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Automation

Programmable Logic Controllers (PLCs)
A programmable logic controller (PLC) is a specialized
computer used to control machines and processes.
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Example PLCs

Allen-Bradley PLCS5 Allen-Bradley SLC500

Allen-Bradley Micrologix  Allen-Bradley Picocontroller
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PLC Size Classification oo

Criteria

- number of inputs and outputs (I/O count)
- cost

- physical size

Rasu s an

Allen-Bradley SLC-500 Famﬂ?Z
- handles up to 960 I/O points

Micro PLC
- handles up to 32 I/O points

Nano PLC
- smallest sized PL.C
- handles up to 16 I/O points 1




Programmable Logic Controllers (PLCS) Automation

A M AR

It uses a programmable memory to store instructions and execute
specific functions that include On/Off control, timing, counting,
sequencing arithmetic and data handling

[

* Its purpose is to monitor crucial process parameters and adjust

process operations accordingly b |
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Automation

Programmable Logic Controllers (PLCs)

» Used extensively because the PLC
— Is easy to set up and program

— Behaves predictably

— Ruggedized

SIEMENS
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Programmable Logic Controllers (PLCS) automation

It can be programmed, controlled, and operated by a
person unskilled in operating (programming) computers.

 Essentially, a PLC's operator draws the lines and
devices of ladder diagrams with a keyboard/mouse onto
a display screen.
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Programmable Logic Controllers (PLCs)

* The resulting ladder diagram is converted into computer
machine language and run as a user program
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PLC parts
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Programming device

Components in a PLC system
« CPU module, containing the processor and memory

* Input and output modules, to allow the PLC to read sensors and
control actuators, a wide variety of types are available

» Power supply for the PLC, and often sensors and low power actuators
connected to I/O modules

*A programming unit is necessary to create, edit and download a user
program to the PLC
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WPLC In a automated system

Programming unit

Network

Power CPU

Analog sensors Analog
(temperature, actuators
pressure sensors) (motors, etc.)

Digital M Digital ™ Analog ™ Analog
Input [|Output | Input [ Output

Supply == Module==y 4 /1e A Module I Module [ Module

Digital sensors
(limit switches,
proximity sensors)

Digital

actuators

| (pneumatic valves,
Indicator lamps)
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PLC in Automated system

» The PLC takes the place of much of the external wiring required for
control of a process.

* The PLC will operate any system that has output devices that go
on and off (known as discrete, or digital, outputs).

* It can also operate any system with variable (analog) outputs.

* The PLC can be operated on the input side by on-off devices
(discrete, or digital) or by variable (analog) input devices.

13



/O Configurations

e Fixed |/O

o Is typical of small PLCs

e comes in one package
with no separate
removable units

o the processor and I/O
are packaged together

o lower in cost but lacks
flexibility

Common Power Bus

s

Inputs

Interface
me

Outputs

Interface
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=) — |/O Configurations

e Modular I/O

o [s divided by
compartments into which
separate modules can
be plugged.

o This feature greatly
increases your options
and the unit's flexibility.
You can choose from all
the modules available
and mix them in any way
you desire.

Processor
module

T

¥4

Power
supply

(o] el

/

Input module Output module
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e Modular |/O

» When a module
slides into the
rack, it makes an
electrical
connection with a
series of contacts
- called the
backplane. The
backplane is
located at the rear
of the rack.

Module
slides into
the rack.

Automation
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Power Supply

e Supplies DC power to
other modules that plug
Into the rack.

e Inlarge PLC systems,
this power supply does
not normally supply
power to the field
devices.

e In small and micro PLC
systems, the power
supply Is also used to
power field devices.

Automation

Power
supply
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Processor (CPU)

e Consists of a microprocessor for
implementing the logic, and
controlling the communications
among the modules.

e Designed so the desired circuit
can be entered in relay ladder
logic form.

e The processor accepts input data
from various sensing devices,
executes the stored user program,
and sends appropriate output
commands to control devices.

Automation

Power
supply
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/0 Section B\ 5\

e Consists of input " |8 EEEETT
modules and output Power
modules supply
e The |l/O system
forms the interface o]
by which field e
devices are Input Module” fﬂ.ﬁ"
connected to the OutputModule
controller Combination 1/0

Module

]
= |
ul
.
=
g |
sl
"
M
Tl
]

FTEFEEETEENL



Automation

/0 Section 4

e Output modules Output feld dovicos
o Forms the interface by T %o
: . : =
which output field o -
devices are connected to v Om
the controller. L ~ | common
» PLCs employ an optical ‘ ~ Bus
isolator which uses light ™ Relays -
to electrically isolate the 9 | e cenadvaives | | Power supply
internal {:_Dmpmnents v HED s
from the input and output

terminals.
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/O Section

¢ |Input module

o Forms the interface by
which input field devices
are connected to the
controller.

» Theterms “field” and
‘real world” are used to
distinguish actual
external devices that
exist and must be
physically wired into the
system.

Automation

it

Input field devices
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PC with appropriate
software

Programming Device

iﬁ” ==m] ) | Software

e A personal computer (PC) is the most commonly used
programming device.

e [he software allows users to create, edit, document, store
and troubleshoot programs.

o Ifthe programming unit is not in use, it may be unplugged
and removed. Removing the programming unit will not affect
the operation of the user program.
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Hand-held unit
with display

e Hand-held prcrgFr)amming devices are sometimes used to
program small PLCs.

e They are compact, inexpensive, and easy to use, but are
not able to display as much logic on screen as a computer
monitor.

e Hand-held units are often used on the factory floor for
troubleshooting, modifying programs, and transferring
programs to multiple machines.

23
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Principles of PLC Operations; Example: PL@
Mixer Process Control Problem 4

e Mixer motor to automatically
stir the liquid in the vat when
the temperature and pressure
reach preset values.

e Alternate manual pushbutton
control of the motor to be
provided.

Moior

i Procass val

e The temperature and pressure sonsor sensor switch
sensor switches close their
respective contacts when t

N _ pe
conditions reach their preset Manual pushbition station

values.
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Process Control Relay Ladder @
Diagram 4

L1 L2
ot 120V ac =

Praessure  Temperatura oL

switch switeh
> .c,ic ﬁO}D—-——-ﬂ——-— —@—\t\L—-

Maotor
starter
cail

2 o
T Manual
pushbution

e Motor starter coil is energized when both the
pressure and temperature switches are closed or
when the manual pushbutton is pressed.
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PLC Input Module Connections &
4

L1 L2

120 V' ag ——is

e The same Input field
devices are used.

e [hese devices are

A

L1

FPressure

wired to the input ¢ e 1
module according to Temperature

the manufacturer’s 3 i
labeling scheme. 5% 3

Manual
pushbution

Meufral retum
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PLC Output Module Connections

Same output field
device is used and
wired to the output

module.
L1 L2
- 120 VWV ac -
L1
QL
Pty |
1 D—N—
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3
4




Automation

PLC Ladder Logic Program
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PLC Operating Cycle &

Motor
mperatur starer
I::‘.:_ama:ra Tampfdf N coil
I 2 01
| | | r ™y
i | L 4

Manual
pushbutton

13
[ ]
|

Each —| l— can be though of as a set of normally
open contacts

The '( } can be considered to represent a coil that,
when energized, will close a set of contacts.
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Modifying a PLC Program
A L2 A
-« 120 V ac »|
Presfui:e Temperature oL
swilc switch
O
? Viotor
starter
coil
1
' M:;m?al Relay ladder diagram for

pushbutton modified process.

e The change requires that the manual pushbutton control
should be permitted to operate at any pressure but not
unless the specified temperature setting has been reached.

e [f arelay system were used, it would require somere wiring
of the system, as shown, to achieve the desired change. -
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Modifying a PLC Program

Ly
Motor -
Pressure Temperature starter
switch switch coil
/1 12 O/1
[ | | ik
| | o ot
Manual
9”5':‘?3”“"“ PLC ladder logic diagram for
[ modified process.
Il

e |fa PLC is used, no rewiring Is necessary!|
e The inputs and outputs are still the same.

e All that is required is to change the PLC program

31
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History Of The PLC

 The first PLC systems evolved from conventional
computers in the late 1960s and early 1970s.

*These first PLCs were installed primarily in automotive
plants.

* Traditionally, the auto plants had to be shut down for up
to a month at model changeover time.

* The early PLCs were used along with other new
automation techniques to shorten the changeover time.

32
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PLC Advantages
* Flexibility
— In the past, each different electronically controlled
production machine required its own controller; 15
machines might require 15 different controllers.

— Now it is possible to use just one model of a PLC
to run any one of the 15 machines.

— Furthermore, you would probably need fewer than
15 controllers, because one PLC can easily run
many machines.

— Each of the 15 machines under PLC control would
have its own distinct program.

33
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PLC Advantages
Implementing Changes and Correcting Errors

— With a wired relay-type panel, any program
alterations require time for rewiring of panels and
devices.

— When a PLC program circuit or sequence design
change is made, the PLC program can be changed
from a keyboard sequence in a matter of minutes.

— No rewiring is required for a PLC-controlled
system.

— Also, If a programming error has to be corrected
iIn a PLC control ladder diagram, a change can be
typed in quickly.

34
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Wired relay type panel

PLC type panel

Automation
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PLC Advantages

» Large Quantities of Contacts
— The PLC has a large number of contacts for each coil available in its
programming.

— Suppose that a panel-wired relay has four contacts and all are in use when a
design change requiring three more contacts is made.

» Time would have to be taken to procure and install a new relay or relay
contact block.

» Using a PLC, however, only three more contacts would be typed in.
Contacts are now a “software” component

Communications Capability.

A PLC can communicate with other controllers or computer equipment to perform
such functions as supervisory control, data gathering, monitoring devices and
process parameters, and download and

upload of programs.
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PLC Advantages
* Lower Cost
— Increased technology makes it possible to condense more
functions into smaller and less expensive packages.
— Now you can purchase a PLC with numerous relays, timers,
and counters, a sequencer, and other functions for a few
hundred dollars.

* Pilot Running

— A PLC programmed circuit can be evaluated in the lab. The
program can be typed in, tested, observed, and modified if
needed, saving valuable factory time.

38
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PLC Advantages
« Ladder or Boolean Programming Method
— The PLC programming can be accomplished in the ladder
mode by an electrician or technician. Alternatively, a PLC
programmer who works in digital or Boolean control systems
can also easily perform PLC programming.

 Reliability and Maintainability

— Solid-state devices are more reliable, in general, than
Mechanical systems or relays and timers. Consequently, the
control system maintenance costs are low and downtime is
minimal.

39
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PLC Advantages
« Documentation
— An iImmediate printout of the true PLC circuit is
available in minutes, if required.
— There is no need to look for the blueprint of the
circuit in remote files.
— The PLC prints out the actual circuit in operation
at a given moment. |
— Often, the file prints for relay panels are not
properly kept up to date. A PLC printout is the
circuit at the present time; no wire tracing is
needed for verification.

40
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PLC Disadvantages
* Fixed Program Applications
— Some applications are single-function applications.
It does not pay to use a PLC that includes multiple
programming capabilities if they are not needed.
— Their operational sequence is seldom or never
changed, so the reprogramming available with the
PLC would not be necessary.

41
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PLC Hardware components

[EE0= REUN R ]

I/0 SECTION @/
V4
Input and output (I/0) modules enable the PL.C

to both sense and control a process.

The I/0 section consists of an I/0 rack and
individual I/O modules.

6] U 41
ED G B
Power :
supply

0 1t 2 3 4 5 5 Slot
Processor - ™~ 2
ENGG3480: Mechat module /O modules ella, McGraw-Hil 2
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PLC Hardware components

Facll BLradin

Input Interface '
P Py

Input interface modules accept signals from the

machine or process devices and convert them into

signals that can be used by the controller.

Process

Input Module status information

regarding processes to be
communicated to the CPU.

T The input interface allows
-_—
=
!
*

* Sensor

- v meer . —arammable Logic Controllers by F. D. Petruzella. MoGraw-Hill L 3 B
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PLC Hardware components

Output Interface 9P
y

Output interface modules convert controller signals

into external signals that can be used to control

the machine or process.

Pilot Light
External Output

From Output Module

The output interface allows
the CPU to communicate
operating signals to the
process devices under its

......

‘‘‘‘‘

control. N
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PLC Hardware components
° Processor 1/0 rack

A chassis is a physical hardware assembly
that houses devices such as /O modules,
processor modules, and power supplies.
Chassis come in different sizes according to
the number of slots they contain. In general,
they can have 4, 8, 12, or 16 slots.
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1/0 Module Addressing &

The location of a module within a ra¢f
and the terminal number of the module
to which an input or output device

is connected will determine the device’s
address.

Each input and output device must have
a specified address.

This address is used by the processor
to identify where the device is located
_in order to monitor or control it.
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I/0 Module Addressing

In general, the basic addressing elements include:

Type — the type determines if an input or
output is being addressed.

Slot — the slot number is the physical location
of the I/0 module.

Bit used to identify the actual terminal
connection in a particular I/O module.
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|

SLC 500 Addressing

—File type

Element number

Memory r—BIt number
address
[1:3 17 01

Real-world |_
address Terminal number

Slot number
— Module type

Examples:
O :4.0/15-Output module in slot 4, terminal 15

I :3.0/8-Input module in slot 3, terminal 8
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Symbolic Addressing ﬁ
1:3 0:4
1t ( y—
] 14

Symbolic addresses are real names or codes the
prog an substitute for a logical address
because they relate physically to the application.
They are a physical name convention for a location
in the data table. In this example, the symbolic
addresses are LS 3 and pump_ 14, while the actual
addresses are 1:3/3 and 0O:4/14, respectively. o
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Two-rung ladder logic program

CPU Digital Digital
input output
module module
Input o
Image — ol
User Alarm
program ||§I['|\t
Output ~_ {_f;
image | |,f’”’” o
Operator || Part — | Spray
control %— sensor — | painter
switch ©
Paint
o Paint —— level
W H/I H’I ) sansor

Zero speed sensor Motor
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Two-rung ladder logic program

On Part Spray
switch sensor paint
| | ()
| \ /
Paint

empty r \‘
\ /

| Operator
alarm

Conveyor

stopped
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Typical Combination I/O Module 25

Automation

(A

oooo #——— Status lights for each of the

Status
gooo | ocooo
oooo
Input Output
Inputs || Outputs
@ @ |
@0 &0
@1 Z
& 2 ) 2
@ 3 -'_@_;.-—
e || @4
@5 )5
@ 8 @6
@7 %

@ d

inputs and outputs

Connections to the power supply
used to power the inputs and
outputs.

Terminals for each input and output
connection
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Typical Combination I/0 Module &

Status

Sooo | oono +—— Status lights for each of the

et e inputs and outputs

Inputs || Outputs

@ 2 Most modules have plug-on wiring
@0 20 terminal strips. The terminal strip

21 P 1 is plugged into the actual module.

@2 @2 If there is a problem with a module,
gj Zj the entire strip is removed, a new

D5 D5 module is inserted, and the terminal
@8 @6 strip is plugged into the new module.
Q7 D7

@ @ _ I

oG5435 Mesharonis | WO7. Addapted From Programmable Logic Conirllers by . D. Peinzela, McGramw °
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Discrete I/O Modules @

Discrete type I/0 interface modules connects field
devices of the ON/OFF nature.

Discrete input modules
are used with field control
devices such as selector
switches, pushbuttons,
and limit switches.

15



Discrete I/O Modules

Discrete type 1/O interface modules connects field
devices of the ON/OFF nature.

Discrete output modules
are used with field load
devices such as lights,
small motors, solenoids,
and motor starters that
require simple ON/OFF
switching.

Automation

Facu Kuresin

16



Automation
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Discrete 1/0 Modules 75

Each discrete I/0O module is powered by some
field-supplied voltage source of a specified value.
Common voltage ratings are:

Input Interfaces Output Interfaces
12 V ac/dc 12-48 V ac
24 V ac/dc 120 V ac
48 V ac/dc 230V ac

120 V ac/dc¢ 120 V ac

230 V ac/dc 230 Vdc
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AC Discrete Input Module 9?//

The input circuit is composed of two basic sections:
the power section and the logic section.

Power Logic
N/ Input status
indicator
1 _
LT—¢ &—1] Zener [ | ] —
Input Bridge diode P . To processor
(120Vac) gignal [ rectifier level [l LOgC | (5 v 4c)
L2 ¥ detection | ] 1 I

The power and logic sections are normally coupled
together with a circuit, which electrically separates

the 4o vecravonics “WO7. Addapted From Programmable Logic Controllers by F. D. Petruzela, McGraw-Hill 27 m

Automation
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Fadu Mure san

AC Discrete Input Module Operation &y
M
When the pushbutton is closed,
120 VAC is applied to the bridge
rectifier through R1 and R2.

zener diode (Zp) voltage rating sets the min-
Bridge imum level of voltage that can be detected.

rectifier
PB l
L1 o—HJ-E Optical
»—ANN, isolator
T R1 zlg
(120 V ac) )i—
ﬁf -————pem -
L2 e e O A AN R3 D :E
ne 1D

— - ————— —

I'his produces low level DC voltage across the LED.
I'he resulting light switches the phototransistor into conduction and

the cloged. status.of the pushbhutton.is,communicated. to the processor.

19
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Radu Kurssin

Input Module Tasks oG
; 7
L1 N
) 120V s Sense when a signal is received
U from a sensor
'F—FB'—"@
| L - Convert the input signal to the
o »—H ‘@ |« stats correct voltage level for the
A s indicator . .
nput particular PLC
field ()
device 5
o Isolate the PLC from
3 fluctuations in the input signal’s
® voltage or current
4
LGE T Send a signal to the processor
indicating which sensor originated
NS B

the signal

ENGG3490: Mechatronics ; WOT.  Addapted From Prog e e sangee o i sy 1 - ie 0 e usomes, iem cowes o
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Dr. MOHAMMAD SALAH — MECHATROMICS

Structure and Hardware

Discrete Input Modules (DIM)

DIM connect real- I e
world switches to the  [suii ™ &2
PLC and are R oo
available for either | | ;}_‘;;T”i
AC or DC voltages : e ?”H

(typically, 240 Vac,
120 \,/E:',l('_';1 24 Vd{_‘,j and {a) AC inpul module circuit

5 Vdc) I e
V4 - . . - E‘i-'itéh flrl Optoisclator :
=== 1 circuitry within the i L |
5-24 Vdc 4 ! . —i— 5V |
module converts the o kil

. . & — = 5=\ Logic

switched voltage into | % foposateon
a logic voltage for the

processor (b} DCinput module circuit
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AC Discrete Output Module 9?//

The output circuit is composed of two basic sections:

the power section and the logic section, coupled by
an isolation circuit.

Logic Power
Jutput status N _
indicator TOT :ﬂ;ﬂt
-——-—_‘ I_————— #—e ﬁ 9—- L1
F . IFRrEE Electroni
rom . I ronic
GV processor | Loge | | lomor ;| Eg (120V 20

> w— L2

The output interface can be though of as a simple
electronic switch to which power is applied to

. =3
control the output device, . .. .. .:o com vecmsn o

Automation

22
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AC Discrete Output Module Operation oz

/4
The processor sets the output status
according to the logic program.
Lamp output
Optical L1
isolator
l Triac
__-.—
T i —" - 120 V ac
Signal from rL -l ( }
(5Vdc) internal logic 'E ¥ M [; !
circuity 4D | 7 o
S & " L2
When the processor calls for Th‘is il_l turn SWitChf’S the '
an output, a voltage is applied Triac into conduction which,
across the LED of the isolator, in turn, turns on the lamp.
which switches the P
phﬁt@mm%l&img} Mﬁﬂ%aue Logic Controllers by F. D. Petruzella, McGraw-Hill | |
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Feaddu Murs sin

Types Of Discrete Output Modules &g

/4
Are used to turn two-state devices either ON or OFI | Load
(Triac) & || W-’II
Processor i }
Triac outputs can be used only for control — _fIF 1 120Vac
. T
of AC devices. |
______________ | Load
A [TAAA |
Processor rAW
Transistor outputs can be used only for control L ] 050V
— o
of DC devices. Y
— |
B |
Relay outputs can be used with AC or DC devices.
However they have a much slower switching =  Load
e li|
time compared to solid-state outputs. (Rolay) o o [ARAT
I }
Processor ;|_‘;—
i AC or DC
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AC Discrete Output Module op

L1 L2
" il ’ Provided with LEDs that indicate
an an the status of each output.
L
s Fuses are generally required for
Output . .
%, ;tgyﬁg each circuit. Some modules also
7 S provide visual indicators for
— @_T fuse status.
: A
Qutput
@ ﬁequpu . . .
3 device Individual AC outputs are
o usually limited to 1 or 2 amps.
2 The maximum current load
%, : for any one module is also
L2 e’ . .
.f.x‘“‘x\ Module blown specified.

fuse indicator ;
imakble Logic Controllers by F. D. Petruzella, McGraw-Hill 2 m



Discrete Versus Analog Devices ©g

Discrete devices are inputs
and outputs that have only
two states: on and off.

Analog devices are inputs
and outputs that can have

an infinite number or states.

Automation

Fadu Murs

LEN]
A
LI

ON/OFF
toggle switch

Analog
control valve

26



Analog Input Interface Module

Automation

Fadu Mure sin

@x”

4
Twisted, shielded
A varying low DC pair Wifﬁ7 =
voltage proportional < 'Qi
to the temperature °
being monitored is 2
TIIITEEL DTS Thermocouple ) %
thermocouple.
+V
This voltage is amplified and digitized
by the analog input module and then -V
sent to the processor on command from — 0
a program instruction. £
+15 -15 C -
. User
There are two basic types of analog dc supply T
input modules available: current Analog
sensing and wltage 5en91ng input
(53450: Mechatronics ;WO7. Addap mGdU'E

27
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Analog input interface modules contain the
circuitry necessary to accept analog voltage
or current signals from analog field devices.
These inputs are converted from an analog to
a digital value by an analog-to-digital (A/D)
converter circuit. The conversion value,
which is proportional to the analog signal, is

I
I
I
~10 to : b — T
():\ +10V | .
b —'—-—I 0 processor
v | —T—
Temperature I —:—h
sensor ! |
I
L o e e e e e e e e |

(a) Analog input module
28
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Facu Murs sin

Analog I/0 Control System P
4
Analog output
I -
Valve I l
The valve is initially Level sensor
open 100%. »

\/ PLC

As the fluid level in the tank I

approaches the preset point,

the processor modifies the output, Analog input
which adjusts the valve to maintain 1
a set pﬂi]lt. ¢ Controllers by F_ D. Petruzella, McGraw-Hil 41 g
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(k) Analog output module

The analog output interface module receives
from the processor digital data, which are
converted into a proportional voltage or cur-
rent to control an analog field device. The
digital data is passed through a digital-to-
analog (D/A) converter circuit to produce the
necessary analog form.

30
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::::::::::

Special I/O Modules &%
/4
High-Speed Counter Module
Used to provide an interface for
applications requiring counter
speeds that surpass the capacity
of the PLC ladder program.

They have the electronics needed
to operate independently of the
processor.

A typical count rate is 0 to 75 kHz,
which means the module would be
able to count 75,000 pulses per

- second.

31
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Special I/O Modules op

Thumb-Wheel Module

Allows the use of thumb-wheel
switches for feeding information
to the PLC to be used in the
control program.

32
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Radu Muresin

Special I/O Modules 9?// J
Encoder-Counter Module -

This module allows the user to read the signal from the
encoder on a real-time basis and stores this information
so it can be read later by the processor. 2

33
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Radu Muresin

Special I/0 Modules @//
Stepper-Motor Module B

This module provides pulse trains to a stepper-motor
translator, which enables control of a stepper motor.

34
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Redu Muresin

Intelligent I/O Modules @/
Have their own microprocessor on board th;t

can function in parallel with the PLC.

PID module is used in process control applications
that incorporate PID algorithms. The PID module
allows process control to take place outside the CPU.,

35
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Communications Module

* Communication Module
As different systems are integrated,
data must be shared throughout all the
systems. PLCs must be able to com-
municate with computers, computer
numerical control (CNC) machines,
robots, and other PLCs. This module
allows the user to connect the PLC to
high-speed local networks that may be
different from the network communi-
cation provided with the PLC.

36
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Radu Muresin

Processor Unit P
é SAC v O

Keyswitch
Hardware
address -

The processor executes the operating system, manages
memory, monitors inputs, evaluates the user logic, and

turns on the appropriate outputs.

/
H
o

ﬂ..

r.

|
=EE

Status indicators provide system diagnostic information.
Keyswitch allows you select different modes of operatioh.

37
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Racu Burs gin

Typical Processor Modes Of Operatio )
7
RUN Position

» Places the processor in the Run mode

~ Executes the ladder program and
energizes output devices

» Prevents you from performing online
program editing in this position

» Prevents you from using a
program/operator interface device
to change the processor mode

I =chatronics ; WO7. Addapted From Programmable Logic Controllers by F. D. Petruzella, McGraw-Hill =53 .
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Facu Murssan

Typical Processor Modes Of Operatio

U’%ﬁz
PROG Position
» Places the processor in the program
mode

~ Prevents the processor from scanning
or executing the ladder program, and
controller outputs are de-energized

» Allows you to perform program
entry and editing

» Prevents you from using a
program/operator interface device
to change the processor mode

- =chatronics ; WO7. Addapted From Programmable Logic Controllers by F_ D. Petruzella, McGraw-Hill 54 [ ]
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Radu Muresin

Memory Design op
M
Memory is a physical space
inside the CPU where the
program files and data files
are stored and manipulated.

Input
Pressure Temperature ;‘tg:toerr ey
switch switch coll
I/1 12 0/1 E
———0 ;
—o<T I 0000000000000010
Manual 0000000000000000
pushbutton 0000000000000000
I3 0000000000000000
== 0000000000000000

o |
ENGG34£ MMJ uigpted From Programmable Logic Controllers by F. D. Pe(ruz!zm,lle .57 m
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Fixed contacts

|_I\\' , Movable contact
L / ~ Amature

[]
I < Spring

Coil



Automation

references:

1-notes from Dr. Jeff Jackson ,the university of Alabama
2-notes from Dr. Radu Muresan ,University of Guelph
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5.2 Program scan:

During each operating cycle, the processor reads all”
inputs, takes these values, and energizes or de-energizes
the outputs according to the user program. This
process is known as a scan.
I/O scan — records status data of input

" devices. Energizes output devices that
have their associated status bits set to
ON (1)

Program scan — instructions are

executed sequentially

Because the inputs can change at any time, the PLC,
musteatkEy- 0 this-precess-continue ushia: veowm is @
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Scan Process
%
/4

The scan fime indicates how fast the controller can react
to changes in inputs. Scan times vary with computer
model and program content, and length. If a controller
has to react to an input signal that changes states twice
during the scan time, it is is possible that the PLC will
never be able to detect this change.

Scan time may be a concern
in high speed operations

Programmable Logic Controllers by F_ D. Petruzella, McGraw-Hill 1:15 B
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Scan Process e

The scan is a
a continuous
and sequential

process

—HH
i
-

Adjusts
| outputs

!

in

P ; r . :
: Mechatronics ; WO7. Addapted From Programmable Legic Controllers by F. D Petruzella, MeGraw-Hill 117 B



Input Table File Operation ="

Switch Closed l

ENGG3490: Mechatronics ; V

NSNS

QIO

Binary

1 stored

Automation

4

Input module

Processor continually
reads current input
status and updates
input image table file

cGraw-Hill 104




Input Table File Operation &

Switch Open

ENGG3490: Mechatronics ; V

ORI

N

oo

S

Binary 0 stored

Automation

Input module

Processor continually
reads current input
status and updates
input image table file

cGraw-Hil 105
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Output Table File Operation &
/4

Output module

Processor continually
activates or deactivates
output status according
to output image table

file status \ Outpllt
ON
1
. Status 1~
k"x.\ Oulput image 'J,’f
b — — #
\\\___._. .rf’
|
table

Data i
files 1
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Output Table File Operation @
Y 4

Output module

Processor continually
activates or deactivates
output status according
to output image table
file status

0

e
Data table I
files 4
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Data Flow Overview &
2

Input : Output

dﬂt}l I][]'l“ ats
Input image Qufp“f data , Output
modules table file e modules

table file
¥

Examine data Return results

Program

|~%[—]/[}[ (
—— Y

Check/compare/examine
specific conditions action

Take some
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Scan Process =
Input Output
Module Module
— Output
- )| t
Input E 'il_li'“ Output = device
device e file e -
|"—|—' ’ » 1:3/6 0:4/7 . GE}
I:3/6 O:4/7
When the input is

The processor turns

closed, the input light output O:4/7

module senses a

. ON
‘r':'"ﬂg'f‘ ““{_1 an ON During the program
m“dm“fl (1) 1s scan the processor
entered into the sets instructions I:3/6 1

Imputtaple DI LSS D QAL ONL), o e esesa 110



Scan Patterns

End of ladder

FadL Bz ain

Horizontal Scanning
Order

The processor examines
input and output
instructions from the
first command, top left
in the program,
horizontally, rung by

rung.

In addition to the program itself, the scan time is also
dependent on the clock frequency of the processor!

Notice: We will use this

scan pattern through out

this course

11
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Scan Patterns
&%

Vertical Scanning
Order

N\

T YY

hh

The processor examines
input and output
instructions from the
first command, vertically,
column by column and
page by page. Pages are
executed in sequence.

T

End of ladder

L1 1 T

Misunderstanding the way the PL.C scans can cause |
programming bugs! o=
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Relay Type Instructions 4

The ladder diagram language is basically a symbolic set
of instructions used to create the controller program.

These ladder instructions symbols are arranged to
obtain the desired control logic.

/O]

13
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Examine If Closed (XIC) Instruction -
%,
L.-f//
Symbol Analogous to the normally open
relay contact. For this instruction
J [ we ask the processor to EXAMINE

IF (the contact is) CLOSED (XIC)

Typically represents any input. Can be a switch
or pushbutton, a contact from a connected output,
or a contact from an internal output.

Has a bit-level address which is examined for an
ON condition.

The status bit will be either 1 (ON) or 0 (OFF). 1

14
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Examine If Closed (XIC) Instruction @{

1716 1514 13 12 11 10 07 06 05 04 03 02 01 00

HEEEEEEEEEEDEENEEE
1:012

— —
04

If the status bit is 0 (OFF), then the instruction
is FALSE.

15
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Examine If Open (XIO) Instruction =23~

/4
Symbol Analogous to the normally closed
1/ relay contact. For this instruction
7 / n we ask the processor to EXAMINE

IF (the contact is) OPEN (XI10).

Typically represents any input. Can be a switch
or pushbutton, a contact from a connected output,
or a contact from an internal output.

Has a bit-level address which is examined for an
OFF condition.

The status bit will be either 1 (ON) or 0 (OFF). '

16



Examine If Open (XIO) Instruction

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

Automation

If the status bit is 1 (ON), then the instruction
is FALSE.

17



Automation

Output Energize (OTE) Instruction &

Analogous to the relay coil. The”/y

Symbol processor makes this instruction
( > true (analogous to energizing a coil)
when there is path of true XIC and

XIO instructions in the rung.

Typically represents any output that is controlled by
some combination of input logic. Can be a connected
device or an internal output (internal relay).

If any left-to-right path of input conditions is TRUE,
the output is energized (turned ON). 5

18
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Output Energize (OTE) Instruction -4

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00
A 1T T TPV P Td10 ] Jof o013

1716 15 14 13 12 11 10 07 06 05 04 03 02 01 00

At D f T jof TP T TT L )woe

I:012 0:013

OUTPUT ENERGIZE instruction - FALSE

19



Status Bit Example

A Input module

Button actuated

A Output

Output

/ P—-(off

False

Automation

.

Bit status

20



LLadder Run o
5 ¥4
Output
A B C instruction
| | I I—( )—I

Input conditions

D
—

Automation

¢A rung consists of a set of input conditions,
represented by contact instructions, and an output
instruction at the end of the rung, represented by the

coil symbol.

T )

Fraaan

21
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Cont... 4

e Each contact or coil symbol is referenced with an
address number that identifies what is being
evaluated and what is being controlled.

e [he same contact instruction can be used
throughout the program whenever the condition
needs to be evaluated.

e For an output to be activated or energized, at least
one left-to-right path of contacts must be closed.

e A complete closed path Is referred to as having
logic continuity.

» when logic continuity exists in at least one path, the rung
condition is to be TRUE .

22
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Rung Continuity @
7
v/
Bit in memory Bit in memory

\ X

A ]

The Examine If Closed instruction is TRUE
making the rung TRUE

23
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Rung Continuity &

%

Bit in memory Bit in memory
SOL 5

The Examine If Closed instruction is FALSE
making the rung False

24
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Programming The XIC Instruction ¢z~

Y4
PB1 PB’3’r . ‘e .
| \ / Hardwired Circuit
P
g b
PB1 PL.

User program
I—] [ ] [ ( )—l providing the
same results
Note that both pushbuttons are represented by the
XIC symbol. This is because the normal state of an input
(NO or NC) does not matter! What does matter is that if
contacts need to close to energize the output, then the XIC

instruction is used. Since both PB1 and PB2 must close to
energize the PL, the XIC instruction is used for both.

25
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Programming the XIC Instruction 2~

User program providing
Hardwired Circuit the same results

When the pushbutton is open in the hardwired circuit,
relay coil CR is de-energized and contacts CR1 close to
switch the PL on. When the pushbutton is closed, relay
coil CR is energized and contacts CR1 open to switch the
PL off. The pushbutton is represented in the user program
by an XIO instruction. This is because the rung must be
true when the external pushbutton is open, and false

when the pushbutton is closed.

26
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Operation of XIC and XIO &
Instructions 4

Summary of status conditions

The status of the instruction is:
XIC X OTE
SfiminE Examine If Closed § Examine If Open [ Output Energize

table bit is: _] F _( )_




Automation

Rl BLradin

Operation of the XIC and XIO Instructions <2

4
State of the output as determined by the changmg

state of the inputs in the rung

Bit status

Output

OTE
False

t; (Initial)

Goes true

Goes false

Remains false

Iuput instructions Output instruction
C XIO OIE \
EMEFSE3I: Mechatronics ; WU, Addapted From HFrogrammable Logic Controllers by F. UL Petruzella, Molsraw-Hill 12 |
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Allen-Bradley SLC-500 Controller =5
Addressing Xd/d/
== output

i 8| terminal
Output image table 00:4/6
ey e _,4 -
0l0/{0/0j0/0j0[0J1]0]0j0]0OJO|0
Q0:4/00 o - L
Address (g ki Bit address o
input _/@\_
terminal Input image table - .
11:3/12 > ----- TR T file 1 : Energized
v . output
ojofojtjofojolofojofofojofofoiO}:
| | ___J1I1:3/12 :
J r Bit address
Closed input L”“} s
¥ I1:3 0:0:4 - .
User-programmed rung [— —( .
ENGG3400: Mech: 12 6 w-Hill 140 @

Automation
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A

A
%

L

Parallel Input Branch Instructions

[
—

B

C
O

Branch instructions are used
to create parallel paths of
input condition instructions.
If at least one of these parallel
branches forms a true logic
path, the logic is enabled.

30
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Parallel Output Branching

EWF

On most PLC models, branches can be established at
both the input and output portion of the rung.

With output branching, you can program parallel
outputs on a rung to allow a true logic path to
control multiple outputs. T

PRI 4A00 Machstronies - WWAT  Addsedad Frorn Procrarmonshila | soie Cantredlare oo F T Paénomalls BedS ez Hl 147 =
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Nested Input and Output Branches &
H

LL

Input and output branches can be nested to avoid

redundant instructions and to speed up the processor
scan time.

A nested branch starts or ends within another branch. i

32



A B C Y
I—I )—| On some PLC models,
the programming of a

Automation

FadL Bursain

Nested Contact Program o
¥4

Nested  nested branch circuit
contact cannot be done directly.

B C Y
| Reprogrammed to
|| (>—| e

obtain the required

—| lD__l 1 Contact logic.

C instruction

_| I. - C repeated o

FRISS4A0GN- Machstronicrs - WINT  Addscdad Froen Precrarmmeshila | aoie Canteedlars b E N Patnealls KcSesosd Hill 145 =N
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PLC Matrix Limitation Diagram &

Max series

I contacts _"
-iHHI--II-rIP-IHI-rII-ﬂ-%—O—'

T-IHHHHHHHHHk \
H HH H HH HH FH EH L

Max parallel No. outputs
lines A HH H A FH H F H AR per rung and

HH I I IR location of the
\ HHHIFH A HIHHI I output in the rung
~— HH AR

There may be limitations to the number of series
contacts instructions, number of parallel lines, and A

the.number. of ontputs and their logation. on the rung, .,
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Internal Control Relay
The internal output operates just as any other t)utf;ut
that is controlled by programmed logic; however, the

output is used strictly for internal purposes.

The internal output does not directly control an
output device.

The advantage of using internal outputs is that there
are many situations where an output instruction is

required in a program, but no physical connection to
a field device is needed. Their use in this type of
instance can minimize uutput card requlrements B

RIS TS AT B e el - LAY Addm mbm ] T T e e e T L ) | PR B T g e LT L P | 4 A
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Extending the Number of Series Contacts U%ﬁ
an Internal Control Relay 4

Internal
relay coil

o HHHHHH X

9 10 11 12

A HHHHHF—

Discrete output (requires

Iutﬂ nal
relay one physical connection
contact on the output module)

Automation
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Fau Burs sin

Arranging Instructions for Optimum Perforl@nce
/4

There is more than one way to correctly implement
the ladder logic. In some cases one arrangement may
be more efficient in terms of the amount of memory
used and the time required to scan the program.

Sequence series instructions from the most likely to be FALSE (far left) to
least likely to be FALSE (far right)

Instruction LEAST
likely to be FALSE

/

|—l[—][—-][—][——][——(

Instruction MOST
likely to be FALSE

Once a processor sees a FALSE input instruction in series, it executes the I
temmmug\m“stl uctions FALSE, even if they are TRUE

ENGG3490: atronics WO7. Addapted From F-‘n:ugrarnmat:ﬂe Logic Coritrollers By F. D. Petruzella, McGraw-Hill B1 ]
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Faclu Fure

| Arranglng Instructions for Optimum Perfm'l@nce
/4
If your rung contains parallel branches, place the path
that is most often TRUE on the top. The processor will
not look at the others unless the top path is FALSE.

Path most likely to be TRUE

| LESS likely
4 4 :I
LEAST likely

—-

4 — —

ENGG3490: Mechatronics W07, Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill =-32 ]
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Monitoring a Ladder Logic Program &
i
Operation of the logic is apparent from the highlighting
of rungs of the various instructions on screen, which
identifies the logic state in real time and has logic

continuity.

Highlighted rungs indicate the instruction is true .

39



Properly formatted outputs

e An output energize instruction (OTE) referencing a

specific output bit should appear only once in a
ladder logic program

001 4 F

002

10 Q:210
000 4 E ¢ 3
START A QUTPUT

Automation

40
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Properly formatted outputs

e Only one output energize instruction (OTE) should
appear in a rung of ladder logic

000 4 E
T

oMM CEND Y™
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Properly formatted outputs

e If more than one output is to be controlled by a
certain rung of ladder logic, the output energize
(OTE) instructions can be placed in parallel

k140 0210
000 4 E @
START OUTPUT_A
021
QUTPUT_B
o0 (’ END ‘>—'

42
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Start-stop-seal circuits

e For PLC systems without latch and unlatch
instructions, a circuit is needed that will allow
a process to start, continue to run after a
start button is released, and stop under
control of another button

— A circuit that implements this functionality is
commonly referred to as a start-stop-seal circuit

e A feedback path (i.e. a contact) that
references the output is normally used to
seal around the start contact
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Seal-In Circuits &

y
A seal-in circuit is a method of maintaining
current flow after a momentary switch has
been pressed and released.

\ Hardwired Seal-In Circuit

Motor
Start Stop starter coil

The seal-in auxiliary contact of the
starter is connected in parallel with
Seal-in contact the Start button to keep the starter

coil energized when the Start button &k

EMGGE3480 Mechatronics W07, Addapted From inigw?ﬂm Controllers By F. D. Petruzella, McGrae-Hill EI-3 [ |
. -
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Programmed Seal-In Circuits @
C i
/4
Ladder logic program
mputs Output
Motor
L2
Y Stop starter
Start PB Stop PB coil (M) - |
o

Start _q H P— Motor
- starter
IM coil (M)

Both the Start and Stop buttons are examined
for a closed condition because both buttons must
be closed to cause the motor starter to operate.
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Hardwired Stop/Start Motor Control &

Circuit /4
L1 START Lz
STOP oL
T | |
I N
b ®

ME & LY

| | H.-"‘_"'nf
[ @ 4

'!'LI? ﬂ g L%

Ladder rung
Ladder rail=)

k== Control scheme is drawn ——:
between two vertical
supply lines. .

46
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Programmed Stop/Start Motor &

Control Circuit /4
O T I 1= -
<>~
::H:r— ZH <)
O—
S

e Arung is the contact symbolism required to control an
output. Each rung is a combination of input conditions
connected from left to right with the symbol that represents
the output at the far right.

e The instructions used are the relay equivalent of normally
open (NO) and normally closed (NC) contacts and coils

47
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references:

1-notes from Dr. Jeff Jackson ,the university of Alabama
2-notes from Dr. Radu Muresan ,University of Guelph
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Electromagnetic Control Relay &

The PLC's original purpose was the replacement ‘f)’i‘é
electromagnetic relays with a solid-state switching
system that could be programmed.

The programmable controller was designed
to replace physically small control relays
that make logic decisions but are not

designed to handle heavy current or high
voltage.

Electromagnetic relays, such as the

FIRICIE & 84

i, t-{r-i'lc', :ia-{jl . lighting contactor shown, are still
used as auxiliary devices to switch I/O
field devices. N

Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill 2 |
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Electromagnetic Relay Operation e
An electromagnetic relay is a magnetic switch. It uses
electromagnetism to switch contacts.

Fixed contacts

=] i\l / Movable contact

-~ Amature A relay will usually
have only one coil

[ <—sping  but may have any

number of different

contacts.
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Electromagnetic Relay Operation 23~

m With no current flow
through the coil

(coil de-energized),
the armature is held
away from the core

by spring tension.

d I

When the coil is energized,
the electromagnetic field
moves the armature
causing the contact points
of the relay to open or .
close.

wgic Controllers By F. D. Petruzella, McGraw-Hill 4 |




Automation

Relay Symbol 4 7%

I

Normally open Normally closed

(NO) contact (NC) contact
Contacts are open when Contacts are closed when
no current flows through no current flows through
the coil but close as soon the coil but open as 50:)11
as theSoil is snergized.. ... .. .25 the coll s energized.
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Relay Circuit Operation &
/4

With switch S open:

~ coil CR1 is de-energized
» contacts CR1-1 are open
~ light R is off

~ contacts CR1-2 are closed
~ light G is on
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Relay Circuit Operation &
/4
L1 1.2

With switch S closed:

» coil CR1 is energized

» contacts CR1-1 are closed
» light R is on

» contacts CR1-2 are open
» light G is off
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Magnetic Contactor &5

A contactor is a special type of relay designed to
handle heavy power loads that are beyond the
capability of control relays.

Contactors are designed to operate
such loads as lights, heaters,
transformers, capacitors, and electric
motors for which overload

protection is provided separately

or not required.
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L

L2
1 T2
Stationary
contacts e

Movable ——oq

contacts

/
\

§
|

R L
1
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Radu Kurisin

PLC Used in Conjunction with a Contactor &7

Contactor Pump
power contacts ol i B
= 1=I--"‘"""-=.
- —

i r‘,ﬂb.ﬂ_- L2
2 ___~J'| AL K High-current
fr@%ﬂlgﬂﬁ_ R wiring
B\ mea—= L1
| il.l .
| = Programmable controllers
I ']ﬂ": Coil have 1/O capable of operating
< b terminals  the contactor but they do not
have the capacity to operate
Low-current e heavy loads directly
wiring o 1118 @ - L .
) ® @ .
./-’"II;EC [llltplltnmlﬁtﬂﬂ% Petruzella, McGraw-Hil 10 g
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Magnetic Motor Starter o

A magnetic motor starter is a contactor with an
overload relay attached physically and electrically.
They are electromagnetically operated switches that
provide a safe method for starting large motor loads.

The overload relay will open the
supply voltage to the starter if it
detects an overload on a motor.
Motor overload relay contacts are
normally hardwired in series with
the magnetic starter coil.

AR
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Magnetic Motor Starter =

e wolkige Overload lfeater.s are
o) %%\ cqnnected in series
| with the contactor.
Aty s ~L 2 E If the motor becomes
el T o overloaded they cause
< @ a mechanical latch to
1 trip. Tripping this
latch opens a set of
ey " veneag  COMEacts that are
heaters  wired in series with the
Overioad - ™ T2 T voltage supply and

L
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Across the Line AC Starter &
Operation 4

e \When the start button

STOP J_ ra\
y ~ Is pressed, coil M
Low-current energizes to close all

control circuit M cO ntacts .

START

e The OL contact opens
L automatically when
an overload condition
L2 p—

IS sensed, to de-
energize the M coll
and stop the motor.

High-current ;
power circuit 1

VY
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PLC Control of A Large Motor Load -

X,

Three-phase lines 4 : v//
1 I 1 When a PLC needs to
¥ control a large motor, it
Magne"c o Motor Must work in conjunction
motor starter CifCl.m :
T with a starter.
T2
T3
Control circuit
Output
FEEEEEEEREE]
Motor starters are
BLC available in various

standard National

EEE DR

Electric Manufacturers

O
O

ENC(

Input (NEMA) sizes and
Start-stop ratings. ;
pushbutton i
station 0%

{1 From Programmable Legic Controllers By F. D. Petruzella, McGraw-Hill 158
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Manually Operated Switches g

Manually operated switches are
controlled by hand. Pushbutton
switches are the most common form of
manual control found in industry.

O O Normally Open (NO) pushbutton
makes a circuit when it is pressed
and returns to its open position
when the button is released.

T mtronmics WOT.  Addapted From Programmable Logic Controllers By F. D. Petruzella, MceGraw-Hill 16 |
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Manually Operated Switches s

olo

Normally Closed (NC) pushbutton opens
the circuit when it is pressed and returns
to the closed position when the button is
released. The abbreviations NO and NC
represent the state of the switch when it is
not actuated.

1
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Manually Operated Switches &

The break-make pushbutton is used for
I interlocking controls. In this switch the top
section is NC, while the bottom section is
NO. When the button is pressed, the
bottom contacts are closed as the top
contacts open.

O
O

ON PRESSED
NOT PRESSED )

Ll [ .,
e

\RY%



Automation

Selector Swiftch &

4
Selector switch positions are made by
turning the operator knob — not
pushing it.

Selector switch
positions may have
two or more selector
positions with either
maintained contact
position or spring
return to give
momentary contact
operation.

ENGG3490: Mechatronics WOT.  Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill 19 |
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Selector Switch Motor Reversing @
Y4

® ©@
=
Stop —L— F‘I Selector OLs

switch

R
9
F F

|
”H

Selector switch used in conjunction with a reversing
motor starter to select forward or reverse operation
of the motor. T
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Mechanically Operated Switches
4

A mechanically operated switch is controlled automatically
by factors such as pressure, position, and temperature.

The limit switch is a type of
mechanically operated switch
designed to operate only when a
predetermined limit is reached,
and is usually actuated by
contact with an object such as a
cam.
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Limit Switch Operation /4

Symbols

Limit switches take = —O~0— NO Contact

the place of a human

—O-=70— NC Contact
operator.

They are often used in the control of machine processes

to govern the starting, stopping, or reversal of motors.
|

AR
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Typical Limit Switch Circuit @

Ll Stop Forward S — s
.
° A -
F R *
Limit switches

REYV Limit

Control circuit for starting and stopping a motor in
forward and reverse with limit switches prnvldmg
over travel protection.

AR
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Bacy Muresin

Writing a Program from a Narrative Description

Description :

A simple drilling operation requires the drill press to turn on only if there is a
part present and the operator has one hand on each of the start Push buttons This
precaution will ensure that the operator's hands are not in the way of the drill.

PB1 PB2
Drill
motor

Switches

Part sensor

Yy
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Solution to be added later



Automation

Fracly Ruré san

Writing a Program from a Narrative Descripgon
/4

Description :

A simple drilling operation requires the drill press to turn on only if there is a

part present and the operator has one hand on each of the start switches. This
precaution will ensure that the operator's hands are not in the way of the drill.

L Ladder logic program L2
Inputs Qutput
T —_— e
_T
&=
e
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Facly Murésin

Writing a Program from a Narrative Descripgon
7

Description :

A simple drilling operation requires the drill press to turn on only if there is a
part present and the operator has one hand on each of the start switches. This
precaution will ensure that the operator's hands are not in the way of the drill.

L1
Inputs
PB1
i, iy
—0 O—I134
PB2

s =il
—0 O— L:3/5

Sensor

Ladder logic program

L2

Qutput

Maotor
contactor

Al



Writing a Program from a Narrative Descripgon

Description :

Automation

Bady Muresin

A simple drilling operation requires the drill press to turn on only if there is a
part present and the operator has one hand on each of the start switches. This
precaution will ensure that the operator's hands are not in the way of the drill.

L1
Inputs
PB1
Pl
—0 O—134
PB2

o 2
e—C O— L:3/5

Sensor

<> 138

Ladder logic program

Motor
PB1 PB2 Sensor contactor
1:3 I1:3 1:3 0:4

3 )
4 5

6 0

PB1 and PB2 and the part
sensor must be activated to

make the drill motor operate.

L2

Qutput

Motor
contactor

ENGG3490: Mechatronics W07. Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill 84 B
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Example
Hardwired Sequential Process @
The sequential task is as follows: Auxiliary Features: v'//
1. Start button is pressed. ~ An emergency stop button
2. Table motor is started. that will stop the table, for any
3. Package moves to the limit switch reason. before the package
and stops. reaches the limit switch
position
~ A red pilot light to indicate
the table has stopped
%TO,P ~ A green pilot light to indicate
the table is running
N Package
RUN Motor
R -
of L. ... j

Limit switch

(LS1) START
Emergency @]
STOP .
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Solution to be added later
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Fegclu glure sdn
s hat

Summary of the control :
Start button is actu d

*  CRI1-1 closes to seal ifr"C/ 1

* CRI1-2 opens. switching the

Hardwired Sequential Process

Emergency red stop pilot light off
Stop *  CRI1-3 closes, switching the
PBl CR1 green run pilot light on

*  CRI1-4 closes to energize the
motor starter and motor

. The package moves to the
limit switch to actuate it and
de-energize coil CR1

* CRI1-1 opens to open the
seal-in contact

*  CRI1-2 closes, switching the
red pilot light on

* CRI1-3 opens, switching the
green pilot light off

* CRI1-4 opens to de-energize

CR1-4 OL the starter coil, stop the |

ENGG3490: Mechatronics WO7. Addapted From Programmabie Logic Controliers By . 0% AL end the sequence




L1

Input module
wiring connections

Programmed Sequential Process

Ladder logic program

Automation

Facu Murs un

Output module
wiring connection

)
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Programmed Sequential Process @
A
L1 Ladder logic program L2
Input module Output module
wiring connections wiring connection

PB1

A - 0:4/1

l—-ﬂﬂ—lﬂml

i

P82 I PL1
1:31 042

i”

I.3r2 PL2
0:4/3

“f
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- Facu Murs sin
Programmed Sequential Process o
o
L9 Ladder logic program Lo
Input module PB1 FB2 LS1 Internal Output module
wiring connections '3 [:3 1:3 ralay wiring connection
1 T — )
0 1 2
P81 oL
| oun —(M—
—0 0O0— I.3/0 Internal
relay
PB2 PL1 PL1
L—Qlo—l::‘:lﬂ 0:4 0:4!2-—2:2—'
LSt Internal :
r—ocm— I:3/2 relay PL2
PL2 ows —Jof—+
O:4
| C Pl
| L W S
Internal 3
reday
M
0.4
i | [ ™
4 L W S
Internal 1
relay
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Temperature Switch &

The temperature switch or thermostat is used to
sense temperature changes and is actuated by some
specific environmental temperature change.

Responds to changes in
temperature by opening or
closing an electric circuit.

Svmbols

Ty e

NO Contact NC Contact

Ye
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Temperature Switch Control of a @

Motor | 4
“““““““ =
| L1 © L2 :
Closing ON : Hand AGto [,
I i
l
| i
Rising : |
temperature e e e i s i =,




Automation

Pressure Switch

Pressure switches are used to control the pressure of
liquids and gases and are activated when a specific
pressure is reached.

Opens or closes an
electric circuit in
response to a
change in pressure.

Bellows e ®

Switch

Svmbols

ENGGMO0: Mech N (VG IFERIE From Programmabie Logic ComtdberdeyGTH AL cia MoGraw-Hil 27 m
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Starter Operated By a Pressure &
Switch ¥ 4
L{ = : |

Closing ON
Rising
pressure

v



Level Switch

Level or float switches are used to sense the height of
a liquid.

Switch—s» _ a
Opens or closes an electric ===

circuit in response to a
change in liquid level.

®
Symbols
o—
E Float cag
NO Contact NC Contact
L1 L2

Two-wire level switch B ¥ [
control of starter. —Te \.'_*‘J

EMNGEIM00 Mechatronics WOT. Addapted Fro DL

Automation
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Proximity Sensors
¥4
Proximity sensors or switches detect the presence of
an object without making physical contact with it.

- T=

T
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Proximity Sensors Applications &

. e
4
The object being detected is too small, lichtweight, or
soft to operate a mechanical switch.

Rapid response and high switching rates are required.

An object has to be sensed through nonmetallic barriers
such as glass, plastic, and paper cartons.

Hostile environments conditions exist.
Long life and reliable service are required.

A fast electronic control system requires a bounce-free
input signal. i
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Inductive Proximity Sensor

Operation 4
@@3 : o : Oscillator | Detector | OQuput

r{. '_ I L
Barrel type % - 3 — ..H_J—I.
Block diagram
Metal target
Target
—_—
As the target 1 Output
moves into the
sensing area, OFF
the sensor Target
switches
Output

the output ON A

EMNGLEHYLE Mechatronics WUT
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Inductive Proximity Sensor j@
Operation /4

Oscillator | Detector Ouput

L
" L]
[ ‘I
i
L1
- - rp oy Rad
& * LI
a . E
N - N O
. am® L )
- COCOCELL:
4 r = SLTTRFr
- L EATH A
- # mmr
A
)
i
i

e DD = 1 -

Barrel type

Metal target

In principle, an inductive sensor consists of a
coil, oscillator, detector circuit, and solid-state
output (Fig. 6-20 on page 141). When energy
is supplied, the oscillator operates to generate
a high-frequency field. At this moment, there
must not be any conductive material in the
high-frequency field. When a metal object

Block diagram

enters the high-frequency field, eddy currents
are induced in the surface of the target. These
currents result in a loss of energy in the oscil-
lator circuit, which in turn causes a smaller
amplitude of oscillation. The detector circuit
recognizes a specific change in amplitude
and generates a signal that will turn the solid-
state output on or off. When the metal object
leaves the sensing area, the oscillator regener-
ates, allowing the sensor to return to its
normal state.
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FracLl BLursaan

Capacitive Proximity Sensor -

4
A capacitive proximity sensor can be actuated by both
conductive and nonconductive material such as wood,
plastics, liquids, sugar flour and wheat.

)

Operation is similar to that of inductive
proximity sensor. Instead of a coil, the
active face of the sensor is formed by
two metallic electrodes — rather like an
"opened capacitor''.




v Automation
-

Tl 03 e

“Capacitive Proximity Sensor

(J])« G =

A capacitive proximity sensor is a sensing de-
vice actuated by conductive and nonconduc-
tive materials. The operation of capacitive
sensors is also based on the principle of an os-
cillator. Instead of a coil, however, the active
face of a capacitive sensor is formed by two
metallic electrodes—rather like an “opened”
capacitor. The electrodes (Fig. 6-24a on page
142) are placed in the feedback loop of a high-
frequency oscillator that is inactive with “no
target present.” As the target approaches the
face of the sensor, it enters the electrostatic
field formed by the electrodes. This approach
causes an increase in the coupling capaci-
tance, and the circuit begins to oscillate. The
amplitude of these oscillations is measured by

an evaluating circuit that generates a signal to
turn the solid-state output on or off.




Magnetic Switch (Reed Switch)

A magnetic switch (also called
a reed switch) is composed of
flat contact tabs that are
hermetically sealed (air-tight).

Magnet

(N S\ The switch is

actuated by a
l magnet.

Automation

¢o
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Reed Switch Activation &
& #F
Reed switch U/ZV

o Proximity motion — movement

of the switch or magnet will
E ] activate the switch
°1| Magnet

~ A Rotary motion — switch is
\/_; —1-\_} ° actuated twice for every

(W 3 complete revolution

Shielding — the shield
short circuits the
o f\- \‘/\

: ¢ | : o magnetic field; switch is

[N 5] activated by removal (if

ENGEI400: Mechatronics W07, Addapted From Programmable Lugmmtthsg Sbm FlcGraw-Hill :12 |
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Photoelectric Sensor Operation @

/4

Most industrial photoelectric sensors use a light-
emitting diode (LED) for the light source and a
phototransistor to sense the presence or absence of light.

Light detector

S}

Object
to be -2
sensed

Light source

Light from the LED
falls on the input of the
phototransistor and the
amount of conduction
through the transistor
changes. Analog
outputs provide an
output proportional to
the quantity of light
seen by the P

EMGE4E0 Mechatronics WOT. Addapted From Programmable Logic Controllers BRIJQJI?EQEEJG‘EJEJF |Ir' 4:5 [ |

1A%
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Reflective Photoelectric Sensor @
L iF
¥4

Emits a light beam (visible,

infrared, or laser) from its light

emitting element and detects
the light being reflected.

Diffused-reflective type

. ] I‘- Operating
Emitter/receiver

range

4—""/‘

o o Target-(!r

EMGEIE80 Mechatronics W07, Addapted From Programmable Logic Controllers By F. D. Petruzella, BoGrae-Hill 45 m_A
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Fatu s an

Through-Beam Type Photoelectric Sensor gg// |
A through-beam photoelectric
sensor is used to measure the
change in light quantity caused
by the target's crossing the
optical axis.

i I-o Operating 0| ecivis
mittel range eceivel

-
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Output Control Devices &

A variety of output control devices can be operated B\ the

controller output module to control traditional processes.
These include:

( GQ;

Solenoid i
Control - Alarm Solenoid

Pilot light relay valve

" e '\

s WO07. Addapted From | )Iotor starter F D Petnuzsia Mc Small antOl. '

sedHieater



Actuator

Automation

FacLl Bursaan

74

L

An actuator is any device that converts an electrical
signal into mechanical movement. The principle
types of actuators are relays, solenoids, and motors.

Solenoid Symbol

Plunger J

Coil

The solenoid converts
electric current into
linear motion.

o_ o0

il

regrammable Logic Conuume s oy r. L. regweesa,

>



Automation

oy



Automation

Solenoid Valve
- A solenoid valve is a combination ‘6?/
I » a solenoid with its core or plunger
» a valve body containing an orifice
] [ in which a disc or plug is positioned
to restrict or allow flow

When SOL A is energized, the
valve spool is shifted to redirect

Forward motion of piston

-
Directional the fluid and move the cvlinder
. forward
solenoid
valve r—
oL 7]
T
ENGE3400 Machatiwm— ... .0 e
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|

(b) Pneumatic cylinder extends when solenoid A is
energized and solenoid B is de-energized.

Solenoid A i Solenoid B
4 energzzed
| 1' _
i) |
Air
inlet

(c) Energizing solenoid B reverses the
pressure and exhaust valve positions
as shown; cylinder retracts. ot
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Example: Motorized Overhead &
Garage Door /4

e A motorized overhead garage door is to be
operated automatically to preset open and closed
positions.

e Devices used: see next slides

e Solution: sequence of operations

e when the up button is pushed, the up motor contactor
energizes and the door travels upwards until the up limit
switch is actuated;

e When the down button is pushed, the down motor
contactor energizes and the door travels down until the
down limit switch is actuated;

e when the stop button is pushed, the motor stops. The
motor must be stopped before it can change direction

o0
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Example: Motorized Overhead & -
Garage Door 74

recs verhead garage door 15 to . Yellow door closeco light to signal
grated automatically 10 preset open when the door is fully closed
| positions. The Tield devices i
{ : t oach v the tnl na

3 4 » » .
. ' ) - r 10y a1
I ' ¢ ' ) . | F :
| 1 [ | ort ' !
l !
|
st
. 1S4 fOwWw? nit s by &
1 '
{
’ d ¥, r
oy ' ) | y \ TP
)
. . <4 Yy » » ) "
v v

» . | alall 100 JD | *tean tour i
4
e
. 3 e ) ' ‘o
1 ’
t | 11T t f
|
. - 4 : ade T, |
: y sed D { )
é * N 4 3
’ .
. | )
- 14 | . 3 a2l
(1 N
.
1A .
y
e 2 # > »
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Solution to be added later
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Motorized Door Program @ —
Input devices Dutpuldtwc;'s ’
(shown in unactuated
condition)
L Program L2
'S b
|
»
-5
»
|
i -
* |
-
-
{

oA
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Motorized Door Program s —
i ot Dutpuldl!‘hl'lo-ﬂ's 5
{shown in unactuated
condition)

L1 Program s "
Up limit " !
= ow—®—4

s Ny
Down limit '
$-O=<JO~ |3 ——
A rd
04N
o oS
=0 O—=I134
Door closad
\ /
Door down &ﬂ—@—o
=0 O=135 l y \
Motgr contactor
Stop door !
-qlo—lm 0473 o
Molor contacton
=0}
E

014



Input devices
(shown in unactuated
condition)
L1 Frogas
Up limit
$-O<<JO~1I. DOWN
k- S'TOSP 'IJ.P N!RL_OOK UPLMT MOBO‘:W
- = e Vb=
-t MOTOR UP
$-O=<J0~ LN O 4
3 :3 upP
STOP DOWN mgl.?o( oov:u;m MOT?I‘)OWN
- '3 - ¢
Tt©O O-id MOTOR DOWN
i 4
4 'q ——en
Door down
UP LIMIT  DOWN LIMIT DOOR AJAR
i3 - 4
"0 O—1L3S _i - L| <—% )——o
UP LT ooogczocu
Stop door '/% { ).‘._
o-QlD-k@ﬂ DOWN LT DOOR CLOSED

Motorized Door Program

Redu Muresin

%
i

ooocawu
N /7
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Radu Muresin

Continuous Filling Operation Programczg

Description :
A continuous filling operation requires boxes moving on a conveyor to be
automatically positioned and filled.

Hoopel I
L @ Run
/ N
N /
@ Standby
> N
Solenoid N 4
iLevel @ Full
switch 4 &
NO
) © © ® ©
P Photo
Motor ! switch
@® | START
ENGG3490: Mechatronics WO7 @ | STOP sGraw-Hil

éQ.

R



Hooper P .
: 4 Run Automation
s/ N

N V<
@ Standby
¥ 4 N

Solenoi 4 i\Level N @/ —
switch £ N
Muax ! switch
[ﬂgﬁf A continuous filling operation requires - Energize the STANDBY status light
boxes moving on a conveyor to be auto- when the process is stopped.

matically positioned and filled.

Solution:
* Figure 6-60a is an illustration of the - With the box in position and the
process. convevor stopped, open the sole-

noid valve and allow the box to fill.

* The sequence of operation is as Filling should stop when the

follows:
LEVEL sensor goes true.
) 23;rtRl¥%conve:vor when th?l - Energize the FULL light when the
A d utton: is momentarily box is full. The FULL light should
pressed. remain energized until the box is

- Stop the conveyor when the STOP

button is momentarily pressed. '
- Energize the RUN status light when * Figure 6-60b shows the ladder logic
the process is operating, required for the process.

moved clear of the photosensor.

1y
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Solution to be added later
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Automation

Continuous Filling Operation Program-;"
m- o

Ladder logic program

- Outputs
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Continuous Filling Operation Program-;"
g.f/

Ladder logic program
s Outputs
| [ Motor L2
! Stap
J-—s“m Solenoid
Run
Photo i o |
.t‘u\.
Standby
\h/ ‘
Level O~
; i Full
A"
‘e
.fu\ ‘

10
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Continuous Filling Operation Programz;

Ladder logic program

Inputs Outputs
STOP START RUN
R o] o F { ) Motor 2
Stap
— =
SI‘“" AUN STANDBY Solencld
O O— [/ o O V
Photo Level Photo FULL f'-"l
] E { ) :'Jk ]
| @ FULL Standby
Level — ,-G» ' ]
Photo RUN Motor Eull
/=] E { = .
FULL |
F
RUN Level  FULL  Photo Solenoid
—] /] /—] [ {
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Latching Relay 9@

Latching relays are used where it is
necessary for contacts to stay open
and/or closed, even though the coil
is energized momentarily.

L2 Electromagnetic latching

| : I relay circuit

When the ON button is
momentarily actuated, the

—L latch coil is energized to set
the relay to its latched

position. The relay does noft

have to be continuously
|_<. _} energized to hold the

Contact shown with relayv / N contact closed. .

%%
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Programmed Latching Relay Instructioq@“"“““
2L
/4
Command Name Symbol Description
‘ OTL sets the bit to

“1” when the rung
becomes true, and

‘ retains its state when
OTL Output Latch (L) the rung loses

confinuity

OUT resets the bit to
“0” when the rung
OoT1TvU Olltl] ut -( U )_ becomes true and
Unlatch retains it

—(L)—

XXX Latch and unlatch
coils have the same ;
XXX address 8
ENGG3400: l.',ecmwmm_(U)_ Logic Controers By F. D. Petruzeila, McGraw-Hill % m
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(b) Control logee

Automation

Outputl

0013

14
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Latching Relay Program gg//
0:013 A
* L" l-—-( L Latch rung

OFF 0:013
-1—0 - -JI l—(u)w— Unlatch rung

0.013
'_-| I- ~=( Output rung
10

.

1716 1514 13 12 1110 07 06 05 04 03 02 01 00
JN I e

When the ON button is momentarily actuated, the latch rung
becomes true and the latch status bit (10) is set to 1, and so the
output is switched on. This status bit will remain on (1) when i
lo gieceontinwityofthre-tateh - rung-psdost; F 0 Fenzsia McGawHi 7 m
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Latching Relay Program 9P
ON 0:013 A

J— I—( L Latch rung

o ©

oFF 0:013

GLB‘ |——_-(U Unlatch rung

0.013
( Output rung

I'ID

l

17 16 1514 13 12 11 10 07 06 05 04 03 02 01 00
AL L qofl Lyl oo

When the unlatch rung becomes true (OFF button actuated),
the status bit (10) is reset back to 0 and so the output is switched
off. .

A



B 3. Study the ladder logic program in Figure 6-61, and answer the questions that folI;)vk | —

a. Under what condition will the latch rung 1 be TRUE?

Under what conditions will the unlatch rung 2 be TRUE?

Under what condition will rung 3 be TRUE?

When PL1 is on, the relay is in what state (LATCHED or UNLATCHED)?

When PL2 is on, the relay is in what state (LATCHED or UNLATCHED)?

Assume the relay is in its LATCHED state and all three inputs are FALSE. What input change(s)
must occur for the relay to switch into its UNLATCHED state?

If the examine if closed instructions at addresses 1/1, /2, and I/3 are all TRUE, what state will
the relay remain in (LATCHED or UNLATCHED)?

~®oangyo

Inputs Ladder logic program Outputs
L L2
i
-0 O—1n In 2 /019 o IR
| 09 PL1—9
Rung 1 1 \L>_J .
a, o— 12 13 o
) 4 ) N
o " . > "W m Ja‘o 7 108 N\ '
P 4
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PLC Water Level Program @
/4

Pump Low High .The p.rﬂgrﬂm for this process
_ . is designed to control the level of
running level level

water in a storage tank by turning a
H Q @ discharge pump on and off.

Modes of Operation

T —

——| High sensor  Off Position: the pump

L — switch \ will stop if it is running

gise — and will not start if it is

calon ol stopped.
— -
—~_ _ | Low gﬂygr Manual Mode: the pump

switch will start if the water in the
O tank is at any level except
low. 1
Pump motor

ENGE3490:; Mechatronics WOT. Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill B9 ||
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PL.C Water Level Program @
77
Pump Low High :fhe program for this process
. : is designed to control the level of
running level level

water in a storage tank by turning a
EZ @ @ discharge pump on and off.

Modes of Operation
:_ Automatic Mode:

e P ngh SENSOT  _if the level of water in the
SE S switch tank reaches a high point, the
o e water pump will start so that

g, —tom— water can be removed from
— — | Lowsensor the tank, thus lowering the
switch level
O - when the water level
reaches a low point, the F

Pump motor :
ENGG3490: Mechatronics WOT. Addapted From Programmakble Micpuum&ylﬂlitlgﬂnmmwﬁill 70 |
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PLC Water Level Program @
v/
Pump Low High :[he p.rngram for this process
. is designed to control the level of
running level level . .
water in a storage tank by turning a
H Q @ discharge pump on and off.
Modes of Operation
e
e | High sensor Status Indicating Lights:
— — switch - water pump running light
P s, ..-f"'"l
o (green)
i - low water level status light
— (red)
—~ Low sensor ,
- . - high water level status
switch light (vellow)

O " ,
N

Pump motor | | _

ENGG3490: Mechatronics WOT. Addapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hill "m




L1

Input module
wiring connections

Ladder logic program

Automation

Qutput module
wiring connection

&



L1

Input module
wiring connections

$—o~ 00N/ OFF

Man
—0O O Auto/Man

Low sensor
0_%2_ switch

Hi
b—%g- igh sensor

Ladder logic program

Automation

=77
Output module
wiring connection

Mm—@—v

Pump running

G
Low-level

High-level
Y

A%



L1

Input module
wiring connections

$—o~ 00N/ OFF

Ma
—C O Auto/Man

Low sensor

175552 ewitch

LQK;;E_ High sensor
switch

OFF /Man
Positions ( water
at a low level)

PLC Water Level Program

Ladder logic program

Low sensor
Auto / Man switch ON/OFF  Motor
—— / - i ] —— )>—
Anto / Man Lateh/Unlatch
.| C i | C
o4 L i | L
Highsanmt Latch coil
Auto/ Man switch (Internal)
| C J L J"'L"q.
l L n B LS
I..a'frmur Unlatch coil
Auto / Man switch (Intermal)
] 3/ (U
Ao / Man
Motor G
] C 7o
Low sensor hd
swiich R
SEnsor
i v
| C F
1 C L

Automation

Facdu Mure sin

&

Output module
wiring connection

Mm_@——-.

Pump running

YA



L1

Input module
wiring connections

¢=—C—T~0N / OFF

Man
+—0 O Auto /Man

Low
'_Q‘::CL_ | BENSOT

o e

Manual Mode

( water between
high and low
levels)

PLC Water Level Program

Ladder logic program

Lm:rrmnr
Auto / Man switch Motor
—— f ] ] [ =
Auto / Man Latch/Unlatch
3 r 1
1 L | L
High sensor Latch ¢oil
Auto / Man switch {Intarnal)
I s 1T (LY}
1 Lk 1 L WL
I.lrfvunwr Unlatch coil
Auto/ Man switch (nternal)
1 [ 1/ (U Jom——
Auto / Man
- /L —
Motor G
Low sensor
swilch R
1/ E ()
High sensor
switch i
| L F
o L L

Automation

Facu Murzsin

@7

L2

-
7

Output module
wiring connection

Mmor-@—&

Pump running

-1

Low-level

"

High-level

1

&



L1

oo

H—G¢

Input module
wiring connections

t—0—O—ON/ OFF

+ Auto
I—U'LU-AutﬂJ'Mnn

Low sensor
swiich

High sensor
switch

Automatic Mode
( water at high

level)

PLC Water Level Program

Ladder logic program
Low sensor
Auto / Man swilch Motar
1/ F = [— () —
Auto / Man Latch/Unlatch
_q P—q
High sensor Latd'l coll
Auto / Man gwitch
Low sensor Unlatch coil
Auto / Man switch (internal)
——] ]/ [ (V)
Auto / Man
1/ E
WMotor G
L.ow sensor
switch R
1/ ®
Sensor
sweh v
- () —

Automation

Faclu Murs gn

X

Output module L2

wiring connection

o ™

Sl

i

Motor
Pump running
G

E’Fg

High-level

f}‘

74



Automation

1. Design and draw the schematic for a conventional hardwired relay circuit that will perform
each of the following circuit functions when an NC pushbutton is pressed:

» Switch a pilot light on
* De-energize a solenoid
« Start a motor running

AN



5. Design a PLC program and prepare a
typical /0 connection diagram and
ladder logic program that will correctly
execute the hardwired control circuit in

Figure 6-63.

Automation

L L2
s:t:ax STOP
P82
Py O ‘Q.LG R
\m/
| |
| ®&—1
CR1-1 / \
cp,"f SOL 1
r QI" | | +
PS 1
LSy cﬁ' SOL2
—s° | o
|
N o
: : SOL3
N\ /7
2N
2—1
7 N\




Automation

1) What will happened to the output pilot when the push button in the below ladder logic

diagram is momentarily press for the first time?
2) What will happened to the output pilot when the push button in the below ladder logic

diagram is momentarily press for the second time?

L1

Inpat

O=[:0N

Ladder logic program

1:0n1 B.3/s0 BAM B:3/12
3 3/E ] -{ J—
o B:3/210  Bi3/12 8:3/11
] —/F—T3/1 { »—
B3/
-3 €
1071 HJ..-"I-EI
] [—— —{ )
B.3/1 o0/ 2
5 I N
L

Output pilot

LZ
L r
&m—O—T
i~ b
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Initial scan
Input
L1 0
-
=101

Ladder kgec program
O/F o/T O/F O/F
Ian B30 BA/M B:3/12 Output pilot
—] —3/E ; - > L
B.3/11 '
N B.3/0  B3/12 | N ‘
i & i/ b—7—1/F () 1
Eiaif":ﬂ
11 B:3/10
: i A B ' %
+ & - W A
B:3/1 00/2
] —— —{
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Initial scan
Input
L1 0
-
=101

Ladder kgec program

Output pilot

L2
b &
# b

O/F o/T O/F O/F
1:0n1 B30 BAM B:3/12
———3 —/F i E —{ )
O/F 0T 0T HO‘/FF
101 B:3/0  Bi3/12 /1
i | 1/ =11/t ()
O/F '
Eiaif‘:l‘l
11 B:3A10
T __ R A Y
4 & o - L
B:3/1 O:0/2
] —— ———e —
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Initial scan
Ladder kgec program
O/F o/T O/F O/F
Input Ian B30 BA/M B:3/12 Output pilot
w ———3 F— 3/t 1 ¢ — > T
i O/F o/T o/T O/F o007
o101 1o B.31/0 B3/12 B3/ SN
] £ 1/ =11/ { )} 1 O/E
I
O/F '
B.3/1
—3 ¢k
O/F
11 O/F B:3/10
T N T
+ & - N A
- O/F 0/F
B3/ 0:0/2
] — — )
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?
press push button

Ladder logc program
/T o/T O/F O/F
Input Lon B.3/210 B/ B8:3/72 Output pilot
L 1{!y pre——] | fem] ff— = D= iy IR
002
o1 o 8:3/10 B:3/12 is/ 1 7N l
- £ 3/ b—T1—3/¢ { )i
8:3/11
= T
s N\
Lon 8:3/10
-3 = -
8:3/11 0:0/2
I i & X\
AY
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Ladder logc program
/T o/T O/F O/F
Input Lon B.3/210 B/ B8:3/72 Output pilot
L 1{!y pre——] | fem] ff— = D= iy IR
1/T 1T 002
o/T o/T | :
o ton Lon 8:3/10 B3/12 9:3/1 Sk l
-3 € 3/ t—1—3/F { )—
BJ.J/‘"
Lon 8:3/10
% L <
- B == N
B/ 00/2
F ] ~
AA
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Ladder logc program
/T o/T O/F O/F
Input Lon B.3/210 B/ B8:3/72 Output pilot
L 1{!y pre——] | fem] ff— = D= iy IR
/T 1T 002
o/T O/T , :
o ton Lon 8:3/10 B3/12 9:3/1 Sk l
-] & J/b—1—3/F { )—rt
UT
8.3/11
= UT
Lonl/T 8:3/10
-3 b= -
UT
B8:3/11 00/2 1/T
F ] ~(
A4
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Ladder logc program
/T o/T O/F O/F
Input Lon B.3/210 B/ B8:3/72 Output pilot
L 1{!y pre——] | fem] ff— = D= iy IR
/T 1T 002
o/T o/T , :
o1 o 8:3/10 B.3/12 is/ 1 7N l
-] £ J/b—1—3/F { )t 1T
UT
8.3/11
e UT
LonL/T 8:3/10
-3 - -
UT
8.3/11 00/2 1/T
F ] -
9.
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?

Ladder logc program
/T 1/F UT O/F
Input Lon B.3/210 B/ B8:3/72 Output pilot
L 1{!y pre——] | fem] ff— = D= iy IR
T 1/F oT UT | oo
o ton Lon 8:3/10 B3/12 is/ 1 Sk
-] £ J/b—1—3/F { )t 1T
1T
8.3/11
b UT
Lonl/T 8:3/10
-3 - ¢
1T
8:3/11 00/2 1/T
F ] ~(
q)
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time?
Release push button

Ladder lOgic program
O/F 1/F 1/T O/F
ﬁw 1o 83210 B./1 8:3/12 Output pilot
u o —3 —3/¢ i E { )= L, L
—L- OF 1yF O T | oo
O—1on o 8-34‘0 B8.3/12 8./ e\
— £ /b—1—3/ -{ )
1T
B:3/11 1/T
3¢
O/F
ron O/F 8:3/10
» B » 4
N —n
By}" O._'OI/Z 1T
[ ; F .

QY
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1) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the first time? ON

Next scan
Ladder lOgic program
0/F o/T 1T O/F
ﬁw 1o 83210 B./1 8:3/12 Output pilot
u o ————3 —3/¢ i E { )— L, L
L o/t orT 1yt | ooe
O—1on l:U‘O/F 8.3/10 B8.3/12 B.I/n g\
-] B }/b—1—3/ -{ )
1T
B3/ 1/T
-3 ¢
O/F
vy O/F 8:3/10
" Jf
s N —
By}" O._'OI/Z 1T
1 ; F \

qy
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2) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the second time?

Ladder logic program
1T o/T /T /T
Input Lon B.3/210 B/ B8:3/12 Output pilot
v § ———3 —3/—3 & { >— L,
T /T 1/F _OF | ooz
o 1on oN1l/T  g.3z0 8.3/12 8.3/n PN
-] £ J/b—13/¢ { )r—t O/F
B.3/11 O/F
o 1T
o 1T 8:3/10
- <
8:3/1 O/F OﬂJ/z O/F
r ] = N

q¢
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2) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the second time?

Next scan
Ladder logic program
UT 1/F O/F 0/F
Input 1o/ 8.3/10 B./1 8:3/12 Output pilot
v § —) /60— = L,
e 1/E o/T ~ O/F o2
o 1on oN1l/T  giazoe 8.3/12 8.3/n ==\
=3 & Ve e e 4 A O/F
B.3/11 O/F
L 1T
o 1T 8:3/10
= <
8:3/1 O/F 090/2 O/F
r ] & ~
q0
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2) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the second time?
Release push button

Ladder logc program
0O/E 1/F O/F O/F
ﬁm 1o 83210 B/ 8:3/12 Output pilot
u o — —3/¢ I E { )— L, L
—L 0T oE| oor
O—1on IO O/F B  B:3/12 8:3/1 =N
— £ 3/ t—1—3/¢ { ) 0/F
B:3/11 O/F
‘ OIF
ron OF 8:3/10
1 C g
N —n
B:3/11 Q/F 09/2  o/F
[ ; F \

1
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2) What will happened to the output pilot when the push button in the below ladder logic
diagram is momentarily press for the second time? OFF

Next scan
Ladder logc program
O/F o/T O/F O/F .
ﬁm 1o 8.3/10 B:3/11 8:3/12 Output pilot
u o —— —3/¢ i { )—r L, L
o/T o/T —=.0/F o022
O 1 o/F B30 B:3/12 i3/ 7N
= N3 3/ t—1—3/¢ {) O/F
B:3/11 O/F
‘ OIF
ron O/F 8:3/10
» B >4
s N —n
B:3/11 Q/F 09/2 (/F
’ ] ~(

v
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10. A pump is to be used to fill two storage tanks. The pump is manually started by the operator
from a START/STOP station. When the first tank is full, the control logic must be able to
automatically stop flow to the first tank and direct flow to the second tank through the use
of sensors and electric solenoid valves. When the second tank is full, the pump must shut
down automatically. Indicator lamps are to be included to signal when each tank is full.

a. Draw a sketch of the process.
b. Prepare a typical PLC program for this control process,

QA



Automation

11. Write the optimum ladder logic rung for each of the following scenarios, and arrange the
instructions for optimum performance:

a. If limit switches LS1 or LS2 or LS3 are on, or if LS5 and LS7 are on, turn on; otherwise, turn off,
(Commonly, if LS5 and LS7 are on, the other conditions rarely occur.)

b. Turn on an output when switches SW6, SW7, and SW8 are all on, or when SWS55 is on. (SWSS is
an indication of an alarm state, so it is rarely on; SW7 is on most often, then SW8, then SW6.)

19



6. Design a PLC program and prepare a
typical 1/0 connection diagram and
ladder logic program that will correctly
execute the hardwired control circuit in
Figure 6-64.

L

sTOP
PB1 R-1
# alo- T |
/’I \\‘ F“
N PR J
{ R-2

Automation

L2
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references:

1-notes from Dr. Jeff Jackson ,the university of Alabama
2-notes from Dr. Radu Muresan ,University of Guelph
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FadL Bursan

Timers
Fy

There are very few industrial control systems that do not
need at least one or two timed functions. They are used to
activate or de-activate a device after a preset interval of
time.

Time delay relays and solid-state timers are used to provide a time
delay. They may have displays, pots or other means of operator
interface for time settings and electromechanical or solid state

oufputs.
TilIlE D'Elﬂ}r @_‘J"_*L iﬂlid—StatE
™ n

ENGG400: Mechatronics | 67 I " L#=" -smmable Logic h"""“‘ awe-Hil 2 m
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Timer Uses

e The timing block functions are used with
various contact arrangements and in
multiples to accomplish various timing tasks.

e Typical industrial timing tasks include timing
of the intervals for welding, painting, and
heat treating.

e Timers can also predetermine the interval
between two operations.

e With a PLC you can utilize as many timer
blocks as you need, within the PLC memory
limitations.

Electrical & Computer Engineering Dr. D. J. Jackson Lecture5-5 3
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AL an

On-Delay Timing Relay
o

Operating coil

- JL_~No Nontimed contacts are

I controlled directly by

I Instantaneous the timer coil, as in a
contacts general-purpose

7 I F NC control relay.

When the coil is
[ = energized, the timed
contacts are prevented

fr ing or closi
$ NO rom opening or ciosing

until the time delay
— Time control  Pe€riod has elapsed.
contacts However, when the coil is

W oIv NC de-energized, the timed

W\

-

contacts return

Time adjustment instantaneously to their
mabie Logic Controllers By F. D. P« pnormal state.

\
L0
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Timed Contact Symbols o

On-Delay Symbols

Normally open, timed Normally closed, timed
closed contact (NOTC) open contact (NCTO)
Contact is open when Contact is closed when
relay coil is de-energized relay coil is de-energized
When relay is energized, When relay is energized,
there is a time delay in there is a time delay in,

flﬂﬁil}gsmm: Mechatronics W07 Adapted From Frogrammabie Logic Controllers aﬁﬂ_%ﬁgsmm Hill 4 m 5



Timed Contact Symbols o

Automation

Rl BALTSNn

4

O Off Delay Symbols Q-P

Normally open, timed
open contacts (NOTO).

Contact is normally
open when relay coil
is de-energized.

When relay coil is
energized, contact closes
instantly.

When relay coil is de-
energized, there is a time
delay before the contact

Normally closed, timed
closed contacts (NCTC).

Contact is normally
closed when relay coil
is de-energized.

When relay coil is
energized, contact opens
instantly.
When relay coil is de-
energized, there is a time
delay before the contaét

ﬂl}f[lgjﬁﬁmgﬂ Mechatronics WO7. Adapted From Programmable Logic Controllers B‘(Flﬂgﬁgﬂa MoGraw-Hill 5 B
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On-Delay Relay Timer Circuit (NOTC (Iﬂnt@_

S1 L2 Sequence of operation

TD S1 open, TD de-energized,
TDI1 open, L1 is off.

S1 closes, TD energizes,
timing period starts,
TD1 still open, L1 is still off.

10 s After 10 s, TD1 closes, L1 is
switched on.
Iuput—l \ ON -I—
. S1is opened, TD de-

gutpmil I._ energizes, TD1 opens

. . instantly, .1 is switched nfl'.
ence 11MING DIaAgram From Frogrammatie Logic Controliers By F. D. Petuzalla, McGraw-Hil 6 m
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On-Delay Relay Timer Circuit (NCTO Cﬂntﬁﬁn
4

Sequence of operation

L1 L2

S1 open, ID de-energized,
TDI1 closed, L1 is on.

S1 closes, TD energizes,
timing period starts, TD1
is still closed, L1 is still on.

10 s After 10 s, TD1 opens,
L1 is switched off.
Input _I | S
Dutputﬂn— = S1 is opened, TD de-energizes,
Off TDI1 closes instantly, L1 is -I

Timing Diagram ~_switched on. | :
7. Adapted From Programmable Logic Controllers By F. D. Petruzella, MoGraw-Hill 7 B 8
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LIy

Sequence of operation

S1 open, TD de-energized,
TD1 open, L1 is off.

S1 closes, TD energizes,
TDI1 closes instantly,
L1 is switched on.

S1 is opened, TD de-energizes,

10 s
- timing period starts, TD1 is
Inpm_l still closed, L.1 is still on.
On
dutput-t] | After 10 s, TD1 opens, L1 is

switched off. N

Timing Diagram

EMGGEI4E0: b ‘rogrammable Logic Controllers By F. D. Petruzella, McGraw-Hill ! g B
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Off-Delay Relay Timer Circuit (NCTC Contagt)

L1

L2

-I::- s
4
Sequence of operation

S1 open, TD de-energized,
TDI1 closed, L1 is on.

S1 closes, TD energizes,
TD1 opens instantly,
L1 is switched off.

S1 is opened,

10 s
TD de-energizes, timing
I I period starts, TD1 is still
Input on open, L1 is still off.
Output [

Off After 10 s, TDI1 closes, .

Timine Diaer L1 is switched on. B
lmlug lﬂgl s vdapted From Programmable Logic Controllers By F. D. Petruzella, MoGraw-Hill -Q

10



Programmed Timer Instructions <

%y

PLC timers are output instructions that provide the
same functions as timing relays and solid state timers.

Some advantages of PLC timers:
» their settings can be altered easily

» the number of PLC timers used
can be increased or decreased by
programming changes without
wiring changes

» timer accuracy and repeatability
are extremely high .|

EMGE3400:; Mechatronics WIOT. Adapted From Programmable Logic Controllers By F. D. Petruzedla, McGraw-Hill -1D

Automation

]

11
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Programmed timer command
(based on the Allen Bradley SLC-500 and its associated RSLogix software)

4 o] | [ew]os] | B

[4]» [\ User {Bit A Timer/Counter £ InputiOutput A Compare

Command Name Description

Counts time base
intervals when the
instruction is “true”

TON Timer On-Delay

12
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RSLogic Timer Commands p

4 Jror] [eu]os] |2

m User A Bt A Timer/Counter 4 InputiOutput A Compare

Command Name Description

TOF Timer Off-Delay ~ Counts time base
intervals when the
instruction is “false”

13
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I] | |R1-D ¢Tu | 610 | gEs | HEC

m User ‘.{Elit ) Timer/Counter £ InputiOutput ,.-{_ Compare

Command Name Description
Counts time base
RTO Retentive Timer intervals when the

ON instruction is “true” and
retains the accumulated
value when the
instruction goes "false'" or
when power cycle occurs

\ Reset When this instruction is
RES "true" it resets the cmlu_l

EMGE3480: Mechatronics WO7. Adapted From Programmable Logic mm"eﬁ'?fﬂéeﬂéfﬂGEhﬂ lltf‘l' 12 B

14
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Quantities Associated with the Timer Instruc@"
Preset Time — Represents the time duration of the tiﬁling
circuit. For example, if a time delay of 10 s is required,
the timer will have a preset of 10 s.

Accumulated Time — Represents the amount of time that
has elapsed from the moment the timing coil became
energized.

Time Base — Timers can typically be programmed with
several different time bases: 1 s, 0.1 s, and 0.01 s are
typical time bases. For example, if you enter 0.1 for the
time base and 50 for the preset time the timer would -
have a S s delay (50 x 0.1 s =5 s). i

EMGG3400: Mechatronics WO, Adapted From Programmable Logic Contrdllers By F. D. Petruzella, MoGraw-Hill -14 |

15
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FanL Burzain

On-Delay Timer Instruction g?/
A

The on-delay timer operates

so that, when the rung Input Timer
containing the timer is true, b= \
the timer time-out period

commences.

Timer Sequence True

becomes true
sometimes after the
timer rung becomes
true; hence the timer
is said to have an on
delayv.

False I The timed output
Rung condition

Timed period
On delay

—
time duration
True

False 0
Timed output bit ON |

EMZG3480: Mechatronics WO7. Adapted From Programmable Logic Controllers By F. D. Petruzella, MoGraw-Hill -1E| [ |
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Coil-Formatted Timer Instruction @-Zz

Contact determines , , M
. The timer assigned
rung continuity

an address 1

The type of timer

is specified AXA

TON

Preset value PR:YYY
Time base 0.1s

Accumulated value AC:000

When the timer rung has logic continuity, the timer's
accumulated value increases. When accumulated value equals
the preset value, the output is energized and and the timed
output contact associated with the output is closed. The timed

contact can be used as many times as vou wish throughout the
program as a NO or NC contact.
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Generic Block-Formatted Iimer Instructiosp |
4

Timers are most often represented by boxes in a ladder

logic.

Control line controls the actual timing operation of the timer.

Whenever this line is true the timer will time.

Retentive timer block

Preset time

Time base
Accumulated time

Reset line resets the the timer's accumulated value to zero. [
EMGERSD Mechatmnics WIT. Adapied From Frogrammable Logic Controliens: By F. D, Petnuzs=la, MoEras-Hil -115 | |
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Generic Block-Formatted Timer Imtructlw
4

Timers are most often represented by boxes in a Iadder
logic.

Retentive timer block

Preset time
Time base
Accumulated time Output line

T'he timer continuously compares its accumulated time with its
preset time. Its output is logic 0 as long as the accumulated time is
lEﬁ than the preset time. When the two become equal the mltput

Wi Adapted From Programmable Logic Confroliers By F. D. Petruzsila, MeGraw-HIl 17 [
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Allen-Bradley On-Delay Timer I]:lstructltg?j/Z

Allen-Bradley PLC-5 and SL.C-500 controller timer
elements each take three data table words: #/ie
control word, preset word, and accumulated word.

The control word uses three control bits: Enable (EN) bit,
Timer-Timing ('TT) bit, and Done-Bit (DN).




Automation

S G an

Allen-Bradley On-Delay Timer Instructiogy
'-V"/Z'

The Enable (EN) bit is true (has a status of 1)

whenever the timer instruction is true. When the

timer instruction is false, the enable bit is false (has

a status of 0)

TON

TIMER ON DELAY
Timer T4:0

ENGGS 20
21



Allen-Bradley On-Delay Timer Instructiogy

Automation

A= Bursaan

4

The Timer-Timing (TT) bit is true whenever the
accumulated value of the timer is changing, which
means the timer is timing.

TON

Timer
Preset
Accumulated

T4:0
S0
10

IT

Timer-Timing bit true

22
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Allen-Bradley On-Delay Timer Instructioz
4
The Done-Bit (DN) changes state whenever the
accumulated value reaches the preset value. Its

state depends on the type of timer being used.

TON
I Timer T4:0 ENp=
Preset 50 DN)
Accumulated 50

T4:0

-

DN

Done-bit changes state

23
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Allen-Bradley On-Delay Timer Instructl(g:a
4
The preset value (PRE) word is the set point of the

timer, that is, the value up to which the timer will
time.

The accumulated value (4CC) word is the value that
increments as the timer is timing. The accumulated

value will stop incrementing when its value reaches
the preset value.

4 TIMER TABLE
JEN /TT /DN .PRE .ACC
T4:0 0 0 0 0 0 r

24



Allen-Bradley On-Delay Timer Instructi@_

The information to be entered includes:
TON
TIMER ON DELAY

Timer T4:0 EN
Time base 1.0
Preset 15 DN)

Accumulated

Timer number which must come from the timer file.

Time base which is expressed in seconds.

Preset value which is the length of the time delay.

Accumulated value which is normally entered as 0.

Automation

ALl MLrEnn

4

25
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o Input A l

Ladder logic program

Input A ~ TON
TIMER ON DELAY
— Timer T40 EN
Time base 10
Preset 10
Accumulated o PN
T40 Output B
1 7
IEN i
T4:0
-~ Oc’m C
l.n, a
T4:0
ol Ouitout D
'DN N\
(@) Ladder diagram
On
Input condition A  On L
On
Timer-enable bit on e
On
Timer-timing bit  On I —p
4s 10s |
On
Timer-done bit o
|
Timer accumulated o 1 / I
value

Outpit 8

Output ¢

e )

Output 0



On-Delay Timer Program

Timers are 3-word elements

1514 1312 11 10 9 8 7 6 5§ 4 3 210
EN TT DN | Internal use
Preset value PRE

Accumulated value ACC

Word 0 is the control word
Word 1 stores the preset value

Word 2 stores the accumulated value

Automation

%,

Word

27



On Delay Timer Function

e The first example is the simplest form of time delay.
- When the circuit is turned on, one action takes place.
- A specified time later, another action occurs.

- 0:2/1 energizes exactly 8 seconds after 0:2/0 enerqgizes,
provided I:1/0 remains energized

Solution to be added later

28



On Delay Timer Function

e The first example is the simplest form of time delay.
- When the circuit is turned on, one action takes place.
— A specified time later, another action occurs.

- 0:2/1 energizes exactly 8 seconds after O:2/0 energizes,
provided I:1/0 remains energized

I:140 TOB
nnl| 4 E Tuner Om Delay L CEHT)
Tuaner T4:0
Time Base 0.1 DN -
Preset E0
Ao 0
020
e
e
T4 0D Q201
001 q4 E < D
Ol CEND ™

Electrical & Computer Engineering Dr. D. J. Jackson Lecture 5-14
pa



Automation

Limited On-Time Timer Function

e This example illustrates a situation in which two outputs go on
at the same time.

e Then, one of them is to go off after a preset period of time.

e One output, 0:2/0, stays on; the other output, 0:2/1, turns off
at the end of the timing interval.

¢ Resetting is accomplished by turning I:1/0 off.
Solution to be added later

30



Automation

Limited On-Time Timer Function

e This example illustrates a situation in which two outputs go on
at the same time.

e Then, one of them is to go off after a preset period of time.

¢ One output, 0:2/0, stays on; the other output, 0:2/1, turns off
at the end of the timing interval.

e Resetting is accomplished by turning I:1/0 off.

10 TOH

(a11] ] E Timer Omn Delay - EN)
Timar T4-0
Time Base 0] DN~
Preset 46
Aconm ]
Q:2/0
e
T
1140 T4:0MH 021
ool 1 C . | P
- O |- N

Electrical & Computer Engineering Dr. D. J. Jackson Lecture 5-15
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Interval Time Within a Cycle

e This example is for a timed interval of a
number of seconds after the start of a
process operation.

— This time interval is sometimes called an
embedded time interval.

- A fan is to come on 8.7 seconds after a system is
turned on.

— It is then to run until 16 seconds after the system
is turned on, which is a net time of 7.3 seconds.

Electrical & Computer Engineering Dr. D. J. Jackson Lecture 5-17



Solution to be added later

Automation
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003

004

Automation

Electrical & Computer Engineering

I:140 o200
110 process @20
= I - L A
1.1/ TON
== Timer On Delay L CEN——
Timer T40
Time Base 01 DN
Presat 87
Aeoum 0
I:140 TON
] E Tuomer On Delay - EN )}—
Tumer Ta:1
Time Base 01 =Dy
Prwsel 1&0
Aocoum 0
I:1/0 T40DH T4:1/DH 021
I C I C }.F' S
a1 C d C C L A
fan
CEND ]

Dr. 0. J. Jackson Lecture 5-18

4



Start-Up Warning Signal Circuit ‘é{} n

=7 Relay Ladder Schematic Diagram

Convert to PLC ladder program?

35



Solution to be added later

Automation
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Ladder logic program

Inputs Output
START-UP PB1 PB2 [ TON
L _1_ ﬁ TIMER ON DELAY
| Timer T40 H——EN)—
© o— FPBl 1 | Time base 10
' Preset 10 —ON
RESET Accumulated 0 ) Horn
PB2 EN
T4:0 T4:0 Horn
e ] -
R \/
DN EN

(0) Ladger logic




Automation

Ladder logic program

Input Output
L SW 1 —TON i
= TIMER ON DELAY L2
SWITCH 3 | | Timer timer 1/ EN
b SW _1 Prese! 12000
Accumulated 0; DN
= ) Valve —/\r—#
timer_1.dn Valve
| i

FIGURE 7-15 Program for a solenoid valve to be time-closed using the ControlLogix TON timer.

Allen-Bradley ControlLogix controller timers
function in the same manner as PLC-5 and

SLC-500 controllers. The diﬁeper_xces occur in
the time base

the time base is fixed at 1 ms (0.001 s). 38



Automation

Timers are often used as part of automatic
sequential control systems. Figure 7-16
shows how a series of motors can be started
automatically with only one start/stop con-

trol station. According to the relay ladder
schematic, lube-oil pump motor starter coil
M1 is energized when the start pushbutton
PB2 is momentarily actuated. As a result,
M1-1 control contact closes to seal in M1,
and the lube-oil pump motor starts. When
the lube-oil pump builds up sufficient oil
pressure, the lube-oil pressure switch PS1
closes. This in turn energizes coil M2 to
start the main drive motor and energizes
coil 1TD to begin the time-delay period. Af-
ter the preset time-delay period of 15 s,
1TD-1 contact closes to energize coil M3
and start the feed motor.

Convert to PLC ladder program?

L' stop  sTART LUBE OIL
, PUMP MOTOR OL

PB1 _LPB
| - }

> QL O—$ 4 { M1 ) v
Mi1.1  MAIN DRIVE
PS 1 MOTOR OL
- 3 o—( M > ! {
(Lube oil
pressure switch) (1;6'»
OL
- OTO_ { M3 <, I
1F0-1 FEED
(15 s) MOTOR

(@) Relay ladder schematic diagram

L2



Solution to be added later

Automation
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Inputs

PS1

PB1

T4:0

=)

-

1

* PB2 M1
i
X
M1
M2
¢ p—
\
TON
TIMER ON DELAY
S Timer T4:0
EN }—
Time base 1.0
Preset 15
Accumulated 0 DN)

(b) Ladder logic

41
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Off-Delay Programmed Timer % |
The off-delay timer (TOF) operation will keep the oufpu

energized for a period after the rung containing the timer
has gone false.

Input Ladder logic program Output
L1 L2
s1 o0 [ 19F ——
TIMER OFF DELAY
+—O— O L1000 — f— —{EN{ 0:2.0n {5—'
TIMER T4:3 ™
Time base 1.0 '_(D:'\_)
Preset A5 _
Accumulated i
T4:3DN 0:2.0/1
P —

42
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Automation

Input Ladder logic program Output
L2
s1 o0 [ IO9F -
17 TIMEE OFF DELAY
5 7 .Y
O~ L:1.0/0 11 —(ex{ o0:20n )
TIMER T4:3
Time base 1.0 '_(DN)
Preset )
Accumulated 0
T4:3/DN 0:2.011
1r /N
d b .~ S
True
Input condition
51 False
- Timer-timing

Timed output

True (logic 1)

|._

Off delay _,.I
timed duration

0:2.0/1

Preset value =

False (logic 0)
43

accumulated value



Off-Delay Timer Used To Switch Motors O

Input
L1

M- SW_1

Ladder logic program

SW_1 —TOF
L ™
1 E TIMER OFF DELAY —EN)
Timear fimer_1
Preset 5000 | ¢
Accumulated [ 0] ON)
—TOF
—  TIMER OFF DELAY —(EN —
Tlmar timer_2
10000
Accumulated ﬂ_@’*‘)
—TOF
—  TIMER OFF DELAY —{(EN}—
Timer timer_3
Prazat 16000 —{DN
Accumulated | 0] )
timer 1.dn M1
| r F ™
d C L
imar_2.dn M2
1 F {1
1 L WS
tirer_3.dn M3
N &
L

Automation

= RN R ]

U/Z‘

Outpurt

oL

/.f'
DLf
/|

oL

ONON©®

7

What dose this program do?

44
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Off—Dela} Timer Used To Switch Motors Off;™

Input Ladder logic program ou rpnlf'""/zi
L1 SW_1 —_ToF
1 E TIMER OFF DELAY —(EN)— oL
C-SW 1 Timer timer_1 ﬁ "
Preset 5000 | () M—
Accumulated [ 0] /1
oL
—TOF 7N b
—  TIMER OFF DELAY —(EN)—| | Me— ) f_/
Tlmar timer_2 oL
10000
Accumulated g1 ©O%) s5—t ) )F..
W
—TOF
—  TIMER OFF DELAY —(EN—
Timer timer_3
Preset 15000 | (N
timer 1.dn M1
1 E (2 Figure 7-18 illustrates the use of the Control-
Logix off-delay timer instruction. In this ap-
mee 2.dn M2 plication, closing the switch immediately
1 F { ) turns on motors M1, M2, and M3. When the
switch is opened, motors M1, M2, and M3
fimer_3.dn o turn off at 5-s intervals.
1 [ ' -
1 L LA

45



What dose this program do?

Automation

Off-Delay Timer

Relay Ladder
Schematic
L1 Diagram L2

LS1 £\
t—ose- @

TD1-1 =
@&

N

TD1-2 /" OL
._QI\D—@ // .
TD1-3 S ,
] :
+F &
TD1-4 N ,
| | (o)
1| &1



when power is first
applied (limit switch LS1 open), motor
starter coil M1 is energized and the green
pilot light is on. At the same time, motor
starter coil M2 is de-energized, and the red
pilot light is off.
When limit switch LS1 closes, off-delay
timer coil TD1 energizes. As a result, timed
contact TD1-1 opens to de-energize motor
starter coil M1, timed contact TD1-2 closes to
energize motor starter coil M2, instantaneous
contact TD1-3 opens to switch the green light
off, and instantaneous contact TD1-4 closes
to switch the red light on. The circuit re-
mains in this state as long as limit switch LS1
is closed.
When limit switch LS1 is opened, the off-
delay timer coil TD1 de-energizes. As a re-
sult, the time-delay period is started, instan-
taneous contact TD1-3 closes to switch the
green light on, and instantaneous contact
TD1-4 opens to switch the red light off. After
a 5-s time-delay period, timed contact TD1-1
closes to energize motor starter M1, and
timed contact TD1-2 opens to de-energize
motor starter M2. Figure 7-19b shows how
the circuit is programmed using the SLC-500
TOF timer.

Automation
Off-Delay Timer
Relay Ladder
Schematic
L1 Diagram L2
LS1 .
% 5s

-3 ~N 7
—f ©—
TD1-4 o« _
+— ] ()1

38 |



Convert to PLC ladder program?

Automation

Off-Delay Timer

Relay Ladder
Schematic
L1 Diagram L2

S G

TD1-1 =
@&

N

TD1-2 /" OL
._QI\D—@ // .
TD1-3 S ,
] :
+F &
TD1-4 N ,
| | (o)
1| &1



Solution to be added later

Automation
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P
Equivalent Programmed Circuit
Input Ladder logic program Outputs
LS1
— TOF
. || TIMER OFF DELAY —EN— oo L2
| Timer T4:1 i) /f"' 1
O—LS1 Time base 1.0
Preset 5_—CDN) p— oL
Accumulated [0~ v
Td:1 M m—o /.-/- T
H/E’ { >* . ,
T4:1 ON M2 G ﬁﬁ ] T
|' / \
] |_ 4( RS <
o
T4 DN . N

B -
1T £
J |_ L




i M Fluid Pumping Process gf? -
i

Operation

= Before starting, PS1 must be closed.

* When the pump start button is pressed, the pump starts, The
button can then be released and the pump continues to operate.

®* When the stop button is pushed, the pump stops.

= PS2 and P53 must be closed for 5 s after the pump starts. If
either PS2 or P53 opens, the pump will shut off and will not ntlt

be able fo start again for another 14s. . . ... = |



Fluid Pumping Process Program

Solution to be added later

Automation
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Inputs

Fluid Pumping Process Program

Ladder logic program

STOP START T4:5 PS1 PUMP
o] ol 3/ [ {( >
DN
PUMP
— B
PUMP __ton_Pump delay
-— TIMER ON DELAY EN)
Timer T4
Timme base 1.0
Proset 5 (PN
Accumulatad | o
T4:6 P82  __yop _ump fima
—] =i/ TIMER OFF DELAY —(EN)
D Timer T4:5
' P53 Time bass 1.0
—] / Preset 14 D
Accurmulated o]

Automation

Output
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Retentive Timer ogp
A

A retentive timer accumulates time whenever the device
receives power, and maintains the current time should
power be removed from the device. Once the device
accumulates time equal to its preset value, the contacts of
the device change state. The retentive timer must be
intentionally reset with a separate signal for the
accumulated time to be reset.

54
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Rl R

Retentive On-Delay Timer Program o

The PLC-programmed RETENTIVE ON-DELAY um/eé/:

(RTO) operates in the same way as the nonretentive on-
delay timer (TON), with one major exception. There is a
retentive timer reset (RES) instruction.

Unlike the TON, the RTO
I EE?ENTIVE TIMER ON A(EN:) will hold its arru.mul.mtﬂl
Timer T4:2 value when the t'llllf‘l 11.111g
Time Base T10 —(DN) goes false and will continue
Preset 9 timing where it left off when
Accumulated 0 the timer rung goes true

again. This timer must be
Same address accompanied by a timer reset
{HES)— (RES) instruction to reset the
accumulated value of the
ENGG3480: Mechatronics WOV, Adapied From Programmable Logic € ﬁlﬂf"l' t'ﬂ 7Zero.

95
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RESET

| PE2 T4:2
< o—PRD [ -@Ee)-
TIME '
1 PB1
t—© o—FB ATO
H RETENTIVE TIMER ON
Timer T4:2
Time Base 1.0
Presat 9
Accumulated [ 0
T4:2 PL
1 b
]
DN

56



RESET

T4:2 .
PB2 Automation
—REe q [' '659)-7 I
TIME ;
—I— PB1 RTO
©O——PB1
—4 RETENTIVE TIMER ON EN)—
Timer T4:2
Time Base 1.0 Dhl:)
Presat 9
Accumulated [ o
T4:2 PL
[ { )_7
DI'H -
1 I 7
True _-_—_:_I ' Enable bit is resét when
Time input PB1 False | input pushbutton PBI is
I | opened
Trerezoent O | N |
of I
1 =
) I | Accum = Preset g9
Accum value retained [ 6 7
when rung goes false " a 5
I 3 2
L |
Accumulated valua 2 =
1 I
on_ i
Timer T4:20N (dongj bit ~ Off i I
On : & |
PL output Off |
1 |
Reset input PB2 oft —| -
1 I
]

EMNGGE3480: Mechatronics WOT. Adapted From Programmable Logic Controllers By F. D. Petruzella |

123 456 7 8 9101112

Tima in seconds

When reset PB2 is closed.
the T4:2/DN bit is reset to
0. Accumulated valug is
reset and held at zerdjuntil

the reset pushbutton is
Mmaw—l-l&l 45
opened.

57



L1
ON

_\I_

KEY SWITCH
S

RESET

L DOD—xgw 1

PRESSURE SWITCH

a2

sw_2

Ladder logic program

timer_5

BN (e

sw 2
— ATO

—4 P— RETENTIVE TIMER ON EN
Timer timer_5 DN)
Preset 60000
Accumulated [~ g~ |

timer_5.dn HORN
ol « =

What dose this program do?

HORN

Automation

58
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Retentive On-delay Alarm Program

'EIL L
Ladder logic program Ué’[,g
L1 w1 timer_5 &
ON RESET
RES
\ o a(Res)m— .
—0 O—— sw 1 HORN ' g
KEY SWITCH sw 2 T
51 —
—4 H RETENTIVE TIMER ON [ EN )8
PAESSURE SWITGH Timer timer 5 DN )
[ o= sw_2 Preset 60000
} Accumulated | 0 |
ﬁm:_;dn HORBRNM

The purpose of the RTO fimer is to detect whenever a piping
system has sustained a cumulative overpressure condition of 60 s.
At that point, a horn is sounded automatically. You can silence the
alarm by switching the key switch to the rest position.



Automation

Bearing Lubrication
Program

Sequence Of Operation

» To start the machine, the operator turns SW on.

» Before the motor shaft starts to turn, the bearings are supplied
with oil by the pump for 10 s.

» The bearings also receive oil when the machine is running.

» When the operator turns SW off to stop the machine, the oil
pump continues to supply oil for 15 s.

» A retentive timer is used to track the total running time of the
pump. When the total running time is 3 h, the motor is shut down
and a pilot light is turned on to indicate that the filter and oil
need to be changed. _

~ A reset button is provided to reset the process after the filter and
{}1] hlﬂ.#@:n:bﬁﬂﬁifhaug&d:m Programmakble Logic Controllers By F. D. Petruzella, McGraw-Hill 47 |



Solution to be added later

Automation
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Bearing Lubrication Program ;

Ladder bgc program

- - R— Motor Starting |ime Deley
: —3/F— TIMER ON DELAY i
= /t Timer T4:0 END-
DN Time base 1.0
Praset 10 +-(ON)
Accumuatsd 0
e Pump Off Time Delay
TIMER OFF DELAY EN)—
Timer Té
Time base 1.0
Preset 15 ON)
Accumuated 0
T4 PUNP
p]: —{ )
ON
1420 MOTOR
=3 — )
DN
RESET T42
j ¢ {RES)
PUMP RTO Pump Running Time
e RETENTIVE TIMER ON
— € Timer T4:2 ~EN~—
Time base 1.0
Preset 10800 HIDON)
Accumuated 0
T4:2 PL
. - =¥ 5

..

Qutputs L2

oL
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Cascading Timers ‘&
& i
The programming of two or more timers together is
called cascading. Timers may be interconnected, or
cascaded to satisfy any required control logic.
L1 STOP START ooy oL L2
s |
! ° Mt /({/ ! Relay Schematic
M1-1 i .
| W A | Diagram
| o/
TD1-1 |‘:“'- Three motors started
M2 ,r)|/ ! automatically in
20'5) sequence with a 20-s
L *  time delay between
TD2-1 ~ FZ‘JL each motor startup.
s M3 ' ¥
- N A/{/ 1
(20 8) ‘etruzella, McGraw-Hil % m 3

Convert to PLC |ladder program?



Solution to be added later

Automation
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Ladder logic program

Inputs
L1 st0P

.
e |

O—

T

TIMEFt ON DELAY
Timer tlrn!r '-(E")'
Prasat
Accumulated [ EI"(DN)
Iime_rr_'_l .dn
fimer_1.dn —TON
TIMER ON DELAY _{
Timer timer_2 Lem( EN jum—
+ F Preset 20000
Accumulated [0 ’{DN)
timer_2.dn

=

- Equivalent Time-Delayed Motor-Starting Program

/4

M1—8—//f

’f
M2 1

N

ES
=

65
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Annunciator Flasher Circuit op
oo /4
l— o T51 T4:6 —TON ! ’
TIMER ON DELAY
C} =/ Timer Tas[EN— @ O 1
0— P51 Tirmne base 1.0 - ~
DI Presat 1 —(DN) \ /
Accumulated ¢ = " .
n—o.‘.‘.;__n_n'-l.ﬁ‘l T4:5 — TON ‘\—-’j
1 E TIMER ON DELAY —(EN)}—] { }
DN Timer T4:6 )
Time base 1.0 Y 9
Preset 1 [N P
Accumulated 0 / B
G
TS1 T4:5
|- sl -( )-—
PS1 T4:5 r”H“\
Tk " BN N
) Y
= b I
g " DN NS

- -

What dose this program do?



Automation

( ascadmg of Timers for Longer Time Dela;ﬁ;y

Ouyruit
Li  Input Laddar logic program L2
SW —TOMN . v
TIMER ON DELAY
—= Timer Taq [PCENE- L ‘O—'
— " o5y Tlme base 1 0 7 .
Presel 000 —=(DN)
Accumulated | |
LE — TON
s = TIMER ON DELAY -B(EN)=—
DN Timer T4:2
Tima base 1.0 -:D
Prasst 120040 N}
Accumulated 0
T4.2 L
' o
DN

67



What dose this program do? Automation

T4 —TON Red Time uouts
| e/ | TMERONDELAY | L2
on Time basa 1.0 Traffic lights
Praset ~(DN)
Accumulated r@.
RED
Ta:0 —_TON Green Time
—— e T L
e Time base 1.0 AMBER —| Ambear
Praset —(DN)
Accumulated
T4 — TON Amber Timea EHEE"@“‘D—
3t TIMER ON DELAY
TN Timer r4:2 [FEEN—
Time basa 1.0
Presel B —(DN)
Accurmulated
T4:0 T4:0 RED
EN oM
T4:1 T4:1 GREEN
EN (]
T4:2 T4:2 AMEBER
3 i/ —
EM
FHG




Control of Traffic Lights in One Direction@—:

4 _ on Red Time
y ]r':MEH ONDELAY | oy
— [mh__ —r T4:0
Time basa 1.0
Prasat _(DN)
Accumulated I-m-
s TON Green Time
I r $:rl:raErH ON DELAY T4:1 ~(EN)—
Time base 1.0
Prasat -(DN)
Accumulated
T oM Amber Time
. ¢ TIMER ON DELAY
=t Timer Tz [FCEND—
Time basa 1.0
Prasel & _(DN)
Accumulated
T4:0 T4:0 =R
= ] / - = )
EN DN
T4:1 T4:1 GHREEN
o U — =
EN DN
T4:2 T4:2 Sl

Outputs
Traffic lights

Green

RED

o

AMEER

GREEN

i

L4



Automation
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references:

1-notes from Dr. Jeff Jackson ,the university of Alabama
2-notes from Dr. Radu Muresan ,University of Guelph
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Counters o
A
Common applications of counters include keeping track
of the number of items moving past a given point, and

determining the number of times a given action occurs.

A preset counter can control an
external circuit when its
counted total matches the
user-entered preset limits.




Automation

Fach Pusun

Mechanical Counters of

Programmed counters can serve
the same functions as mechanical
counters.

Every time the actuating lever is moved
over the counter adds one number,
while the actuating lever returns
automatically to its original position.
Resetting to zero is done with a
pushbutton located on the side of the,

EMGE2430 Mechatronlcs WOY. Adapted From FlJﬂllt‘Htlt—L ogle Comtrolers By F. DL Petnzella, MoGraw-Hil 38 |
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Electronic counters can count up, count down, or be combincé/
to count up and down. They are dependent on external

sources, such as parts traveling past a sensor or actuating a
limit switch for counting.

item Counting
Reflector

Length Totalizer

Counter
Applications
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Fachs Pansmin

Counter Counting Sequence of
4
PLC counters are normally retentive. Whatever
count was contained in the counter at the time of a
processor shutdown will be restored to the counter on
power-up. The counter may be reset, however, if the

reset condition is activated at the time of power
restoration.

PLC counters can be designed to count up to a preset
value or to count down to a preset value.
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Counter Counter Counter Counter
N — —
—(~sTH —{(RsT— CCN I SN
J N co apd cu al{
Cﬂunter Counter NS L
—|CTD1— —fETCﬁ— — LD —pv
NS/
Counter Counter
_| | / _| ‘ / — PV Cv —R cv
Activated wh
Activated when chvated when Output when zero reached Output when set count
zero reached after counting  set count reached after after counting down reached after counting
(a) down from set value counting up from zero ) from set value up from zero

Figure 10.1 Forms of representation of counters. In (a) R5T is reset. In (b), the IEC 1131-3 representation, CD
is count down imput, LD is for loading the input, PV is for the preset value, CV the current count value, CU is
count up input, and R is for the reset input.
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PLC-5 And SLC 500 Count-Up Counter Instruftiﬁ"
M

—CTU

Count-Up _@LD

Counter 50
Preset 10

Accum 0 —@H —

C5:0/CU
1 F Counter Enable Bit
- L C5:0_ The Reset instruction resets
_<RE5>— the counter's accumulated
C5:0/DN value back to zero.

] [ Counter Done Bit

C5:0/0V

1 C : ;
1 Overflow Status Bit 1

EMGGE3430 Mechatronics WO, Adapbed From Programmable Logle Controlers By F. DL Petinzella, MoGraw-Hll 71 [ |
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CS5 Counter Data File @
FF
Counter Each counter address is made of a 3-word element
Address
C5:N Bit |15 14|13 12 11|1D Qa|08[0T7|06|05|04|03({02(01|00
C5:'N.0 W::]rd CU|CD|DN[OV|UN| UA|  Internal Use (not addressable)
C5:N.1
C5:N.2

*Bit 0-9: Internal Use

*Bit 10: UA - Update accumulation value.
*Bit 11: UN - Underflow bat.

«Bit 12: OV - Overflow hat.

*Bit 13: DN - Done

+Bit 14: CD - Count down is enabled.
*Bit 15: CU - Count up 15 enabled.



* Count-Up (CU) Enable Bit
The count-up enable bit is used with
the count-up counter and is true when-
ever the count-up counter instruction

is true. If the count-up counter instruc-
tion is false, the CU bit is false.

* Count-Down (CD) Enable Bit
The count-down enable bit is used
with the count-down counter and is
true whenever the count-down
counter instruction is true. If the

count-down counter instruction is
false, the CD bit is false.

* Done (DN) Bit
The done bit is true whenever the ac-
cumulated value is equal to or greater
than the preset value of the counter,
for either the count-up or the count-
down counter.

Automation

e Overflow (OV) Bit
The overflow bit is true whenever the
counter counts past its maximum
value, which is 32,767. On the next
count, the counter will wrap around
to —32.768 and will continue count-
ing from there toward 0 on successive
false-to-true transitions of the count-
up counter.

Underflow (UN) Bit
The underflow bit will go true when
the counter counts below —32,768. The
counter will wrap around to +32,767
and continue counting down toward 0
on successive false-to-true rung transi-
tions of the count-down counter.



Counter Each counter address is made of a 3-word element
Address

C5:N Bit [15[/14]13|12|11]|10 |09]|08|07|06|05|04/03|02|01|00

CS5:N.O

C5:N.1 W?'rd Preset Value

C5:N.2

Specifies the value, which the counter must reach before the controller
sets the done bit. When the accumulated value becomes equal to or
greater than the preset value, the done status bit is set. You can use this
bit to control an output device.

The preset value (PRE) word specifies the value
that the counter must count to before it
changes the state of the done bit. The preset
value is the set point of the counter and ranges
from —32,768 through +32,767.

CS5 Counter Data File @ A
¢’/



CS Counter Data File @
Fy —

Counter Each counter address is made of a 3-word element
Address

C5:N Bit |[15[{14|13]|12]11|10 |09]|08/07{06]|05|04|03({02|01|{00

CS:N.O

CS5:NA1

C5:N.2 Wgrd Accumulated Value |

This is the number of times of false to true transitions that have occurred
since the counter was last reset.

The accumulated value (ACC) word is the
current count based on the number of times
the rung goes from false to true. The accumu-
lated value either increments with a false-to-
true transition of the count-up counter in-
struction or decrements with a false-to-true
transition of the count-down counter instruc-
tion. It has the same range as the preset:
—32,768 through +32.767. The accumulated
value will continue to count past the preset
value instead of stopping at the preset like a A
timer does.
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RSLogic Counter Commands P

ﬂ TUI"'I| TC'I"IF:TCI | ETUl :Tl]l HEEl HEEl H

EH\User 1Bt \ TimeriCounter { InputiOutput A Compare

Command Name Description

Increments the accumulated

ClU Count-Up  value at each false-to-true
transition and retains the
accumulated value when
power cycle occurs

'Y
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Fachs Paursun

Counter Counting Sequence g
The up-counter is incremented by 1 each time the rung
containing the counter is energized.

Limit switch Counter—up
E Counter |
value T |
» 44

The counter will increment until the accumulated value is
equal to or greater than the preset value, at which time an
output will be produced.

On
Accumulated = Preset = I Cutput .

ENGEIS0 Me Dﬂ‘- uzella, MoEraw-Hll &4 |
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Each Pursun

RSLogic Counter Commands G

;l rm-ll TOF | Fm:-l [:1ul ETUl nesl Hscl

[«]» |\ User {Btt A\ TimeriCounter { InputiOutput 4 Compare

Command Name Description

Decrements the accumulated
CTD Count-Down value at each false-to-true

transition and retains the
accumulated value when
power cycle occurs

)¢
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Fadu Parswirn

Counter Counting Sequence o

The down-counter decrements by 1 each time the l‘lll]i‘g/f
containing the counter is energized.

Proximity switch Counter—down
_ﬁ P Counter
value ,
—_— =5

A counter reset is always provided to cause the counter
accumulated value to be reset to a predetermined value.

\o
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o TruMuesun

ControlLogix Count-Up Counter Instructigpn

iy 4
~CTU
——— COUNT-UP COUNTER —(CU)—
Counter Counter_1 DN
Preset 100 k-< )
Accumulated 0

In the PLC-5 and SLC 500, the max value for the preset and
accumulated values is 32,767 and the min value is —32,768: for
the ControlLogix controller the max value is 2,147,438,647 and
the min value is —2.147,438,648. N
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Simple Up-counter Program @//

Ladder logic program
L1 Inpuls Culputs L2
121/ -CTU
Aung 1 — el fm— ) COUNT-UP COUNTER CU -
FB1 (Count) Counter 51 Eﬂ"-l:} Hf'] PL
PB1 (Count) Presat 7 0200 @j’ —d
Accumlated 0 ¥
O—1:1/0
C5:1/DN | 020 | guan _:@{_T
Hung 2 q E ( :-_ Green PL
PETEH Counter Done Bit Red PL
O O—1I11 C5:1/DN 021
1 /L £
Aung 3 y’r C o
Counter Done Bit Grean PL
114 Cs:1
Aung 4 ——me] (RS -
FB2 (Reset)

Y



L Inmpuls Lilpuls L=
(Rl

FCTU

Aung 1 - - COUNT-UP COUNTER U - fod PL Automation
PB1 (Count) Counter & DN} y 1
PB1 (Count) m d ; 0:2/0- /@ —

I/

C5:1/DN 0210 o2 ﬁ .
Aung 2 i E ( )_ Green PL

PB2 (Ress!) Counter Done Bit Red PL
111 C5:1/0M 021
Aung 3 ——— /F— —(
Counter Done Bit Grean PL
1A o5
Fung 4 [——me] fome (S
FE2 (Reset)

5 6 7
- TMHRARRRR
w" _. ﬁ_.: e L_“ ) — — —-— S - -
( ) alse 1 1
i :
Rung2 | | :
|
b b :
' ] ]
i A :
Rung3 | : :
l____. _______________________
: | ) ) :
| B
S
" y '
el O L
(wes) —— — '
s i i -
' | | ' '
¢ - '
Lo 6 7! ! |
m 1 U .| ] et
il B
| | 3 | 1
Accumulated | | 2 A YA
value 11"__I : :
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Parts Counting Program @/f
Parts conveyor line .
| Counter C5:2 counts the

. J, total number of parts coming
— off an assembly line for final
packaging

Proximity switch
Each package must contain 10 parts

When 10 parts are detected, counter C5:1 sets bit B3/1 to
initiate the box closing sequence

Counter C5:3 counts the total number of packages filled per day

A pushbutton is used to restart the total part and package count
from zero daily - '

Y4
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Automation

Parts Counting Program

Inputs

-——@Fﬁﬂx-ﬂw

X

y— O—RESETPB

2y

PROX-SW ey, TN
— ] | GOUNT-UP GOUNTER | —m(CLjmm—
Soing So— o
Aecumidated 0
_GﬂEILI:IJNT-UPm'I.I-ITEHI —— L ——
e S
Acuruiadeg ﬂ CLOSE BOX
C5:1/0N B3N
= R - =
Packages -Cgi:}—
==kl ~CTU
—m | COUNT-UP COUNTER (Tl jmm—
ol
Accumuated
RESET PB 0
3k -
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L1 Inputs
——®Fﬁm-sw
X

y— O—RESETPB

Can we rest the countef

automatically?

(

Parts Counting Program

Zy

PROX-SW ey, TN
— ] | COUNT-UP COUNTER (G jmm—
— S (on}
Aocuridatid 0
—CTU
COUNT-UP COUNTER (T
e Sl
Acuruiadeg ﬂ CLOSE BOX
C5:1/ON B
& R -
Fackages (:I:'EE:}—
Ban ~CTU
—m | COUNT-UP COUNTER  |—mm(CUjmm—
o2l
Apcumuiated
Q 0 o
Sk -

Y



Conveyor Motor Circuit

Ladder logic program
Inputs
Conveyor Motor Circuit That Uses A @" N
Programmed One-Shot Reset Circuit /4
Proximity
switch P Sequential Task:

The start button is pressed
to start the convevor motor

Cases move pass the proximity
. switch and increment the
Convevor motor counter's accumulated value

Start/Stop station

After a count of S0, the conveyor motor stops automatically
and the counter's accumulated value is reset to zero

The conveyor motor can be stopped or started manually at

apytime withoutloss of the accumulated.count. ..., e



Solution to be added later

Automation

Yy



Automation

1M 172 020 e
Y stoe e i — Y] o2
C50DN 020
jr--Q-l--Q—::m e m@ﬁ
START — e
_L g for COUNT-UP COUNTER e CU Jur—
H 12 Counter c50
Preset 50 r(ou)
Accumulated 0
PROXIMITY _—
SWITCH -
an | ={RES =

Y¢



~ The transitional or one shot contact program can be used to

One-Shot, Or ITransitional, Contact Prugr

Lhily)
ation

U/J

automaticallyv clear or reset a counter. The program is designed
to generate an output pulse that, when triggered, goes on for
the duration of one program scan and then goes off.

L1 Input
.
—O0 O—A

The one-shot can be
triggered frrom a
momentary signal, or
one that comes on and

stays, on for.some. ftune,

Intamal One-shot
ay contact outpud
= [——V O
\ A/
Trlggar
vt
A Internal o
relay coil !
Off ———
On :

Counter
rest

- One —

Off sCan
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Alarm Monitor Program &
4

* The alarm is triggered by the closing of liquid level switch
LS1

= The light will vhenever the alarm condition is triggered
and has not been acknowledged, even if the alarm condition
clears in the meantime

" The alarm is acknowledged by closing selector switch 551

® The light will operate in the steady mode when the alarm
trigger condition exists but has been acknowledged

[TV —

Al



Solution to be added later

Automation
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L1 Inputs

]._ o T8
(} F51
v—}ﬁ—

D—QWE-LE‘I

Annunciator Flasher Circuit

T4.6

Ladder logic program

— TON

TIMER ON DELAY

e /
DM

T4:6

Timar

Tirne base
Praszat
Acoumu lated

—(EN)>—
—(DN)

T4
1

o = 3 kh

—TON

[N §]
"

DN

T=1
-

TIMER OM DELAY
Timer

Time base

Preset
Accumulatad

EN—
T4:6

”1’ —(DN)

¢

T4:5

P51

d L

-] o
DN

T4:s

L

-O—

4 kb

LS1

5
4 Lk

DN
T4:5

S

=L
M

ON

-

N N

Automation

lllllllllllll

S

Ouputs
N s
& |
<@
2N
N/
AN
./
/N
N/
Nyl
./
/N

YA



L1
nputs

o—%\o- LS1
OFS:.ON

0 0O-581

Alarm Monitor Program

T4% —TON
Tl TIMER ON DELAY —{ N —
Timer 145
o Time base vo [~
Prasat 1
Accumusated 0
146 —TON
1 F TIMER ON DELAY —(EN)—
Timer T46
- Timo baes o[
Prasat 1
Accurmusated 0
_y ~CTU
— COURHP COUNTER —(CU)—
e B
Accumuiated a
54 TéS UGHT
DN DN
Cs (2
/3 L
n [53) »
DN
S51 51
—] {RES)—

Automation

fa

Solve it without
counter

AR
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PLC-5 And SLC-500 ‘%
Count-Down Counter Instruction M

—CTD:
COUNT-DOWN COUNTER
——{ Counter C5:0 |HCD)—
Preset -10 <
Accumulated 0 —(DN )
C6:0/CD C5:0  The reset instruction resets
Counter enable bit —(R Es)— the counter's accumulated
- value back to zero.
C5:0/DN
} E Counter done bit
C5:0/UN If the accumulation value is below the
] [ Underflow status bit minimum range then the underflow |

- awe LI Bt ayill be fampac s »m



Down-Counter

Automation

Radu Kuresin

The down-counter output instruction will count down
or decrement by 1 each time the counted event occurs.
Each time the down-count event occurs, the
accumulated value is decremented. Normally the down-
counter is used in conjunction with the up counter to
form an up/down counter.

L1 inputs

—0 O-PBE1

—0 O=-PB2

~—0 O-PB3

PB1

PB2

Court up

PB3

Count down

ucc
PR: 003

AC: 000

Output L2
b 4
LIGHT
LIGHT ry *

Generic up/down
counter program

)
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Up/Down Counter Timing diagram 9?/
74

|

Off

I I
I |
On : :
Count up l I
off , ' |
I |
o : 1 2 3 4 |
Count down | :
Off ; ' |
Counter |4 3 'ﬁ 5' 4|_|3 : :
accumulated 1 2 19 : I
value or 0 I I 0
count : Preset Value =3 : :
|

o . ' |
Output I I I
Off | |
) | '

On | |

Reset I :

I |

! I



p—0 O~Input A

|_

0 O-Input8

-0 O—InputC

Up/Down-Counter Program

Ladder logic program

—CTU
Input A COUNT-URP COUNTER
——ml mm—— | Counter C52 | mCi e
Prasal 10
Accumulated
‘ 0 =@
— CTD
Input B COUNT-DOWN COUNTER
—mi mm——{ Counter cs:2 [¥8)
’ Preset 10 D=
Accumulated
0 ND
C5:2 Quiput A
C5:2 Cutput B
- - =
C5:2 Output C
Input C G52
- - = FES —-——————|

What dose this program do?

Automation

Outpuls

Yy



Up/Down-Counter Program

Inputs Ladder logic program Oulpuls
A P '
I Input A COUNT-UP mung;;g |
—ml mm——— Counter 2 |-
O O-InputA Preset 10 Output A-O-—
Accumulated 0 l‘i)
R C
L O O-Input8 et Output s—.—~
Input 8 COUNT-DOWN cuchEn
1 - - Counter :
Prasat 10 O C
ro orieae Accumulated . i 'O—
C5:2 Oulput A
C5:2 Cutput B
-5 ==
C5:2 Qutput C
—— -
c5:2
Input ©
- - = RES

C5:2/DN will be true, causing output C

to be true.

Input C going true will cause both
counter instructions to reset. When reset
by the RES instruction, the accumulated
value will be reset to 0 and the done bit

will be reset.

Automation

Figure 8-22 shows an up/down-counter pro-
gram that will increase the counter’s accumu-
lated value when pushbutton PB1 is pressed
and will decrease the counter’s accumulated
value when pushbutton PB2 is pressed. Note
that the same address is given to the up-
counter instruction, the down-counter in-
struction, and the reset instruction. All three
instructions will be looking at the same
address in the counter file. When input A
goes from false to true, one count is added to
the accumulated value. When input B goes
from false to true, one count is subtracted

from the accumulated value. The operation of
the program can be summarized as follows:

e When the CTU instruction is true,
C5:2/CU will be true, causing output A

to be true.

e When the CTD instruction is true,
C5:2/CD will be true, causing output B
to be true.

e When the accumulated value is greater

than or equal to the preset value,
Y¢
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Parking Garage Counter Program @/

= Please Take Ticket

» As a car enters, it triggers the up-counter output instruction and
increments the accumulated count by 1.

» As a car leaves, it triggers the down-counter output
instruction and decrements the accumulated count by 1.

» Since both the up- and down-counters have the same address,
the accumulated value will be the same in both.

» Whenever the accumulated value equals the preset value, the
counter output is energized to g&gﬂ: up the Lot Full sigun.

ENGGEH90: Mechatronics WO7. Adapted From Programm lers By F. D. Petruzella, McGraw- 87 ]



Solution to be added later

Automation
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Parking Garage Counter Program

L1 Inpuls

ENTER
SWITCH

EXIT
SWITCH

-BESET

ENTER
SWITCH

S —

Ladder logic program

EXIT
SWITCH

—dF—

-CTD

Accumulated n

COUNT-DOWN COUNTER
Counter C5:1

e
oY

Freset 150
Accumulated LAT FULL
Co:1/DMN LICHT
RESET C5:1
1L

(RES)—

-CTU
COLUNT-UP COUNTER —-(GU)J LOT FULL

{F’:tr}eusrgte ' ﬁi; _15”‘4)

LIGHT

74

Output L2

\.:f‘
Fs .

YA



; » » Feaclu Fure san n
€ In-Process Monitoring System  ©5p  —
Photoelectric '”'///Zf
Material sensor
processing
system

Photoelectric
sensor

4;:1

(finished parts)

Ae'ed

(raw parts)

Before start-up, the system is completely empty of parts, and
the counter is reset manually to zero. ,.l

Design a PLC program that
find the number of in process

A
parts?



Solution to be added later

Automation
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L1 Inputs

1o GouNT
o count
- o—reserro

IN-FEED

OUT-FEED

RESET

1 F—

COUNT
_qu

Ladder logic program

—CTU
COUNT-UP COUNTER
Counter CE:A
Praset 50
Accumulated 0

e
o

ACCUMULATED = No. in-process parts

—GTD
COUNT-DOWN COUNTER
Countar Cs:1
Preset 50
Accumulated 0

— (G0 Ju——
—oN)

—

(RS

Before start-up, the system is completely
empty of parts, and the counter is reset
manually to 0.

When the operation begins, raw parts
move through the in-feed sensor, with
each part generating an up count.

After processing, finished parts ap-
pearing at the out-feed sensor generate
down counts, so the accumulated
count of the counter continuously
indicates the number of in-process
parts.

&)
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n

Cascading Counters o
M

Depending on the
application, it may be
necessary to count events
that exceed the maximum
number allowable per
counter instruction. One way
of accomplishing this is by
interconnection, or
cascading, two counters.

&y
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Counting Beyond The Maximum Coung;"”

HOW?

¢y
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Counting Beyond The Maximum Coungz"

npuits Ladder logic program Qutput
_1 Count L2
butten PB1 - CTU Y /
| | [E———— COUNT-UP COUNTER Knu)— Light
Countsr Cs:0
+—oc o—FB1 Presst 32767 _(DN) d h
Reset Accumulated 0
bjt_“" PB1 C5ODN ___
45 o—pB2 mel || [ countuPcounTER  |~(CU)—
Counter C5:1
Preset 15000 —oN
Accumulated 0
C5:1/DN Light
1 L s )
4 L \
PB2 rCﬁ:ﬂ
-
] [ (RES)—
C5.
—(HES




Cascading Counters For Extremely Large C

Another way?

Automation

Faclu Mure li{
.E-; % &
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Cascading Counters For Extremely Large (%ts

Ladder logic program L,a/‘,/
Inputs Culput
L1 C_?LII’;T —CTuy L2
PB1 4 F COUNT.UP COUNTER  —{CU}—
1 Counter C5:1 _-:'DN) N _ 7
©— COUNT Preset 500 LIGHT
PE2 Accumulated 0 s LN
&—RESET B
C5h:1 . N
—CTu Whenever counter C5:1
—m [m——— COUNTUPCOUNTER [ma(CU)— , ,
DN Counter €52 L (on) reaches 500, its done bit
Preset 500 coe ot o B ol I
Accumulated ) resets counter C5:1 and
increments counter C5:2
C5:1 G501 bv 1
= m=(RES)
DN
RESET
1F
1 C
FEIESErT 95:2)7 The output light turns
RES
1t ~ on after 500 x 500, or
Cs:2 LIGHT 250,000 transitions of
1L = )
R BN h the count input




What does this
program do?

Ladder logic program

Automation

—RTO
RETENTIVE TIMER ON —(E N}—
Timer Ta:.0 DN
. Time base 1.0 _{ )
*| Praset 60
Accumulated 0
1 C
= F aur:;-up GDLINTEEED —(CU}—
lili=lg .
DM
Prosat 60 —oy
/ Accumulated 0
1 F COUNTUP GOUNTER —(CU)—
niar H O
Prasat 24 _( )
/ Accumulated 0
TEIﬂI:FN T4:0
'L Yy
1 € (RES)
C5:0/DMN C5:0
1L Py
1 F (RES)
C_EI:IJ'I'i'I_N 51
PN
1 F (RES)

1A%



24 Hour Clock Program

Ladder logic program

Automation

The timer times for a 60 s period.,
after which its done bit is set. This,

in turn cases CS5:0 to increment 1
count. On the next processor scan,
the timer is reset and begins timing
again.

Whenever C5:0 reaches its preset
value of 60, its done bit is set. This, in
furn causes it to reset itself and C5:1
to increment 1 count.

Whenever CS5:1 reaches its preset
value of 24, its done bit is set to reset

-1

itself.

BEMNGG3490: Mechatronics WO7.  Adapted From Programmable Lo

Seconds
—RTC
RETENTIVE TIMER ON —(E N}—
Timer T4:0 DM
. Time base 1.0 _( )
*| Preset 60
Accumulated 0
T4:-0/DN —CTU Minutes
— - countupcounteER  —(CU)}-
Countsr C5:0
]y
Praset 60 —y
Accumulated 0
CEUJ'DN _GTLI.' Hours
—] | countupcountER  (CU—
Counter C5:1 ON
Preset 24 —oN
— Accumulated 0
T4:0/DN T4:0
1 C (e
1 C {RES}
C5:0/DN C5:0
1 C fe
1 ¢ (RES)
C5:1/DN a1
1 L oo
1 C (RES)

A



1- What is this
program doing?

C

83.00 TRIP
4 ~
Intornad
B3.00 o Seconds
— F——1 meventvermenon  EN—
Timer T40
Timo base 10 '—(W)
Proset 0
Accumulated 0
T4:0DN G
— —— countupcounten  —{CU)—
Counter Cs.0
Prosa o[
Accumutated 0
——] —— countupcountern  —{cu)—
Counter Cs:1
Prosot 24 —®)
Acoumulated 0
T4.00ON T40
E (res)
C5:0/0N cs0
{ o
CS:1/DN Cs:

L




1- What is this
program doing

Program For
Monitoring
The Time
Of An Event

Intornal
B83.00
¢ D
: SET
: Cr—
Intornal
83.00 TRIP
Intornal
B3.00 R S
— F——— retentve rmenon EN—
T T40 1—{(ON)
Timo base 10
Praset 00
Accumulated 0
T4:00N —CTU Minutes
—— F—— countupcountern {CU)—
Counter C5:0
Prose w Y
Accumulated 0
C50/DN cTu S
——] —— countupcounten  —{Cu)—
Countor cs
Proset 2 [ O
Accumulated 0
T4:0/ON T40
: (Res)
C5:0DN 50
{ 9
CS:1/DN s

L

-

-




Program For
Monitoring
The Time
Of An Event

2- How?

PRESSURE Intornad
SWITCH  RESET 8300
3 | ¢ —|

intermal
8300
Intornad
B3.00 SET
{ ¢ >—
Intornal
8300 TRIP
R ~
Intornal
B3.00 s o
—] F—— retentve rmeron EN—
Timas T40 m)
Time base 10
Praset 0
Accumulated 0
T4.0/DN ~CTU Minutes
—] —— countuecounten  H{cu—]
Counter C5.0
s oo [
Accumulated 0
CSODN P Hours
—— —— counrupcounten  {cu)—
Counter Cs:1
Prosot 24 —(m)
Accumulated 0
T4:00N T40
: @)
C5:0DN 50
: @
CS5:1/DN Cs:

C

L
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Program For PRESSURE
Monitoring -
The Time

Of An Event

The 24-h clock can be used to record the
time of an event. Figure 8-27 illustrates the
principle of this technique. In this applica-
tion the time of the opening of a pressure
switch is to be recorded. The circuit is set
into operation by pressing the reset button
and setting the clock for the time of dav. This
starts the 24-hour clock and switches the
set indicating light on. Should the pressure
switch open at any time, the clock will
automatically stop and the trip indicating
light will switch on. The clock can then be
read to determine the time of opening of the
pressure switch.

Ladder logic program
PRESSURE Internal
SWITCH  RESET B83:00
internal
=
Intornal
B3.000
_] F
B30/ TR
g - —
Internad

8300 ~RTO
— f—— rerenrvermenon  —EN
Times T40 ._(m)
Time base 10
Praset 00
Acumulated 0
T4.0ON ~CTU
—] —— oommwcowreg‘ —{Cyr—
Counter 0
e o [
Accumutated 0
—— [——{ countupcountern  {Cu)—
Countor 51 L (on)
Prosot 24
Accumulated 0
T4.0ON T40
- (RES)
C5:0/0N cs0
{ b9
CS5:1/DN cs:

L
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Incremental Encoder

An incremental encoder creates a
series of square waves as its shaft
is rotated.

The encoder disk interrupts the light Electronics board
as the encoder shaft is rotated to
produce the square wave output -

waveform. Maek

Code disk
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Incremental Encoder >

4
The number of square waves obtained
from the output of the encoder can be
made to correspond to the mechanical
movement required.

To divide a shaft revolution into 100

—CTU parts, an encoder could be selected to
COUNT-UP COUNTER (cu) r . r ,
Courrer C5:1 oN) supply 100 square wave cycles per
Prosat 100 ( cevalnts R .
e = revolution. By using a counter to

those cycles, we could tell how far

the shaft has rotated.

o¢



[ Automation

Cutting Objects To A Specific Size @/

Programmable
controller

Pulses

The object is advanced for a specific distance and measured
by encoder pulses to determine the correct length for :
cutting. i

raisSssSna b alca 1A A b d e M el | el VbW L. M Nad oMl AR 1 M Ann —_—
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Counter Used For Length Measuremen@/
Count input pulses generated by the magnetic sensor, which
detects passing teeth on a conveyor drive sprocket. If 10 teeth per
foot of conveyor motion pass the sensor, the accumulated count of
the counter would indicate feet in tenths.

e “ewe”  Program?

Sprocket

Magnetic
sensor

¥
L *
.

Conveyor Reflector

N\

The photoelectric sensor monitors a reference point on the
conveyor. When activated, it prevents the unit from counting,
thus permitting the counter to accumulate counts only when hal
Stﬂﬂh&&sﬁlﬁﬁiﬁgswm. Adapted From Programmable Logic Controllers By F. D. Petruzella, McGraw-Hil 103

Application : could be cutting pieces of foot length long o1
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Solution to be added later
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Counter Used For Length Measunemen@//

Ladder logic program

R
Magnetic Photo 10 counts per foot
sensor
MAGNETIC —CTU
SENSOR e H /F COUNT-UP COUNTER -(CU)-|
Counter C5:1
PHOTO At e —(DN>
_@ et Accumulated 0
O— Reset
Reset /CS:l
r =
[ {RES)—




Automatic Stackin rogram Atomaion

process, conveyor M1 is used to stack metal
plates onto conveyor M2. The photoelectric
Prog ram? sensor provides an input pulse to the PLC
counter each time a metal plate drops from
conveyor M1 to M2. When 15 plates have
been stacked, conveyor M2 is activated for 5 s
bv the PLC timer. The operation of the pro-
/ gram can be summarized as follows:

Metal plates
A * When the start button is pressed, con-
veyor V. /7 veyor M1 begins running.

* After 15 plates have been stacked, con-
veyor M1 stops and conveyor M2 begins

un (- v, - i ' running.
L4

souree After conveyor M2 has been operated for
' 5s, it stops and the sequence is repeated
Conveyor / automatically.

* The done bit of the timer resets the timer
(a) Process and the counter and provides a momen-

tary pulse to automatically restart con-

FIGURE 8-31 Automatic stacking program. veyor M1.
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Solution to be added later



(@) Process
FIGURE 8-31 Automatic stacking program.

Automation

Ladder loge program
e e M2 run tme
— | TIMER ON DELAY N —
“m':'m ':; —)
Proset 5
Accumiated 0
sTOP START 2
- ] —/ ¢ )=
M1 w2
— —=/
T4
]
— | —gtumwm —{CU)—
=
Accumutated 0
c5:1 w
E ¢ -
on

R
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The normally open (OL) relay
contact momentarily closes
each time an overload current
is sensed.

What does this
program do?

A

LERASTT mAgR. T

SuAT  STOP oL Tap UGHT  MOTOR
B e/Ed/E /e
MOTOR
—]
oL O
] 1= /=— TmeroNDeELAY —EN
DN Timeor T40 —(DN)
-
— Accumudated 0
T‘:IEN ~TON A
] TIMER ON DELAY —EN———
2 e [
aomis, 8
oL ~CTU
—] E COUNT-UP COUNTER  —{CU)—
o s
e Accumuated 0
— f e
RESETPB
=3 LOCK-OUT
50
— (1)
ON LOCK-OUT
RESET-PB
b g ()

-
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Motor Lock-Out Program % 7

Designed to prevent The normally open (OL) relay
a machine operator contact momentarily closes
from starting a each time an overload current
motor that has Is sensed.

tripped off more Every time the motor stops
than S times in an due to an overload condition,
hour. the motor start circuit is

locked out for 5 min.

If the motor trips off more

than S times in an hour, the
motor start circuit is
permanently locked out and
cannot be started until the |

i From Programmable LppGeppidy B ftO TS e terate d. -




What dose this program do?

-@— SENSOR

START SW

Ladder logic program

Automation

— B

START SW

START SW T4:1 SENSOR

—3 /4 B

1/F

—TON
TIMER ON DELAY Hm((EN -
Tim T4:1
Time base 1o [N
Preset 60
CTU
COUNTUP COUNTER  [(CU )ms-
Counter Cs:1
Preset 0 _(DN)
Accumulated

| 0
:1
(RES)—

¢



Ladder logic program

U inputs START SW —

ot On —= [m————————— TIMERON DELAY (N -

- Timer T4:1

bs o Time base To [N
$+——0 o—START SW Preset 60
Accumulated 0

Total
parts

STARTSW T41 SENSOR ., ™~
-@—ssnson —= =,/ [ countuPcOUNTER  f=(CUjm
DN

corwr o1 o)
START SW wﬁ
Product Flow Rate Program —y iy

This program is designed to indicate how
many parts per minute pass a given
process point.

Sensor
When the start switch is closed, both the counter and timer
are enabled.

The counter is pulsed for each part passing the sensor.

The counting begins and the timer starts timing through its
1-min time interval.

At the end of 1 min, the timer done bit causes the counter
rung to go false. Sensor pulses continue but do not affect the

PLC counter. The number of parts for the past minutes are "o
represented.by-theaeccrmulated xalue of the-counter. 0o



What dose this program do?

Input

L1

S
TIMER
INPUT

Ladder logic program

TIMER
- b—== /[=—— TiMER ON DELAY
DN Timer T4:0
Time base 1.0
Presel 10000
Accumulated 0
- F COUNT-UP COUNTER
DN Counter C5:0
Preset 100
Accumulated 0
TIMER
INPUT

—~/I

C5:0

L

Automation

1



@mer Driving A Counter For Long Time-Delay Perigd”

A ]
Ladder logic program <
TIMER
Input INPUT T4:0 _TON
L1 == /f=—— TIMER ON DELAY ——(EN)—
- - Timer T4:0
DN -t
81 Time base 1.0 DN)
- _TIMER Presel 10000
INPUT Accumulated 0
T4:0 - .
1 | ccguumupcowren L (cu)— Each timer T4:0
DN Counter C50 | (on) input closes for
Presel 100 .
A::?nmlamd 0 10,000 s, its done
TIMER bit l?sets itself
INPUT cs: and increments
]/ (ReS C5:0 by 1.
Cﬁﬂli', LIGHT
-
— L { )
DN

The output light turns on 10,000 x
100, or 1,000,000 seconds after the

timer input contact closes. -



