LlSt of examples

AND operation

mw

AND of OR operation

OR of AND operation

XOR operation

Holding circuit

Set and reset

Activation by edges

Pulse timer

10. Extended pulse timer

11. On-del imer

12. Retentive On-delay timer with reset
13. Off-delay timer

14. On-Off-delay timer

15. Delayed pulse

16. Pulse train

17. Down counter

18. Up counter

19. Counting the amount of time an input is closed (in seconds)
20. Counting the amount of time an input is closed (in hours, minutes and seconds)
21. Square wave generator

22. Another square wave generator

23. Timer control for lights

24. Frequency divider (x4)

25. Counter for closed inputs (solution I)
26. Counter for closed inputs (solution II)
27. Lights for Formula 1

28. Sequential lights in 4 channels

29. A "strip" of sequential lights

©OoNOOEWN =

Example 1
AND operation

Create A2.2 = E0.0 AND E0.1
Output A2.2 should only be activated if the two switches
connected to inputs EO0.0 and EO.1 are closed.
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The solution ladder is obtained by connecting the two contacts in
series, with operands EO0.0 and EO.1, and coil A2.2. In fact, the
logical combination AND, translated into ladder language, is
equivalent to the series of two contacts: the series layout "shows"
that the circuit is only closed when the two switches are closed;
so this is the only condition that activates the coil.
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The AWL solution is obtained by first loading the status of EO.O in
the RLC register (U EO0.0). In fact the operation is really an AND
but as it is the first of a sequence it is interpreted as a bit loading
operation and therefore the status of the operand is copied into
RLC. The next step is to perform an AND between the RLC and
the status of input EO.1 (U EO.1). The result is again stored in
RLC. This statement is not the first of a sequence and so the
operation is interpreted as a real AND. The last statement ( =
A2.2) transfers the content of the RLC, which at this time
represents the logical combination E0.0 AND EO.1, to the output
A2.2.

Example 2

OR operation
Create A2.2 = E0.0 OR E0.1
The output A2.2 should only be activated if at least one of the
switches connected to inputs E0.0 or EO.1 is closed.
The solution ladder is obtained by connecting the parallel of the
two switches, with operands E0.0 and EO.1 in series with the coil
A2.2. In fact, the logical combination OR, translated into a ladder
diagram, is equivalent to the parallel of two contacts: the tops of
the parallel circuit "show" that the circuit is closed when at least
one of the contacts is closed. therefore this is the condition that
activates the coil.
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The AWL solution is obtained by first loading the status of EO.0O in
the RLC register (O EO0.0). In fact the operation is really an OR
but as it is the first of a sequence it is interpreted as a bit loading
operation and therefore the status of the operand is copied into
RLC. In this case the statement is identical to U E0.0, and they
may be interchanged to obtain a program that functions in
exactly the same way. An OR is then performed between the RLC
and input EO0.1 (O EO.1). The result is then again placed in the
RLC. This statement is not the first of a sequence and so the
operation is interpreted as a real OR. The last statement (= A2.2)
transfers the content of the RLC, which at this precise time
represents the logical combination E0.0 OR EO.1, to output A2.2.

Example 3
AND of OR operation
Create A2.0 = (E0.0 OR E0.1) AND (E0.2 OR E0.3)

The solution ladder places two series switches (AND) in parallel
(OR), to connect the corresponding operands and then the coil.
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The AWL solution however requires some clarification as two new
operations have been introduced. In the first place, note that
after executing the second statement, the RLC contains the result
of the logical combination OR between EO0.0 and EO0.1 (see
Example 2). The next operation is to open brackets; The current
RLC is ignored for the moment to be successively combined in
AND with the result of the expression between brackets. The
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operation U( is an RLC delimiter and therefore the next statement
will be the first of a new sequence. This means that the fourth
statement (O EO.2) will be interpreted as loading the RLC with the
status of EO.2 and, after executing the next statement, the RLC
will contain the result of the logical combination E0.2 OR EO.3.
The next statement to close the brackets will make the PLC
execute the combination AND (the third was U() between the
current RLC, the result of the OR between brackets, and the RLC
that had been ignored, that is, the result of the first OR. The last
statement ( = A2.0) transfers the content of the RLC, which at
this time represents the logical combination (E0.0 OR EO0.1) AND
(E0.2 OR EO0.3), to output A2.0.

Example 4
OR of AND operation
Create A2.0 = (E0.0 AND E0.1) OR (E0.2 AND EQ.3). The brackets are included

for greater clarity even though they are not really necessary as the operation AND
has ;zreZerence over OR.

The solution ladder places two series (AND) of switches in parallel
(OR), to connect the corresponding operands and then the coil.
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When considering the AWL solution, note that after executing the
second statement, the RLC contains the result of the logical
combination AND between E0.0 and EO.1 (see Example 1). The
next operation is to open brackets; The current RLC is ignored for
the moment to be successively combined in AND with the result
of the expression between brackets. The operation O( is an RLC
delimiter and therefore the next statement will be the first of a
new sequence. This means that the fourth statement (U EO0.2) will
be interpreted as loading the RLC with the status of E0.2 and,
after executing the next statement, the RLC will contain the result
of the logical combination E0.2 AND EO0.3. The next statement to
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close the brackets will make the PLC execute the combination OR
(the third was O() between the current RLC, the result of the AND
between brackets, and the RLC that had been ignored, that is, the
result of the first AND. The last statement (= A2.0) transfers the
content of the RLC, which at this time represents the logical
combination (E0.0 AND EO0.1) OR (E0.2 AND EO0.3), to output
A2.0.

Example 5

XOR operation
Create A2.2 = E0.1 XOR E0.2
The logical operation XOR applied to boolean variables gives a
true value only when one and only one of the two variables is
true.
is trueThe first series of switches on the program ladder is closed
only when EO.1 is closed and EO0.2 is open. The second series, on
the other hand, is closed only when EO.1 is open and EO0.2 is
closed. Combining these two in parallel results in the required
function. That is, the coil is activated only when one input is
closed and the other is open.
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The AWL solution is no more than a translation of the program
ladder and its operation is very similar to the previous example
except for the correspondence with the NC contacts which
program UN operations, a test on the negative status of the
operand. The first AWL solution is no more than a translation of
the program ladder and its operation is very similar to the
previous example.

Example 6
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Holding circuit
One push button connected to input 10.0 should activate output Q0.15 and a
second push button connected to input 10.1 should deactivate it.
The program ladder proposed as a solution shows a holding
circuit. Pressing the button connected to E0.0 activates the coil
A3.7 and closes the contact with the same operand in the second
line (as if the contact and the coil were part of the same relay
A3.7).This maintains the coil activated even after 10.0 is opened.
Pressing the button of input EO0.1 causes the switch, which is
normally closed, to open deactivating the coil and releasing the
holding circuit.
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The AWL program proposes a conversion of the above. The value
of the output A3.7 in the last statement is calculated by loading
the status of EO0.0, later evaluating the OR with A3.7 and finally,
placing the result with the complement of E0.1 in AND.

Example 7
Set and reset

One push button connected to input E0.0 should activate output A3.7; a second
push button connected to input EQ.1 should deactivate it.

The exercise is exactly the same as the previous one but on this
occasion the solution uses set and reset coils.
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If we run the program, we can see that pressing the two buttons
at the same time sets the output to zero. Effectively, in both
languages, when both test conditions are valid at the same time,
the operand A3.7 is activated first, in path 1 or with the first two
statements, and then deactivated, in path 2 or with the third and
fourth statement. But remember that A3.7 does not really
represent the physical output of the PLC, only that corresponding
to the bit in the interior of the memory of the process image. This
memory bit is effectively moved to 1 and then to 0 but it is only
once the program used has been fully loaded that the assigned
value is transferred to the physical channel of the corresponding
output which is maintained constant at the low value when both
inputs are closed.

This means that by writing the program in this way we have given
the reset action (deactivation) priority over the set action
(activation). If we want to achieve the opposite effect, we simply
invert the position of the first two paths (rungs) of the ladder
diagram or interchange the first and second groups of statements
in the AWL program.

Example 8

Activation by edges
Activate outputs A2.0 and A2.1, respectively with the rising and falling edges of
input E0.0.
Note that the last path of the ladder diagram and the last two
statements of the AWL program impose, on completing execution
of the program, equality of the merker bit M0.0 and the status of
the input EO0.0. However, in preceding paths or statements, the
state of the variables corresponding to the edges is opposite and
only becomes equal once the program has been fully loaded. All
this is represented by the first two lines of the diagram, with a
time lapse of M0.0 compared to EO.0, equivalent to one operating
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cycle.

The initial part of the program activates the coil A2.0 for one
execution cycle when EO0.0 is 1 and MO0.0 is 0, that is,
corresponding to the rising edge of E0.0, as shown in the third
line of the diagram. On the other hand, the coil Q2.1 is activated
for one run cycle when EO0.0 is at 0 and MO0.0 is at 1, that is,
corresponding to the falling edge of E0.0, as shown in the fourth
line of the diagram.
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Time diagram for an edge generator
Example 9

Pulse timer
The output A2.5 is activated by the closure of input E0.0 and deactivated 5 seconds

later. If the input is reopened during this period of time, the output is immediately
deactivated.
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diagram of the pulse timer
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The operation of the pulse timer is shown in the time diagram
above. The first line represents the input signal and the second
line its output.

The program ladder has been designed using a timer SI (pulse)
activated by the NO contact of E0.0, with a time constant equal to
500 hundredths of a second and the output connected to the coil
of A2.5.
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The first group of statements of the AWL program activates the
timer T2 as a pulse (SI T2) following the rising edge of the input
(U EO0.0) with a time constant of 5 seconds loaded in accumulator
1 (L KT500.0). The second group of statements copies the status
of the timer (U T2) to the output of the PLC ( = A2.5).

Example 10

Extended pulse timer

The output A2.5 is activated when input E0.0 is closed and deactivated 5 seconds
later. irrespective of whether the input is opened again during this period of time.

E0.O

5s ' s .
Time

diagram of the extended pulse timer.
The operation of the pulse timer is shown in the time diagram
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above. The first line represents the input signal and the second
line its output.

The program ladder has been designed using a timer SV
(extended pulse) activated by the NO contact of E0.0, with a time
constant equal to 500 hundredths of a second and the output
connected to the coil of A2.5.
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The first group of statements of the AWL program activates the
timer T2 as an extended pulse (SV T2) following the rising edge
of the input (U EO0.0) with a time constant of 5 seconds loaded in
accumulator 1 (L KT500.0). The second group of statements
copies the status of the timer (U T2) to the output of the PLC ( =
A2.5).

Example 11

On-delay timer

The output A2.5 is activated 5 seconds after input EQ.0 is closed. When the input is
reopened, the output is deactivated.

“ * 4 3 t
bs 85

Diagram of a

timer with a delay in activation
The operation of the pulse timer is shown in the above time
diagram. The first line represents the input signal and the second
line is the corresponding output.
The program ladder has been designed using a timer SE (delayed
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activation) activated by the NO contact of EO0.0, with a time
constant equal to 500 hundredths of a second and the output
connected to the coil of A2.5.
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The first group of statements of the AWL program activates the
timer T2 as a delayed activation (SE T2) following the rising edge
of the input (U EO.0) with a time constant of 5 seconds loaded in
accumulator 1 (L KT500.0). The second group of statements
copies the status of the timer (U T2) to the output of the PLC ( =
A2.5).

Example 12

Retentive On-delay timer with reset
Qutput A2.5 is activated 5 seconds after input EQ.0 is closed (even though this

input is opened again during this time) and deactivated with the closure of input
EO0_L
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diagram of a retentive On-delay timer with reset
The operation of the retentive On-delay timer with reset can be
obtained by comparing the first two lines and the last line of the
above time diagram. The first two lines represent the input
signals, and the last line is the resulting output.
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The program ladder has been designed using a timer SS
(retentive On-delay) activated by the NO contact of E0.0, with a
time constant equal to 500 hundredths of a second, the reset
connected to a NO contact of EO.1 and the output to the coil of
A2.5.
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The first group of statements of the AWL program activates the
timer T2 as a retentive On-delay (SS T2) following the rising edge
of the input E0.0 (U EO0.0) with a time constant of 5 seconds
loaded in accumulator 1 (L KT500.0). The second group of
statements resets the timer (R T2) corresponding to the high
state of EO.1 (U EO.1). The final group copies the status of the
timer (U T2) to the output of the PLC ( = A2.5).

Example 13
Off-delay timer
Qutput A2.5 should activate when input EQ.0 is closed and deactivate itself 5

seconds after it is reopened.
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Diagram of

the Off-delay timer
The operation of the Off-delay timer is shown in the time
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diagram. The first line represents the input signal and the second
line is the corresponding output.

The program ladder has been designed using a SA (Off-delay
timer) activated by the NO contact of E0.0, with a time constant
equal to 500 hundredths of a second and the output connected to
the coil of A2.5.
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The first group of statements of the AWL program activates the
timer T2 as a On-delay (SA T2) following the falling edge of the
input (U EO0.0) with a time constant of 5 seconds loaded in
accumulator 1 (L KT500.0). The second group of statements
copies the status of the timer (U T2) to the output of the PLC (=
A2.5).

Example 14

On-Off-delay timer
The output A3.3 is activated 3 seconds after input E0.1 is closed and deactivated 7

seconds after it is opened again.
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Diagram of

an On-Off-delay timer
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The above figure shows, in the first and last lines of the diagram,
the development of the two signals described in the trace. The
intermediate line is a design for the development of a On-delay
timer whose input is EO.1.

Note how the development of output A3.3, compared to that of
TO, represents an Off-delay. <Shall we try!. We have to design a
program that contains two timers: the first with an On-delay of 3
sec., has input EO.1; the second with an Off-delay of 7 sec., the
input is the status of the first timer and the output is A3.3.

As shown by the AWL and ladder programs.
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Example 15
Delayed pulse

The output A2.7 is activated 2 seconds after opening input E1.5 for a period of 1
second.

The first line of the diagram below shows the development of the
input, and the last line shows the output to be obtained. The
second and third lines represent the development of the status of
the two timers (T10 and T11) with an On-delay of 2 and 3
seconds and whose input signal is E1.5.

Note that the output Q0.7 should be true when the following
conditions occur simultaneously: T11 true and T10 false. That is,
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in boolean terms: A2.7 = T11 - NOT(T10)
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Time diagram of the delayed pulse
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In the ladder program the first two paths are designed to activate
the two timers. The input for both of them is the signal E1.5. The
third path implements the recently obtained logical expression.
The series of two contacts representing an AND and the use of an
NC type for the second is the same as the negation of its

operand.




In the same way, the first group of statements of the AWL
program activates the two timers on receiving the input signal.
The second group calculates the value of the boolean expression
and assigns it to the output.

Example 16
Pulse train

The output A2.4 should be activated for an instant each second.

Fy

T3

.

1s .
Time

diagram of the pulse train

first consider path 2 of the ladder diagram and the second group
of AWL statements. The first time the program is run finds the
timer stopped; therefore its NC contact on the ladder diagram
and the query on its low state in the AWL program gives the
result as true. In both cases the output of the Off-delay timer is
put into high state. For this reason the above queries will not be
verified during the next cycle. This means that the input to the
timer has been set to zero and the time begins to advance. The
output remains high throughout this period of time. When the
time has elapsed, it is set to zero. This means that the conditions
for querying the input to the timer are again fulfilled and the
whole process repeats itself. The first line of the above diagram
describes the development of the output from the timer which
happens to be opposite to that required by the trace. All that
remains is to invert this signal and assign it to output A2.4. This
task is performed by the first path of the ladder diagram and the
first group of statements in the AWL program.
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The only thing remaining is to clarify that the path assigning the
value to A2.4 should precede the one that activates the timer.
Otherwise the time would be restarted before A2.4 can be
programmed to 1. A2.4 is constantly maintained in low state as
the status of T3, from the point of view of the development of the
program, would always appear high. The above is also valid for
the AWL program where the group of statements for the
assignation of A2.4 should precede the initialisation of T3 for the
same reasons. These considerations should be kept in mind
whenever using a pulse train in any of the following examples.

Example 17

Down_counter
The counter Z4 is set to a value of 10 corresponding with closure of input E1.3. It
then counts backwards each time input E1.2 is closed. The output A2.7 is
deactivated at the end of the countdown (value 0).
The ladder program is very simple. Assigning the constant KZ10
to input ZW simplifies setting the value of the counter to 10. The
set input (S) has been connected to a contact E1.3 whereas the
decrease (ZR) connects to a contact of E1.2. On the rising edge
of E1.3 the value of the counter is programmed to 10. Each rising
edge of E1.2 reduces the count by 1 unit. The output from the
counter (Q) is high when the value of the count is not equal to 0.
Therefore all that is required is to use it to control output A2.7 of
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The first group of statements of the AWL program increases the
value of the counter Z4 by 1 unit on each rising edge of E1.2. The
second group programs the counter with the values stored in
ACCU1 (10) corresponding with the rising edge of E1.3. The last
group transfers the status of the counter to output A2.7.

Example 18

Up counter

The counter Z12 increases each time input F0.0 is closed and then returns to zero
corresponding to the closure of input E0.1. The output A2.0 is activated when the

value of the count is zero.
The reset input (R) to counter Z12 connects to a

contact of EO.1 whereas the increase (ZV)
connects to a contact of E0.0. The rising edge of
EO.1 produces a reset of the counter, that is, the
count value is programmed to 0. On each rising
edge of EO0.0 the count is increased by 1 unit. The
output from the counter (Q) is high when the value
of the count is not equal to 0. All that is required is
to invert it to control output A2.0 of the PLC in the
same way as in path 2.
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The first group of statements of the AWL program increases the
value of the counter Z1 by 12 unit on each rising edge of EO.0.
The second group resets the counter corresponding with the
rising edge of EO0.1. The last group transfers the complement of
the status of the counter to output A2.0.

Example 19
Counting the amount of time an input is closed (in seconds)

Determine how many seconds input E0.5 remains closed and use input E0.6 to set
the timer to zero.

In the first place it is necessary to create a one second clock, that
is an pulse train with this period. It is then necessary to count the
number of pulses of the base time generated while the input is
closed, that is the instants when the input and the pulse are true
at the same time.
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Diagram of the timer for closure of an input

Path 2 of the ladder diagram implements the pulse train with a
period of 1 second, as we have already seen in example 16. In
path 1 note that the input ZV of the counter is controlled by the
logical combination AND (series of contacts in the diagram)
between input E0.5 and the pulse train, that is, exactly the pulses
to be counted. On the other hand, a contact of E0.6 controls the
reset input to the counter, repositioning the count to zero as
required.

Example 20
Counting the amount of time an input is closed (in hours,

minutes and seconds)

Determine the number of hours, minutes and seconds input E0.5 remains closed
and use input E0.6 to set the timer to zero.

Symbols have been used to program the solution to this problem.
Their correspondence to the absolute operands has been defined
in the following table.

Ahsolute Op. Symbhol Comment

ED.5 INPUT Input for recording the time
ED.6 RESET Input to reset the time count

T3 CLOCK Fulse train with a period of 1 sec.
Z5 SEC =econds counter

Z6 MIH Minute counter

Z7 HOUR Hours counter

The proposed program includes the construction of a pulse train
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using the CLOCK timer that functions as a time base with a period
of 1 second (see Example 16). The first three statements at the
beginning of the program advance the SEC counter whenever an
pulse from the CLOCK is detected while INPUT is closed. SEC, or
rather Z5, is therefore the seconds counter.

The second group of statements loads the value for the seconds
in ACCU2 and the constant 60 in ACCUl. The two values are
compared for equality and if the result is true, the MIN counter is
increased by one unit and the SEC counter is reset to zero. This
means that the MIN counter increases every 60 seconds and
counts the minutes.

The third group of statements loads the value for the minutes in
ACCU2 and the constant 60 in ACCU1l. The two values are then
compared for equality and if the result is true, the HOURS counter
is increased by one unit and the MIN counter is reset to zero. This
means that the HOURS counter increases every 60 minutes and
so counts the hours.

In summary, the software timer that we have created enables us
to count up to 999 hours, 59 minutes and 59 seconds (exactly!).
Of course this value cannot really be considered so precise over
such a long period of time especially considering the inevitable
errors inherent in the internal clock of the PLC itself and the PC
on which the simulation is based.

As an additional exercise, modify the program to include a
counter for DAYS which increases by 1 unit every 24 hours.

The program can be checked without having to wait extensive
periods of time by either reducing the time constant loaded into
CLOCK to increase the frequency of the pulse train, or manually
enter counter values close to the comparison limits.



AWL

U - INGRE3Z0 'the seconds counter increases

: UN -CLOCK 'by one unit every second

2V —REC

: L -3EC 'when it reachez 60 =zeconds

. EF +&0
I=F
2V -MIN "the minute counter is increased by
E -3EC 'one unit and the seconds counter is

'reset to zero

: L -MIN 'when it reaches 60 minutes
. EF +&0
I=F
ZV -ORE "the hours counter is increased by
E -MIN "one unit and the minutes counkter is
'reset to zero
U -REESET '"the counters are set to Eero when
H ] -3EC "the REZET input is closed
i R -MIN
i R -QORE
: UN -CLOCK 'creation of a pulse train with a
: L ET 100.0 'pericd of 1 second
v 3A -CLOCK
BE
Example 21

Sguare wayve generator

The output A2.7 should be controlled by a square wave signal with Ton = 0.5s and
Toff = 1.5s.

During the first run of the ladder program, the NC contact of T2 is
closed and therefore the output of timer T1 (Off-delay) is
activated. Now the NO contact of T1 in path 2 is also closed and
the output of T2 is activated.

On the next cycle, the NC contact of T1 is open and the time T1
begins to advance while its output remains high, leaving T2 in the
same status.

At the end of the time on T1 (1.5 sec.) its output goes to low
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level and the NO contact in path 2 opens, timer T2 starts and
begins to measure the time. Meanwhile, the output remains high.

At the end of the time on T2, the output from the timer goes to
low level. We have now returned to the initial conditions and the
cycle repeats itself indefinitely, as required.

The development in time of the signals for T1 and T2 is shown in
the first two lines of the diagram below: whereas the third line
shows the development that should take place at output A2.7.
Note that this output is the complement of the signal T1 except
for a small difference in time which is equal to one run cycle. This
time difference has been exaggerated in the diagram for greater
clarity. We conclude the third path of the program by
implementing a function assigning this criteria to the output of
the PLC.

Il

T2

v

4 > > t
1.5s 0.5s

Time

diagram of a square wave generator
The AWL program is simply the conversion of the ladder program
and at this level we consider that it should be quite easy to
understand.

By suitably programming the two time constants it is possible to
vary the Ton and Toff to create square waves with the different
frequencies and working cycles as required.
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AWL
: UN T2 '"OFF time activation
: L ET 150.0
34 Tl
1 U Tl '"ON time activation
: L ET 50.0
HE= - TZ
: UN T1
: = a2 '"output actiwvation
EE
Example 22

Another square wave generator

The output A2.7 should be controlled by a square wave signal with Ton = 0.5s and
Toff = 1.5s.

The solution presented here is different from that suggested in
the previous example but produces the same trace. Here we have
used a single self-starting timer that the first group of statements
program with the same time as the period of the required signal
(2 sec.). This means that the time that elapses varies between
200 and 0 hundredths of a second. Between the values of 20 and
50, the output A2.7 should set itself to low state, while for values
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below 50 it should be assume its high state.
The second group of statements compares the value of the time
with the constant 50 and, if it is less, activates the output.

Also in this case it is possible to change the period of the signal
by varying the time constant for T3, or the period of time in the
high state by changing the decimal comparison constant.

AWL

: UN T3 'starting the timer
: L ET Z00.0 'programming the period of the sguare
: 3R T3 'wave
: L T3 'comparison with the time in ON status
: L EF +30

<F
: = A2 'output activation
: BE

Example 23

Timer control for lights

A push button connected to input E0.0 activates a series of light bulbs connected to
output A2.1 for a period of three minutes. Together with the lights. a pilot light is
also connected to output A2.2. This light will begin to flash 15 seconds before the
lights go out to indicate that the time is almost up. This pilot light goes out at the
same time as the lights.

Timers T2 and T3 are used to generate a square wave with a
period of 1 sec. and a working cycle of 50%. Both are loaded with
a time constant of 50 hundredths of a second. See Example 21.

Two additional extended pulse timers are also used. T1, loaded
with a time of 3 minutes (KT180.2 that is 180 seconds), directly
controls the output to the series of lights. TO, loaded with a time
of 15 seconds less (KT165.2) is used to determine the time when
the pilot light should begin flashing.
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EQ0.0Q

TO

T1l,A2.1

= UL LT LU,

165s
180s

Diagram of the timer control for lights
The development in time of TO and T1 after the pulse on EO.0 are

shown in the second and third lines of the above diagram. The
fourth line shown on the trace, not to scale, is the timer T2.

In the fifth line of the diagram it is possible to see that the pilot
light should be lit either when T0.0 is active or when A2.1 and T2
are active at the same time that TO is inactive. In boolean terms
this is:

A2.2 = TO OR (A2.1 AND NOT TO AND T2)

The proposed solutions implement the description with extreme
precision.

The first, construed in ladder format, uses the first two paths to
construe the signal of the square wave. The next two activate the
timers for the lights and the pilot light.

The first group of statements in the AWL program generates the
signal for the square wave. The second group starts the timers
for the lights and the pilot light. The third group turns on the
lights and the fourth and final group lights the pilot light as
indicated by the expression above.
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Example 24
Frequency divider (x4)

Create a device to divide the frequency by 4: every four pulses in
the input activates one pulse in output A2.1.

The first part of the proposed solutions creates a pulse train, as
seen in Example 16, and sends the signal to output A2.0. The
second part implements the divider which is no more than a
counter that counts back on each pulse of the generator (input ZR
controlled by A2.0) and which, when it reaches zero, resets itself
to 4 (output Q taken to input S through M0.0).

Every 4 pulses of A2.0 in a single operating cycle resets the count
to zero. In this cycle, the output of the counter and the
associated merker M0.0 is deactivated. On the other hand, output
A2.1 of the PLC is activated because of the negation of the
contact with the controlling merker MO0.0.

A
T1
_ _ _ _ _ _ _ _ i
AZ.D
>
t
4
3 1
2
>
!_ t
! ! h
< 1 > 4 2 » t
5 ! 5 .
Time

diagram of a device to divide a frequency by 4 4
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In the AWL program, the first group of statements increases the
counter corresponding to the rising edge of the AND between
EO.5 and the pulse train generated by T3 in the second group of
statements. The last group resets the counter corresponding with
the rising edge of input EO.6 (closure of the respective contact).

The count value of Z5 represents the number of seconds during
which the input has remained closed, with the limit of 999
inherent to counters in this PLC.

Example 25
Counter for closed inputs (solution 1)

Count the number of closed inputs in module 0.

The solution to this problem requires the use of operations that
are included in the integrative set. This means it is necessary to
write the program as a functional block and then call it from the
OB1 for cyclic execution. It is not possible to write the program in
ladder format.

We will store the number of closed inputs in MB80 and use W10
as a pointer for the input normally examined. The first part of the
program in OB1 consists of initiating these two variables at 0. The
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next statement calls the block FB4 that contains the main part of
the program.

As a result of the unconditional block call statement, the
development continues from the first statement in FB4.

The first two statements of this block load the complement of the
input with the pointer MW10 into RLC.

The channel direction is in the high byte and the module direction
in the low byte. As MW10 is at 0, the first step will load the
complement of the status of EO.O.

The next statement is a conditional jump: If RLC = 1, that is, if
the complement of EO.0 is equal to 1, the input is open and the
program continues after the INC label. On the other hand, if the
input is closed, this jump does not take place and the program
continues with the next statement.

The next four statements increase the value of MB80, that is the
number that represents the count of the number of inputs that
have been found closed. This value is first loaded into ACCU1 and
then increased by 1 unit. The result is then again transferred to
MB80. The purpose behind these statements and the preceding
ones is to increase the variable MB80 if the input is closed and
not increase it if the input is open.

In both cases the program reaches the group of statements
labelled as INC and which, like the first action, increase the high
byte of MW10, that is MB10 and the byte that represents the
number of the input channel in the controlled loading operation
seen earlier (for didactic purposes we have used a different
operation to increase the byte). The recently obtained value is
then compared to 7. If the result is equal to or less than 7, then
the input exists and we should check its status by returning to
the TEST label as specified in the conditional jump statement. On
the other hand, if the value is 8 then the channel does not exist
and we have to exit the block after having examined the eight
possible inputs, from E0.0 to EO.7.

The section of the program between the label TEST and the
statement SPB = TEST is performed eight times before returning



to the starting block OB1 through the final BE statement. Each
time MW10 will count a different value: in a hexadecimal
succession of 0000, 0100, 0200, 0300, 0400, 0500, 0600, 0700;
and each time the group of statements B MW10 and UN EO.0 will
load the RLC with the complement of a different input of the
module from the first to the last. The part of the program that
goes from L MB80 to T MB8O0 is only loaded if the input normally
checked is closed. This means that the increase of MB80 only
takes place under this condition and, as the initial value of this
merker byte is equal to 0, when execution of the block has been
completed it will count the number of closed inputs.

AWL
0B1
L EF +0 'initial programming
T MEED
T MWl0
: SPA FE4 |}
BE
FE4
TEST: B MWl0 "input indexing
: UN  EO0.O
i 3PB =INC
: L MEED "the input is active:
: L EF +1 'increase the counter merker hykte
1 +F
: T MEED
INC : L ME10 '"increase the index to examine
I 1 "the next input
: T ME10
: L EF +7 'control on completion
<=F
3PB =TE3T
BE

If we want to analyse the closed inputs in module 1, simply load
1 as the initial value for MW10. It is also possible to determine
the total number of closed inputs for the two modules. All that is
required is to call FB4 on two occasions, the first time by
initialising MW10 to 0 and the second time by setting it to 1. On
the other hand, for MB8O0, it is only necessary to initialise it to 0
at the beginning of the OB1. We will leave the writing of this
program up to you.



Example 26

Counter for closed inputs (solution II)

Count the number of closed inputs in module 0.

In this exercise we will use a shift operation to apply a solution
other than that used in the previous example.

The counter for closed inputs is still MB80 and its initial value is 0
at the beginning of the OB1. MB10 represents a mask of 8 bits
only one of which will, in turn, be set to 1. The initial value is 1,
that is (00000001),, where only bit 0 is true.

The first three statements of the FB4 block load the accumulators
with the values of the mask and the byte corresponding to the
input to module 0 and then execute the AND one bit at a time. On
the first step, with the value of the mask hardly visible, the AND
only gives a result other than 0 if EO.O is closed. This means that
the derivation on zero included in the next statement will only be
carried out if the input is open.

If the input is closed, as in the previous example, the counter
byte MB80.0 is increased.

Whatever the case, the two paths come together in label INC
where, after loading the mask in ACCU1, it is shifted one position
to the left. The result of this displacement, or better yet the low
part, is again transferred to MB10. After the statement L KF+256,
ACCU1 will have the value of 256 and ACCU2 will contain the
result of the displacement. If the mask bit, after 8 displacements,
has ended up in position 8 of the 16 bit register of the
accumulator, the value of this accumulator will be 28 = 256, the
statement of the conditional jump is ignored and processing of
the block stops. If the bit is located in lower positions then the
content of the accumulator is less than 256 and the jump to the
TEST label is executed to repeat the process and examine the
next input.
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AWL
1]: 5]

: L EF +0 'initiali=se the counter merker byte

: T MEZ0

: L EF +1 'initialise the mask

: T MEL10O

: S5FA FE4 [}
BE

FE4
TEST: L ME10 'gontrol of the unmasked input

i L EEQO
1Tl
3P =INC
L MES0 "the input is active:
L EF +1 'increase the counter merker byte
+F
T MEZ0

INC : L ME10O 'shift the mask

: 3LW 1 'to examine the next input
T MEL1O
L EF +Z56 'control on completion
<F
3FPE =TEST
BE

Example 27
Lights for Formula 1

Pressing the button connected to input EQ.0 will cause the five

lights to light up one after the other at intervals of one second.

One second after they are all lit, the lights should all go out at the

same time.

Symbols have been used to program the solution to this problem.
Their correspondence to the absolute operands has been defined

in the following table.

Ahsolute Op. Symbhol Comment

E0.0D START =equence start button
AZ.0 L1 Light 1

AZ2.1 L2 Light 2

A2.2 L3 Light 3

A2.3 L4 Light 4

AZ.4 LA Light 5
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The intermediate lines of the time diagram below show the
development of the output of the PLC that control the Formula 1
start lights as a function of the input START that appears in the
first line.

A
START ”‘]
>
i
L1
J— >
i
T2=L2
>
i
T3I-L3
L
T4-Ld4
-
i
T5-L5
>
i
T1 _|
>
« b »e b »e » t
1s 15 1s 15 1s .
Time

diagram of the lights for Formula 1

Closing this input, apart from activating the output that controls
the first light, which lights up immediately, activates five timers
with delayed activation type with memory at times of 1 to 5
seconds. Once the programmed time has elapsed, the output of
each timer, except for T1, goes to high state and activating the
corresponding light to easily obtain the desired sequence.

Timer T1 turns off all the lights by deactivating L1 and all the
other timers, including itself.

Put the PLC in Run mode, change switch 0.1 into a push button,
press the button and ...may the best man win!
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Example 28
Sequential lights in 4 channels
Configure the 4 channel sequencer shown in the following function diagram.

=]
c . a - 1 2 3 i -1
o @
1 @ o
2 ® ®
3 @
_ Functional diagram for a 4 channel sequencer

The diagram shows the lighting sequence for lights connected to
four channels. The black circles show that the channel has been
activated at that particular step. As can be seen, channel O is
active during step 0, channel 1 during step 1, and so on. If the
lights are placed in a line the effect would be a movement of the
light source from one end to the other and then back again.

Step 5 is followed by step 6 which is identical to step 0, and then
another identical to step 1. The lights follow one another
cyclically. If the line was cut and then rolled to form a cylinder
where the opposing limits of step 0 and 5 coincide, then the
effect would be similar to the drum of a music box: when the
tune reached the end it would begin all over again.

Continuing with our musical example, a music box plays its tune
using a cylinder with levers suitably distributed to one side and a
mechanism that makes it turn.

Our starting point will be this mechanism.

The mechanism for advancing our sequencer will be a pulse train
with a period of 0.2 seconds, that is a time base with a period
selected arbitrarily.

The statements

UN -TIMER

L KT20.0

SA -TIMER
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create an pulse train, as seen in Example 16. The cylinder will
consist of a counter which will begin at 0 and count forwards on
each pulse.

UN -TIMER
Z\V -COUNTER

When the value reaches 6, that is after the last step, it should
reset itself to the starting value of 0. Furthermore, step 6 should
be identical to step 0.

L -COUNTER
L KF+6

| = F

R ~-COUNTER

Before distributing the levers on the cylinder, identify the sections
of the cylinder that correspond to each specific step. The
statements

L -COUNTER
L KF+0
I'=F

= -STEPOO

The following groups of statements program the merkers
corresponding to each of the other steps. A different merker will
be active every 0.2 sec. after STEPOO to STEPO5 and then
beginning again from STEPOO.

Now that we have identified the positions we can insert the
levers. Beginning with channel 0 and observing the lighting
sequence once again. Channel 0 is only active during step O:

O -STEPOO
= -CHO
Channel 1 should be active during step 1 as well as during step 5:



O -STEPO1
O -STEPOS
= CH1

Continue this process for the other two channels until completing
the music box, or if you prefer, the sequencer.

In this example it is possible to increase or decrease the duration
of the steps by changing the constant loaded into the timer and
producing the effect of changing the speed of the apparent
movement of the light source. It is also possible to change the
number of steps by varying the constant used to reset the
counter and adding other values to differentiate the new steps.
The sequence of the lights can also be changed by modifying the
conditions in the OR groups included in the last part of the
program.
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BEE

-TIMEER
—ZOUNTER

-TIMEFR
ET 10.0
-TIMEFR

—ZOUNTER
EF +6

—ZOUNTER

—COUNTER
EF +0

-3TEFPQO

—COUNTER
EF +1

-3TEFP1

—COUNTER
EF +2

-STEFPZ

—COUNTER
EF +3

-STEP3

—COUNTER
EF +4

-3TEP4

—COUNTER
EF +5

-3TEFPS

-3TEFPQO
-CHO

-3TEFP1
-3TEFPS
-CH1

-STEFPZ
- 3TEFP4
-CHZ

—3TEP3
-CH3

'adwvance one step

'vreate a base time

'reinitialise cycle

'test step O

'test step 1

'test step 2

'test step 3

'test step 4

'test step 3

' progr am

' progr am

' progr am

'program

channel

channel

channel

channel

[olock)




The solution presented here is, of course, not the only way of
resolving the problem. In general, the more complex the
problem, the greater the number of possible solutions. Possibly it
is not even the best in terms of versatility, simplicity,
programming maintenance or elegance, the next example
responds better to these requirements, but it is the simplest
approximation using the most common statements that we have
been able to create, and this is a basic requirement of the task
before us: help you to take your first steps in the world of PLC
programming.

Example 29
A "strip" of sequential lights
Configure the 8 channel sequencer shown in the following function diagram.

C _D 1 2 3 4 5 L&) T ] 8 1M 1 12 13 14 15 16 17 18
2 ° ° °
3 ° °
: ° °
5 ° °
: ° 000
7 00000000000
n

C _‘IB 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
2 ° ° o000
| @ ° o000 0o0e
s 0000000000
s 0000000000000 0 0
‘000 000000000000C00O0CF0
0000000000000 00000

Functional

diagram for a strip of sequential lights


http://www.autoware.com/english/support/samples/s5100/sample29.htm

The optical effect if the lights are placed vertically like the LEDs of
the PLC module would be a progressive filling of the line by light
sources that appear at the top and cascade down until stopping at
the last empty (unlit) position. Once the whole strip has been
filled, the cycle begins all over again, the lights go out and the
filling action recommences.

The sequence is rather more complex than the previous example
and so we will have to find a solution that is different, more
functional and probably also more versatile. The proposed
solution uses a data block to memorise the lighting combinations
of the sequence. The low byte of each data word contains the
code for lighting the lights. The last word contains the data
(FFFF)16 that acts as an end-point for the sequence with the
modes shown below.

The main part of the program consists of the block FB10 which is
called every 2 tenths of a second. It reads the data and then
sends them to the output module. Lets see just how.

MW100 is the pointer for the current data word. Its initial value is
0. When DB 20 is opened, the series of statements in the READ
label first load the value (FFFF)16 in the accumulator and then
the value of the current data word using a directed statement.
These two values are then compared: if they are different the
program continues by transferring the content of ACCU1, the
sequence data, to output module 2. It is then increased by the
value of the pointer and the program returns to the calling block.
This means that next time it is called by FB4, the next data word
will be loaded.

On the other hand, if the value read is equal to (FFFF)16, the
program continues from the INT label where the index is reset to
zero to return to the beginning of the sequence and the READ
label which will then seek the first combination of the sequence,
DWO.



AWL

0B1 {Main)
uN TO 'timed call of FEI10
SPE FE10 [}
uN TO '0.2 second clock
L KT Z0.0
SA TO
EBEE

0B21 {Initialisation on STOP-RUH)

b EF +0 'reinitialise index
T M100

BE

oB22 {Initiali=sation on OFF-0H)

L KEF +0 'reinitiali=zse index
T M1 00

BE

FB10 {(Light=s turned on)

A DEZO 'open data block
READ: L KH FFFF 'load the end of cycle code
: B MwW100 'read current data and
L D0 'check whether end of cycle
'=F
SPE =INIT
T AEZ 'lights turned on
L MwW100 'increase the index
L EF +1
+F
T Mwioo
BEA

INIT: L KF +0 'reinitialise index
1 T Mw100
SFPA =READ

BE

DE20 {Pata for the seguence)

FM 00000000 oo0o000000 Data for the cycle
¥ 00000000 oooooool
¥ 00000000 ooo0oo0010
KM 00000000 oooooloo
KM 00000000 ooo0o1000
ooooooo00 oool1o0000
¥M 00000000 ooloo0o00
KM 00000000 oloooooo
¥M 00000000 10000000
¥M 00000000 10000001
10 EM 00000000 10000010
11 EM OC0OC0OCOC 10000100
1z EM O0OOCOCOC 10001000
13 EM 00000000 10010000
14 EM OCOOCOCOC 10100000
15 EM O00OC0OCO0 11000000
16 EM OCOOCOCOC 11000001
17 EM 00000000 11000010
12 EM OCOOCOCOC 11000100
19 EM 00000000 11001000
Z0 EM 00000000 11010000
21 EM 00000000 11100000
i EM 00000000 11100001
23 EM 00000000 11100010
Z4 FM 00000000 11100100
25 EM 00000000 11101000
Z6 EM 00000000 11110000
27 EM 00000000 11110001
i@ EM 00000000 11110010
9 EM 00000000 11110100
a0 ¥M 00000000 11111000
31 EM 00000000 11111001
32 EM 00000000 11111010
33 EM 00000000 11111100
34 FM 00000000 11111101
35 EM 00000000 11111110
36 EM 00000000 11111111
37 KH FFFF End of cycle marker

Do -dmnd 20O







