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Bit Instructions Review

@ XIC - Examine if Closed
@ XIO - Examine if Open
® OTE - Output Energize

® OTL - Output Latch
® OTU- Output Unlatch

E Ladder Diagram
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Timer instructions overview

= [Introduction

Timers are very important in ladder logic programming. Timers gives the precision in time.
Timer on delay starts timing when instruction is true. Timers are used to track time when
instruction are on or off. They could also keep track on a retentive base.
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Timer instructions Parameters

The following parameters are associated with Timer instructions:

- Preset Value (.PRE)

= This specifies the value which the timer must reach before the controller sets the done bit. When the
accumulated value becomes equal to or greater than the preset value, the done (DN) bit is set. You can use
this bit to control an output device.

= Preset and accumulated values for timers range from 0 to +32,767. If a timer preset or accumulated value is
a negative number, a runtime error occurs.

= Accumulator Value (.ACC)
This is the time elapsed since the timer was last reset. When enabled, the timer updates this continually.

= Timebase

The timebase determines the duration of each timebase interval. For Fixed and SLC 5/01 processors, the
timebase is set at 0.01 second.

/72
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Timer Registers

Tahle 1.4 Timer Control Fialds

15 14 13 12 11 10 9 B 7 B 5 B 3 2 1 0 Word
EN T DN Internal Usa'!! 0
Presat Valua |PRE) 1
Accumulator Value [ACC) 2

i1y @itz labeled “Intesnal L==" are not addressable.

Addressable Bits Addressable Words

M = Enable |Bit 15) PRE = Prazat Value

TT = Timer Timing (Bit 14| ACC = Accumulated Value
ON = Done [Bit 13)
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Timer Instructions

The following is a list of timer instructions in SLC 500: — TON -
TON - Timer On Del | TIMER ON DELAY (EN]
n = 1imer vUn pelay T:'TlE' T4:0 DN |
= TOF - Timer Off Delay Time Base 0.01 ="
) ] Preset 120
= RTO - Retentive Timer Accum 0
Timer number or
Address of the \ — L TOF .
timer < Timer On Delay —(END>—— —| TIMER OFF DELA (EN) |
Blane i D Tme B i Low |
: H Ime dse . :
Time Base: in the / ;gﬁtﬁaﬂe 1'3 ¥ ;'Hes et 12%
SLC-500 the choice /! # : ceum
is: 1.0S or 0.01S T
LogixPro Time Base ATO
13 fixed at018 —| RETENTIVE TIMER ON &I
Preset — How long the Accumulator - mer e 1B Lion
timer should time. The current time E{P.:Sfrfq 2%
TotalTime = Preset * TB value of the timer -
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TON Timer On

Symbol T
b .
Tumer T4:0
TON I I I Tirne Base 1.0 —{DM)
I TineR on DELAY {EMN] Preset 4 BN
Timer T4:0 'ONI Eoomm. 0 —(EH)
Time Base () I A
Preset 120
HAccum 0
'i' ! 1 | 1 I :
PL ! 1 1 | ! 1 :
Definition s I -1 1
T40EH i o |
Count time base intervals when the instruction is true. TA0 TH : :—|

The Timer On Delay instruction begins to count time base
intervals when rung conditions become true.

As long as rung conditions remain true, the timer adjust

its accumulated value (ACC) each evaluation until it = | :2—
reaches the preset value (PRE). T4 o o ! ! L |

The accumulated value is reset when rung conditions go IE ; :
false, regardless of whether the timer has timed out.
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TON Timer On Delay

Each Timer on Delay is made of a 3-word element.

= Word 1 is the control word This Bit

Is Set When

And Remains Set Until
One of the Following

Bit 0-12: Internal Use Timer Done Bit DN (bit 13)

Bit 13: Done (DN) this bit is on when the Accumulation value >= Preset Value

accumulated value is equal
to or greater than the preset
value

rung conditions go false

Bit 14: Timer Timing (TT) this bit is on when the timer is timing Timer Timing Bit TT (bit 14)

Bit 15: Enabled (EN), this bit is on when the timer is energized.

rung conditions are true and
the accumulated value is
less than the preset value

rung conditions go false or
when the done bit is set

Timer Enable Bit EN (bit 15)

rung conditions are true

rung conditions go false

= Word 2 stores the preset value. (PRE)

= The programmer specifies this value. When the accumulated time reaches the preset value the controller sets

the done bit. When the accumulated value becomes equal to or greater than the preset value, the done bit is

set. Usually preset value is from 0 - 32,767

. If a timer-preset value is negative an error will occur.

= » Word 3 stores the accumulated value. (ACC)
This is the time elapsed since the timer was last reset. When enabled the timer updates this continually.

Time Base: is the timing update interval.

Prepared by Dr. Musa Alyaman  Automation and Programmable Logic Controller (0938461)




- = iy = Emsbda TON Timar Tiswr OF Dalay Timaz
iming Diagram B e o
SO00 |- - — ! Timmar O Dulay CEN D—
[} T i Td 0
Toms Bass 10 =—CDH -
Fassal l0=
A dani 0=
TOH Timar Erabla Ba
TON Tomer Ensbds Bat (EHY is emablad
(EH) ndac whor
- TON_EW_EIT_IND
Td0 1:!2
on —f
TOH Tomasr Tisning B
TON Timer Timing Bat (TT) s emablad
[Lmy) irwdie mor
TaD o2
o002 :‘# < I:-;
TOM Do Bit (DN &
TOH Done Bit (DH) enshled inkcabor
1:1/6 T40 e
3 E <)
LM 12
EN CEND i
e
TT
—————
— e
DN
—_— —
/ _/1_

0 & 10 156 20 256 30 35 40 45 b0 655
Time in Seconds

Prepared by Dr. Musa Alyaman  Automation and Programmable Logic Controller (0938461)




Example 1

- Lets say that we have a conveyor, alarm and 1 limit switch LS- '
01. LS-01 is at the beginning of the conveyor. When LS-01 is -
ON we want a buzzer to go on for 3 seconds (Security) and S=

then we want to start the conveyor. When LS-01 is cleared
then we want to stop the conveyor.

= Input / Output
Conveyor 0:2.0/0
Alarm O:2.0/1
LS-01 1:1.0/0

- Ladder Logic Solution
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TOF Timer Off Delay

Symbol
TOF
TOF A .
- =11 Timer example (EN)
p " ([EM) ‘ || P
= e O PR 1 | N Preset 3500
Time Base 0.01 | (LIM] | Accum. 0 —(DN)
Preset 120
Accum 0
A
A
example.EN
Definition

le. DN
Counts time base intervals when the instruction is false. example

The Timer Off Delay instruction begins to count time base cXample.f'T
intervals when the rung makes a true to false transition. 2

= A 2
As long as rung conditions remain false, the timer / =
increments its accumulated value (ACC each scans until it ‘J’Kmpl‘aa‘cc /
reaches the preset value (PRE).
The accumulated value is reset when rung conditions go 0 3 6 9.5 10 16 13

true regardless of whether the timer has timed out.
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TOF Timer Off Delay

Each timer address is made of a 3-word element.
Word 1 is the control word

Bit 0-12: Internal Use

Bit 13: DN- Done

Bit 14: TT - Timer Timing

Bit 15: EN - Timer is enabled
Word 2 stores the preset value. (PRE)

This Bit

I= Set When

And Remains Set Until
Omne of the Following

Timar Done Bit DM [Bit 13)

rung conditions are true

rung conditions go false and
tha accumulatad waluea is
greater than or equal to tha
prasat valwa

Tirmar Timing Bit TT [Bit 14]

nung conditions are falsa
and the accumulated walue
z bass than tha prasat value

rung conditicns go true or
whan the done bit is reset

Tirmar Enalble Bit EM (Bit 15)

rung conditions are true

rung conditions go falsa

Specifies the value, which the timer must reach before the controller sets the done bit.
When the accumulated value becomes equal to or greater than the preset value, the done bit

is se.

Preset value is from 0 - 32,767

If a timer-preset value is negative an error will occur.

Word 3 stores the accumulated value. (ACC)

This is the time elapsed since the timer was last reset. When enabled the timer updates

this continually.

Time Base: is the timing update interval.
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Example 2

= Let's say we have in the field an emergency stop.
Once the E-Stop is pressed we want the buzzer to
go on for 5 seconds.

= Input / Output
= E-Stop Push Button 1:1.0/0
= Buzzer O:2.0/0

- Ladder Logic Solution( use TOF Timer)
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RTO Retentive On-delay Timer

Symbol
RTO
| metEnTivVE TIMER On |IEND ]
Timer A [ |
Time Base 001 |——"
Preset 120 | IO
Accum 0 A“ I Timer example —A{EN)
|| Presetr 4000
e Accum. O —(DN}
Definition
= Counts time base intervals when the instruction is true and &
retains the accumulated value when the instruction goes A
false or when power cycle occurs.
example. EN
= The Retentive Timer instruction is a retentive instruction _ .., e b~
that begins to count time base intervals when rung
conditions become true. example [T
= The Retentive Timer instruction retains its accumulated 3 4
value when any of the following occurs: example ACC  ©
Rung conditions become false. ‘ -
3 6 °o L0 14 17 19

Changing Processor mode from REM run /Test / program mode.

= The processor loses power (provided that battery back up is still
maintained).

= A fault occurs.

Note : To reset the accumulated value in RTO, you must use a
reset instruction (RES) with the same address.

7\
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RTO Retentive On-delay Timer

Each Retentive Timer is made of a 3-word element.

This Bit I= Sat When And Remains Set Until
Word 1 is the control word One of the Following
Timer Done Bit DN (Bit 13) accumulatad value is agua the appropriate RES

Bit 0-12: Internal Use to or greater than the prasat

instruction is anabled

Bit 13: DN- Done . _ value _
Timer Timing Bit TT (Bit 14) rung conditions are true and | Rung conditions go falsa or
Bit 14: TT - Timer Timing the accumulated value is whan the done bit is sat
le=ss than the presat value
Bit 15: EN - Timer is enabled Timer Enable Bit EM [Bit 15) | rung conditions are true rung conditions go false ar

if tha timer is rezet with tha
RES instruction

Word 2 stores the preset value. (PRE)

Specifies the value, which the timer must reach before the controller sets the done bit.
When the accumulated value becomes equal to or greater than the preset value, the done bit
is set.

Preset value is from 0 - 32,767
If a timer-preset value is negative an error will occur.
Word 3 stores the accumulated value. (ACC)

This is the time elapsed since the timer was last reset. When enabled the timer updates
this continually.

Time Base: is the timing update interval.
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Example 3

- Let's say we to have a timer on a motor that times the time the motor
was on. What we want to do is to run the lubrication pump every 10
minutes the main motor has run, for 5 seconds.

= Input / Output
= Selector 1:1.0/0
= Motor O:2.0/0
= Lube Pump 0O:2:0/1

- Ladder Logic Solution
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TIMERS

RESET INSTRUCTION
Use a RES instruction to reset a timer or counter.

When the RES instruction is enabled, it resets the Timer On Delay (TON), Retentive
Timer (RTO), Count Up (CTU), or Count Down (CTD) instruction having the same

address as the RES instruction.

Cascading Timers

If an event requires a longer time-delay than a timer is capable of providing then multiple
timers may be cascaded. That s, one timer completes a timing cycle and then activates

another timer.
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Tumer On Delay
Timer

T!.'I:I"I.E' BdSE
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| CEND—]
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Counter Instructions Overview

= Introduction

Counters are very essential in ladder logic programming. Counters are used to index,
increment or decrement values.
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Counter Iinstructions Parameters

The following parameters are associated with Counter instructions:

Each counter address is made of a 3-word element.

= Word 1 is the control word i\ Wisohich 5
= Bit 0-7: Internal Use . COUNT R
= Bit 10: UA - Update accumulation value. i
= Bit 11: UN - Underflow bit.
= Bit 12: OV - Overflow bit.
= Bit 13: DN - Done
= Bit 14: CD - Count down is enabled.
= Bit 15: CU - Count up is enabled.

e —————

- Word 2 stores the preset value. (PRE) - . .

= Specifies the value, which the counter must reach before the controller sets the done bit. When the accumulator 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.

= Preset value is from -32,768 to 32,767

= Word 3 stores the accumulated value. (ACC)
= This is the number of times of false to true transitions that have occurred since the counter was last rest.
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Counter Registers

Table 1.6 Counter Control Fields

15 14 13 12 11 10 o9 03 o7 06 05 04 03 02 o1 Word
Cu CD DM o UM paill Intarmal Usah! 0
Presat Value |PRE)

Accumulator Value [(ACC) 2

[

Fimed SLC 500 only

dit= laheled “Int=snal |k==" are not addvre=sable.
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Addressable Bits

Addressable Words

CU = Count up enabile [(Bit 15}

PRE = Pra=at

CD = Count down enable |Bit 14)

SCC = Accum

[N = Done bit (Bit 13)

0% = Orearflowe bit [Bit 12]

UM = Undierfloww bit [Bit 11]

UA = Update Accumulator bit (Bit 10) (Fixad
Controller Onby)
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= CTU - Count Up
= CTD - Count Down

Counter Iinstructions

The following is a list of counter instructions in SLC 500:

= HSC - High Speed Counter

i

Counter number /

or Address of
the counter

Preset — Number of
items or events to
count before an output
occurs

Prepared by Dr. Musa Alyaman
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Count Up —(CUD—
- CCI'L'II’[T.&I’ ¢
#Prﬁ'iEt o —E:DN:]—
Ec:vnn 1]

Accumulator — The
current number of
counts on the counter
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CTU

—| COUNT UFP
Counter
Preset
Accum

(L
C5:0 , .
120 | (ON] \

CTD

L™ ]
COUNT DOWN
Counter
Preset
Accum

. —|ED:—‘
120 [4DN)

0

HSC

Pres=t

Aoccum

HIGH SPEED COUNTER |4Cin
Counter C5:0

120 |_|DN}
0
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How Counters Worlk

= The figure below demonstrates how a counter works.

= The count value must remain in the range of -32768 to +32767. If the count value goes above +32767
or below -32768, the counter status overflow (OV) or underflow (UN) bit is set.

= A counter can be reset to zero using the reset (RES) instruction

a7 763 +32 767
i [ ":TI-I: o

' Courst Up : - !

: < Counter Accumulated Value :

1 I ;

' i : Cowt Down :

: ; [CTD) :

Linderfl o Chearflow
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CTU count up

(CL)
(DM

Symbol
CcTu
—| COUNT UP
Counter C5:0
Preset 120
Accum 0
Definition

This Bit

Is Set When

And Remains Set Until
One of the Following

Count Up Cwvarflow Bit OV
(Bit 12

accumulatad walue wraps
around to -32Z, 768 (from
+22 767) and continuas
counting up from thara

a RES mstruction hawing the
samea addrass as tha CTU
nstruction is axacutaed OR
tha count is dacrameanied
ass than or aqual 1o
432,767 with a CTD
nstruction

Daona Bit DM (Bit 13)

accumulatad walue s egua
to ar greatar than the preset
valuse

tha accomulated value
becomas less than tha
presat walwa

Count Uip Enabla Bit CU
(Bit 15)

rung conditions arg trus

rung conditions go falsa OA
a RES mstruction hawing the
samea addrass as tha CTU
nstruction is anabled

= |ncrements the accumulated value at each false to true transition and retains the accumulated value when the
instruction goes false or when power cycle occurs.

= The CTU is an instruction that counts false to true transition. When this transition happens the accumulated value
is incremented by one count.

= A CTU accumulation is reset by the RES instruction.

= |f the accumulation value is over the maximum range then the overflow (OV) bit will be true.
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CTU Timing Diagram

rung condition in l__I_ _I

:
|

count-up enable bit (CU)

count-up done hit { DN)

— — — — —
— — — — —

ﬁ

—_—
L]
el
L]
—_—
g
—

preset ...

counter accumulated value (ACC) ——
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Example 4

= Count the number of times a photocell goes from off to on. Once we
reach a count of 10 energize a light. We should also have a push button
to reset the counter.

= Input / Output
= Photocell 1:1.0/0
= Light O:2.0/0
= Push Button 1:1.0/1

- Ladder Logic Solution
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CTL

Symbol

CTD

count down

COUNT DOWN
Counter

Preset

Accum

(M
Tl

120
0

- E:D:A—‘
L (O

Definition

This Bit

Is Set When

And Remains Set Until
One of the Following

Count Down Undarflow Bit
LIN (Bit 11

accumulatad value wraps
around to +32, 767 (from
-3Z,76E) and continuas
counting down from thana

a RES mstruction hawving the
sama addrass as tha CTD
mstruction is enabled. OH
the count is incremantad
graatar than or egual 1o
4322 767 with a CTU
instruction

Dona Bit DN (Bt 13)

accumulated walue is egua
to or greatar than the preset
valua

the accomulated value
becomas less than thea
prasat

Count Doswn Emabda Bit CO
(Bit 14)

rung conditions arg trua

rung conditions go false OR
a RES mstruction hawving the
sama addrass as tha CTD
mstruction is enabled

= Decrements the accumulate value at each false to true transition and retains the accumulated value when the
instruction goes false or when power cycle occurs.

= The CTD is an instruction that counts false to true transition. When this transition happen the accumulated

value is decrements by one count.

= A CTD accumulation is reset by the RES instruction.

= |f the accumulation value is below the minimum range then the underflow (UN) bit will be true.
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timing diagram

rung condition in

count-dowen enable bit CC0G

codnt-dower dane kit (DD

output device (controlled by D Bit)

|
I
|
I
|
|
I
I
counter accumulated value (A _I

Prepared by Dr. Musa Alyaman  Automation and Programmable Logic Controller (0938461) H 30



Example 5

= We want to have a count down on a proximity switch signal. Once we
reach a count of 10 we will energize a light. When a push button is
pressed then count will be reset.

= Input / Output
= proximity switch 1:1.0/0
= Light O:2.0/0
= Push Button 1:1.0/1

- Ladder Logic Solution

Prepared by Dr. Musa Alyaman  Automation and Programmable Logic Controller (0938461)




Exampie 6

As a car enters the parking garage it triggers an up
counter and increments the accumulator by one count.

As a car leaves the parking garage it triggers a down
counter and decrements the accumulator by one count.

The up and down counters will use the same address.
Since the counters have the same address the
accumulated value is the same for both counters.

Whenever the accumulator value is equal to the preset
value (50 car) the counter output is energized to light
the “Lot Full” sign.

= Input / Output

= Entrance gate Sensor 1:1.0/0
= Exit gate Sensor [:1.0/1
= Lot Full Sign 0:2.0/0

- Ladder Logic Solution
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Programming Instructions
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Over 100 instructions!

20 of the Instructions
do 80% of the work!
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