false transitions of the counter rung.

b) false-to-true transitions of the counter rung.

c) the length of time a counter rung is true.

d) the length of time a counter rung is false.

CTU
Count Up —cu Figure 15-35 Counter instruction for
Counter Package_Counter .
Preset 24- —(DN) question 2.
Accum 0-
2-1. For the counter instruction shown in Figure 15-35, which parameter 2-1.

specifies the value the counter must reach before the done bit turns on?
a) Count Up c) Preset
b) Package_Counter d) Accum

2-2. Which parameter indicates the number of transitions of the counter rung? 2-2.

a) Count Up c) Preset

b) Package_Counter d) Accum

2-3 What is the counter’s tag name? 2-3.
a) Count Up c) Preset

b) Package_Counter d) Accum

3. The counter Accum value is reset to zero by a 3.

a) RES instruction with a different tag name.
b) RES instruction with the same tag name.

c) true-to-false transition of the counter rung.
d) false-to-true transition of the counter rung.
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4. A CTD counter will cause the accumulated value to when there 4.
is a false-to-true transition of the counter rung.

a) reset to zero ¢) decrease by one

b) increase by one d) remain the same

5. The ControlLogix CTD instruction is typically used with a CTU 5.
instruction that references

a) the same counter structure. c) the same data table.

b) a different counter structure. d) a different data table.
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TEST 2

Place the answers to the following questions in the answer column at the right.

1. A counter counts the change of state of an external trigger signal.
(True or False)

2. The two basic counter types are the (a) -counter and the
(b) -counter.

3. All counters are nonretentive. (True or False)

4. The acronym CTD stands for a count- counter.

5. The acronym CTU stands for a count- counter.

6. A counter retains its Accum value if the rung goes false. (True or False)
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Programming Assignments for Part 4

Ladder logic program

L1 Inputs Outputs
24 bottle counter L2
Bottle_Sensor CTU
h@- Bottle_Sensor ] E Count Up HCCUD>—
Counter Package_Counter | t PL
Preset 24- —=(DND>- peements
Accum 0-
= = 24 bottle counter Increment_PL Preset_Reached_PL
ﬂ‘ [ Package_Counter.CU <Local:2:0.Data.4>
)/ 1L >
= = 2,
l 24 bottle counter Preset_Reached_PL
Package_Counter.DN <Local:2:0.Data.5>
1F "
p—0 O—Reset_Button 4L i
24 bottle counter
@ Reset_Button Package_Counter
] E RES)

Figure 15-36 Count-up counter program for assignment 1.

1) The count-up counter program of Figure 15-36 is used to count packets of bottles and
is described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the program to count six bottle packets.

Ladder logic program
L1 L2

Input "
P Container_Sensor cTU Output
7 1 E Count Up )
1.E
Container_Sensor Counter Container_Counter_Counts
Preset 6+ <(DND>— SOk

Accum 0.

CTu

Count Up —(cu
Counter Container_Counter_Max
Preset 11+ <(DND—
Accum 0+
.
Figure 15-37 Count-up
Container_Counter_Max.DN Contai Counter Count:
e il i counter program for
3 C
Container_Counter_Max .
RES assignment 2.
Container_Counter_Counts.DN Container Sensor soL

1k 1k
1C 10

&
& sensor

Solenoid ﬂ =~

357



2) The count-up counter program of Figure 15-37 is used to remove containers from a
conveyor line and is described in the text. Prepare an I/O connection diagram and ladder
logic program that will simulate its operation. Utilize field devices found on your
ControlLogix installation. Enter the program into the controller, and monitor its
operation.

Ladder logic program

Inputs Output L2
L1 Restart_Button Counter_1
3 E (RES>—
Conveyor_Contactor
-0 O— Restart_Button
Pe Enter_Limit_Sw cTU
@ 1 E Count Up —(cuD>—
Counter  Counter_1 . _
Preset 50« HCDND— i Flgure 15 38
Accum 0«
b—o\\o—Enter_leut_Sw CTU and CTD
£ i\@ o Exit_Limit_Sw cTD counter
q E Count Down —(CD>— f
— Counter  Counter_1 rooram ior
»—o\\o— Exit_Limit_Sw Preset 50 -COND— p g
Accum 0 .
- assignment 3.
%\ i,l\
Counter_1.DN Conveyor_Contactor
/= Dm————

3) An example of CTU and CTD counters used together is shown in Figure 15-38 and
described in the text.

a) Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.

b) Modify the program to include a red pilot light to indicate entry of a part into the
buffer zone and a green pilot light to indicate exit of a part from the buffer zone.

4) Write a ControlLogix program, complete with tags, for an up/down counter used to
keep track of cars entering and exiting a parking lot. The program requirements for this
application are summarized as follows:

e The parking lot holds 30 vehicles.
e There is an entrance vehicle sensor and an exit vehicle sensor.
e When the parking lot is full, a Lot Full sign is illuminated.

e Whenever a car exits the lot, a Caution Buzzer/Light is activated to warn
pedestrians.

Utilize field devices found on your ControlLogix installation. Enter the program into the
controller, and monitor its operation.
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Inputs
L1

Off On
E 4

e—0 o— Start_Switch

u—@ Bottle_Sensor

Start_Switch

Ladder logic program

N

TON
] Timer On Delay HEN—
Timer 1_Min_Timer
Preset 60000 |~(DN}—
Accum 0
Start_Switch 1_Min_Timer.DN Bottle_Sensor CcTU
] ¢ 1/ ¢ ] ¢ Count Up ~CU—
Counter Total_Bottles
Preset 0 -(DNy—
Accum 0
Start_Switch Total_Bottles
IR (RES}

- §

Figure 15-39 Bottle flow rate program for assignment 5.

5) The bottle flow rate program of Figure 15-39 is described in the text.
Prepare an I/O connection diagram and ladder logic program that will simulate its
operation. Utilize field devices found on your ControlLogix installation. Enter the

program into the controller, and monitor its operation.
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Input Ladder logic program Output

L1 L2
Bottle_Detector
CTu ’
{Bottle_Detector ]t Count Up —(CU} Bottle_Diverter_Gate <z\/o °
= Counter Bottle_Counter_1 [
Preset S5 HDNy—
Accum 0
cTu
Count Up —(CU}
Counter Bottle_Counter_2
Preset 10 —(DNy—
Accum 0
Bottle_Counter_2.DN  Bottle_Detector Bottle_Counter_1
] i/ F (RES)

Bottle_Counter_2
(RES}

Bottle_Counter_1.DN Bottle_Detector Bottle_Diverter_Gate
k| L ] / L { )
] 1/t

Bottle_Diverter_Gate

h | L
1 r

Figure 15-40 Bottling operation program for assignment 6.

6) Figure 15-40 is an example of a bottling operation where a PLC is used to remove 5
out of every 10 bottles as they pass by on a conveyor.

e When a bottle is detected, both counters increase their value by 1.

¢ When the 6th bottle is detected, a diverter gate is activated and diverts bottles 6
through 10 from the main conveyor.

e The diverter gate is then switched off to allow bottles 11 through 15 to pass by on
the main conveyor.

Prepare an I/O connection diagram and ladder logic program that will simulate its

operation. Utilize field devices found on your ControlLogix installation. Enter the
program into the controller, and monitor its operation.
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rart 5  Math, Comparison, and Move Instructions

TEST 1

Choose the letter that best completes the statement.

1. The ADD instruction adds values from 1.
a) Source A and Source B and stores the result in Source C.

b) Source B and Source C and stores the result in the Source A.

¢) Source A and Source B and stores the result in the Dest.

d) Source A and Dest and stores the result in the Dest.

Ladder logic program

L et ADD_Sw
<Local:1:|.Data.1> ADD
| o—C— ADD_Sw ggjrce/-\ Value_A . . .
@ 35. Figure 15-41 ADD instruction rung

Source B Value_B

S 15« for question 2.
Dest Total_Value
2. For the ADD instruction rung shown in Figure 15-41, the value stored 2.
in Dest would be
a) 1. c) 50.
b) 35. d) 15.
Ladder logic program
L1 Input | SUB_Sw
<Local:1:1.Data. 4> SUB

}Mﬁ SUB_Sw 2:3:21014 Parts_Stock

= B Calculate 100 « Figure 15-42 SUB instruction

@ J E Source B Shipped_Parts .

= Dest  Current Inventory‘ rung fOI' queStlon 3'

T 600+

3. For the SUB instruction rung shown in Figure 15-42, the number of 3.
shipped parts would be
a) 100. c) 600.
b) 500. d) 1,700.
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Ladder logic program

Source A Cases_Praduced
10«
Source B Bollles_Per_Case
12«
Sw. 2 Dest Bottles_Produced

Sw_1 Sw_2
swy | Tongigen Ton Qi ey # Figure 15-43 MUL instruction
rung for question 4.

.

&

=
4. For the MUL instruction rung shown in Figure 15-43, the number of 4.
bottles produced would be
a) 120. c) 200.
b) 1,200. d) 800.

Ladder logic program output L2
Equal_PL . . .
% vl _q( >_‘ — Figure 15-44 EQU instruction rung for
Source A ValueE: ) qual question 5.

Source B Value_2

€

5. For the EQU instruction rung shown in Figure 15-44, what value(s) 5.
stored in Source B would make the instruction logically true?

a) 24 c)0to23

b) 25 d) 0 to 24

Ladder logic program

L2
Output
NEQ Not_Equal_PL Figure 15-45 NEQ instruction
Not Equal —-C g Q
Source A Value 1 ot Equal. PL rung for question 6.

Source B Value_2
100 +

6. For the NEQ instruction rung shown in Figure 15-45, what value stored 6.
in Source 4 would make the instruction logically true?

a) 10 c) 146
b) 98 d) All of these
Ladder logic program L2
Clput Figure 15-46 LES instruction
LES Less_Than_PL
Less Than (A<B - i
Sl :n( Va)ﬂue_1 — >—{ s TR ZFL rung for question 7.
20 «

Source B Value_2
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7. For the LES instruction rung shown in Figure 15-46, what Value_2 would 7.

make the instruction logically true?

a)5 c) 25
b) 15 d) All of these
Ladder logic program L2
- s Tha_PL e Figure 15-47 GRT instruction
Greater Than (A>B — .
S;i?ceerA o (V:lu;_1 Greater_Than_PL rung for question 8.

Source B Value_2
300+

8. For the GRT instruction rung shown in Figure 15-47, what Value_1 8.
would make the instruction logically true?

a) 301 c) 299

b) 300 d) All of these
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TEST 2

Place the answers to the following questions in the answer column at the right.

1. Source is a value that is input to a math instruction. (True or False)
2. Dest (destination) is where the _____ of the math instruction is stored.

3. Math instructions always send a REAL number result to the destination
tag. (True or False)

4. Math instructions always send a DIN number result to the destination tag.

(True or False)

5. Math instructions always send a number type that matches the type
of the destination tag. (True or False)

6. Compare instructions are used to compare two .

7. CMP instructions allow the programmer to enter complex expressions

in one instruction. (True or False)

8. The MOV instruction can move the contents of one memory location
to another location. (True or False)
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Programming Assignments for Part 5

Ladder logic program

L1

Inputs Conveyor_1_Sensor cTU
1E

1 E Count Up HCCUD—
Counter Conveyor_1_Parts

Preset 250« ~CON>—
Accum 30 #|
[ Conveyor_1_Sensor

= Conveyor_2_Sensor

cTu
— 1 E Count Up HCCcu>—
Counter Conveyor_2_Parts

Pi 250€—COND>— .
@ Acoum 7oe. Figure 15-48 Parts
[ Conveyor_2_Sensor

.
e tracking program for
= Add —
“E Eﬁ Source A Conveyor_1_Parts ACC :
T e assignment 1.
Source 8 Conveyor_2_Parts ACC
T0#|
Dest Conveyor_3_Parts
—0 O— Manual_Conveyor_Reset 1oae
" >~
™~
: Conveyor_1_Parts.DN Conveyor_1_Parts  Conveyor_2_Parts
. JE CRES RES
\ Conveyor 1 Conveyor_2_Parts.DN

> s
\ #E
\ Conveyor 3 Manual_Conveyor_Reset
- i 2
- .

Conveyor 2

2

1) The program of Figure 15-48 is used as part of a parts tracking system and is described
in the text. Prepare an I/O connection diagram and ladder logic program that will
simulate its operation. Utilize field devices found on your ControlLogix installation.
Enter the program into the controller, and monitor its operation.

u Ladder logic program
Inputs
L Count_PB cTu Outputs L2
- - Count Up —CcuH—
JC p
©—Count_PB Counter o1
Preset 25« =(DND>—
a Aceum O« PL_1
GRT LES PL1 PL 2
O—Reset_PB —— Greater Than (4>8) Less Than (4<8) =
. Source A C1.ACC Source A ClACC
il O« 0+
. (' Source B 5 Source B 10 PL3 ]
Figure 15-49
EQU PL2 .
- Equa c: Comparison
Source A C1.ACC
[+13
Source & 15 program for
- B8 assignment 2.
— Not Equal
Source A C1.ACC
O«
Source B 20
C1.DN c1
i E RES>—
Reset_PB
1 -
JC
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2) The comparison program of Figure 15-49 is used to test the accumulated value of a

counter and is described in the text. Prepare an I/O connection diagram and ladder logic

program that will simulate its operation. Utilize field devices found on your ControlLogix

installation. Enter the program into the controller, and monitor its operation.

L1 Inputs

—0 O— PB_10s

»—o_Lo— PB_15s

O~ Timer_Start

Ladder logic program

s MOV
1 E Move
Source 10000
Dest T1.PRE
10000+
PB_15s MOV
1 E Move
Source 15000
Dest T1.PRE
10000+
Timer_Start TON
1 E Timer On Delay HCEND—
Timer 1
Preset 10000+« —CDND>—
Accum 0
T1.0T PL_1
N
1 C
Ti.DrN PL.2
C

Figure 15-50
MOY program
for

assignment 3.

3) The MOV program of Figure 15-50 is used to create a variable preset timer and is

described in the text. Prepare an I/O connection diagram and ladder logic program that

will simulate its operation. Utilize field devices found on your ControlLogix installation.

Enter the program into the controller, and monitor its operation.

Inputs

L1

O—PL_Equal_Sw

BCD_TWS

(All 16 bits)

Thumbwheel switch

Decimal

Ladder logic program

PL_Equal_Sw

<Local:1:l.Data.0>

Y L

MOV

Move

Source BCD_TWS

2#0000_0000_0000_0000_0000_0000_0010_0000

Dest BCD_Display

2#0000_0000_0000_0000_0000_0000_0010_0000

<Local:2:0.Data.0>

> I -

EQU
Equal
Source A BCD_TWS
2#0000_0000_0000_0000_0000_0000_0010_0000
Source B Source_B

2#0000_0000_0000_0000_0000_0000_0010_0000

BCD_Display — —

20 Decimal = 100000 BCD

Outputs
L2

Equal_PL 7< :}—q

(All 16 bits)

0020

Decimal

Figure 15-51 Monitoring of the setting of a thumbwheel switch program for

assignment 4.
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4) The program for the monitoring of the setting of a thumbwheel switch is shown in

Figure 15-51 and described in the text. Prepare an I/O connection diagram and ladder

logic program that will simulate its operation. Utilize field devices found on your

ControlLogix installation. Enter the program into the controller, and monitor its

operation.

Inputs

L1

ﬂ-QJ_Q- Conveyor_Stop

&0 o- Conveyor_Start

Stop

Start

Conveyor_Stop

Ladder logic program
Conveyor_Start internal_Relay
k { }——
Internal_Relay
] |
Weight_Normal

EQU
Equal
Source A

Source B

Conveyor_Load_Cel

5.0
5

{ )
¥

LES.

—@ Conveyor_Load_Cell

LES
Less Than (A<B)
Source A

Source B

Conveyor_Load_Cell

5.0
5

i

‘Weight_Below_Normal

{ )
¥

GRT-
Greater Than (A>B)
Conveyor_Load_Cell

Source A

Source B

5.0
5

Weight_Above_Normal

{ 3
L}

Weight_Normal

Weight_Below_Normal

Weight_Above_Normal

:
H

Figure 15-52 Speed control of a three-speed motor conveyor system program for

assignment 5.

5) The program for speed control of a three-speed motor conveyor system is shown in

Figure 15-52 and described in the text. Prepare an I/O connection diagram and ladder

logic program that will simulate its operation. Utilize field devices found on your

ControlLogix installation. Enter the program into the controller, and monitor its

operation.
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u Main_Conveyor_LS U
P Couter” M Co counter || 2
e nter
#—Ox- O~ Main_Conveyor_LS Pms“el sl eliiaats 5000 |-ON—
Accum 0 "
@_ £c0_Dupay +
Reject_Conveyor_LS cTU
Reject_Conveyor_LS ik Count Up Heur—
+_°V'-°- oleet.Con = o Counter  Reject_Conveyor_Counter
Preset 5000 HDNy—
@- Accum 0
| ..I_ Main_Conveyor_LS SUB
T—D 0= Resst_PB ]t Subtract
i Source A Iﬂlt\_cnﬂvmr_CuunlﬂAcg
'
' |- Reject_Conveyor_LS Source B Reject_Conveyor_Counter ACC
1 ¢ 0
LUl Dest Dats_Format_Conversion
0
TOD-
To BCD —
Source Dats_Format_Conversion
[
Dest BCD_Output_Display
0
Reset_PB Main_Conveyor_Counter Reject_Conveyor_Counter CLR
] ¢ (RES)- (RES} Clear 1
Dest Data_Format_Conversion
0

Reject conveyor

Main conveyor LS S - Diverter gate

Figure 15-53 Conveyor parts track