Programmable Logic Controllers:
Hands On Introduction to Industrial Controls
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PLC Bit Instruction Basics

Topics
» PLC Bit Instructions
 Introduction to Basic Logic Gates

 Setting up the Velocio “vBuilder” software
(Ladder Logic)

« Hands-On Project: Bit Instruction — Logic
Based Controllers
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PLC Bit Instructions

Bit Instructions can be divided into two
broad categories:

« Input
« Output

Input Instruction is a contact.

Output Instruction is a coil.

CONTINUING
. EDUCATION /
DesignNews 3 CEC CENTER

ented by:

mnmcs



DesignNews

PLC Bit Instructions...

Input Instruction is a contact.

) Contact

swnchx » [
Output Instruction is a coil.
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Coil
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PLC Bit Instructions...

Contacts and Coils used in an
Electrical Control Circuit.

Switch open and Switch closed and
coil de-energized coil energized
L1 L2 L1 L2
S =
Off On
J Yo " YA S
] AL Al I A
CR On CR =

Image Source: Programmable Logic Controllers, 4t Ed., McGraw Hill, 2011 Presented by:
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Question 1

Input Instruction is coil and Output Instruction is
contact.

a) True
b) False
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PLC Bit Instructions...

When programming PLCs, the following bit
instructions are used.

 Examine If Closed (XIC)
 Examine If Open (XIO)
* Output Energize (OTE)

Examine If Closed or Examine ON instruction
is associated with a physical input being set to
binary logic 1 with a voltage being present
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PLC Bit Instructions...

 Examine If Closed (XIC)
Examine If Closed or Examine ON instruction

is associated with a physical input being set to
binary logic 1 with a voltage being present

 Examine If Open (XIO)
Examine If Open or Examine OFF instruction
is associated with a physical input being set to
binary logic 0 with a no voltage being present.
* Output Energize (OTE)
Output Energize instruction is associated with

a physical output being set to binary logic 1
with a voltage being present.
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PLC Bit Instructions...

 Examine If Closed (XIC) Bit Instruction

i

 Examine If Open (XIO) Bit Instruction

il

 Output Energize (OTE) Bit Instruction

-

Image Source: Programmable Logic Controllers, 4t Ed., McGraw Hill, 2011 Presented by:
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PLC Bit Instructions...

XIO
Contact
Switchi # Iy - %
XIC

swnchi - Gﬂ?rm » 4 P

OTE
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Relationship between Electronic, Industrial
Control Symbols and PLC Bit Instructions
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PLC Bit Instructions...

PLC Bit Instructions are arranged in
e A series of logical rungs.

eThe logical rungs operate based on the
physical input and output binary values.

eThe logical rungs are called a Ladder Logic
Program.
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Question 2

A Photoswitch wired to a PLC would use what
type of Bit Instruction.

a) XIO

b) XIC

c) a&hb

d) OTE

e) None of the above
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PLC Bit Instructions...

Comparison of Hardwired Relay Control Circuit with
Ladder Logic Program

PB1 CR1 CR2 sSoL

Hardwired relay
control circuit

.
E
:

(PB1) (CR1) (CR2) SOL ]
1T 1r ]/r £ N\ EqUIvaIent ladder
JL JL L N/ -
A i B Dy diagram program
JL
C
(LS1)
Image Source: Programmable Logic Controllers, 4t Ed., McGraw Hill, 2011 Presented by:
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PLC Bit Instructions...

Ladder Logic language is the most commonly
used PLC programming language and is
designed to mimic hardwired relay logic.

Source: Programmable Logic Controllers, 4™ Ed., McGraw Hill, 2011
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Question 3

On slide 13, CR2 represents what type of bit
instruction.

a) XIO

b) XIC

c) a&hb

d) OTE

e) None of the above
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Introduction to Basic Logic
Gates

A logic gate is a circuit with several inputs but
only one output that is activated by particular
combinations of input conditions.

Source: Programmable Logic Controllers, 4™ Ed., McGraw Hill, 2011
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Introduction to Basic Logic

Gates...
An AND gate Is a A
r " Inputs Y
device with two or 5 Output
more Iinputs and Two-input AND
one OUtpUt. gate symbol

An OR gate can have 4

] Inputs Y
any number of inputs B Output
but only one output. Two-input OR

gate symbol

Source: Programmable Logic Controllers, 4™ Ed., McGraw Hill, 2011
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Introduction to Basic Logic
Gates...

The NOT function can A—I>07A (NOT A)
] Input Output
have only one input.

Source: Programmable Logic Controllers, 4t Ed., McGraw Hill, 2011
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Introduction to Basic Logic
Gates...

Practical Examples of Logic Gates:

The high beam light
can be turned on only
_ Highbeam  When the light switch

ot AND the high beam

Logical AND

Light switch ——

High beam

switch ' R

Inputs Output switch are closed.
Logical OR The dome light will be

Passenger turned on whenever the
door switch | Dome liaht

Driver ' = passenger door

I

door switch ' switch OR the driver

door switch is activated.
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Question 4

Provide a practical example of device or system
that performs the NOT Function.
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Setting Up the Velocio “vBuilder”
Software (Ladder Logic)

P>
i
0
S
3
4
>

Reference
http://velocio.net/vbuilder/
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http://velocio.net/vbuilder/
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Setting Up the Velocio “vBuilder”
Software...

Mew Project n

@ Flow Chart O Ladder Logic

Mame

Anti_Tie_Dril

Path

1:\Bevil_State\INT184_PLCs\Velocio_Projects

Wi Create Directory for Project

Creating the Ladder Logic program for a Anti-Tie Down Controller.
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#* File Edit Window Tools Help

e S REdTNENRNCNE g
( A i

Setup Hardware
| —

Solution

Name Hof
@ anti_Tie_Drill %

Add Subroutine

DesignNews

Setting Up the Velocio “vBuilder”
Software...

Name | Dec
Hex

ra-op

The Ace 22 PLC Hardware setup is complete.
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Developing a PLC Ladder Logic Program for a

Small Drill

Switch A Switch B

Drill Motor :
Jig

Drill bit

Part ?

\

Part Sensor

Small Drill Press with Anti-Tie Down Controls
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Developing a PLC Ladder Logic Program for a
Small Drill...

& Tags — O *
nput,-'{}utput MName Signal Debounce {ms.) Used Maodbus
Cinoutile ) |PART_SENSOR @ & o = =
(Input Float )| SWITCH_A @ = o 0 0
(Outputbit__)|swiTCH_B ‘.| B3 0 O O
(Output uilé )| pips ‘.| B4 0 O O
rR:gL\ InBtES ‘.| B5 0 O O
J.rls: InBtEG ‘.| BE 0 O O
fite |mBiCT @ o o ] ]

InBtC2 ‘.| 2 o O O
InBtC3 ‘.| o O O
InBtC4 @ = o O O
InBAC5 @ = o O O
InBICE ‘.| g6 o O O

Creating Tags PART_SENSOR, SWITCH_A, AND SWITCH_B
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Developing a PLC Ladder Logic Program for a
Small Drill...

EW-II'E
e
Gt 38
CHIICED
CHIICHD:.
G=P8»H

Gicl:

1f
4

Three Normally Open Contacts (XIC) will be used in the program.
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Developing a PLC Ladder Logic Program for a
Small Drill...
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=~ Normally Open — O e +-]Calculator

Address: O

(&t [PART SENSOR - o |

O Normally Open

@® Normally Closed

i i)

Select the PART_SENSOR Tag for the bit instruction.
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Developing a PLC Ladder Logic Program for a
Small Drill...

=) (2 )

Select the remaining XIC bit instructions with their appropriate Tags
and place them on the ladder logic rung.
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Developing a PLC Ladder Logic Program for a
Small Drill...

Name

DRILL_MCTOR|
OutBitD2
T | OutBtD3

OutBtD4

OutBitD5

OutBtD6

OutBtET

OutBitEZ

OutBRE3

OutBitE4
OutBRES

[ ISIE IS ISR ISRE ISL ISRL ISR IS SR ISR ISR
LINALIRIC IRRT ISR ISAC ISRT ISIC IRRTISPL ISR ISR I8 =

OutBitES

Creating Tag DRILL_MOTOR
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Developing a PLC Ladder Logic Program for a
Small Drill...

DesignNews

(@ !Wire 11

s
CI2iCMD
CHDICED!
CHIICHD
G=RPE8=B

Gicl)

One coil (OTE) will be used in the program.
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Developing a PLC Ladder Logic Program for a
Small Drill...

A ) B ) c ) D ) E ) F ) G J( H

DO
(@ Wire ]

I N\
+ (3 PART_SENSOR EASWITCH_A [EASWITCH_B —_—
3 | I | | | I J - H= =2
I I | L Coil SRl CID)

CHRICH>)
Glo/D)
(B Coil |

(+-]Calculator )

+ (ElCopy ]
¥ . 7 (1z3)Counter )

-0 —_—
( p') (E]Data Log )

(@prum )

HFiler

.'C: |"'°°E )

Output Bit: (% Loop Break |
, % !Loop Brea

Bt |DRILL_MOTOR, >u_;;

L . ! ))'Lnoehle!t ]

__ox I concel J Hep (]Motion’n_J
($+Motion Out_

(r=]PID )

f_'l—‘!c“ame
(= ]Shift / Rotate)
(l)Statistics )
(&]Subroutine )

(F@ Timmar / Clack]

Select the DRILL_MOTOR Tag for the OTE bit instruction.
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Developing a PLC Ladder Logic Program for a
Small Drill...

| (@] Wire )

GBRER
G &GI8
CENRICED)
CHa]CHD)
ICEDICED)
D)

GGl )

-
(+-]Calculator )

(=]Copy )
frz31 1
roop \321)Counter J

(ElDatalog |

(&3]Drum ]

(©1]Loop )]
(% ]Loop Break p Brea )
hw pNext

The Anti Tie Down Controller PLC Ladder Logic is completed.
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Question 5

What basic logic function will be performed by
the Anti Tie down Controller?
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Hands-On Project: Bit Instruction Based
Logic Controller
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Hands-On Project: Bit Instruction Based
Logic Controller

SA(Ampere)
Relay Terminal

T}

++++++ -
Sirg:ilkm s Ace PLC A g"‘\ —__I|N+ L
[%%%4 bl ] -
PEERTY AL = T
~ |'_'| / O % ]
l L= ng Ol =
—J ol

Power Suppl

Electrical Wiring Diagram
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Solid State Relay (SSR)
FAQsS

SSRs are widely used in industrial control
circuits for operating electric heaters,
solenoid, motor, and lighting fixtures.

Advantages.
e small in size.

efast switching speeds.

ecan isolate low voltage/current circuits from
high voltage/current electrical loads.
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Solid State Relay (SSR)
FAQs...

Disadvantage.

e small leakage that occurs when the SSR is turned
off (de-energize). Device stays on (energize)
SSR Types.

e AC or DC devices (input/output signals).

eUse an internal optical emitter —detector
pair for isolating low voltage/current circuits
from high voltage/current loads.

*BJTs, SCRs, or Triacs are commonly used as
the switching components for output control. . ....ey
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Solid State Relay (SSR)
FAQsS...

Solid State Relay DC Input Control Circuits:

+Vee
> SSR SSR
DC Inout B ( = ‘E’; Switching y_ §
p ! > S Transistor B S
S e o N - o
IR IR
- LED NPN LED
Direct Switching Control Transistor Control
+Vec *Vee
+ SSR SSR
R o < Micro-controller R g 5
Logic Gate (! & § (sink mode) (! o< §
T —iR P iR
—1%5) LED a4 U LED
Open-collector Logic Gate Control g O Micro-controller Control
Sld( n‘bde — Il “ 0‘ r—

[ 0
http://www.electronics-tutorials.ws/power/solid-state-relay.html

EDUCATION
DesignNews 38 CEC CENTER

Presented by:



http://www.electronics-tutorials.ws/power/solid-state-relay.html

Solid State Relay (SSR)
FAQs...

KSD203AC3 SSR: \ LED Indicator
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Running the Anti Tie Down Controller
Ladder Logic Program

ile  Edit Window Tools Help
Do FBEAAAYD BB 80 SEEEE s
( A X B ) c I D (

RRRRRRRRRR

Click the “Green” run button to operate the Anti Tie Down Controller with
the Simulator switch. Presented by:
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Running the Anti Tie Down Controller
Ladder Logic Program

Anti-Tie Down Controller in operation! oresented by.
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Question 6

What disadvantage is presented by a SSR?
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