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FORWARD

When we talk about programr..able logic controllers, the emphasis alm.st has to be on
“"programmable” because  rograms that can be written on-site for a specific control
objective are really what programmable controllers are all apout. MAVCC's text treats the
skills required to effectively work with PLCs as mostly prcgramming skills. We feel that
a student trained to prepare and program ladder logic diagrams for defined objectives will
have a highly marketable skill in the workplace. Programmable logic controllers first began
as replacements for hard-wired relays, but their applications have literally mushrooraed into
all phases of industrial controls. PLCs are a significant new part of electrical/electronic
installations, and techricians with appropriate skills can look forward to good jobs,
excellent pay, promising futures in an exciting new jot area. For many students interested
in acquiring new skills or expanding present skills, MAVCC's Programmable Logic
Controllers could be the start of something big.

Ann Masters, Chairman Jim Steward
Board of Directors Executive Director
Mid-America Vocational Mid-America Vocational
Curriculum Consortium Curriculum Consortium
~
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USE OF THIS PUBLICATION

Instructional Units

Programmable Logic Controller contains seven units of instruction. Each instructional unit
includes some or all of the basic components of a unit of instruction; performance
objectives, suggested activities for teachers and students, information sheets, assignment
sheets, job sheets, visual aids, tests, practical tests, and answers to the tests. Units are
planned for more than one lesson or class period of instruction.
Careful study of each instructional unit by the teacher will help to determine:
A.  The amount of material that can be covered in each class period.
B.  The skills which must be demonstrated

1. Supplies needed

2.  Equipment needed

3. Amount of practice needed

4.  Amount of class time needed for demonstrations
C.  Supplementary materials such as pamphlets or fiimstrips that must be ordered
D.  Resource people who must be contacted
Objectives
Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the
student.
Performance objectives are stated in two forms; unit objectives, stating the subject matter
to be covered in a unit of instruction; and specific objectives, stating the student
performance necessary to reach the unit objective.
Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives
for this curriculum to assist in promoting the effectiveness of the communication among ai
individuals using the materials.

Reading of the objectives by the student should be followed by a class discussion to
answer any questions concerning performzance requirements for each instructional unit.

Teachers should feel free to add objectives which will fit the material to the ends of the
students and community. When teachers add objectives, they should remember to supply
the needed information, assignment and/or job sheets, and criterion tests.




Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in
accomplishing specific objectives. Duties of instructors will vary according to the particular
unit; however, for best use of the material they should include the following: provide
students with objective sheet, information sheet, assignment sheets, and job sheets;
preview filmstrips, make transparencies, and arrange for resource materials and people;
discuss unit and specific objectives and information sheet; give test. Teachers are
encouraged to use any additional instructional activities and teaching methods to aid
students in accomplishing the objectives.

Information Sheets

Information sheets provide content essential for meeting the cognitive (knowledge)
objectives in the unit. The teacher will finu that the information sheets serve as an
excellent guide for presenting the background knowledge necessary to develop the skill
specified in the unit objective.

Students should read the information shests before the information is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency masters provide information in a special way. The students may see as
well as hear the material being presented, thus reinforcing the learning process.
Transparencies may present new information or they may reinforce information presented
in the information sheets. They are particularly effective when identification is necessary.

Transparencies should be made and placed in the notebook where they will be
immediately available for use. Transparencies direct the class’s attention to the topic of
discussion. They should be left on the screen only when topics shown are under
discussion.

Assignment Sheets

Assignmen? sheets give direction to study and furnish practice for paper and pencil
activities to uevelop the knowledge which is a necessary prerequisite to skill development.
These may be given to the student for completion in class or used for homework
assignments. Answer sheets are provided which may be used by the student and/or
teacher for checking student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to
demonstrate the skills outlined in the job sheets. Procedures outlined in the job sheets
give direction to the skill being taught and a .ow both student and teacher to check student
progress toward the accomplishment of the skill. Job sheets provide a ready outline for
students to follow if they have missed a demonstration. Job sheets also furnish potential
employers with a picture of the skills being taught and the performances which might
reasonably be expected from a person who has had this training.

Practical Tests

Practical tests provide the instructor with an evaluation .instrument for each of the job
shests.
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Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student
achievement of each objective “sted in the unit of instruction. Individual test items may
be pulled out and used as a short test to determine student achievement of a particular
objective. This kind of testing may be used as a daily quiz and will help the teacher spot
difficulties being encountered by students in their efforts to accomplish the unit objective.
Test items for objectives added by the teacher should be constructed and added to the
test,

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or
student for checking achievement of the objectives.
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INSTRUCTIONAL / TASK ANALYSIS

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)

UNIT I: FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS
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Terms and definitions

Job opportunilies related to PLCs
Programmable logic controllers
How PLCs differ frorn computers

PLC components and their
functions

Programming PLCs

Ladder relay diagrams
Ladder logic diagrams
Logic states and status bits

Normally open and normally
closed contacts

Examine On and Examine OFF
instructions

Symbols for coils
Seal-in circuits

AND, OR, and NAND, NOR
circuits in relay diagrams

Inputs/outputs and internal logic

Fundamentals of PLC
programming

A simple AND logic circuit

A simple OR logic circuit
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JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Draw ladder relay diagrams to
demonstrate basic logic functions.
(Assignment Sheet #1)

Draw ladder logic diagrams to
demonstrate AND, OR, NAND, and
NOR logic functions using normally
closed switches in a circuit.
(Assignment Sheet #2)

Use a programmer to program,
enter, and run a PLC program using
AND, OR, NAND, and NOR logic.
(Job Sheet #1)

19.
20.
21.

22.
23.

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)
A simple NAND logic circuit
A simple NOR logic circuit
their

Operating modes and

functions
Instruc*ions

Keyboarding

UNIT Il: CONTACTS, TIMERS, AND COUNTERS
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Terms and definitions

Auxiliary contacts

Examine OFF auxiliary contacts
Internal relays

RTO timers

How an RTC times

Basic RTO programming

RTF timers

Basic RTF programming

CTUs (up counters)
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23.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Write a ladder logic program using
auxiliary contacts to energize an
ouiput. (Assignment Sheet #1)

Write and confirm a ladder logic
program using an internal reiay and
its auxiliary contacts to energize an
output. {Job Sheet #1)

Examine and confirm an existing
RTO program. (Job Sheet #2)

Write and confirm a ladder logic
program for an RTO timer. (Job
Sheet #3)

Write and confirm a ladder logic
program for an RTF timer. (Job
Sheet #4)

Write and confirm a ladder logic
program for an up counter. (Job
Sheet #5)

Write and confirm a ladder logic
program for a down counter. (Job
Sheet #6)

Wirite and confirm a ladder logic
program for an up-down counter.
(Job Sheet #7)

1.
12.
13.
14.
15.

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)
CTDs (down counters)
Up-down counters
How a CTU counts
How an up-down counter works

Special function program keys




JOB TRAINING: What the RELATED INFORMATION: g
Worker Should Be Able to Do What the Worker Should Know
(Psychomotor) (Cognitive)

UNIT lil: SEQUENCERS AND REGISTERS

1. Terms and definitions

2. Comparing sequencers with timers
and counters

3. Sequencer operations

4, Time-driven and event-driven

sequencer operations

5. Accumulated values (AC) and
preset values (PR)

6. Dynamics of SQO instructions

7. Dynamics of SQl instructions

8. Basic operation of a time-driven
SQO instruction

9. Numbering systems and their
structures

10. Working with sequencer data

1. The sequencer data form
12. Programmiing a time-driven SQO
instruction

13. A typical SQO instruction
14. A typical SQI instruction
15. MCR and ZCL instructions

16. Cascading SQO sequencers

17. Reversing sequencers
18. Steps in a reversing sequencer
operation
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30.

31.

32.

33.

34.

35.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Convert decimals to binary coded
decimals and binary coded decimals
to decimals. (Assignment Sheet #1)

Convert bit address data into
hexadecimal program codes.
(Assignment Sheet #2)

Write and confirm an event-driven
SQO instruction. (Job Sheet #1)

Write and confirm an event-driven
SQl instruction. (Job Sheet #2)

Write and confirm a reversing SQO
instruction. (Job SHeet #3)

Write and confirm an SQi instruction
driving an SQO instruction. (Job
Sheet #4)

Write and confirm an event-driven
shift right register instruction. (Job
Sheet #5)

Xvii

19.
20.

21.
22.
23.
24.

25.

26.
27.
28.

16

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)

Using sequencer input to drive
sequencer output

Sequencer input  monitoring

sequencer output
Sequencer jump instructions
Shift registers

Shift register instructions

Event-driven  shift register
instructions
Time-driven  shift  register

instructions
Cascading shift registers
Circulating shift registers

Shift register outputs




JOB TRAINING: What the RELATED INFORMATION: ’
Worker Should Be Able to Do What the Worker Should Know
(Psychomotor) (Cognitive)

UNIT IV: EDITING AND PROGRAMMING FUNGCTIONS

1. Terms and definitions
2. Pocket programmer abbreviations
and symbols

3. The pocket programn..r display
4, Keyboard editing

5. Program modes and display
modes

6. The CANCEL CMD function and
error codes

7. NEXT and LAST key functions

8. The SEARCH function

9. The INSERT/REMOVE functions

10. The PRT/UNPRT functions g
11 The FRC ON/RFC OFF functions

12. One-shot instructions

13. Fine time instructions

14. Use error codes to identify
programming errors. (Job Sheet #1)

15. Enter, confirm, and revise and
confirm a ladder logic program.
(Job Sheet #2)

16. Revice an event-driven SQO
instruction to a time-driven SQO
instruction and confirm the revision.
(Job Sheet #3)

17. Determine program scan time in
milliseconds and program a fine time
instruction. (Job Sheet #4)
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JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)

UNIT V: INSTALLATION AND TROUBLESHOOTING

Use a force function to verify an
input. (Job Sheet #1)

Use a force function to verify an
output. (Job Sheet #2)

Use FRC ON/FRC OFF functions for
troubleshooting. (Job Sheet #3)

Replace the power supply fuse on a
PLC. (Job Sheet #4)

Replace the back-up battery on a
PLC. (Job Sheet #5)
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Terms and definitions

Enclosure standards

Guidelines for PLC enclosures
Installing a PLC

Wiring incoming power to a PLC
Wiring input devices to a PLC
Wiring output devices to a PLC
Grounding PLC systems

Emergency shutdown systems for
PLCs

Other installation considerations
Inspection before start-up
Guidelines for system start-up
Troubleshooting guidelines
Power supply troubleshooting
Back-up battery troubleshooting

PLC maintenance




JOB TRAINING: What the RELATED INFORMATION:
Worker Should Be Able to Do What the Worker Should Know
(Psychomaotor) (Cognitive)
UNIT VI: TYPES OF PLCs AND PROGRAMMING
1. Terms and definitions
2 Comparing PLCs
3 Modular structure
4, Compatibility
5

Programming the Cutler-Hammer
MPC1

6. The  Cutler-Hammer MPC1
programmer

7. Register formats in the MPC1
8. Special registers in the MPC1

9. Other special features of the
MPCA1

10. Special MPC1 programming

1. Boolean programming basics

12. Boolean instruction sets

13. Grafcet programming

14. General structure of Grafcet

15. How Grafcet works

16. Grafcet programming

17. Putting a Grafcet program to work

18. Program protection schemes and
devices

19. Translate ladder logic instructions
into Boolean instructions.
(Assignment Sheet #1)
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e JOB TRAINING: What the RELATED INFORMATION:
Worker Should Be Able to Do What the Worker Should Know
(Psychomotor) (Cognitive)

UNIT VII:  INDUSTRIAL PROGRAM APPLICATIONS

1. Terms and definitions

2. Applications inputs

3. Common input devices and their
applications

4, START/STOP station conventions

o

Putting logic to work in a START/
STOP station

Limit swiiches as inputs
Analog inputs

Application outputs
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Power and grounding

@ 10.  Plan, wire, program, and contirm a
conventional start/stop station. (Job
Sheet #1)

11. Connect relay coils to a start/stop
station and verify interlocks. (Job
Sheet #2)

12. Connect a linear positioner, motor,
and limit switches to simulate a
positioning application. (Job Sheet
#3)

13. Program and confirm an up counter
in a positioning application. (Job
Sheet #4)

14. Program and confirm a retentive
timer in a positioning application.
(Job Sheet #5)

15.  Program and confirm a two-cycle
positioning application with manual
stop. (Job Sheet #6)
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JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Program and confirm a two-cycle
positioning application with automatic
stop. (Job Sheet #7)

Program a positioning application
with  sequencer input driving
sequencer output. (Job Sheet #8)

Program a positioni:ig application
with  sequencer iiput  driving
sequencer output with start/stop
control. (Job Sheet #9)

Program an extended SQI driving an
SQO positioning application with
start/stop control. (Job Sheet #10)

Program and verify a jump command
in a positioning application. (Job
Sheet #11)

RELATED INFORMATION:
What the Worker Should Know
(Cognitive)




0 PROGRAMMABLE LOGIC CONTROLLERS
TOOLS, EQUIPMENT, AND MATERIAL LIST
Basic hand tools Important!
Flat blade and Phillips screwdrivers

o Safety glasses are required for all
8822:22::82 :ﬂg’;glrr‘] tsglti ors performance activities in this text.

Needienose pliers
Electricians pliers

Equipment

sLc™100 programmable logic controller or equivalent
User's manual for selected PLC
Normally open and normally closed switches safely mounted
Conventional start/stop station
Proximity switches
| Photoelectric switches
| Pushbutton switches
| Limif switches
| Other input devices as selected
| Solenoid
| e AC motor
' Motor Relays
| DC motor
Other output devices as selected
Linear positioner
#14 AWG color-coded wiring as requied
Student work station with ground-fault pretectior

Materials
Sequencer instruction data forms
Pen or pencil

Wooden yard stick
Lined writing tablet
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FUNDAMENTALS OF
PROGRAMMABLE LOGIC
CONTROLLERS

UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to differentiate between ladder
relay diagrams used in conventional electrical circuits and ladder logic diagrams used in
programmable logic controller circuits. The student should also be able to relate both relay
and logic symbols to their functions in a circuit and define Examine On and Examine Off
conditions in PLC programming. These competencies will be evidenced by correctly
completing the procedures outlined in the assignment and job sheets and by scoring a
minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to programmable logic controllers with their correct
definitions.

Select true statements conceming job opportunities related to PLCs.
Complete statements concerning programmable logic controllers.
Complete statements concerning how PLCs differ from computers.
Match PLC components with their functions.

Select true statements concerning programming PLCs.

Select true statements concerning ladder relay diagrams.

Select operating conditions of ladder logic diagrams.

© ® N o o s> 0 P

Select operating cor.-fitions of logic states and status bits.

ande
e

Solve problems concerning normally open and normally closed contacts.

ande
ande
.

Select true statements concerning Examine On and Examine OF'* instructions.

ande
N

Identify symbols for coils.

ande
w

Complete statements concerning seal-in circuits.

ande
>

Identify AND, OR, and NAND, NOR circuits in relay diagrams.

PLC-1




OBJECTIVES SHEET

Select true statements concerning inputs/outputs and internal logic.
Select fundamentals of PLC programming.

Identify the diagram for a simple AND logic circuit.

Identify the diagram for a simple OR logic circuit.

Identify the diagram for a simple NAND logic circuit.

Identify the diagram for a simple NOR logic circuit.

Match basic operating modes with their ftinctions.

Complete statements concerning instructions.

Solve problems concerning keyboarding.

Draw ladder relay diagrams to demonstrate basic logic functions. (Assignment
Sheet #1)

Draw ladder logic diagrams to demonstrate AND, OR, NAND, and NOR logic
functions using normally closed switches in a circuit. (Assignment Sheet #2)

Demonstrate the ability to use a programmer to program, enter, and run a
PL.C program using AND, OR, NAND, and NOR logic. (Job Sheet #1)




FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS
UNIT I

SUGGESTED ACTIVITIES

Read Me First

Procedures in thic text are presented fcr demonstration only and should not be
used in actual industrial applications. Graphic materials from manufacturers are
presented for the purpose of illustration only and no liability is assumed for their
use otherwise. Persons using this text assume liability for demonstration and for
any equipment damaged in demonstration. Administration of these materials
should be by a qualified instructor only in a safety-proven environment.

Provide students with vujective sheet.

Provide students with information and assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

Discuss information sheet.

mm o o w >

Arrange for students to visit a local or area industry that uses PLCs in their
operation, and have students report their findings.

G. Invite a PLC manufacturer's representative to talk to the ciass about PLC design
and the variety of PLC applications.

H.  Review general safety, electrical safety, and discuss particular safety requirements
for working with and around PLCs.

I Use Handouts #1 and #2 to acquaint students with the Allen Bradley SLC™100,
explain why this particular PLC has been selected for activities in this text, and
review the features highlighted in Handout #2 so students will better appreciate the
convenience that the SLC™100 provides for PLC training.

J. Give test.

Special Note

For educational discounts on Allen-Bradley products, contact your local Allen-
Bradley Sales Office or an Allen-Bradley distributor.
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FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS

UNIT |

INFORMATION SHEET

Terms and definitions

A

B.

Address — The numerical location of a particular status bit in the permanent
memory of a PLS processor

Examine OFF — A basic statement in PLC logic that directs a status bit to
look for a conditiori where power in a circuit is OFF

Examine ON — A basic statement in PLC logic that directs a status bit to
1ok for a condition where power in a circuit is ON

NC (Normally Closed) — A switch or contact which is closed and passing
power when it is inactive, and open and not passing power when it is active

NO (Normally Open) — A switch or contact which is open and not passing
power when it is inactive, and closed and passing power when it is active

PLC (Programmable Logic Controller) — A microprocessor-based control
system designed to respond to user input in executing a control objective

User program — A set of instructions which can be entered into processor
memory at a local time and place by a programmer

Hard-wired — An electrical control design built around relays where
components have to be physically wired to one another to complete electrical
continuity

Grafcet — A graphical method of programming PLCs in steps and transitions
that speed up programming and scan time

Job opporturities rejfated to PLCs

A.

Although there is no specific job title called programmable controller technician,
programmable controllers are profuse in industry, and technicians with skills
in PLCs have the upper hand in getting and keeping a variety of jobs.

Maintenance electricians perform routine electrical troubleshooting, and this
frequently includes troubleshooting PLCs.

Instrumentation  technicians perform maintenance on everything from
transmitters to control valves, frequently calibrate instruments such as pressure
gauges, and need enough knowledge to troubleshoot and program PLCs.

Maintenance supervisors must have a broad range of knowledge and
experience in all phases of industrial electricity/electronics, and skills in
installing, troubleshooting, and programming PLCs.

PLC-5
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Plant engineers usually have an associate ar advanced degree from a
technical school or university, and this includes skills in planning and executing
applicaticns of PLCs.

Pay for expenienced maintenance and control technicians is above the average
for comparatle fields such as computer technicians.

Salaries for supervisory personnel in industrial electricity/ electronics is
excellent and promises to improve as more PLCs find their place in industry.

Pregrammable logic controllers

A

G.

H.

Programmable logic controllers are so named because they use logic to
control input/output devices, and they can be programmed by a user.

In a hard-wired relay panel, circuits or loads can be energized only with
closed contacts, and a switch can be used only with the load to which it is
directly connected.

To change the operating objectives of a hard-wired relay panel requires
physically redesigning and changing the wiring.

When timing functions are required with a hard-wired relay panel, they have
to be added and wired into the system.

With a PLC, switches or sensors are connected to inputs, loads are connected
to outputs, and the programming logic interfaces inputs to outputs as the user
designs and dictates.

With a PLC, timing and counting functions can be programmed and do not
require additional hardware.

With a PLC, one switch can be used in &ither a normally open or normally
closed state to activate multiple outputs.

The power of a PLC lies in its computing power, but a PLC is not a computer.

How PLCs difier from computers

A.

Computers are designed to work in clean environments while PLCs are
designed to function in hostile environments including temperature extremes
and areas con ainated with dust, dirt, vapors, and oil.

Computers may be programmed with a variety of languages, some of which
are difficult to learn, but PLCs can be programmed with ladder logic diagrams
and minimal programming skills.

(NOTE: PLCs have had various names including Frogrammable Controller,
but PC also stands for Personal Computer, so the name PLC evolved to
clearly distinguish the programmable logic controller from the personal
computer.)

28
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PLC components and their functions (Transparency 1)

A.

B.

Programmer — A device where a set of instructions stored in memory can
be used to tell a controller how to manage a specific operation

Input module — A component that gathers signals from a process and sends
information about the process on to a controller

Controller — The brains of a PLC where logic solving and decision making
are performed and appropriate signals sent to an output module

Output module — A component that receives controller output and forwards
signals on to real-world devices such as motors and relays to accoraplish a
control objective

Programming PLCs

A

B.

D.

Properly connecting inputs and outputs to a PLC begins with an activity called
prog amming.

Programming means using an operator terminal with a keyboard to enter
commands that will tell the PLC controller what action is desired at an output
in respense to a certain input.

Example: If a temperature sensor sends an input which indicates a drying
oven has reached 350°F, a properly programmed controller would
activate a solenoid which would open the oven door so the
product could be moved out.

Because electrical circuits are frequently complex, programming PLCs is
accomplished with a format based on ladder logic diagrams which are similar
1o ladder relay diagrams.

(NOTE: Not all PLCs are programmed with ladder logic diagrams, and other
forms of programming will be discussed in a later unit of instruction.)

Ladder relay diagrams indicate electrical continuity, but ladder logic diagrams
indicate logical continuity.

Ladder relay diagrams

A.

B.

Ladder relay diagrams use pictorial symbols to represent buttons, switches,
relays, coils, and other electrical devices. (Transparencies 2, 3, 4, and 5)

Ladder relay diagrams have a traditional form: (Transparency 6)
1.  The left and right vertical lines are called RAILS.
2.  The horizontal lines are called RUNGS.

3.  The left rail is labeled L1 to indicate the high side or supply side of an
electrical circuit.

30
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4.  The right rail is labeied L2 to indicate the low side or return side of a
circuit.

(NOTE: The form outlined is true for circuits with 110 voltage.)

Ladder relay diagrams show conditions where only closed contacts can
energize an output, and that is why these diagrams are sometimes called
"hard-wired" diagrams because components have to be physically wired to
each other to complete electrical continuity.

Ladder logic diagrams

A

Ladder logic diagrams use straight and crossing lines, closed or open circles
and brackets, and numbers and letters as symbols for =lectrical devices.
(Transparency 7)

In ladder logic diagrams, components do not have to be wired to each other
to complete a circuit.

In a ladder logic diagram, an OPEN switch or a CLOSED switch either one
can energize an output, depending on how iiie switches are programmed.

Because ladder logic diagrams are the basis of the programming format for
many PLCs, they show logical continuity, not electrical continuity.

Logic ladder diagrams have rungs numbered in a 1, 2, 3 order starting from
the top, and should be read in a logical order:

1. Start on the top rung at the left rail.
2. Read left to right toward the right rail.
3. Read down to the left raii of the next rung.

4. Continue reading left to right and down.

Lagic states and status bits

A

With most PLCs, the programming format is the ladder logic diagram, but the
diagram has to be physically entered into the PLC memory before an
input/control/output activity can happen.

Entering a program means giving the controller instructions about how to
handle input and output.

To handle instructions, the controller uses "discrete” signals which are 0 or
1 (zero or one) to indicate a condition that is either OFF or ON.

Logic state 1 indicates a condition that is ON ang therefore TRUE.

Logic state 0 indicates a condition that is OFF and therefore FALSE.

3i
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F.  The conditions that can be programmed are stored in controller memory at
specific addresses which are numbered so they can be entered on the
keyboard of a programmer.

G.  Programming a PLC requires knowing the address of the status bit required
to provide a controller with the TRUE/FALSE information needed to activate
or not activate an input or output.

X. Normally open and normally closed contacts
A.  Inall electrical circuits, contacts open or close to activate relays and switches,

and the normal state of contz~ts is an important basic of ladder logic
programming.

B. A normally open contact will be OPEN and NOT passing power in its inactive
state.

C.  Normalily open is abbreviated NO, and for programming has the same symbol
in both relay and logic diagrams. (Figure 1)

FIGURE 1

in its inactive state.

E.  Normally closed is abbreviated NC, and for programming has the same symbol
in both relay and logic diagrams. (Figure 2)

FIGURE 2

)/

¥

F.  The important thing to remember about NO and NC contacts is that they
change to opposite states when ACTIVATED:

/

|
l
l
D. A normally closed contact will be CLOSED and PASSING power when it is

1. A NO contact when activated will CLOSE and +~SS POWER.
2. A NC contact when activated will OPEN and NOT PASS POWER.

PLC-9
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Examine ON and Examine OFF instructions

A

The symbols for NO and NC contacts have additional importance in PLC
programming.

In programming and ladder logic, the symbol-| |- means more than Normally
Open, it means Examine ON.

Examine ON means that when a controller finds there IS VOLTAGE at a
certain address, the instruction at that address is TRUE

When there is NO VOLTAGE at an Examine ON address, the instruction is
FALSE.

The symbol 4 means more than Normally Closed, it means Examine OFF.

Examine OFF means that when a controller finds there is NO VOLTAGE at
a certain address, the instruction at that address is TRUE.

When there IS VOLTAGE at an Examine OFF address, the instruction is
FALSE.

and their symbols

In order for a controller to activate an external device it uses a coil to send
an ON/OFF signal to an output module.

A coil is programmed much like a contact is programmed in that it sends a
signal when it is ENERGIZED and d»es not send a signal when it is NOT
ENERGIZED.

A normal coil symbol resembles circular brackets. (Figure 3)

FIGURE 3

Lo
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Certain coils are used to be sure an output device is in a proper state during
an operation, and these are called LATCHED coils as indicated by the letter

"L". (Figure 4)

FIGURE 4

When power is applied to a PLC, a latched coil will usually return to the state
it was in before power was removed, and for this reason, latched coils are
used with safety devices such as alarms, fans, and guards.

On most PLCs a latched coil remains latched even when the rung changes
state, and in these cases an UNLATCHED COIL (indicated by the letter "U")
is required to change the output of the rung. (Figure 5)

FIGURE 5

Xlil. Seal-in circuits

A.

Seal-in circuits are used to keep a motor running after it has been started
with @ momentary switch.

A seal-in circuit is usually a set of contacts in the motor starter which close
and keep power supplied to the motor after the momentary start button has
been released.

Seal-in circuits are easy to identify in ladder logic diagrams because they
almost always appear in a branch circuit below the rung where the motor is
located. (Figure 6)

FIGURE 6

ke

®

lei

Seal-in circuits also demonstrate how paraliel circuits function as logical OR
circuits because either the start switch or the seal-in circuit can be used to
energize the motor starter which then energizes the motor.

PLC-11
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Seal-in circuits are almost always required for event sequencing circuits using
timers and counters.
Programming seal-in circuits requires a procedure called "branching.”
OR and NAND, NOR circuits in relay diagrams

AND, OR, NAND, and NOR are definitions of logic functions directly related
to series and parallel circuits.

With an AND function all switches in series with a load must be CLOSED
to energize that Icad. (i~igure 7)

FIGURE 7
I .

L1 o—0 O @ Le

With an OR function, any switch in series with a load may be CLOSED to
energize that load. (Figure 8)

FIGURE 8

L1 S~ )\ L2
M)

With a NAND function, which is the direct opposite of the AND function, all
switches in parallel with the load must be OPENED to DE-ENERGIZE the
load. (Figure 9)

FIGURE 9

L2

®
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With a NOR function, which is the direct opposite of the OR function, any
switch in series with the load may be OPENED to DE-ENERGIZE the load.
(Figure 10)

FIGURE 10

L1 @ L2

e functions of AND, OR, NAND, and NOR logic are employed frequently
in PLC programming, and the important part of the process is to remember:

1. AND and OR functions are accomplished with NO contacts.

2. NAND and NOR functions are accomplished with NC contacts.

Inputs/outputs and internal logic

A.

Inputs are devices such as limit switches and contacts that initiate or stop a
voltage signal to the input terminals on a PLC.

Outputs are contacts in an output module that provide a closure used to turn
ON/OFF field devices such as motors or solenoids.

Intemnal logic is that part of a PLC that receives information from inputs,
makes decisions based on programmed conditions, arnd sets outputs to
programmed objectives.

Inputs/outputs and internal logic are all controlled in the controller memory
with status bits that must be addressed.

PLC addresses are grouped in order:

1. Specific addresses are for inputs only.

2. Specific .ddresses are for outputs only.

3. Specific addresses are for intemal logic only.

4. Other addresses are for special functions associated with registers.

Example: In the Allen-Bradley SLC™100, the addresses for inputs 1
through 10 are the numbers 001 through 010.
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Fundamentals of PLC programming

A

D.

In hard-wired relays, NC and NO contacts and switches have traditional
funclions aiwu can do only what they are wired to do.

In PLC functions, a contact or switch does what it is programmed to do
whether it is NO or NC. :

An AND circuit with jwo NO switches will serve to demonstrate basic PLC
programming: (Refer to Figure 11)

1.

First, physically wire the two NO switches to inpuis #1 and #2 on the
PLC.

Next, prepare a ladder logic diagram that will make the switches function
as an AND circuit.

Begin the ladder logic diagram by entering a 1 beside the left rail to
indicate the run number, and continue left to right to complete the rung.

Add the symbols for two NO contacts at peiiris along the left half of
the rung.

Assume that in controller memory, the addresses for the two input
contacts are 001 for switch #1 and 002 for switch #2.

Enter 091 above the first NO contact on the rung and 002 above the
second NO contact on the rung.

Add an output coil to the right side of the rung to complete the rung
because no rung is complete without an output.

The address for the coil is 11, so enter the address to complete the
rung for the AND circuit.

Finally, use a programming device to keyboard the rung with its proper
addresses into controller memory.

(NOTE: Keyboarding and initiating a simple pregram will be presented
in later objectives and in a job sheet.)

When the appropriate elements in a rung are TRUE, then the rung or the
output is said to be TRUE, and controller logic will energize the contact
required to start a motor or whatever the programmed output is.
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XVil. Dynamlics of a simple AND logic circuit
NOTE: The following objectives include elements of both ladder relay and ladder
logic diagramming to better demonstrate what happens in the interrelation of
inputs, internal logic, and outputs.
A.  Figure 11 shows switches 1 and 2 physically connected to input addressas
1 and 2 on a PLC, the ladder logic diagram shows an AND circuit using NO
switches and a coil, and the output indicates a contact that turns a light on.
(Figure 11)
FIGURE 11 oM
L1 L2 L1 L2

-0 di] 1+ H H |———<011>— —<>—-<\R>—

B. When switch 1 is operated, it applies power to input address 1 which makes
Q the Examine ON status bit TRUE at address 001.
C.  When switch 2 is operated, it applies power to input address 2 which makes
the Examine ON status bit TRUE at address 002 which gives LOGICAL
CONTINUITY to Rung 1.

D. With logical continuity established, Rung 1 coil 11 is energized, which
energizes the contact at output address 11, and the output (bulb) lights up.

E.  The simple circuit in Figure 11 demonstrates how two NO switches are used
to perform an AND logic function because both switch 1 AND switch 2 must
be closed to give logical continuity to the rung.
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XVIIl. Dynamics of a simple OR logic circuit

A.  Figure 12 shows switches 1 and 2 physically connected to input addresses
1 and 2 on a PLG, the ladder logic diagram shows an OR circuit using NO
switches and a coil, and the output indicates a contact that turns a light on.
(Figure 12)

FIGURE 12 (cow
L1 L2 L1 L2

001 v,
5] o

K
-0 ]
002

B.  When switch 1 is operated, it applies power to input address 1 which makes
the Examine ON status bit at address 001 TRUE which gives LOGICAL
CONTINUITY to Rung 1, energizes the coil, and lights the light.

C.  When switch 2 is operated, it will make the Examine ON status bit at address
002 TRUE and also give logical continuity to Rung 1.

D.  The circuit in Figure 12 demonstrates how two NO switches can be used to
perform an OR logic function because 001 or 002 can give logical continuity
to the rung.
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Dynamics of a simple NAND logic circuit

A.

Figure 13 shows switches 1 and 2 physically connected to input addresses
1 and 2 on a PLC, the ladder logic diagram shows a NAND circuit using NO
switches and a coil, and the output indicates a contact that turns a light on.
(Figure 13)

FIGURE 13 oo
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Wien switch 1 is operated it applies power to input address 1 which makes
the Examine OFF status bit at address 001 FALSE but the output remains
energized because the Examine OFF status bit at address 002 remains TRUE
and gives the rung LOGICAL CONTINUITY.

When switch 2 is operated, the status bit at address 002 becomes FALSE,
and since the status bit at address 001 is already FALSE, there is no logical
continuity on the rung and the output will not energize.

The simpie circuit in Figure 13 demonstrates how two NO switches are used
to perform a NAND logic function, and it also demonstrates the power of PLCs
because this function cannot be accomplished with NO switches in a hard-
wired circuit.

XX. Dynamics of a simple NOR logic circuit

A.

Figure 14 shows switches 1 and 2 physically connected to input addresses
1 and 2 on a PLC, the ladder logic diagram shows the NOR circuit using
NO switches and a coil, and the output indicates a contact that turns a light
on. (Figure 14)

FIGURE 14
L1

_O___d_l__ 001 02 019_—
=3

(COM>
Le
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When switch 1 is operated it makes the Examine OFF status bit at address
001 FALSE, there is NO LOGICAL CONTINUITY in the rung, and the output
de-energizes even though the status bit at address 002 is still TRUE.

When switch 2 is operated it makes the Examine OFF status bit at address
002 FALSE, there is still no logical continuity on the rung, and the output
remains de-energized.

The circuit in Figure 14 demonstrates how two NO switches are used to
perform a NOR logic function.

Basic operating modes and their function

A.
B.

C.

Mode 1 — Clears programmer memory so0 a new program can be entered

Mode 2 — Permits the input of a new user program or the update of an
existing program

Mode 3 — Tells the PLC processor to scan and execute the user program

(NOTE: There are other operating modes for testing certain program functions,
and they will be presented in a later unit of instruction.)

Instructions

A.

Instructions are classified as either condition instructions or output instructions,
and the two together form an instruction set. (Transparency 8)

Instructions are all assigned addresses which are associated with particular
status bits in PLC memory.

Instructions are always stored in the same order in which they are entered,
and the PLC processor execu..s the instructions in that same order.

The PLC processor operates on instructions in a single operating cycle called
a scan which is divided into two parts: (Figure 15)

1. The /O Scan records the status of input devices and energizes output
devices which have their associated status bits set to ON.

41
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2. The Program Scan reads inputs, executes the scan, and updates
outputs.

VO SCAN - Records status data
FIGURE T8 / ofinput devices. Energizes
. output devices which have their
N

associated status bits set to ON.
Typicalscantimeis2.6
milliseconds.

PROGRAM SCAN - Instructions
are executed sequentially, as
entered. Typical scan timeis
12.4 milliseconds (depends on
program content and length).

XXlil. Keyboarding

A.  Programming is the physical act of using a keyboard on a programmer to
place a ladder logic diagram into PLC memory. (Transparency 9)

B. A typical keyboarding process requires:
1. Placing the programmer in the program mode.
2. Clearing PLC memory so a new program can be entered.

3. Selecting condition instructions and output instructions that reflect the
logic diagram.

4.  Addressing all instructions with their specific numbers as they are stored
in memory. (Transparency 10)

5. Completing each rung with an output instruction, and completing rungs
in order.

|

F © Allen-Bradley. Reprinted with permizsion.
|

! 6. Ending the program.

7. Transferring the program to PLC memory.

8.  Confirming program execution by running the nrogram on the PLC.
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Keys on a programmer have a combination of words, abbreviations, and
symbols that can be pressed to select a function, and usually an ENTER key
to place the function into memory.

(NOTE: The keyboard in Transparency 9 is for the SLC™ 100 Pocket
Programmer which is recommended for programming activities with this unit
of instruction. Other programmers will be discussed in later units.)
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4 Relay Contact Symbols

Device Contact Symbology
Type Normally Open | Normally Closed
Push Button ~L_
(PB) —0 O0— —olo—
Limit Switch —0, O— —O0<0—
(LS) ‘
Temperature o—
Switch _0.1} E
(TAS)
Flow Switch _‘oto— “‘0! °"‘
(FLS)
Level Switch - o— —'C" ! O
e |.. :
Control Relay
(CR) — ——
Latching Relay
(CRL) — ——
Counter
(CTR) — = A1
Time D?qlay Relay
(TR) o— ——oIvs__
Delay Begins When l:
Coil is Energized
Delay Begins When N —ogo—
Coil is De-Energized

Reprinted with permission of Tel-A-Traln, Inc., Chattancoga, Tenneszos
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® input Symbols

Push Button Temperature Switch
‘5)& = —1 =
) o O %0
Limit Switch  Thumbwheel
- 0] - 1 1
‘ - \ E@ E@ E@ -
| HEHTH
1
|
1
‘ Level Switch Transducer

R

B#_

Reprinted with permission of Tel-A-Traln, inc., Chattanooga, Tennessee
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Solenoid

LED Display
I L L.

TR
Heater
HTR SSN

Lamp
N\ _/

9 --0—0

O/\

!
-
-
Il

Motor Starter

- -

Reprinted with permlssion of Tel-A-Train, Inc., Chattanooga, Tennessee
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Logic Symbols

Coil Contacts

—

b

Latching
Coil Contacts

~ -

?

Timer

- G Timer Coil Contacts
= O
Clock
Counter
Counter Contacts
F= 1 CTR
Reset J _{ ‘_—

Reprinted with permisslon of Tele-A-Traln, Inc,, Chattanooga, Tennsssee
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Ladder Relay Diagram

Ls1
Rung 1 --
Ls2
Rung 2 +—0<10 @
CR1  CR2
Rung 3 —{ —N °
CR1  CR2
@ RO
CR1  CR2

Hard-wired circuit

© Allen-Bradley. Rsprinted with permission.
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® Ladder Logic Diagram

001 733
Rung 1 +—| ()
002 734
Rung 2 ———” {( —
733 734 011
Rung 3] Y
733 734 012
@ Rung 4 —\H\——- —{ }—d
733 734 013
Rung 5 1 ( —4
User program

© Ailen-3radley. Reprinted with persilssion.
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Condition and Output

instructions
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Output Instructions ~( )-

OUTPUT ENERGIZE

Condition Instructions -] [-

U) 0+ (0 ) [0+]

EXAMINE ON

EXAMINE OFF

BRANCH OPEN

BRANCH CLOSE

{L; ] LATCH

{U)- | UNLATCH

((RTFr ) RETENTIVE TIMER OFF-DELAY
(RTO)- | RETENTIVE TIMER ON-DELAY

(sQ0)- | SEQUENCER QUTPUT
UP COUNTER

(50 ) SEQUENCER INPUT
410k 1 DOWN COUNTER

(RST)- | RESET

rﬁmy ZONE CONTROL LAST STATE
(MCR: | MASTER CONTROL RESET
—

© Allen-Bradley. Reprinted with permlssion.
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® Pocket Programmer
Keyboard

LED indicators. —f - |- ) T .EI' )
T\»I 5
-(RTO)- (RTF)- -(CTU)- -(CTD)- -(RST)-
£ TRUE/FALSE
(L) -(U)- 4sQ!)- (5QO0)- -(zCL)- L statusindicator.
& %] ¥
{MCR)- PRT PROG ON ORCE
M -
ADDRESS RUNG / ERR
- Rung/Error/Mode
information.
Address/Data
Information.
FRCOFF, (FRCON) [ A ) 8 (C )
’ 0 ( 1 2 [ 3j 4
L ) (|  { o | § { oy [ e |
[ 0 Y[ € Y[ F ) (Event (nm?
5 6 7 8 9
=g =3 g =
R A ) )
( moDE Z;ﬁ:r emove [insert) [ ast
= I = g I=
4 A ) ) Y ( Y
sonc) (00 (50 (20 (wer
;_J q \. J Ny J - 1)
(rung | [ LF) [ WD) (<®Ten) )
RUNG ( T_- j- {RTO)- ( SHIFT
i { (s (
7 Y 7 N h (” ) Y
CAC:,,C:L el "Qfg" > | [enter
== = O =
O © Allen-Bradley. Reprinted with permlssion.
Q 52 ™9




Instruction Addresses

for the SCL™ 100

PLC-39

Address Function

001-010 Relay-Type instructions used for external inputs on
processor unit.

011-016 Relay-Type instructions used for external outputs on
processor unit.

017-018 internal Relay-Type instructions.

101-110 Relay-Type instructions used for external inputs on
expansion unit 1.

111-116 Relay-Type instructions used for external outputs on
expansion unit 1.

117-118 Internal Relay-Type instructions.

201-210 Relay-Type instructions used for external inputs on
expansion unit 2.

211-216 Relay-Type instructions used for externa! outputs on
expansion unit 2.

217-218 Internal Relay-Type instructions.

301-310 Relay-Type instructions used for external inputs orni
expansion unit 3.

311-316 Relay-Type instructions used for external outputs on
expansion unit 3.

317-318 Internal Relay-Type instructions.

701-867 Internal Relay-Type instructions.

868 Program initialization instruction. Used internally.
876 Internal Relay-Type instruction - Auto/Man switch. ON in

Auto.

901-932 Timer/Counter/Sequencer instructions. Used internally.

951-982 Status instructions for Timers/Counters/Sequencers.

Used internally.

© Allen-Bradiey. Reprinted with psrmlssion.
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' FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS
UNIT |

HANDOUT #1 — THE SLC™ 100 PROGRAMMABLE CONTROLLER

Purpose

The SLC™ 100 by Allen-Bradley is so popular in industrial applications that technicians and
engineers usually refer to it by its more familiar name, the "Slick One Hundred." The
SLC™ in the name means "small logic controller," and the 100 is representative of an
entire class of PLCs whose low cost and performance have brought dramatic changes to
the world of automatic controls. Because it is typical of a broad class of PLCs, because
it is present in industrial applications around the world, and because its relative low cost
makes it affordable for training objectives, the SLC™ 100 has been selected as the training
vehicle for MAVCC's Programmable Logic Controllers.

The SLC™ 100 processor unit

The basic element of the SLC™ 100 is the processor unit which contains the interface
circuitry for 10 inputs and 6 outputs. The inputs are identified with address numbers 1
through 10, and there is a red LED for each input so ¢hat when an input circuit is
energized, a corresponding LED will be lit. The LEDs provide a direct visual reference for
verifying both input and output. Trie design serves training purposes well hecause external
outputs do not have to be wired in order to verify an output, an output LED will be lit.
This is another reason the Slick One Hundred was selected for this training activity.

‘ (Figure 1)

FIGURE 1

nmuw:um_tvsi il
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HANDOUT #1

Other features of the SLC™ 100

The pocket programmer that connects to the processor unit is tynical of the programming
interface used in small.logic controllers. Since there is no need to keep the programmer
connected during normal controller operation, one programmer can serve any number of
controllers. The programmer keyboard and status displays are easy to learn and use, and
the user-friendly environment of the programming interface is another reason the sLc™
100 is an excellent training vehicle. (Figure 2)

FIGURE 2

Ladder logic programming

Another element that makes the SLC™ 100 a good training vehicle is its programming
format. Ladder logic programming is the format used most frequently in PLC programming.
Ladder logic is actually a programming language that is well adopted to the linear
sequence actions that controllers perform best. Ladder logi~ programming mirrors ladder
relay diagrams that have been used for ages around electrical installations. The
relationship of the two forms provides a natura: transition from the world of hard-wired
electricity into the world of digital electronics. Boolean logic, block programming, and
Grafcet are other vital programming forms, but all of them are based on ladder logic, and
ladder logic is the heart of programming for the SLC™ 100. (Figure 3)
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FIGURE 3 001 002 004 12
1 | | V /) |
| | l N\
12
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001 004 005 13
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| | | { )
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I
Conclusion

Programmable logic controllers have revolutionized industrial controls and created a need
for a new breed of technician. Activities in Programmable Logic Controllers address vital
elements of basic ladder logic programming and advanced programming concepts. Other
programming formats need to be examined to appreciate the broader field of programming,
but being able to program timers, counters, sequencers, and special applications such as
force functions will provide a head start for would-be PLC technicians. The SLC™ 100
provides an inexpensive, durable vehicle for PLC training, and Programmable Logic
Controllers offers the materials that make the slick click.

o6




FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS
UNIT 1

HANDOUT #2 — FEATURES OF THE ALLEN-BRADLEY SLC™100

Processor unit

The processor unit houses the solid state circuitry that processes and manages
programmed information.

Pocket i:rogrammer

Programmed information is enetered into processor unit memory with a hand-held pocket
programmer that has a user friendly keyboard and LED status lights to 'ndicate
programming activity in progress.




HANDOUT #2

incoming line wiring terminals

These terminals have self-ifting pressure plates that allow for easy insertion of two #14
AWG wires. The terminals also have a protective cover.

Input clrcuit wiring terminals

These have the same construction of the line terminals, but the protective cover has write-
on areas for identification of cuircuits and the cover is color-coded to identify circuit voltage
level.




HANDOUT #2

Output wiring terminals

3 auunN-BRADLEY 42

These have the same construction and features as input terminals including write-on areas
for identification of external circuits.

Diagnostic indicators

These five LED diagnostic indicators indicate that the unit is energized and DC power is
being aupplied with a DC power green LED, a green PC RUN LED indicates the unit is
operating in the RUN mode, a red CPU FAULT LED indicates that the processor has
dstected an error and operational is automatically stopped, a red BATTERY LOW LED
indicates the back-up battery should be replaced, and the amber LED for the FORCED I/O
indicates that one or more inputs or outputs have been forced ON or OFF.

wn
O
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HANDOUT #2

Input power fuse

When the DC POWER LED is not lit, this fuse may be blown. It is located behind the
processor unit cover.

Input status indicators

These ten red LEDs have addresses 1 through 10 to correspond to numbers 1 through
10 on the input device wiring terminals. The status indicators light when the corresponding
circuit is energized.
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HANDOUT #2

Output status indicators

These six Red LEDs have addresses 11 through 16 to correspond to the numbers 11
through 16 on the output wiring terminals. When a programmed output instruction is
TRUE, the corresponding output status LED will be lit and the corresponding output contact
will close.

Auto/manual switch

This switch controls restart of the unit after a power loss. On power up in the Auto
position, the processor goes through normal diagnostics and automatically enters the Run
mode. On power up in Manual position, the processor goes through diagnostics but will
not enter the Run mode until switched to Auto or programmed with the pocket
programmer.
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HANDOUT #2

EEPROM memory modul compartment

¢ pnrign!

0 N B e
R PN

D ALLen-sRADLEY 12,

s ALY n r B r B

This optional memory module can be plugged into the processor unit to store a program
or to load a program in the processor unit.

Programmer connection

¥l | ONSS Z aG e L Ty
N R A e AR

This connects the pocket programmer interconnect cable into the processor for
programming, monitoring, and editing activities. The interconnect cable is part of the
pocket programmer.

62
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Expansion unit connection

The expansion unit is plugged into this socket.

Battery compartment

R DRSS NG e 1ty
. | B 00, T 00R- N
.

The lithium battery which provides back-up power for two to three yeare is housed in this
compartment which is accessible from the front of the processor unit.

N
)

ERIC
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FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLEF3
UNIT I

ASSIGNMENT SHEET #1
DRAW LADDE’« RELAY DIAGRAMS TO DENMONSTRATE
BASIC LOGIC FUNCTIONS

Directions: Use the ladder relay diagram symbols for switches and motors to demonstrate
the following logic functions.

1. Draw a diagram that denionstrates AND logic.

L1 — L2

2.  Draw a diagram that demonstrates OR logic.
5 —— L2

3.  Draw a diagram that demonstrates NAND logic.
Ll L2

4.  Draw a diagram that demonstrates NOR logic.
Ll Le
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FUNDAMENTALS OF PROCGRAMMABLE CONTROLLERS

g UNIT I

ASSIGNMENT SHEET #2
DRAW LADDER iOGIC DIAGRAMS TO DEMONSTRATE AND, -
OR, NAND, AND NOR LOGIC FUNCTIONS US:}NG NORMALLY CLOSED SWITCHES
IN A CIRCUIT

Directions: Assume a situation where normally closed switches #1 and #2 are physically
connected to input addresses 1 and 2 on a PLC. Assume further that the status bits for
the switches are at addresses 001 and 002 in internal logic and that logical continuity on
a rung will energize coil #11 which is at address 011. Complete ladder logic diagrams as
indicated, and enter rung numbers as required.

1. Draw a ladder logic diagram for a simple AND logic function.

2.  Draw a ladder logic diagram for a simple OR logic function.

3. Draw a ladder logic diagram for a simple NAND logic function.

4.  Draw a ladder logic diagram for a simple NOR logic function.
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ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

1. I
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2.
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ANSWERS TO ASSIGNMENT SHEETS ‘

Assignment Sheet #2

A
J

1

—

AN
NF
N

N
)
o/

-




PLC-59

FUNDAMENTALS OF PROGRAMMABLE LOGIC CONTROLLERS

‘ UNIT |

JCB SHEET #1
USE A PROGHAMMER TO PROGRAM, ENTER, AND RUN PLC PROGRAMS
USING AND, OR, NAND, AND NOR LO..C

A.  Tools and materials

1. PLC as selected by instructor
(NOTE: An Allen-Bradiey SLC 100 is used to demonstrate procedures in this
job sheet. If another brand or model is used, appropriate modifications shouid
be made in all routines.)
Programmer for selected PLC
User's Guide for selected PLC
Two single-pole, single-throw switches, mounted
115v industrial lamp, mounted

Three-conductor 16-gauge power cord

Pen or pencil

@ N o o s 0D

Safaty glasses

CAUTION: Al switches and lamps used in the following routine
should be safely mounted, and the routines should be completed onl
with the permission and guidance of your instructor.

E.  Routine #1 — Connecting power and inputs to the PLC
1. Put on safety glasses.
2. Make sure the power cord is not plugged into a power source.

3.  Connect chassis ground, neutral, and power wires to the appropriate inputs
on the PLC as demonstrated in Figure 1.
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JOB SHEET #1

\

, |
4. Connect the two single-pole switches so that Switches 1 and 2 will have power l
from the PLC 115/240v power input and connect to inputs 1 and 2 as shown |

in Figure 1.

FIGURE 1

CHASSIS 115/230VAC
GROUND POWER COMMON

250V 115v
NEUT NEUT INPUTS

I Lo

()(?

(D(D(R

N
o

C

JAIA N33y9
JAIA 3LIHM
JAIM NIVTE

S1 S22

L2 L1

5. Connect switches 1 and 2 to their appropriate input addresses on the PLC
(refer to Figure 1).

) Have your instructor check your work.

C. Routine #2 — Connecting outputs to the PLC

1. Put on safety glasses.

2. Connect the L1 power wire to the left terminal of output 11 (see Figure 2)




3.

O
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Connect the 115v lamp to the right side of the #11 input (see Figure 2)

FIGURE 2 ouTRuTS

O 2 N0

\<>/
I Vs AN

Have yaur instructor check your work.

L2
Routine #3 — Writing a program for an AND circuit using NC switches

1.

O

Routine #4 — Preparing the pocke* programmer

1.
2.

Enter the rails and rungs required to complete the ladder logic diagram in
Figure 3.

Draw Rung 1 complete with symbols for an AND circuit using two NC
switches.

Enter the appropriate symbo! for output coil #11 at its appropriate address.
Enter appropriate addresses for the NC switches.

FIGURE 3

Have your instructor check your work.

Put on safety glasses.

Be sure power is OFF at the PLC.

70
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JOB SHEET #1

Complete the following if this is the first time the controller has been used:

a.

Plug the programmer into the PLC unit and watch for the DC ON
indicator light that signals the correct DC voltage is being supplied to
the internai logic.

Turn the programmer ON, watch for a series of diagnostic checks, and
then watch for a display of three error codes E1, E6, and ES8.

After each error code appears, press CANCEL CMD and then ENTER
to clear each code and put the programmer in program mode.

Complete the following if the controller has already been used:

Repeat Step 3a.

Tum the programmer switch ON, and watch for SLC-100 to appear on
the display followed by a series of diagnostic checks.

Watch for a display of the operating mode the programmer was in
when last used.

Press the MODE key, the 1 key, then the ENTER key and watch for
the dispiay to show Surk?

(NOTE: The question mark is there to give the programmer time to
think it over to avoid erasing a program that should not be erased.)

Press the ENTER key again, watch for donE to show briefly on the
display, and then 885 End which indicates memory is cleared and that
there are 885 availabie words left in memory.

Routine #5 — Programming the AND circuit

1.

Be sure power to the PLC is OFF when plugging in the pocket programmer.

71
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10.

11.

JOB SHEET #1

Plug the pocket programmer into the PLC. (Figure 4)
FIGURE 4

Plug the power cord of the PLC into a 115v power source.
Tum the programmer ON.

(NOTE: With the SLC 100. tuming the programmer ON activates PLC memory
for programming.)

Prepare the programmer/PLC as outlined in Foutine #4.

Press the MODE key, then press the 1 key and look for CLEAR in the DATA
display and a 1 in the MODE display.

Press ENTER and look for SurE in the DATA display and a ? in the MODE
display.

Assumie there is no problem with erasing what is presently in memory and
press ENTER.

Look for donE to flash briefly followed by 885 in the DATA window and an
End i the MODE window.

Watch for a light on the display under the PROG function to indicate the
programmer is ready to be programmed.

Press the 44 (Examine OFF) key, and note the display:
a DATA shows three dashes.

b. RUNG 1 is indicated.

PROG is still lit.

L is it

0

Q.
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Press the 1 key and note the display:

a.  DATA shows two dashes and a 1.

b. RUNG 1 is indicated.

c. PROG is still lit.

d. Fis still it

Press the 44 key again and note the display:
a. DATA shows three dashes.

b. RUNG 1 is still indicated.

c. PROG is still lit.

d. L is still lit.

14. Press the 2 key and note the display:
a. DATA shows two dashes and a 2.
b. RUNG 1 is still indicated.

c. PROG is still lit.
d. kis still lit.
15. Press the -( )- (cutout coil) key and note the display:
a. DATA shows three dashes.
b. RUNG 1 is still indicated.
c. PROG is still lit.
da. -()isli.
16. Press the 1 key two times and note the display:
a DATA shows one dash and an 11.
b. RUNG 1 is still indicated.
c. PROG is still lit.
d. -()-is sfill lit.




17.

i8.

19.

20.

O
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Press ENTER and note the display:

a.  DATA shows 882 to indicate three words of memory have been used
b. MODE indicates End of the rung.

c. PROG is still lit.

d.  No other functions are lit.

Press the MODE key and look for:

a.  DATA displays prog.

'b.  MODE displays 2 to indicate the program mode.

Press the 3 key and note the display:
a.  DATA blinks and shows run.

b. MODE shows 3 to indicate that when EN/(ER is pressed the
pregrammer will be in" the run mode.

Press ENTER and note how DATA indicates 882 and MODE displays End
to indicate that the program is completed and tha: three words have been
used for the program.

(NOTE: There were 885 words available, 3 words were used for your program,
and 882 words are still available.)

Have your instructor check your work.

Routine #6 — Confirming the AND prograin

1.

2.

o 0 »~

Put on safety glasses.

Note that output light 11 is OFF and that LEDs 1 and 2 are lit to indicate
glput switches are closed and that there is power at input addresses 1 and
Activate Switch 1.

Note that output light 11 remains OFF.

Keep Switch 1 activated as you activate Switch 2.

Note that cutput light 11 comes ON.
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7. Compare the program execution with your ladder logic diagram to confirm
the logic and the program.

L] Have your instruction check your work.
H. Routine #7 — Writing a program for an OR circuit using NC switches
1.  Put on safely glasses.

2. Enter the rails and rungs required for the ladder logic diagram, and remember
than .an OR circuit requires a branch. (Complete Figure 5)

3. Draw Rung 1 complete with symbols for an OR circuit using NC switches.
4. Enter the symbol for output coil #11.
5. Enter addresses for the switches and coil.

FIGURE 5

] Have your instructor check your work.
. Routine #8 — Programming the OR circuit

1. Clear the existing program as previously outlined and note that the pocket
programmer is in MODE 2, the program mode.

2.  Press ENTER and look for 885 End on the display.

3. Pressthe L (branch open) key and look for bro in DATA and 1 under
RUNG.

Press the <+ (Examine OFF) key and look for three dashes in DATA and a
1 under RUNG.

:[‘A

5. Press the 1 key and look for two dashes and a 1 in DATA and a 1 under
RUNG.

6. Pressihe L (branch open) key again, and look for bro in DATA and 1
under RUNG.




10.

11.

12.

[

1.
2.

[

JOB SHEET #1
Press the =44 (Examine OFF) key and look for three dashes in DATA and a
1 under RUNG.

Press the 2 key and look foi two dashes and a 2 in DATA and a 1 under
RUNG.

Press the g (branch close) key and look for bnd in DATA and a 1 under
RUNG.

Press the -( )- (output coil) key and look for three dashes in DATA and a 1
under RUNG.

Press the 1 key two times and look for a dash and two ones in DATA and
a 1 under RUNG.

Press ENTER an look for 879 in DATA and End under RUNG.
(NOTE: In your previous program, the AND circuit took only 3 words, but the

OR circuit you have just programmed has used 6 words, so the three
additional words were required to program instructions.)

Have your instructor check your work.

Routine #9 — Confirming the OR program

Put on safety glasses.

Note that the NC swiiches are passing power to input addresses 1 and 2
(the LEDs should be lit) and that output 11 is OFF.

Activate Switch 1, which means you are opening Switch 1, and note that
Output 11 is energized.

Deactivate Switch 1 and activate Switch 2, and note that Output 11 is stil
energized.

Compare the program execution with your ladder logic diagram to confirm
the logic and the program.

Have your instructor check your work.

K. Routine # 10 — Writing a program for a NAND circuit using NC switches

1.

Put on safety glasses.
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o Draw the ladder logic program with appropriate symbols for a NAND circuit
with NC switches and an output coil. (Complete Figure 6)
(NOTE: A NAND circuit requires a branch.)

3. Use switch and coil addresses as used in previous routines.

FIGURE 6

L] Have your instructor check your work.
Routine #11 — Confirming the NAND program
1. Put on safety glasses.
2. Activate switches as required to test the program.

3. Compare the program execution with your ladder logic diagram to confirm
the logic and the program.

[] Have your instructor ¢heck your work.
Routine #12 — Writing a program for a NOR circuit using NC switches

1. Put on safety glasses.

2. Draw the ladder lcgic program with appropriate symbols for a NOR circuit
using NC switches and an output coil. (Complete Figure 7)

~3
~3
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3. Use switch and coil addresses as used in previous routines.

FIGURE 7

(] Have your instructor check your work.
N.  Routine #13 -~ Confirming the NOR program
1. Put on safety glasses.
2. Activate switches as required to test the program.

3. Compare the program execution with your ladder logic diagram to confirm
the logic and the program.

Have your instructor check your work.

~ U4

Clean area and return tools and equipment to proper storage.

3
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FUNDAMENTALS OF PROGRAMMABLE CONTROLLERS
UNIT |

PRACTICAL TEST #1 ‘
JOB SHEET #1 — USE A PROGRAMMER TO PROGRAM,
ENTER, AND RUN PLC PROGRAMS
USING AND, OR, NAND, AND NUR LOGIC

Student's name Date

Evaluator's name Attempt no.

Student instructions: When you are ready to perform this task, ask your instructor to
observe the procedure and complete this form. All items listed under "Process Evaluation”
must receive a "yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATION NOTE: Place a check mark in the "Yes" or "No" blanks to designate
whether or not the student has satisfactorily achieved each step in this procedure. If the
student is unable to achieve this competency, have the student review the materials and

try again.)
The student: YES

=
O

Worked safely.

Prepared PLC and programmer properly.
Wrote, ran, and confirmed an AND program.
Wrote, ran, and confirmed an OR program.
Wrote, ran, and confirmed a NAND program.
Wrote, ran, and confirmed a NOR program.
Cleaned area and properly stored equipment.

OO0O000n0
OOO000n0

Evaluator's commients:

79
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JOB SHEET #1 — PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate
numbers. Each item must be rated at least a "3" for mastery to be demonstrated. (See
performance evaluation key below.) If the student is unable to demonstrate mastery,
student materials should be reviewed and another test procedure must be submitted for
evaluation.)

Criteria:

Wiring PLC 4 3 2 1
Testing pocket programmer 4 3 2 1
Writing and entering programs 4 3 2 1
Confirming programs 4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skllled — Can perform job with no additional training

3 — Moderately skilled — Has performed job during training program; limited additiona
training may be required.

2 — Limited skill — Has performed job during training program; additional training is
required to develop skill.

1 — Unskilled — (s familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency
profile, total the designated points in "Product Evaluation” and divide by the total number
of criteria.)
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UNIT |

UNIT TEST

Name Score

1. Match terms related to programmable logic controllers with their corvect definitions.

a. The numerical location of a particular 1. NO
status bit in the permanent memory of

a PLC processor Examine ON
b. A basic statement in PLC logic that Address

directs a status bit to look for a

condition where power in a circuit is NC

OFF
User program
C. A basic statement in PLC logic that

© ® N o a0 > O D

directs a status bit to look for a Examine OFF
condition where power in a circuit is
ON PLC
d. A switch or contact which is closed Hard-wired
and passing power when it is inactive,
@ and open and not passing power when Grafcet
it is active

e. A switch or contact which is open and
not passing power when it is inactive,
and closed and passing power when it
is active

f. A microprocessor-based control system
designed to respond to user input in
executing a control objective

g. A set of instructions which can be
entered into processor memory at a
time and place by a programmer

h. An electrical control design built around
relays where components have to be
physically wired to one another to
complete electrical continuity

i. A graphical method of programming
PLCs in steps and transitions that
speed up programming and scan time

Q
pv 3
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TEST

Complete statements concerning job opportunities related to PLCs by circling the
material that best completes each statement.

a.

Although there is no specific job title called programmable controller technician,
programmable controllers are profuse in industry, and technicians with skills
in PLCs have the upper hand in getting and keeping (a variety of jobs) (PLC
related jobs).

(Maintenance) (all) electricians perform routine electrical troubleshooting, and
this frequently includes troubleshooting PLCs.

(Instrumentation) (Industrial) technicians perform maintenance on everything
from transmitters to control valves, frequently calibrate instruments such as
pressure gauges, and need enough knowledge to troubleshoot and program
PLCs.

Maintenance (supervisors) (technicians) must have a broad range of knowledge
and experience in all phases of industrial electricity/electronics, and skills in
installing, troubleshooting, and programming PLCs.

Plant (engineers) (technicians) usually have an associate or advanced degree
from a technical school or university, and this includes skills in planning and
executing applications of PLCs.

Pay for experienced maintenance and control technicians is (equal to) (above)
the average for comparable fields such as computer technicians.

Salaries for supervisory personnel in industrial electricity/electronics is
(excellent) (good) and promises to improve as more PLCs find their place in
industry.

Complete statements concerning programmable !ogic controllers by circling the
material that best completes each statement.

a.

Programmable logic controllers are so named because they use logic to control
input/output devices, and they can be programmed by a (user) (manufacturer).

In a hard-wired relay panel, circuits or loads can be energized only with
(closed) (programmed) contacts, and a switch can be used only with the load
to which it is directly connected.

To change the operating objectives of a hard-wired relay panel requires
(physically) (graphically) redesigning and changing the wiring.

When timing functions are required with a hard-wired relay panei, they have
to be (added and wired) (programmed) into the system.

With a PLC, switches or sensors are connected to inputs, loads are connected
to outputs, and the programming logic interfaces inputs to outputs as the (ussr
designs and dictates) (manufacturer dictates).
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With a PLC, timing and counting functions can be (wired in) (programmed) and
do not require additional hardware.

With a PLC, one switch can be used in either a normally open or normally
closed state to activate (multiple) (iwo) outputs.

The power of a PLC lies in its (source) (computing) power, but a PLC is not
a computer.

Complete statements concerning how PLCs differ from computers by circling the
material that best completes each statement.

a.

Computers are designed to work in (industrial) (clean) environments while
PLCs are designed to function in hostile environments including temperature
extremes and areas contaminated with dust, dirt, vapors, and oil.

Computers may be programmed with a variety of languages, some of which
are difficult to learn, but FLCs can be programmed with ladder logic (diagrams)
(algebra) and minimal programming skills.

Match PLC components with their functions.

a. A device where a set of instructions 1. Controller

stored in m2mory can be used to tell
a controller how to manage a specific
operation

Programmer

Ouiput module

b. A coruponent that gathers signals from
module a process and sends
information about the process on to a
controller module

Pl

Input moaule

C. The brains of a PLC where logic
solving and decision making are
performed and appropriate signals sent
to an output module

d. A component that receives controller
output and forwards signals on to real-
world devices such as motors and
relays to accomplish a control objective

PLC-75
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TEST

Select true statements concerning programming PLCs by choosing correct answers
to the following:

a.

Programming is the use of a keyboard to enter commands that tell a PLC
controller what output response is required in relation to what, a certain system
configuration or a certain input?

Answer

Ladder logic programs used in programming PLCs are similar to what, basic
electrical schematics or ladder relay diagrams?

Answer

Ladder logic diagrams indicate what, electrical continuity or logical continuity?

Answer

Select true statements concerning ladder relay diagrams by placing an "X" beside
each statement that is true.

(NOTE: For a statement to be true, all parts of the statement must be true.)

a. Ladder relay diagrams have a traditional form:
1)  The left and right vertical lines are called RAILS.
2)  The horizontal lines are called RUNGS.

2)  The left rail is labeled L1 to indicate the high side or supply side
of an electrical circuit.

4)  The right rail is labeled L2 to indicate the low side or return side
of a circuit.

b.  Ladder relay diagrams show conditions where only closed contacts can
energize an output. and that is why these diagrams are sometimes
called "hard-wired" diagrams because components have to be physically
wired to each other to complete electricar continuity.

Select operating conditions of ladder logic diagrams by choosing correct answers to
the following:

a.

To complete a circuit in a ladder logic diagram, components have to be wired
to one another or do not have to be wired to one another?

Answer

In a ladder logic diagram an output can be energized by what, only a
CLOSED switch or either a CLOSED or OPEN switch?

Answer
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c. In reading a ladder logic diagram, it is generally best to start where, on the
top rung at the right rail or on the top rung at the left rail?

Answer

9. Select operating conditions of logic states and status bits by choosing cormect
answers to the following: .

a.  Discreet signals use 0 or 1 to indicate a condition that is what, active or
inactive or ON or OFF?

Answer

b. Logic state 1 indicates what, a condition that is OFF and therefore TRUE or
a condition that is ON and therefore TRUE?

Answer

C. Logic state 0 indicates what, a condition that is OFF and therefore FALSE or
a condition that is OFF and therefore TRUE?

Answer

d.  Conditions that can be programmed are stored where in controller memory,
in an input register or at specific addresses?

Answer

10.  Solve problems concerning normally open and normally closed contacts by answering
the following questions.

a. A normally open contact will be OPEN in its inactive state, and what else?

Answer

b. A normally closed contact will be CLOSED in its inactive state, and what else?

Answer

C. When NO or NC contacts are activated, they do what?

Answer
d. When activated a NO contact will CLOSE =nd what else?

Answer

e. When activated, a NC contact will OPEN and what else?

Answer

(&e)
it
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Select true statements conceming Examine ON and Examine OFF instructions by
placing an X beside each statement that is true.

a.  The symbols for NO and NC contacts have additional iinportance in PLC
programming.

b.  .In programming and ladder logic, the symbol means more than
Normally Open, it means Examina ON.

c. Examine ON mez as that when a controller finds there IS VOLTAGE at
a certain address, the instruction at that address is FALSE.

d. When there is NO VOLTAGE at an Examine ON address, the instruction
is FALSE.

e. The symbol  means more than Normally Closed, it means Examine
OFF.

f. Examine OFF means that when a controller finds there is NO VOLTAGE
at a certain address, the instruction at that address is FALSE.

g. When there IS VOLTAGE at an Examine OFF address, the instruction
is FALSE.

12.  ldentify symbols for coils by indicating in the following illustrations which is a normal
coil, a latched coil, and an unlatched coil.

—(—

a.
L.
b.
U
c. —
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14.

TEST

Complete stalements concerning seal-in circuits by circling the material that best
completes each statement.

a.

Seal-in circuits are used to keep a motor running after it has been started with
a (momentary) (capacitor) switch.

A seal-in circuit is usually a set of contacts (in the motor starter) (inside the
motor) which close and keep pewer supplied to the motor after the momentary
start button has been released.

Seal-in circuits are easy to identify in ladder logic diagrams because they
2'most abtwvays appear in a branch ciruit (below) (beside) the rung where the
motor is located.

Seal-in circuits also demonstrate how (paralled) (series) circuits function as
logical OR circuits because either the start switch or the se: -in circuit can
be used to energize the motor starter which then energizes the motor.

Seal-in circuits are almost always required for avent sequencing circuits using
(timers and counters) (start switches).

Programming seal-in circuits requires a procedure called (duplicating)
(branching).

Identify AND, OR and NAND, NC circuits in the following relay diagrams by
insertirig the correct circuit name beside the appropriate diagram.

l I
ui_o G 0_@__‘}2
1

v (D2
____O__I_

N or—
L |

co
~3
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TEST ﬁ
L1 l—J\)J__O——o_.Lc @ L2

following:

Answer

15.  Select true statements concerning inputs/outputs and internal logic by placing an X
beside each statement that is true.

(NOTE: For a statement io be true, all parts of the statement must be tr.e.)

a. Inputs are devices suck as limit switches and contacts that initiate or
stop a voltage signal to the output terminals on a PLC.

b. Outputs are contacts in an output module that provide a closure used
to turn ON/OFF field devices such as motors or solenoids.

C. Internal logic is that part of a PLC that receives information from inputs,
makes decisions based on programmed conditions, and seis outputs to
programmead objectives.

d. Input/outputs and internal logic are all contrciled in the controller memory f
with status bits that must be addressed. PLC addresses are grouped
in order:
1)  Specific addresses are for inputs only.
2)  Specific addresses are for outputs only.
3)  Specific addresses are for internal logic only.
4)  Other addresses are for special functions associated with registers.

16.  Select fundamentals of PLC programming by choosing correct answers to the

a.  In hard-wired relays, NC and NO contacts and switches do what, serve
multiple outputs or only what they are wired to do?

Answer

b.  In PLC functions, a NO or NC contact or switch does what, sarves multiple
outputs or what it is programmed to do?
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C. When the appropriate elements in a ladder diagram are TRUE, then the rung

is what, TRUE or FAL‘.’::E?

Answer

17.  Identify the diagram for a simple AND logic circuit by placing an X beside the AND
circuit in the following illustrations.

COMW
L1 L2 Li L2

) | 001 e
011}——

Il‘\
s
a 002
COM
L1 L2 L1 Le
001 ?02 -
oo N R G
S
b.

18. Identify the diagram for a simple OR logic circuit by placing an X beside the OR
circuit in the following illusirations.

«COMW
L1 L2 L1 L2

o) H O o

E H

002
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L1 L2 L1 L2

] H H ) -0

b.

19.  Identify the diagram for a simple NAND logic circuit by placing an X beside the
NAND circuit in the following illustrations.

«com
L1 L2 L1 L2

——l—qz IOOII: I?OE :019-_- 0 :\l:

com
L1 L2 L1 L2

_J—dz 001 019_
3
002

30
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TEST

20. Identify the diagram for a simple NOR logic circuit by placing an "X" beside the NOR

21.

22.

circuit in the following illustrations.

«cam
L2 L1 Le

e o o
L "

a.
g <co L Lo
__I._ 001 WM,
3 dl_—. 011)—
ck]
002
b.

Match basic operating modes with their functions.

a. Clears programmer memory SO a new 1. Mode 3
program can be entered
2. Mode 1
b. Permits the input of a new user program
or the "ipdate of an existing program 3. Mode 2

C. Tells the PLC processor 1.) scan and
execute the user program

Complete statements concerning instructions by circling the material that best
completes each statement.

a. Instructions are classified as either cundition instructions or output instructions,
and the two together form an instruction (set) (program).

b. Instructions are all assigned addresses which are associated with particular

(status bits) (outputs) in PLC memory.

J1
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TEST

C. Instructions are always stored in the same order in which they are entered,
and the PLC processor executes the instructions in (that same order) (a
reverse order).

d.  The PLC processor operates on instructions in a single operating cycle called
a scan which is divided into two parts:

1)  The (/O scan) (first scan) records the status of input devices and
energizes output devices which have :heir associated status bits set to
ON.
2)  The (Program Scan) (second scan) reads inputs, executes the scan and
updates outputs.
23.  Soclve problems concerning keyboarding by answering the following questions.

a.  When keyboarding, a pociet programmer has to be first placed in what mode?

Answer

b. PLC memory Fas to be cleared so what can happen?

Answer

C. All condition instructions when keyboarding should follow what?

Answer

d.  Rungs should be ended with what?

Answer

e. How is a program confirmed?

Answer

(NOTE: If the following activities have not been accomplished prior to the test,
ask your instructor when they should be completed.)

24.  Draw ladder relay diagrams to demons' ate basic logic functions. (Assignment Sheet
#1)

25. Draw ladder logic diagrams to demonstrate AND, OR, NAND, and NOR logic
functions using normally closed switches in a circuit. (Assignment Sheet #2)

26. Demonstrate the ability to use a programmer to program, enter, and run a PLC
program using AND, OR, NAND, and NOR logic. (Job Sheet #1)
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ANSWERS TO TEST e

Do not have to be wired to one another
Either a CLOSED or OPEN switch
On the top rung at the left rail

oo

ON or OFF

A condition that is ON and therefore TRUE
A condition that is OFF and therefore FALSE
At specific addresses

aoow

10. NOT passing power
Passing power

Change to opposite states
Pass power

Not pass power

e oe

11. a, b, d e g

12. a. Normal coil
b. Latched coil
c. Unlatched coil
13. a. Momentary
b. In the motor starter
c. Below
d. Parallel
e. Timers and counters
f. Branching
14. a. AND
b. OR
c. NAND
d. NOR
15. b, ¢, d
16. a.  Only what they are wired to do
b.  What it is programmed to do
- TRUE
17. b
18. a 94
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6 ANSWERS TO TEST

19. a
20. b
21. a. 2

b. 3

c. 1
22. a. Set

b. Status bits

c. That same order

d. 1) I/0 Scan

2)  Program Scan

23. a.  The program mode
. A new program can be entered
C. The logic diagram
d.  An output instruction
e. By running the program on the FLC
0 24. Evaluated to the satisfaction of the instructor

25. Evaluated to the satisfaction of the instructor

26. Evaluated according to criteria in Practical Test #1

1

»
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11.
12.
13.
14.

After cnmpletion of this unit, the student should be able to relate auxiliary cantacts and
external and internal relays to their functions in PLC programming. The student should
also be able to write ladder logic programs for timers and counters. These compstencies
will be evidenced by completing the procedures outlined in the assignment and job sheets
and by scoring a minimum of 85 percent on the unit test.

After completion of this unit, the student should be able to:

PLC-89

CONTACTS, TIMERS, AND COUNTERS
UNIT Il

UNIT OBJECTIVE

SPECIFIC OBJECTIVES

Match terms ielated to contacts, timers, and counters with their corract
definitions.

Solve problems concerning auxiliary contacts.

Solve problems concerning applications of Examine OFF auxiliary contacts.

Complete statements concerning internal relays.

Select true statements concerning RTO timers.

Complete statements concerning how an RTO times.

Solve problems concerning basic RTO programming.

Select true statements concerning RTF timers.

Solve problems concerning basic RTF programn.ing.
Complete statements concerning CTUs (up counters).
Complete statements concerning CTDs (down counters).
Complete statements concerning up-down countars.

Solve problems concerning how a CTU counts.

Solve problems concerning how an up-down counter works.

Select true statemer.ts concerning special function nrogram keys.

36
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OBJECTIVE SHEET
16. Write a ladder logic program using auxiliary contacts to energize an sutput.
(Assignment Sheet #1)
17. Demonstrate the ability to:

a.  Write and confirm a ladder logic program using an internal relay and
its auxiliary contacts to energize an output. (Job Sheet #1)

b.  Examine and confirm an existing RTO program. (Job Sheet #2)

c.  Write and confirm a ladder logic program tor an RTO timer. (Job Sheet
#3)

d.  Write and confirm a ladder logic program for an RTF timer. (Job Shest
#4)

e. Wr)ite and confirm a ladder logic program for an up counter. (Job Sheet
#5

f. Write and confirm a ladder logic program for a down counter. (Job
Sheet #6)

g. Write and confirm a !adder logic program for an up-down counter. (Job
Shest #7)

#~
vJ /[
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CONTACTS, TIMERS, AND COUNTERS
s UNIT I

SUGGESTED ACTIVITIES

Read Me First

Procedures in this text are presented for demonstration only and should not be
used in actual industrial applications. Graphic materials from manufacturers are
presented for the purpose of illustration only and no liability is assumed for their
use otherwise. Persons using this text assume liability for demonstration and for
any equipment damaged in demonstration. Administration of these materials
should be by a qualified instructor only in a safety-proven environment.

Provide students with objective sheet.
Provide students with information and assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

m o o o »

Read the tools and equipment list for each of the job sheets and prepare safely
@ mounted switches and lights so that student programs can be confirmed after they
are written.

F.  The illustrations in the transparencies and in the assignment and job sheets are
designed to best demonstrate the particular function with which they appear. Certain
programs may be written in different order, but if any programs are rewritten, be sure
they advance the objective of this unit of instruction.

G.  Suggested diagrams required for students to fulfill the objectives in the job sheets
are included here for examination as you review wie job sheets:

1. Job Sheet #1, Figure 1

001 002
1 { { H (701)
701
701
2l— | (011)
95




SUGGESTED ACTIVITIES O

2.  Job Sheet #3, Figure 1

g
{
1 | F—=HF (701 )——
|
-
701 701 901
2 —( RTO)———
PR 5.0
901
3 ( 011 }——o
001 901
al—L¥ (RST)——
RAC 000
3.  Job Sheet #4, Figure 1
"
f{
1 | | 4/}’ (701 }——
| ]
[
701 701 901
2——F —~( RTF)— @
PR 5.0
901
3 { { —( 011 )—
001 901
4 H —( RST)—
RAC 000
4.  Job Sheet #5, Figure 1
001 901
1 (CTU)
e PR 2.0
901
2 } (011)
002 901

s—L¥F ~ RST)-
RAC 000
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‘ SUGGESTED ACTIVITIES
5.  Job Sheet #6, Figure 1
?0‘/ 901
1 {CTD)
g PR 1
901
2 : —( 011 —
002 901
3 ,H’ ( RST)—
6.  Job Sheet #7, Figure 1 RAC2
001 901
1 ,H’ (CTU)
PR 4
002 901
2—1F —( CTD)—
PR 4
901
3 ,i/’ —( 011 )
901
Q 4 { —(012)
?03 901
. 5 { RST\
H.  Give test I ﬁR AC1}

REFERENCES USED IN DEVELOPING THIS UNIT

A. User's Manual Bulletin 1745 SLC ™ 100 Programmable Controller. Milwaukee, W!
43204: Allen-Bradley Company, 1985.

B.  User's Manual Bulletin 1745 SLC™ 100 Programmable Controller. Milwaukee, W!
43204: Allen-Bradley Company, 1987.
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e CONTACTS, TIMERS, AND COUNTERS
UNIT Il

INFORMATION SHEET

R Terms and definitions

A.  Auxiliary contacts — Examine ON/Examine OFF status bits associated with
output addresses

B. CTU (up counter) — A counter whose accumulated value increases by i for
each FALSE/TRUE transition

C. CTD (down counter) — A counter whose accumulated vaiue dezieases by
1 for each FALSE/TRUE transition

D. RTO (Retentive Timer On-Delay) — A timer which increments until it reaches
a reset accumulated value

E. RTF (Retentive Timer Off-Delay) — A timer that decrements until it reaches
a reset accumulated value

Increment — A process of changing values by consecutive additions

F
G. Decrement — A process of changing values by consecutive subtractions
H

PR (Preset Value) — The amount of time programmied for a timing function

L AC (Accumulated Value) — The amount of time that has passed at any
interval between the start and end of a timing function

J. RAC (Reset Accumulated Value) — The value that a timer is programmed
to start timing from, usually 0000

i Auxiliary contacts

A.  Auxiliary contacts are Examine ON/Examine OFF status bits associated with
output addresses.

Example: An output coil at address 011 has Examine ON/Examine OrF
status bits associated with it, and these status bits can be used
to energize or de-energize outputs on other rungs, to start timers,
to input counters, and for a variety of applications that give a PLC
unequaled caontroi capabilities.

foast,
fa)
O
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iNFORMATION SHEET

Auxiliary contacts can be well demonstrated in a circuit using two NC switches.
(Figure 1)

FIGURE 1

1 ,}zi’ < 011

Figure 1 shows switch 1 is passing power to input 1, making the Examine ON
condition at status bit 001 TRUE on Rung 1.

Figure 1 also shows that the Examine OFF condition at status bit 002 is
FALSE until NC switch 2 is opened, and then the Examine OFF condition at
002 becomes TRUE, there is logical continuity on Rung 1, and output coil
011 is TRUE.

When output coil 011 becomes TRUE, the internal auxiliary contact 011
automatically becomes TRUE and works as a seal-in circuit for the output.

With auxiliary contact 011 TRUE, switch 2 can be deactivated to make status
bit 002 FALSE, but the output will rema.. energized because auxiliary contact
011 maintains logical continuity on Rung 1.

Applications of Examine OFF auxiliary contacts (Figure 2)
A.

B: cause auxiiiary contacts are associated with outputs, auxiliary contacts can
be programmed for Examine OFF conditions.

In Figure 2, Rung 2 shows the Examine OFF cond;tion of the auxiliary contact
at address 011, but output 011 in Rung 1 is TRUE, so the Examine OFF
cendition at status bit 011 in Rung 2 is FALSE and there is no logical
continuity on Rung 2 and output 012 is FALSE. (Figure 2)

FIGURE 2

001*
1 /L,{’ {011)
yh
2 +1 (012)

= Switch must be normally open.

102
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0 INFORMATION SHEET

1%

If switch 1 input to Rung 1 is deactivated, Rung 1 output goes FALSE and
the auxiliary cortact 011 on Rung 2 becomes TRUE to provide logical
continuity to Rung 2 and energize output 012.

D.  Since auxiliary contacts may be used to the extent there are available words
in memory, the application of auxiliary contacts becomes a function of the
programmer's ability and imagination.

IV. Internal relays (Transparency 1)

A.  External outputs and internal relays are the same except that external outputs
are limited in number while internal relays number more than a hundred.

(NOTE: On the Allen-Bradley SLCTM100, there are six external outputs
compared with 166 internal relays at addresses 701 through 867, and these
internal relays also have auxiliary contacts associated with them that will
accomplish what auxiliary contacts accomplish with output coils.)

B. Internal relays also have auxiliary contacts that can be programmed just like
auxiliary contacts on external outputs.

C. Transparency 1 demonstrates how only one NC or NO switch can be used
to control multiple outputs.

D. In Transparency 1, with the switch NC, Rung 1 is FALSE and Rung 2
TRUE, but the moment switch 1 is actlvated Rung 1 becomes TRUE and
Rung 3 becomes FALSE.

E. Transparency 1 aiso shows how Rungs 3, 4, 5, 6, 7, and 8 change status
dependent upon the input condition of switch 1, and outputs on all rungs are
controlled by the auxiliary contacts for internal relays, not auxiliary contacts for
output relays.

F.  Selecting the most effective auxiliary contacts becomes important in advanced
programming.

V. RTO timers
A.  RTO means Retentive Timer On-Delay, and the symbol is -(RTO)-.
B. RTOs have addresses from 9201 to 932, they have Examine ON/Examine
OFF auxiliary coiitacts that have the same addresses as the timer coil, and
they have a reset coil with the same address.

C. The 901 timer coil has a PR value (preset value) at which the auxiliary
contacts change states.

Example: A PR (preset) value could be 10 seconds.
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D. As an RTO advances, it accumulates time, and this is called the AC
(accumulated) value. (Figure 3)

FiGURE 3
RAC
RTO Timer Rung Conditions Y
TRUE FALSE TRUE
" AC Value:
Counting
Timer s stops. Counting 00000 999.9
counting. ACvalue resumes.
retained.
A}C value represents the cumulative
time during which rung is TRUE. R PR set to 400.0

© Allen-Bradley. Reprinted with permission.

E.  With an RTO, the Examine ON contacts are FALSE when the AC value is less
than the PR value.

. With an RTO, the Examine On contacts are TRUE when the AC value is
equal to or greater than the PR value.

G. The RESET coil has a value called RAC (reset accumulated value), and that 0
is the value that the timer is programmed to start timing from.

VI. How an RTO times (Transparency 2)

A. There are two important elements in RTO timing:

1. The timer never times when the rung with the RST (reset) is TRUE.

2.  The RST rung must be FALSE and the RTO rung must be TRUE for
the RTO to time.

B. The RTO times in tenths of a second, .10, and the maximum is 999.9, and
then the timer rolls over to 000.0 again.

C. As the RTO passes 999.9 it sets a status bit at the RTO address plus 50
{901 + 50 = 951) at an £xamine ON cendition.

D. The Examine ON status bit goes TRUE as the timer rolls over and the
Ex mine OFF status bit at the same address goes FALSE.

E. The TRUE/FALSE transition happens only the first time the counter rolls over
without being reset.

F. An RTO is reset by making the reset rung TRUE, and this can be
accomplished by the program or by physically reactivating a switch.

H
| 3
i
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Vil. Basic RTO programming (Transparency 3)

A.

Transparency 3 demonstrates how an RTO might be programmed and the
dynamics of the program.

(NOTE: Assume in the following demonstration that the inputs are two NC
switches.)

By activating NC switch 2, the RST coil 801 on Rung 4 resets the AC value
of the RTO to 2.0 seconds.

When switch 2 is deactivated and switch 1 is activated, RTO 901 on Rung
1 becomes TRUE, the timer starts, and the AC value starts incrementing from
2.0 seconds.

Note that as the timer starts timing, output 011 on Rung 2 is FALSE, and
output 012 on Rung 3 is TRUE.

As long as Rung 1 remains TRUE, the AC value will continue incrementing,
but when the AC value reaches the PR of 10.0 seconds, Rung 2 becomes
TRUE and Run 3 becomes FALSE.

When the RTO passes 999.9, Examine N status bit 951 becomes TRUE,
output 013 is energized, and ti:e RTO rolls over to start again at 000.0

Vili. RTF Timers (Figure 4 and Transparency 4)

A.

RTE means Retentive Timer Off-Delay and the symbol is -(RTF)-. (Figure 4)

FIGURE 4
RAC
RTF Timer Rung Conditions
FALSE TRUE FALSE
= 8 AC Value:

) . Counting 0000 to 999.9
Timeris stops. Counting
counting. ACvalue resumes.

retained.

AC value represents the cumulative v\_
time durina which rung is FALSE. PR set to 400.0

© Alien-Bradley. Reprinted with permisslon.
RTFs have the same addresses 2, RTOs, 901 to 932, Examine ON/Exarnine

OFF auxiliary contacts that have the same addresses as the timer, and a reset
coil with the same address.

100
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C.  The difference between an RTF and RTO is that they function as opposites:
(Transparency 4)

1. The RTF coil must be FALSE in order for the AC value to increment
while the RTO coil must be TRUE in order for the AC value to
increment.

2. With the RTF, the Examine ON status bits are TRUE when the AC

value is less than the PR value, but with the RTO timer, the Examine
ON status bits are FALSE when the AC value is less than the PR value.

3. With the RTF, the Examine ON status bits are true when the AC value
is less than the PR value.

4.  With the RTO, the Examine ON status bits are true when the AC value
is equal to or greater than the PR value.

D.  The RTF timer Examine OFF status bit remains FALSE until the PR value
is reached, then the status bit goes TRUE until it is reset.

IX. Basic RTF programming (Transparency 5)

A.  Transparency 5 demonstrates how an RTF is programmed and the dynamics
of the process.

(NOTE: Assume in the following demonstration that the inputs are two NC
switches.)

B. By activating NC switch 2, the RST coil 901 on Rung 4 resets the AC value
of the RTF to 2.0 seconds.

C.  Since switch 1 is ON, the Examine ON status bit 001 on Rung 1 is TRUE,
and RTF 901 on Rung 1 is TRUE, but not timing because the RTF timer is
lc %ing for a FALSE rung.

D.  On Rung 2, Output 011 is TRUE because it is below the PR value of 10.0
(remember, the RAC is 2.0).

E.  Rung 3 is FALSE because Examine OFF status bit 901 on Rung 3 is FALSE.

F.  When switch 1 is activated, Rung 1 becomes FALSE and the RTF starts
timing.

G.  As the AC value increments to 10.00, Rung 2 goes FALSE, Rung 3 goes
TRUE, and will remain TRUE until switch 2 is activated to reset the RTF.

H.  When the RTF passes 999.9, Examine ON status bit 951 becomes TRUE,
output 013 is energized, and the RTF 3!ls over to start again at 000.0.

106
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X. CTUs (Up Counters)
A.  CTUs on the SLC™ 100 are at internal addresses 901-932.
B. As the name implies, a CTU increments in increasing values of 1.

C. A CTU symbol has letters inside the coil symbol with an address above: -
(CTU)-.

D. Like an RTO or an RTF, a CTU is retentive and must be reset with a RST
instruction.

E.  CTU instructions count successive FALSE-to-TRUE instructions of the rung
containing the counter instructions as long as the RST is FALSE.

F.  After each count, the rung must return to FALSE before another count can
take place.

G.  With CTUs the existing count is called the AC (accumulated value), and the
AC value increases by 1 for each FALSE-to-TRUE transition.

H. CTUs are programmed with a PR ({preset value) and a RAC (reset
accumulated value) just as timers are.

‘ Xi. CTDs (Down Counters)
A.  CTDs on the SLC™ 100 are at internal addresses 901-932.
B. As the name implies, a CTD decrements in decreasing values of 1.

C. A CTD symbol has letters inside the coil symbol with an address above: -
(CTD)-.

D. A CTD is retentive and must be reset with a RST instruction.

E.  CTD instructions count successive FALSE-to-TRUE instructions of the rung
containing the counter instructions as long as the RST is FALSE.

F.  After each count, the rung must return to FALSE before another count can
take place.

G. With CTDs, the existing count is called the AC (accumulaied value), and the
AC value decreases by 1 for each FALSE-to-TRUE transition.

H. CTDs are programmed with a PR (preset value) and a RAC (reset
accumulated value) just as timers are.
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Xil. Up-down Counters
A.  The up-down counter has both an up counter rung and a down counter rung.

B.  With an up-down counter, the AC value both increases and decreases in
response to FALSE-tc-TRUE conditions on the respective up/down rungs.

C. PR (preset value), AC (accumulated value), and RAC (reset accumulated
value) are used in ail counter programming.

(NOTE: As you work with counters, you will see that programming counters
is similar to programming timers.)

Xlil. How a CTU counts (Transparency 6)

A.  Transparency 6 demonstrates how a CTU is programmad and the dynamics
of the program.

(NOTE: Assume in the following demonstration that the inputs are two NC
switches.)

With a CTU program ready to run, the ladder logic diagram should show:
1. Rung 1 is FALSE.
2 Rung 2 is FALSE.
3. Rung 3 is TRUE.
4. Rung 4 is FALSE.

When switch 2 is activated, Rung 4 becomes TRUE and the RAC is reset
to 000.

As swilch 2 is deactivated and switch 1 is activated, CTU 901 on Rung 1 is
TRUE and the counter starts counting in increments of 1 in response to the
FALSE-to-TRUE transition on Rung 1, and the AC value becomes 1.

When switch 1 is activated again, another FALSE-to-TRUE transifion occurs
on Rung 1, the CTU increments by 1, and the AC value becomes 2.

Activating switch 1 continues the FALSE-to-TRUE transitions on Ru:g 1 until
the AC value reaches 5 which equals the PR value of 5, and the GTU
program is complete.

As the CTU reaches its PR value, Rung 2 goes from FALSE to TRUE and
Rung 3 goes from TRUE to FALSE.
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H.  As Rungs 2 and 3 change states, their outputs can function to turn real-wcrld
devices ON/OFF and accomplish a contrci objective.

(NOTE: A ladder logic program for a CTD is presented in Transparency 7 so
you can comnare the CTU and CTD programs for variations and similarities.)

XIV. How an up-down counter works

A. A ladder logic diagram using two NC switches ant' one NO swiich as inputs
demonstrates how an up-down counter works. (Transparency 8)

B.  Activating switch 1 starts the counter which increments 1 unit at a time.

C. When the up counter incremenis to 4 or greater than 4, Rung 4 becomes
TRUE and Rung 3 goes FALSE.

D. Activating switch 2 starts the down counter which decrements 1 unit at a
time.

E. When the down counter decrements to 3 or less, Rung 3 becomes TRUE
and Rung 4 goes FALSE.

(NOTE: The AC value for the up counter can be equal to or greater han ths
PR value, but th~ AC value of the down counter must be less than the PR
@ value in order to make the FALSE/TRUE transition for up/down counting.)
F.  Activating switch 3 resets both AC values.
XV. Speclal functicn program keys

A. Many keys on a programmer have duel functions which are indicated by
numbers and symbols on the faces of the keys.

B. Pressing the SHIFT key on the programmer changes the key function to the
function indicated in blue on the top of the key.

Example: To program the reset at the end of a timing or counting program,
press SHIFT; then the -(RST)- key, the -(RST)- symbol will light

on the Jpper display, and three dashes, - - -, will appear in the
ADDRESS window so that the 3-number RST address can be
entered.

C.  When an output such as a timer or counter requires additional data such as
a PR or an RAC, four dashes, - - - -, appear in the ADDRESS window to
indicate additional data should be entered.

D.  When four dashes, - - - -, appear in the ADDRESS window they will remain
there until required data is entered and the pocket programmer will reject
inappropriate entries.

-
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E. The LAST and NEXT keys permit a programmer to go back and check an
instruciion by pressing the LAST key and then pressing the NEXT key to get
back to the original spot in the program.

F.  The LAST and NEXT keys become handy tools when programming becomes
complex because you can move back several rungs to check specific
instructions and then return to your starting point.

G. The NEXT and LAST functions are also handy for monitoring any selected
instruction while a program is running.

H. By pressing the RUNG key, then the rung number, and then the ENTER key,
a programmer can check any rung desired and check a program, rung by
rung, as it is running.
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internal Relays

001
1 ,}/’ —{( 701 F———
701
2 I o 1} \
,'/ 1702}
702
3 {011}
701
4 {012)}—
702
s 5 {013}
702
6 l {014}
701
7 {015}
701
8 {016)

[C ™ 1

Full Tt Provided by ERIC.




RTO Timers

i o
Rung 1 { r10 )}
" RTO Timer—" vrxx
Instruction ’
91011\ 015
Rung 2 {3
H Status Bit v
\glol " Address 016
Rung 3 AN { )
Reset
002 Instruction\ 901
11
Rung 4 il ( RsT } {
RAC YYYY
Ladder Diagram
.TRUE
Rung 1 Z
I _
1FALSE ' : H

: 5 1

~

_

: "/5 v

wnga |1+ b

PR XXX.X

AC val - / .
Dt

AC=0000 A 8 C D E £

Timing Diagram

© Allen-Bradiey. Reprintad with permission,
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RTO Programming

?01 901
1 ,(F (RTO)F—
PR 10.0
901
2 {011 y—
901
3 L {(012)———
@ 002 901
4 1 (RST——
RAC 2.0
951
5 { {013 )}——

o 113 ™ 3




RTF Timers

001 901
Rung 1 ” ( RTF )———-
RTF Timer = pa yux x
Instruction
%01 015
Rung 2 | {’\ { —
Status Bit
Addrass 016
Rung3 N ¢)
Reset
co2 Instruction ~
Rung4 v-——l}* Al RST ).___
RAC YYYY

Ladder Diagram

Rung3 || | _
Rung 4
PR XXX.X ----- 4 ------------- i ---------- /// ------
AC Value : // /
RAC YYYY ) } ///// /%//
.//,;/;./ / ”/ / £ ./.,«././//./.4/ ..// /
¢ =0000” A 8 C D E F G
Timing Diagram

© Alien-Bradley. Reprinted with permiasion.
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RTF Programming

001 901
1 —(RTF)
PR 10.0
901
2 (011 )
3 901
3 1 —( 012 )—
po2 901
4 o {RST)———
RAC 2.0
951
S { ; (013 —-
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CTU (Up Counter)

001 901
1 rd —(CTU})
PR5
901
2 } (011)

901
3 ,Fﬁ’ —( 012}

002 901
4 ,}ﬁ’ {(RST)}—
RAC 0

116 ™6
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D (Down Counter)

001 901
> {CTD}
PR 2
901
g {011 )
901
,}/’ {(012)
002 901
,i/ (RST)
RAC5
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Up-Down Counter

001 901
4'/ —(CTU—
PR 4
002 901
,{/’ —(CTD)-
PR 4
901
Lt —{( 011 ———
901
{012 )———
003 901
{(RST)———
RAC 1
118
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CONTACTS, TIMERS, AND COUNTERS
é UNIT Il

ASSIGNMEMT SHEET #1 — WRITE A LADDER LOGIC PROGRAM USING
\UXILIARY CONTACTS TO ENERGIZE AN OUTPUT

Directions: The focus of this activity is {0 demonstrate how one input can be used to
control multiple outputs through the use of auxiliary contacts. Have switch i at address
001 turn on output 11 at address 011 on Rung 1. Use auxiliary contacts from output 11
to energize output 12. Use an auxiliary contact from output 12 so that when output 12 is
TRUE, output 13 is FALSE. Use an auxiliary contact from output 13 to energize output
14. Write the program so that when 14 is TRUE, 15 is FALSE; and when 15 is TRUE, 16
is TRUE. Remember that external and internal coils can be used only one time.
Remember that you are waorking with normally closed switches.
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CONTACTS, TIMERS, AND COUNTERS
o UNIT I

ANSWERS TO ASSIGNMENT SHEET

Assignment Sheet #1

001
1 - 011 ) T
011
2 {012) T
‘ 012
3) 4!/’ (013 ) F
013
4 ~ 014} F
014
0 5 - ~015) T
015
6 {016} T
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CONTACTS, TIMERS, AND COUNTERS
‘ UNIT I

JOB SHEET #1 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM
USING AN
INTERNAL RELAY AND ITS AUXILIARY CONTACTS TO ENERGIZE AN OUTPUT
A.  Tools and equipment
1. PLC as selected by instructor
Programmer for selected PLC

User's Manual for selected PLC

Two single-pole, single-throw switches, mounted NC

2

3

4

5. 115v industrial lamp, mounted

6 Three-conductor, 16-gauge power cord

7 Pen or pencil

8 Safety glasses

‘ B.  Routine #1 — Writing the ladder logic program
1. Put on safety glasses.

2. Place the Figure 1 guideline that accompanies this job sheet alongside your
instructions and use it to complete your ladder logic diagram.

3. Enter the addresses 001 and 002 on Rung 1 to show the Examine ON
condition at address 001 and the Examine OFF condition at address 002.

4.  Complete Rung 1 by entering the symbol and proper address for Internal
Relay 701.

5. Enter a branch around 002 to include an auxiliary contact in the Examina
ON condition at address 701.

6.  Complete Rung 2 showing an auxiliary contact in the Examine ON condition
at address 701, and an output coil at address 011.

[ Have your instructor check your work.
C.  Routine #2 ~— Entering, running, and confirming the program
1. Put on safety glasses.

2. Check the PLC for proper electrical connections.
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Plug the progr~mmer into the PLC.

Clear the programmer and enter your new ladder logic program.
End the program and enter it into controller memory.

Run the program.

Activate the appropriate start switch to confirm the program.

Have your instructor chieck your work.

® [] N @ o &

Clean area and return tools and equipment to proper storage.




FIGURE 1

JOB SHEET #1
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CONTACTS, TIMERS, AND COUNTERS
UNIT i}

JOB SHEET #2 — EXAMINE AND CONFIRM AN EXISTING RTO FPROGRAM

Tools and equipment

1.

© ® N O o A © N

PLC as selected by instructor

Programmer for selected PLC

User's manual for selected PLC

Two single-pole, single-throw switches, mounted
115v industrial lamp, mounted

Three-conductor, 16-gauge power cord

Pen or ;;encil

Stop watch or watch with second hand

Safety glasses

Routine #1 — Examining an RTO program

1.
2.

Put on safely glasses.

Take Figure 1 that accompanies this job sheet and fay it out beside this page
so you can follow the ladder logic diagram step by step.

Assume that you are working with two NC switches as inputs.
Scan the diagram and note the initial condition of each rung:
a. Rung1is FALSE.

b. Rung 2is TRUE.

c. Rung 3 is FALSE.

d. Rung 4is FALSE.

Note the RAC value of 000 on Rung 4, and the PR value of 4.0 (4 seconds)
on Rung 1.

Activate switch 1 input and status bit 001 on Rung 1 goes TRUE making
Rung 1 TRUE, which starts RTO 901 incremanting from 000 (zero).

Note that RTO 901 will continue incrementing as long as Rung 1 remains
TRUE and RUNG 4 remains FALSE.
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10.
11.

12.

L

JOB SHEET #2

Note that at an AC value of 4.0 seconds, RUNG 2 goes FALSE, RUNG 3
goes TRUE, and RUNG 3 remains TRUE until the RTO is reset to a value
of less than 4.0

Note the dynamics of the program: as RUNG 3 goes TRUE, Rung 1 goes
FALSE and will remain FALSE until the 901 RST in Rung 4 is activated.

Activate switch 2 input and the progra:n changes back to initial conditions.

Activate switch 1 input again and the RTO will begin incrementing and repeat
the cycle.

Lay Figure 1 aside, and write the program you have been working with on
a ladder logic diagram of your own by compieting Figure 2.

FIGURE 2

4‘_ —

Have your instructor check your work.

Routine #2 — Entering, running, and confirming an RTO program

1.
2.

Put on safety glasses.

Use your own diagram from Routine 1, Figure 2 as you complete the rest of
this routine; do not use Figure 1.

Prepare the S!.C 100 and the Pocket Programmer as previously outlined.

Tumn the prog.ammer ON, Press MODE and the 1 key, and look for Clear
above the DATA display and a 1 above MODE.

Press ENTER and look for SurE above DATA and a ? above MODE.
Press ENTER, note donE shows above DATA momentarily and then DATA

shows 885 to indicate the number of words available for programming and
MCDE shows End to indicate the programmer is ready for new entries.

125




10.

11.

12.

13.

14.

15.

16.

17.
18.

18.

20.

21.

22,

JOB SHEET #2

Note that the PROG function is iit on the display.

Press the Examine OFF key and note that three dashes, - - -, come up in
the ADDRESS window and that the RUNG display indicates you are ready to
program RUNG 1.

Press the 1 key and look for the 1 to show in the ADDRESS window to
indicate you have entered the Examine OFF condition for address 001.

Press the RTO key, look for the RTO function to light up on the display and
three dashes in the ADDRESS window, and a 1 in the RUNG window to
indicate you are still programming Rung 1.

Press 901 and look for the number of the RTO address to appear in the
ACDRESS window.

Press ENTER and look for four dashes, - - - -, in the DATA window to
incicate that you have additional data fo enter st the end of the rung.

Note also that Pr shows in the MODE window to indicate the data required
is for the PR value.

Press the 4 key and then the 0 key, look for two dashes, - -, in the DATA
window followed by 4.0 (four point zero), and the Pr in the MODE window.

Press ENTER and note DATA displays 883 to indicate two words of memory
have been used to program Rung 1, and End in the MODE window verifies
Rung 1 is programmed.

Press the Examine OFF key, ook for three dashes, - - -, in the ADDRESS
window, and a 2 in the RUNG window to indicate you are programming Rung
2.

Enter 801 for the address of the Examine OFF status bit in Rung 2.

Press the -( )- (output coil) key and look for three dashes, - - -, in ADDRESS
and a 2 in RUNG.

Press the 1 key twice to enter the address (11) of the output coil, and look
for -11 in ADDRESS and 2 in RUNG.

Press ENTER and look for DATA to display 881 to indicate two words of
memory were used to program Rung 2, and an End in MODE to indicate
Rung 2 has been programmed.

Press the Examine ON key and look for three dashes, - - -in the ADDRESS
and a 3 in the RUNG to indicate you are ready to program RUNG 3.

Press 901 to enter the address for the Examine ON status bit.

perd
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23.

24.

25.

26.

27.

28.

29,
30.

31.

32.

33.
34.

35.

36.

37.

38.
39.
40.

JOB SHEET #2

Press the -( )- (output coil) key and look for three dashes, - - -, in the
ADDRESS window and a 3 in the RUNG window to indicate you are still
programming Rung 3.

Press 1 and then 2 to enter the address for output coil 12.

Press ENTER and look for an 879 in the DATA display and an End in the
MODE display to indicate that Rung 3 has been programmed.

Press the Examine OFF key and look for three dashes, - - -, in the ADDRESS
window and a 4 in the RUNG window to indicate you are ready to begin
programming Rung 4.

Press the 2 key to enter address for the Examine OFF status bit 002, and
look for two dashes, - -, a 2 in the ADDRESS window, and 4 in the RUNG
window.

Press the SHIFT key and note that a period (.) appears after the 4 in the
RUNG window.

Press the RST key and note that the period (.) after the 4 disappears.

Press 901 to enter the address for the RST and look for 901 in the ADDRESS
window and a 4 in the RUNG display.

Press ENTER and look for three dashes and a zero, - - - 0, under ADDRESS
and rAc (reset accumulation value) under RUNG.

Press ENTER again and look for 876 in DATA to indicate that a total of 9
words have been used for the complete RTO program.

Press the MODE key and look for prog in DATA and a 2 in MODE.

Press the 3 key and look for a flashing run in DATA and a 3 in MODE to
indicate the program is ready to be run on the PLC.

Press ENTER and look for 876 in DATA and End in MODE to indicate the
program can now be confirmed.

Press RUNG and then the 1 key and look for two dashes and a 1, - - 1,
under ADDRESS.

Press ENTER and look for 801 in ADDRESS and 1 in RUNG; note that the
display indicates the RTO function on Rung 1.

Press the NEXT key and look for 4.0 in DATA and Pr under MODE.
Press the NEXT key again and look for .0 in DATA and Ac in MODE.

Activate switch 1 and watch as the RTO increments in seconds and tenths
of a second in the DATA wixdow.
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41. Watch output 11, which is ON,‘ and 12, which is OFF, change states when
the PR reaches 4.0 seconds.

(NOTE: If you are using mechanical relay outputs you should actually be able
to hear a click when the 4.0 PR value is reached and the relays de-energize
and energize.)

42. Press the NEXT key and look for a 801 in ADDRESS and a 2 in RUNG.
43. Press the NEXT key and note that output 11 on Rung 2 is not ON.

44. Press the NEXT key again and look for 901 in ADDRESS and 3 in RUNG,
and note that status bit 301 is ON in the upper display.

45. Press the NEXT key again and look for a 12 in the ADDRESS and a 3 in
Rung to indicate that output 12 is ON.

46. Press the NEXT key again and look for a 2 in ADDRESS and a 4 in RUNG;
notice that the Examine OFF status bit is OFF or FALSE.

47. Press the NEXT key another time and look for 901 in ADDRESS and 4 in
RUNG to indicate Rung 4 is FALSE. Since the RST on Rung 4 is therefore
FALSE, this confirms the program because the RST has to be FALSE for
the RTO on Rung 1 to increment.

e 48. Press the RUNG key and look for rung in DATA, then press the 1 key and
look for two dashes and a 1, - - 1, in DATA.

48. Press ENTER and note that the RTO function lights on the upper display,
801 is in ADDRESS and 1 is in RUNG, and 901 is ON only if the rung is
TRUE.

50. Press the NEXT key and look for 4.0 {the PR value) in DATA.

51. Press the NEXT key again and look at the DATA display for seconds and
tenths of a second as the RTO continued to increment.

52. Deactivate switch 1 and note that the RTO stops incrementing, and the ON
light goes off on the RTO on the dispiay.

53. Activate switch 2 and note that the AC value is reset to .0 and that output
12 is OFF or FALSE and output 11 is ON or TRUE.

54. Activate switch 1 again and note that the RTO starts incrementing again and
repeats the timing cycle to once again confirm your program.

O Have your instructor check your work.

55. Clean up area and return tools and equipment to proper swrage.
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FIGURE 1
001 901
1 +F (KTO)
PR 4.0
901
2 ,H’ (011)
901
3 } { {012 -
002 901
4 | | { RST)
AC 000
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CONTACTS, TIMERS, AND COUNTERS
UNIT I

JOB SHEET #3 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM

FOR AN RTO TIMER

Tools and equipment

1.

© ® N 9O 0 A~ 0D

PLC as selected by instructor

Programmer for selected PLC

User's Manual for selected PLC

Two single-pole, single-throw switches, mounted NC
115v industrial lamp, mounted

Thres-conductor, 16 gauge power cord

Pen or pencil

Stop watch (or watch with second hand)

Safety glasses

Routine #1 — Writing the RTO ladder logic diagram

1.

Put on safety glasses.

(NOTE: Assume that you are programming a start/stop function using two
NC switches to turn on output #11 5.0 seconds after the START button is
pressed. The program objective is to use auxiliary contacts with an RTO timer
to turn off output #11 when the STOP button is pressed.)

Complete your ladder logic diagram using Figure 1 as a guide, and make all
entries in order.

130




138

10.

11.

JOB SHEET #3

FIGURE 1

Enter the addresses 001 and 002 on Rung 1 to show the Examine ON
condition at address 001 and the Examine OFF condition at address 002.

Enter a branch around 002 to include an auxiliary contact in the Examine
ON condition at address 701.

Complete Rung 1 by entering the symbol and proper address for Internal
Relay 701.

Complete Rung 2 showing an auxiliary contact in the Examine ON condition
at address 701, and an RTO output at address 901 to complete Rung 2.

Be sure to add the PR 50 to indicate the preset for the RTO at 901.

Complete Rung 3 showing an auxiliary contact in the Examine ON condition
at address 901, and output coil #11 at address 011.

Comglete Nung 4 showing an Examine OFF condition at address 001, and
a reset, RST, at address 901.

BaRsure to add the reset accumulated value, RAC, of 000 at the 901 RST
in Rung 4.

Take a minute or two to examine your logic diagram to make sure that
pressing Switch 2 will START output #11, and that pressing Switch 1 will
STOP ouiput #11.
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12. Check your program to be sure that after your press START, there will be a
5.0 second delay before output #11 is energized.

(NOTE: Remember that an RTO means Retentive Timer On-Delay.)

L] Have your instructor check your work.
C.  Routine #2 — Confirming the RTO program
1. Put on safety glasses.
Check the PLC for propsr and safe electrical connections.
Pluy the programmer into the PLC.
Clear the programmer and enter your new ladder logic program.
End the program and enter it into controller memory.

Place the program in the RUN mode.

N o o s o® P

Perform the following two steps at the same moment:
a.  Press the START switch.

b.  Start the stop watch.

8.  Note the time delay before Output #11 turns On.

9.  Enter the time delay here: __

10. Compare your time delay entry with the programmed delay time of 5.0
seconds tfo confirm the starttime delay part of your program. '

11. Press the STOP switch.

12, Verify that Output #11 goes OFF immediately to confirm the final part of your
program.

(NOTE: If you left the stop watch running, you may want to note the full time
between START and STOP, and then note that the program time can end
ONLY when the STOP switch is pressed either manually or by a programmed
device such as a limit switch.)

13. Repeat Steps 7 through 11 to confirm your program a second time.

[ Have your instructor check your work.

14. Clean area and return tools and equipment to proper storage.
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CONTACTS, TIMERS, AND COUNTERS
UNIT Il

JOB SHEET #4 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM
FOR AN RTF TIMER

Tools and materials

1. PLC as selected by instructor

Programmer for selected PLC

User's Manual for 2elected PLC

Two single-pole, single-throw switches, mounted

115v industrial lamp, mounted

Three conductor, 16-gauge power cord

Pen or pencil

Stop watch or watch with second hand

© ® N O o » N

Safety glasses

Routine #1 — Writing the RTF ladder logic program

1. Put on safety glasses.

(NOTE: Assume that you are programming a start/stop function using to NC
switches to control a program where Output #11 is initially ON, but goes OFF
5.0 seconds after Switch 2 is pressed. Thc program uses an RTF timer.)

2. Complete your ladder Icgic diagram using Figure 1 as a guide, and make all
entries in order.

—
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JOB SHEET #4

FIGURE 1

Enter the addresses 001 and 002 on Rung 1 to show the Examine ON
condition at status bit 001 and the Examine OFF condition at status bit 002.

Enter a branch around 002 to include an auxiliary contact in the Examine
ON condition at status bit 701.

Complete Rung 1 by entering the symbol and proper address for Internal
Relay 701.

Complete Rung 2 showing an auxiliary contact in the Examine OFF condition
at status bit 701, and an RTF output address 901 to complete Rung 2.

Be sure to enter the PR 50 to indicate the preset for the RTF at 801.

Complete Rung 3 showing an auxiliary contact in the Examine ON condition
at status bit 901, and output coil #11 at address 011.

Complete Rung 4 showing an Examine OFF condition at status bit 001, and
a reset, RST, at address 901.

Be sure to add the reset accumulated value, RAC, of 000 at the 901 RST
in Rung 4.

Take a minute or two to examine your logic diagram to make sure that

pressing Switch 2 will STOP output #11, and that pressing Switch 1 will start
output #11 again and. energize it for 5.0 seconds.
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Take a minute or two to excmine your logic diagram to make sure that
pressing Switch 1 activates RST 901 so that the RTF will be reset to 000.
Make sure that activating Switch 2 will start the RTF by making Rung 2
FALSE, and that output #11 goes OFF after 5.0 seconds.

Have your instructor check your work.

Routine #2 — Confirming the RTF program

1.

® N O O A w P

10.
11.

12.

Put on safety glasses.

Check the PLC for proper and safe electrical connections.

Plug the programmer into the PLC.

Clear the programmer and enter your new ladder logic program.
’End the program and enter it into controller memory.

Place the program in the RUN mode.

Note that output #11 is ON.

Perform the following two steps at the same moment.

a.  Press Switch 2.

b.  Start the stop watch.

Note the time delay before Output #11 goes OFF.

Enter the time delay here:

Compare your time delay entry with the programmed time delay of 5.0
seconds to confirm your program.

Have your instructor check your work.

Clean area and return tools and materials to proper storage.
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CONTACTS, TIMERS, AND COUNTERS
UNIT li

JOB SHEET #5 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM
FOR AN UP COUNTER
A.  ‘fools and materials
1. PLC as selected by instructor
Programmer for selected PLC
User's Manual for selected PLC

Two single-pole, single-throw switches, mounted NC

2.

3

4

5. 115v industrial lamp, mounted

6 Three conductor, 16 gauge power cord
7 Pen or panil

8 Safety glasses

B.  Routine #1 — Writing the up counter program

1. Put on safety glasses.

2. Assume that you are working with two NC closed switches for inputs #1 and
#2.

3. Lay the Figure 1 sketch that accompanies this job sheet alongside these
instructions to help make the job easier.

4. Wiite an Examine OFF condition for the status bit at address 001 en Rung
1.

Complete Rung 1 with a CTU output at address 901 with a PR value of 2.0.
Start Rung 2 with an Examine ON condition for the status bit at address 901.

Complete Rung 2 showing an output coil at address 011.

©® N o o

Start Rung 3 with an Examine OFF condition for the status bit at address
002.

9.  Complete Rung 3 with a RST output at address 901 and an RAC value of
000.
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10.  Start with your initial condition of two NC switches and follow the logic through
the program to check your program.

[ Have your instructor check your work.
C.  Routine #2 — Programming and confirming the up counter program
1. Put on safety glasses.

(CAUTION: Check power cords and all electrical connections vefore
starting this routine to make sure you are working safely.)

2. Set up the pocket programmer and the PLC as outlined in a previous routine.

w

Lay your completed program from Figure 1 alongside the programmer so it
can be easily referericed.

Clear the programmer.

Start on Rung 1 and make all entries in order.

Enter the program in PLC memory.

N o o

Place the programmer in the run mode and confirm the program by observing
the following:

a.  Output #11 should be off.
b.  Pressing input switch 1 two times should energize output #11.

c. Pressing input switch 2 should tur: output #11 OFF.

®

Run the program a second time to reconfirm.

O Have your instructor check your work.

9.  Clean up area and return tools and equipment to proper storage.
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CONTACTS, TIMERS, AND COUNTERS
UNIT il

JOB SHEET #6 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM

FOR A DOWN COUNTER

Tools and materials

1.

© N o o » 0 N

PLC as selected by instructor

Programmer for selected PLC

Users Manual for selected PLC

Two single-pole, single-throw switches, mounted NC
115v industrial lamp, mounted

Three-conductor, 16 gauge power cord

Pen or pencil

Safety glasses

Routine #1 — Writing the down counter program

1.
2.
3.

© © N o o

10.

Put on safety glasses.
Assume that you are working with two NC switches for inputs #1 and #2.

Use the guideline sketch in Figure 1 that accompanies this job sheet to
complete your prog,am.

Write an £xamine OFF condition for the status bit at address 001 on Rung
1.

Complete Rung 1 with a CTD output at address 901 with a PR value of 1.
Start Rung 2 with an Examine ON condition for the status bit at address 901.
Complete Rung 2 showing an output coil at address 011.

Start Rung 3 with an Examine OFF condition at address 002.

Complete Rung 3 with a RST output at address 801 with a RAC value of 2.

(NOTE: In this case the RAC valug is greater than the PR value because this
is a down counter.)

Start with your initial condition of two NC switches and follow the logic through
the program to check your program.

Have your instructor check your work.
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Routine #2 — Programming and confirming the down counter program

1.

®

N o 0 b

10.

11.

12.

Put on safety glasses.

(CAUTION: Check power cords and all electrical connections before
starting this routine to make sure you are working safely.)

Set up the pocket programmer and the PLC as outlined in a previous routine.

Lay your completed program from Figure 1 alongside the programmer so it
can be easily referenced.

Clear the programmer.
Start on Rung 1 and make all entries in order.
Enter the program in PLC memory.

Place the programmer in the run mode and confirm the program by observing
the following:

a.  Activate Switch 2.

b.  Output #11 should be ON.

c.  Pressing Input Switch 1 two times should turn Output #11 OFF.
d.  Pressing Input Switch 2 should turn Output #11 ON.

Run the program a second time to reconiirm, but this time monitor the AC
value with the following procedure:

a. Press the RUNG key.

b. Press the 1 key.

c. Press the NEXT key until you see the AC value in the MODE display.
Activate input switch 1 one time and look for the AC value to go from 2 to
.’

Activate input switch 1 a second time and look for the AC value to go from
1to0.

Activate input switch 2 and look for the AC value to return to 2.

Have your instructor check your work.

Clean up area and return tools and materials to proper storage.
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CONTACTS, TIMERS, AND COUNTERS
UNIT B8

JOB SHEET #7 — WRITE AND CONFIRM A LADDER LOGIC PROGRAM

FOR AN UP-DOWN COUNTER

Tools and materials

1.

© © N o o s w0 P

PLC as selected by instructor

Programmer for selected PLC

User's Manual for selected PLC

Two single-pole, single-throw switches, mounted NC
One single-pole single-throw switch mounted NO
115v industrial lamp, mounted

Three-conductor, 16-gauge power cord

Pen or pencil '

Safety glasses

Routine #1 — Writing the up-down counter program

1.
2.

© ® N o g

11.
12.

Put on safety glasses.

Assume that you are working with two NC switches for Inputs #1 and #2 and
one NO switch at Input #3.

Use the guidelines in Figure 1 that accompanies this job sheet to complete
your program.

Write an Examine OFF condition for the status bit 001 on Rung 1.
Complete Rung 1 with a CTU output at address 901 with a PR value of 4.
Start Rung 2 with an Examine OFF condition for the 002. '

Complete Rung 2 with a CTD output at address 901 with a PR value of 4.
Start Rung 3 with an Examine OFF condition at address 901.

Complete Rung 3 with an output coil at address 011.

Start Rung 4 with an Examins ON condition at address 901.

Complete Rung 4 with an output coil at address 012.

Start Rung 5 with an Examine ON condition at address 003.
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14.

O
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Complete Rung 5 with an RST output at address 901 with a RAC value of
1.

Start with your initial conditions and follow the logic through the program to
check your program.

Have your instructor check your work.

Routine #2 — Programming and confirming the up-down counter program

1.

w

o &

o

Put on safety glasses.

(CAUTION: Check power cords and all electrical connections before
starting this routine to make sure you are working safely.)

Set up the pccket programmer and tiie PLC as outlined in a previous routine.

Lay your completed program alongside the programmer so it can be easily
referenced.

Clear the programmer.
Start on Rung 1 and make all entries in order.
Enter the program into PLC memory.

Place the programmer in the run mode and confirm the program by observing
the following:

a.  Output #11 is lit.
b. Press RUNG and 1 and monitor the AC value of Rung 1.
c.  Activate input switch 1 and look for the AC value to increment 1.

d. Keep activating switch 1 and watch the AC valua increment by 1 each
time switch 1 is activated.

e. Start activating switch 2 and look for the AC value to decrement 1
each time switch 2 is activated.

(NOTE: You could program Rung 2 for monitoring, but there is no need
because the AC value is a value shared by Rungs 1 and 2.)

f. Activate switch 1 until the AC value goes past the PR of 4.
g. Activate switch 2 until the AC value goes back to 0.

h. Activate switch 3 and look for the RST to take Rungs 1 and 2 back
to an AC of 1.
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(NOTE: Output #11 is OFF and Output #12 is ON when the AC value

is 4 or greater, and Output #11 is ON and Output #12 is OFF when the
AC value is 3 or less.)

8. Run the up-down counter program again to reconfirm the program.
N Have your instructor check your work.

8. Clean up area and return tools and materials to proper storage.
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CONTACTS, TIMERS, AND COUNTERS
UNIT Ui

PRACTICAL TEST #1
JOB SHEET #1 — WRITE AND CONFIRM A
LADDER LOGIC PROGRAM USING AN INTERNAL
RELAY AND ITS AUXILIARY CONTACTS TO ENERGIZE AN OUTPUT

Stuc .nt's name Date

Evaluator's name Attempt no.

Student instructions: When you are ready to perform this task, ask your instructor to
observe the procedure and complete this form. All items listed under "process
Evaluation" must receive a "yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATION NOTE: Place a chuck mark in the "Yes" or "No" blanks to designate
whether or not the student has satisfactorily achieved each step ir *his procedure. If the
student is unable to achieve this competency, have the student rev.ew the materials and

try again.)
The student: YES NO

1. Wrote program properly.

2.  Entered new program properly.
3. Ran the program progerly.

4.  Confirmed program.

5.  Worked safely.

I I I I I N I
I I T I I

6. Returned tools and eijuipment to proper storage.

Evaluator's comments:
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JOB SHEET #1 PRACTICAL TEST
PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate
numbers. Each item must be rated at least a "3" for mastery to be demonstrated. (See
performance evaluation key below.) If the student is unable to demonstrate mastery,
student ma;terials should be reviewed and another test procedure must be submitted for
evaluation.

Criteria:

Safety with equipment 4 3 2 1
Program writing 4 3 2 1
Program keyboarding 4 3 2 1
Program confirmation 4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training

3 —Moderately skliled -— Has performed job during training program; limited additional
training may be requirad.

2 — Limited skill — Has performed job during training program; additional training is
required to develop skill

1 — Unskiiled ~~ Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is 1.eeded to coincide with a competency
profile, tot;al the designated points in "Product Evaluation” and divide by the total number
of criteria.
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Student’'s name

CONTACTS, TIMERS, AND COUNTERS

UNIT Il
PRACTICAL TEST #2

JOB SHEET #2 — EXAMINE AND CONFIRM AN

EXISTING RTO PROGRAM

Evaluator's name

Date

PLC-161

Atterapt no.

Student instructions: When you are ready to perform this task, ask your instructor to
observe the procedure and complete this form. All items listed under "process
Evaluation" must receive a "yes" for you to receive an overall performance evaluation.

-

PROCESS EVALUATION

(EVALUATION NOTE: Place a check mark in the "Yes" or "No" blanks to designate
whether or not the student has satisfactorily achieved each step in this procedure. If the
student is unable to achieve this competency, have the student review the materials and

try again.)

The student:

1.

2.

Evaluator's comments:

Examined RTO program.
Rewrite RTO program pr6perly.
Keyboarded all entries in order.
Ran RTO program properly.

Confirmed RTO program.

Returned tools and equipment to proper storage.

YES

N T I I

NO

I N




JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the foiowing criteria by circling the appropriate
numbers. Each item must be rated at least a "3" for mastery to be demonstrated. (See
performance evaluation key below.) If the student is unable to demonstrate mastery,
student materials should be reviewed and another test procedure must be submitted for
evaluation.)

Criteria:

Safety with equipment 4 3 2 1
Program writing 4 3 2 1
Program keyboarding 4 3 2 1
Program confirmation 4 3 2 1

FVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training

3 — Moderately skilled — Has performed job during training program; limited additional
training may be required.

2 — Limited skill — Has performed job during training program; additional training is
required to develop skill

1 — Unslkilled — Is familiar with process, but is unable to perform job.

{(EVALUATOR NOTE: |If an average score is needed to coincide with a competency
profile, total the designated points in "Product Evaluation” and divide by the total number
of criteria.)
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‘ UNIT Il

PRACTICAL TEST #3
JOB SHEET #3 — WRITE AND CONFIRM A
LADDER LO3IC PROGRAM FOR AN RTO TIMER

Student’'s name Date

Evaluator's name Attempt no.

Student instructions: When you are ready to perform this task, ask your instructor to
observe the procedure and complete this form. All items listed under "process
Evaluation" must receive a "yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATION NOTE: Place a check mark in the "Yes" or "No" blanks to designate
whether or not the student has satisfactorily achieved each step in this procedure. If the
student is unable to achieve this competency, have the student review the materials and

try again.)
0 The student: YES NO

1.  Wrote RTO program properly.
2.  Set up programmer and PLC properly.
3.  Keyboarded all entries in order.

4.  Ran RTO program properly.

n

Confirmed RTO program.

N N I Y I I N O
O 0O000nd

6. Returned tools and equipment to proper storage.

Evaluator's comments:
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JOB SHEET #3 PRACTICAL TEST
PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criter