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Chapter 1

The PLC as a system
component
1.1 Aim of this text
To identify and explain the main characteristics, architecture and
operation of PLC's
This course is not intended as an advanced text on PLC's. It is an introductory
text that is completely in line with the main purpose of the original PLC design: provide easy-to-use, high level control functionality to an audience that is
specialized in the application to be developed rather than in the programming
of computer platforms.
To reach this ambitious goal, the text will walk the reader through the
hardware architecture of the PLC. This is needed to be able to understand the
advantages and the limitations of the PLC as a platform. Next, we will proceed
in successive steps that will cover the most important aspects of the PLC:
 How to connect and use input and output signals in a PLC?
 How does a PLC communicate with its peers and with the control backbone of the plant?

 We will cover some protocols and networking methods.
 How to program a PLC easily?

 We will introduce ladder programming using standard components

such as logic functions, internal relays, timers, counters, shift registers, sequencers

 We will introduce the functional block diagram in the programming.
 How to debug a PLC based system?
5
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 We will touch some methods for software testing and a few debugging
strategies

1.2 What kind of tasks is the PLC aiming at?
A PLC controls a machine to perform a predened action in a variable context.
This means that the PLC is driving real hardware using:
 acquired electrical signals representing sensor data that measure the
state of the equipment
 generated electrical signal steering the actuators that pilot the setup
The sequence of actions to be performed by the machine is often not xed, and it
is critical that the equipment is capable to respond to a sequence of interactions
with users and/or other PLC's that is not dened beforehand. Special provisions
are to be taken for emergency responses, that cannot suer delay. Looking at
these specications, a nite state machine model is perfectly adequate as a
programming model for the PLC.
For example, the control of a drilling machine can conceptually be be described as follows:
 Wait for the work piece to be positioned
 Start the ow of the cooling liquid
 Fix the work piece on the table
 Start the drill to rotate at the appropriate speed
 Lower the drill and continue drilling until the specied depth is reached
 Retract the drill to home position
 Stop the ow of cooling liquid
 Stop the rotation of the drill
 Start over the process
The sensor inputs to such a system are:
 A proximity contact to set the homing position of the drill
 A Linear encoder to measure the current position of the drill
 A switch to detect the presence of the work piece
 An emergency stop switch, with separate rearming.
While the actuator outputs are:
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 A motor speed control output
 A valve coil control to start the ow of the cooling liquid
 A lock control for the work piece to be xed
Even for for the control of this very simple system, several input and output
variables need to be read and written, and a signicant amount of logic is to be
developed.
Classical relay based automation contain xed electrical circuits consisting
of wired switches and relays. They can perform all the needed actions: motors
can be switched on, valves can be actuated, and externally controlled or internal
switches can implement the required logic functions.
Consider some examples to make this statement a bit more concrete:
 Closing the work piece detection switch activates a relay that switches on
the spindle motor of the drill.
 A user switch activates a relay that switches on the valve releasing the
cooling uid
 A switch locks a complete, custom mechanism that keeps the work piece
in its current position

1.2.1 The classical relay-based automation
Each of these control actions requires xed electrical circuits, connecting sensors,
motors, and internal switches used to determine the current state of the device.
A `traditional' relay control implements the rules of the control system and
the actions in the connections of the relay circuits. Any time something is
changed in the operation of the system, the physical wiring of the device needs
to be revised. This is a cumbersome, error-prone and complex task.
Inputs to a relay-based systems must all be converted to digital lines: a relay
can either be on or of, but there is no value in between. Making calculations
based on the value of an analog input is therefore close to impossible.
As a consequence, the classical systems are extremely inexible, and limited to the most basic interactions. As a consequence, they are only changed
sporadically and therefore are neither scalable, nor exible.

1.2.2 Microprocessor-based automation
To increase the exibility of the system, we will try to use the same system for
all automation tasks. This avoids the physical rewiring any time a change is
made to the operation of the system.
In a microprocessor-based system, a program replaces the logic of the wiring.
Changing the program is much more easy than changing the wiring, hence this
method lifts the problem of the limited exibility encountered above.
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As microprocessors embed analog-to-digital and digital-to-analog converters,
they can easily handle analog signals and are well suited to base their decisions
on (even complex) calculations. They also have onboard provisions for PWM
outputs, that can be used to set the speed of a motor, or open a proportional
valve, as well as digital lines to read or set the state of switches and relays.
A common example of a microprocessor based system is a modern domestic
washing machine. Inputs are read from the user-operated dials, a door-closed
switch, a temperature sensor for the water temperature, and water level switches
for maximum and minimum water level detection.
The microprocessor reads these inputs and steers the speed of the drum
motor, the water ow, the drain pump, and the heater. It locks the door to
avoid opening until the washing cycle is completed.
The microprocessor-based system is maximally exible in the conguration
of its control, as the code is freely adaptable to meet the needs of the control
actions. One can obtain exibility in the hardware as well, if a standardized
microprocessor platform is used, such as the P C − 104 platform, which can be
extended using additional I/O expansion boards.
The drawback of this approach lies in the complexity of the programming:
as any part of the operation of the device must be programmed. The creation
or the adaptation of a program in such a system requires a complete development environment, and this remains a complex piece of software, that requires
specialist knowledge to be used.

1.2.3 The programmable logic controller
A programmable logic controller (PLC) is a special form of microprocessorbased controller. It uses a programming environment to implement logic functions, timers, logic operations, counters, sequencers, and calculations in a more
intuitive and high level way.
To ensure a general applicability, the basic PLC hardware mimics the general
built-up of a mainstream computer system: its main module provides a processor
unit, memory, a power supply unit, a limited number of input/output interfaces,
and the basic communications interfaces. On top of that, the PLC hardware can
be extended with additional modules that provide more specialized or additional
I/O functions or communication possibilities.
The PLC software design goal is enable operation by control engineers, who
know the control problem very well but are a bit less skilled when it comes to
computer programming. PLC programming boils down to providing simple and
rather intuitive instructions. The idea is that the PLC continuously monitors
the input signals and controls output signals according to this list of instructions.
The instructions are sequentially executed, and the program takes any actions
needed to obey all these rules. Of course, this also means that the latency of a
PLC is higher than that of a custom programmed microprocessor.

CHAPTER 1.

THE PLC AS A SYSTEM COMPONENT

9

Figure 1.1: Sourcing for a sensor (left) and an actuator (right)

1.3 Inputs and outputs
The PLC inputs and outputs are smart in the sense that they provide
 galvanic isolation: ensures that there is no conductive connection between
the sensor or actuator and the internals of the PLC. This is especially
useful for systems operating at mains voltages, as a breach of isolation in
the sensor or actuator could otherwise result in the mains voltage to be
applied directly to the PLC logic. Such a connection is also very useful
for single-ended sensors in an environment where the ground connection
is either dirty or not well dened. Connecting dierent ground terminals
can then result is large compensation currents that ow through the logic
connections of the PLC. Both situations lead to a destruction of the PLC
unit.
 signal conditioning: Sensors and actuators can often be directly connected
to the PLC without the need for other circuitry. The input signals for
the PLC are generally compatible with the supply voltage of the PLC.
However, signal conditioning is commonly provided in the input channel to
enable a wider span of applied voltages. Often, PLC's or their extensions
provide several voltage ranges. Common values available in larger PLC's
are 5V, 24V, 110V and 240V for on=o signals, while a basic PLC tends
to provide 24 V only. In the output channel, it is common to have 5 V
for an unconditioned output. After signal conditioning using relays, an
output is often capable to drive a 24V, 100mA switching signal. Modular
PLC's oer a very wide range of output driving capability, depending on
the extension modules oered.

1.3.1 Sourcing and sinking
Sourcing and sinking describes how devices fed with a DC signal are connected to the PLC. This is one of the very tricky parts in the connection of
a PLC to its environment, and it certainly deserves some explanation. In the
following, we choose the positive direction for the current to ow from the +
node to the −node of the power supply.

 A sourcing PLC input sends current to the sensor, i.e. the PLC
input module generates the current sent to the sensor, such as in gure
1.1 (left).
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Figure 1.2: Sinking for a sensor (left) and an actuator (right)

Figure 1.3: NPN (left) and PNP (right) sensors
 A sourcing PLC output sends current to the actuator. Again, the
PLC acts as a source for the current that is sent to the actuator, such as
in gure 1.1 (right)
 A sinking PLC input receives current from the sensor , i.e. the
PLC input module acts as the load for the current generated by the sensor,
such as in gure 1.2 (left).
 A sinking PLC output receives current from the actuator. Again,
the actuator acts as a source for the current that is sent to the PLC, such
as in gure 1.2 (right).
Sensors that are connected to PLC's often come in a 3 wire conguration as
in gure 1.3. These sensors are either built for the sinking, or for the sourcing
conguration. Using them in a conguration that is not meant to used leads to
problems: the sensors break if two sources are connected to each other or nothing
is measures if two loads are connected to each other. To add to the general
confusion, these sensors have been named the PNP and the NPN congurations.
Comparing the senors in gure 1.3 to the sinking and sourcing congurations,
one sees that the NPN sensors conguration corresponds to a sourcing sensor
while the PNP conguration corresponds to a sinking sensor. Connecting and
ordering sensors requires one to carefully check what type of inputs and outputs
are provided by the PLC!

1.4 Programming the PLC
Programming a PLC is intended to be simple, intuitive and should not require
too much specialist knowledge in programming. One of the Programming chal-
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lenges for PLC devices that are distributed in a production chain or are located
on a remote site, is to be able to load the program in the PLC device.
The program for the PLC can be developed on several platforms, including
hand-held devices or some computer. Once developed and tested on the development platform, the program is transferred to the actual PLC. Most PLC's
can be programmed by a standard laptop if the appropriate development framework is installed. Communication with the PLC units mainly uses a standard
interface such as Ethernet or Pronet.

Example: For the Siemens PLC's used in the labs, the SIMATIC STEP 7 software is the development platform. It complies to international standard
such as IEC 61131-3 for PLC programming. The environment supports
dierent programming languages:
 Ladder diagrams (LAD)
 Function block diagram (FBD)
 Instruction List (STL)
 Structured Text (ST) is an IEC 61131-3 compliant programming
called SIMATIC S7-SCL in the environment
 Sequential Function Chart (SFC) is an IEC 61131-3 compliant programming called SIMATIC S7-Graph. This graphical programming
language is an ecient way to represent nite state machines graphically.
The platform also provide system diagnostic capabilities, PLC simulation,
remote maintenance, and provisions for documentation. S7-PLCSIM is
an optional package for STEP 7 used for simulation of a SIMATIC S7
setup on the local development PC. It allows one to test and debug the
code before installation on the physical hardware. Early testing is key to
eciently develop the code and reduce the overall project duration.

Chapter 2

Ladder programming
2.1 Introduction
When writing a control program in a computer language such as C , a text
le is translated into as binary code le that can directly be executed by the
processor. The use of this programming style requires some programming skills,
while PLC's target control engineers who do not necessarily have to know how
to write such programs.
To open the use of the PLC to the community of non-programmers, ladder
programming was developed. Ladder programming is a graphical programming
language that will generate the control program starting from a graphical representation of the relay logic that depicts the operation of the system. Ladder
programs were soon adopted by most PLC manufacturers, but each of them
tended to add its own extensions and avors that made these versions mutually
incompatible.
To increase maintainability, an international standard for ladder programming was required. The IEC 1131-3 standard was born. It was rst published
in 1993. Besides ladder programs, the IEC 1131-3 also standardized instruction
list (IL), sequential function charts (SFC), structured text (ST), and function
block diagrams (FBD).
This chapter is an introduction to PLC programming using ladder diagrams
and functional block diagrams. We concentrate the text on the basics, that are
needed to develop ladder and function block programs.

2.2 Ladder diagrams
Consider the simple relay circuit of he left hand side of gure 2.1 The switch
SW1 is a hold switch: it remains on or o as long as it is not toggled by the
operator. The symbols L1 and L2 represent the power leads of the motor.
For the ladder representation, we represent the same relay circuit dierently.
The power rails L1 and L2 are now represented as two vertical lines. The
12
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M

Figure 2.1: A very simple relay logic setup: the motor starts when the button
is pressed
rest of the network is represented by a parallel connection of network branches
connected in between these power rails. In a ladder network, the power rails are
simple called the rails of the network.
The only branch in gure 2.1 consists of the switch connected in series with
the motor. In the ladder diagram of gure 2.1 (left), an electrical current
ows as soon as the switch is closed, and continues to ow until toggled. These
two elements are the main parts of the ladder network:
 The rails (two vertical lines) represent the the power supply of all circuits.
They form the vertical sides of the ladder.
 The logic circuits of the circuit as horizontal lines. Each logical circuit
represents a rung of the ladder. The horizontal rungs represent the control
portion of the circuit. In the case of the example, there is only one rung
and it consists of the series connection of the switch and the motor.

Note Ladder diagrams only show the control logic that is behind the operation

of the system. It is an abstract representation of the system that is in no
sense linked to its physical construction.

2.3 PLC ladder programming
A very commonly used programming method for PLC's is based on the use of
ladder diagrams. Writing a program is then equivalent to drawing a switching
circuit. The ladder diagram consists of two vertical lines representing the power
rails. Circuits are connected as horizontal lines, i.e. the rungs of the ladder,
between these two rails.
Drawing a ladder diagram requires one to adhere to certain conventions:
 The vertical lines of the diagram represent the power rails.
 All rungs are to be connected to both power rails
 Power ows from the left rail to the right rail along a rung
 Each rung represents one control operation

CHAPTER 2.
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 A rung is read from left to right
 A ladder is read from top to bottom
 Each rung must start with at least one input. Input here represents a
control action which is connected to the input of the PLC. For example,
closing a switch is an input.
 Each rung must end with at least one output Output represents any actuator connected to the output of the PLC. For example, a motor is an
output.
 On the diagram, the devices are always drawn in their normal state. For
example, a switch which remains open until something stands in front of
it is normally open. On the ladder diagram, the switch is represented by
a normally open switch symbol. An emergency stop which is closed until
opened by the operator will be represented by a normally closed switch.
 A particular device can appear in more than one rung of a ladder. For
example, we might have a relay which switches on one or more devices.
The same letters and/or numbers are used to label the device in each
situation.
 The inputs and outputs are all identied by their addresses, the notation
used depending on the PLC manufacturer.
 A ladder is executed in the same way as one reads it. When the PLC
runs, the ladder is executed rung by rung, from top to bottom and then
back to the top. Such a cycle is called a loop.

2.4 PLC ladder code execution
A PLC runs its program continuously: the loop is executed as soon as the PLC
is started and until it is stopped again.
This means that in theory changes in the inputs and the outputs are instantaneously handled and updated. It is clear however that practically this is
impossible, and therefore it is important to understand the timing constraints
and the execution procedure of the PLC. In fact, there are two possible strategies
for the execution:
 Examine each input as it occurs in the program, execute the code that
depends on the change, and modify the output accordingly. This mode
of operation is called continuous updating. Continuous updating requires
time to monitor the inputs. If many inputs are present, this time can
become prohibitively long. Changes that occur during a scan can lead to
inconsistent information, and therefore result in problems in the execution
of the code.

CHAPTER 2.

15

LADDER PROGRAMMING

Description

Graphical form

Conductor inside a rung

Connection to power rail

Normally open contact

Normally closed contact

Output
Table 2.1: The common basic symbols for the rung of a ladder diagram
 To speed up execution of a program and avoid inconsistent input data,
a set of shadow registers is used to store the state of the control logic,
inputs, and outputs.

 The PLC scans all inputs and outputs at the start of each cycle, and
takes a copy of the state.

 During execution the stored data are used to execute the logic operations. Calculated output signals are stored in the copy rather than
directly written to the outputs.

 At the end of each program cycle the outputs are copied to the real

outputs. The outputs hence will only change status one time in a
cycle.

2.5 Basic symbols used in ladder programming
The symbols that are used to draw the rungs of a ladder diagram have been
standardized in the IEC1131 − 3 standard. We will take a closer look at the
symbols for input and output devices. Note that the standard makes provisions
for semi-graphical and graphical representations. We will show the symbols for
the graphical case only.
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Figure 2.2: A simple example of a ladder rung
To start with, we consider the most basic symbols: the connections, the
inputs, and the outputs that are shown in table 2.1. Besides the connection
symbols which are pretty obvious, the inputs are represented by contacts which
represent a normally open or normally closed contact. The action linked to the
normally open switch is to close it, while the action of a normally closed switch
is to open it. Output coils are represented by just one form of symbol. The
output is on whenever power ows through the output contact.
Another important point is the labeling of the inputs and the outputs. Here,
we consider the labeling as is used for the Siemens SIMATIC series PLC's. In the
ladder diagram, the name of the associated address of each element is appended
to the symbol, as is shown in gure 2.2. For the top rung, the input is located
on port 0, bit 0, while the output is located on port 1, bit 1. This determines the
physical location that is to be used when the wiring of the PLC unit is realized.

2.6 An example of a basic ladder diagram
Consider the system that consists of a motor (output) and a switch (input). To
illustrate the dierence between a normally open and a normally closed switch,
we consider 2 rungs as in gure 2.2.
For the rst rung (top) the motor is energized when the switch is not activated. Activating the switch results in the motor to stop.
For the second run (bottom) the switch is normally open. When the switch
is not activated, the motor will stand still. Activating the switch will energize
the motor and the movement starts.

2.7 Extending Ladder with logical functions
Let us return to the original example we have started with. In the drilling
machine, there are actions that are to be initiated whenever a combination of
inputs and outputs is present. For example, the motor of the drilling machine
can only be activated if the work piece is safely locked in place. This is indicate
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Figure 2.3: A rung representing the AND function A ∧ B

Figure 2.4: A rung representing the OR function A ∨ B
by a proximity sensor indicating the presence of the work piece and a lock
complete message that is obtained from the locking mechanism .
Clearly, even this simple example shows the need for the realization of combination logic operations in ladder. In the following section we take a look at
the realization of the most common logic operators in a ladder network.

2.7.1 The logical AND function
Figure 2.3 represents a 2 input AND gate implemented as a rung of a ladder
diagram. The rung starts with two normally open input switches which are
labeled InA and InB . For the output Out to be energized, both inputs need to
be activated simultaneously.
In general, to implement a logical AND functions of a number of inputs, the
inputs are connected in series on the rung.

2.7.2 The logical OR function
Figure 2.4 represents a 2 input OR gate implemented as a rung of a ladder
diagram. The rung has two parallel sub-rungs, which both contain a normally
open input switch labeled InA and InB . For the output Out to be energized,
at least one input needs to be activated.
In general, to implement a logical OR functions of a number of inputs, the
inputs are connected in parallel on the rung.
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Figure 2.5: A rung representing the NOT function A (top) and it Siemens
notation (bottom)

Figure 2.6: A rung representing the NAND function A ∧ B

2.7.3 The logical NOT function
Figure 2.5 represents a logical NOT gate implemented as a rung of a ladder
diagram. The rung contains a normally closed input switch labeled InA . For
the output Out to be energized, the input may not to be activated.
In general, to implement a logical NOT function of an input, the input is
fed to a normally closed switch connected in series with an output.

2.7.4 The logical NAND function
Figure 2.6 represents a logical NAND gate implemented as a rung of a ladder
diagram. The rung contains two normally closed input switches labeled InA
and InB . We use the transformation rules of Boolean equations to obtain:

A∧B =A∨B

(2.1)

For the output Out to be energized, we rst invert the inputs A and B representing them as a normally closed switch, and then combine the inverted signals
in a OR function, putting two sub rungs in parallel.
In general, to implement a logical NAND function of inputs, each input is
fed to a normally closed switch which are all connected in parallel and then are
fed to an output.

2.7.5 The logical NOR function
Figure 2.7 represents a logical NOR gate implemented as a rung of a ladder
diagram. The rung contains two normally closed input switches labeled InA
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Figure 2.7: A rung representing the NOR function A ∨ B

Figure 2.8: A rung representing the XOR function A  B
and InB . We use the transformation rules of Boolean equations to obtain:

A∨B =A∧B

(2.2)

For the output Out to be energized, we rst invert the inputs A and B representing them as a normally closed switch, and then combine the inverted signals
in a AN D function, putting two sub rungs in series.
In general, to implement a logical NOR function of inputs, each input is fed
to a normally closed switch which are all connected in series before being fed to
an output.

2.7.6 The logical XOR function
Figure 2.8 represents a logical XOR gate implemented as a rung of a ladder
diagram. The rung contains two normally closed input switches labeled InA
and InB and two normally open input switched labeled InA and InB too. We
use the transformation rules of Boolean equations to obtain:


AB = A∧B ∨ A∧B
(2.3)
For the output Out to be energized, we rst invert the inputs A and B representing them as a normally closed switch, and then combine the inverted signals
in a AN D function, putting two sub rungs in parallel.
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Figure 2.9: A SET and RESET coil set or reset the output whenever their
input is energized
In general, to implement a logical NOR function of inputs, each input is fed
to a normally closed switch which are all connected in series before being fed to
an output.

2.8 The Set and Reset Coil
The specic symbols that are used for a SET or RESET coil are shown on
gure 2.9.
The reset coil labeled R is will reset the output variable only if the coil is
energized. The specied output is then DE-energized. If the reset coil is not
energized, the value of the corresponding output remains unchanged.
The set coil labeled S is will set the output variable only if the coil is energized. The specied output is then energized. If the set coil is not energized,
the value of the corresponding output remains unchanged.

2.9 Latching values
Often it is needed to store the value of an (energized) output when the input
that activated it is no longer present.
A simple situation where this occurs is when a motor is started and stopped
with a dierent push button.
 When the start button is pressed the motor has to start
 When it is released, the motor has to continue to run even though the
input is no longer activated
 The motor has to stop when a stop push button is pressed
To keep the value of the input xed even if the switch is no longer activated
requires the use of a latch. A latch is a circuit with memory: once energized, it
remains energized until another input is activated to stop it.
To implement a latch in a ladder diagram, one can use the conguration of
gure 2.10.
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Figure 2.10: A latching rung
 When InA is activated, the output Out is energized. The motor starts.
 Note the presence of an input named Out, that is activated as soon as
Out is energized: the input Out will therefore close.
 Since the rst part of the rung implements InA ∨Out, energy will continue
to ow even when the InA is no longer activated: the output Out remains
energized.
 When InB is activated, the contact is opened. Energy no longer ows in
the rung, hence the output Out becomes DE-energized.
 The input Out is no longer activated and therefore opens. The motor
stops.
 When InB is deactivated, the contact will close again. As now both InA
and the input Out are deactivated, InA ∨ Out is deactivated to and the
motor will not start again.

2.10 Multiple outputs
Up to now we have always considered that there is only one output connected
to each rung of the ladder. However, there is no limitation to the number
of outputs that are energized in a rung. We will now take a look at a rung
conguration where more than one output is connected to the same rung and
will try to understand what the purpose of multiple connections can be.
We rst consider the obvious but rather useless case of two outputs connected
in parallel to the same input such as in gure 2.11. Whenever the input is
activated, both outputs are energized simultaneously.
The main purpose of such an arrangement is to produce a sequence of outputs
to happen in a xed and predened order. To this end, the rung is adapted as
in gure 2.12.
 As long as input InA is not activated, activating InB has no eect on the
output Out2 . Indeed, there is no power ow through the left part of the
rung and therefore there is no power to energize Out2 .
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Figure 2.11: Two parallel outputs in a single rung

Figure 2.12: Two parallel outputs in a single rung
 When InA is activated

 Power is owing through the left part of the rung
 The output Out1 is energized.
 If InB is already activated before InA , Out2 is energized simultaneously with Out1

 If InB is inactive when InA is activated, Out2 is not energized.
 If InB is activated when InA is still activated, Out2 will be energized
and will remain energized as long as InB and InA are active

Conclusion: the output Out2 can never be energized before Out1 and can only
stay energized as long as Out1 is energized too

Chapter 3

Function block programming
3.1 Function block diagrams
The ladder diagram is not the only way to program a PLC. Several other possibilities are included in the standard. In this text, we will consider the function
block programming as an alternative to the ladder diagram programming.
A function block diagram describes the code for the PLC in terms of graphical blocks. These functional blocks as shown in gure 3.1 are connected together
to describe the signal ow through the program to be designed. Custom blocks
can be made more complex and can be reused in other programs as block diagrams.
A function block acts as a subroutine: it takes input variables and calculates
an output based on the value of the input variables only. The name of the
function block is written inside the block to make the functionality apparent by
looking at the block diagram.
The IEC 113-3 standard layout for the block diagrams is given in gure 3.1.
A function block is depicted as a rectangular block. Input signals are connected
to the left hand side while output signals are connected to the right hand side
of the block. Each block shows a name describing the function of the block (for
example AN D, OR, N OT ) and a name of the particular instance of the block,
that helps to understand the function of the block in the diagram, as in gure
3.1. The name of the inputs and outputs can be shown in the block to specify
their meaning.

Figure 3.1: The representation of a general function block
23

CHAPTER 3.

FUNCTION BLOCK PROGRAMMING

Description

24

Graphical form

Connection of two signal lines

Crossing of 2 signal lines

Output connector

Input connector
Table 3.1: Standard elements for a block diagram
Block diagrams have the bad habit to become very cluttered and hard to
read. To avoids this the standard has made some provisions:
 Lines in a block diagram are allowed to cross without connecting to avoid
excessive complications in the diagram.
 Connectors replace lines that would otherwise be hard to draw. They
show where an output taken at one spot in the diagram is reused as an
input in another spot.
 Function blocks can have standard functions (logic gates, counters, or
timers)
 Functions blocks can be custom dened by the user to obtain some encapsulation and introduce hierarchy in the diagrams

3.1.1 Logic Gates in function block diagrams
Function block diagrams often contain logic gates. Two symbol set are used to
represent those, In a PLC context, the international standard form (IEEE/ANSI)
is often used. It consists of a square with the name of the function written inside
the square, pretty much as in the denition of the blocks of the function block
diagrams. The most common gates are shown in gure 3.2.
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Chapter 4

Internal Relays
4.1 Why internal relays?
Up to now, we have always considered that the output of a rung in a ladder
network was an output that was made available to the outside of the PLC.
However, it is not clear that this is always required.
If we take a look at the design of nite state machines, the state variables
that determine the actual state are often synthetic variables, that do not match
to the state of a switch or an output of the nite state machine. Hence, it would
be rather foolish to use a physical output of the PLC to represent them: in a
practical system that would result in overdimensioned PLC appliances.
Internal relays are created to solve exactly that kind of problem. They act
as output variables for the ladder diagram, but are not connected to a physical
output of the PLC. Even a small PLC can have hundreds of internal relays that
can be used to implement more complex ladder diagrams. They can be saved
in dierent types of memory: if saved in normal RAM, the variables are reset
when the power is cycled; if they are saved in battery powered memory, the
value may even remain persistent if the power of the PLC is cycled.

4.2 Internal relays
Up to now, a PLC programmer can only save calculated data when they are
assigned to an output. Fortunately, the PLC programmer can also use memory
elements to hold calculated data that do not coincide with a output pin.
In fact, these storage elements are bits in the buer memory that act as
if they were physical outputs, but are not linked to any external output pin.
These bits can be switched on and o and can be used to steer other switches
exactly in the same way as an output pin does. Hence the name of internal
relay for these bits.
To use an internal relay, a ladder diagram has to contain more than one
rung:
26
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 Energize or DE-energize the internal relay in a rst rung
 Use the internal relay output to activate an input on another rung, or
rungs. Internal relays can be programmed with as many sets of associated
contacts as is needed.
 To easily see the dierence between internal relay outputs and external
relay outputs, their address type is built up in a dierent way. Dierent
manufacturers use dierent address naming conventions. Siemens uses the
term ag to denote an internal relay and uses the F (byte, bit).
 In a ladder program,

 the symbol that is used for an internal relay output is the same
symbol as is used for a physical output, but with an address that
indicates that an external relay is to be used.

 The switching contacts that are steered by the internal relay are

indicates with the normal input symbol, but again the address of an
internal relay is given rather than the address of a physical input.

4.2.1 Usage example: simplify a network
To illustrate what an internal relay can do for the ladder programmer, we take
the example of an elevator with only two oors: upper and lower. The motor
that moves the elevator needs to turn up or down to move the cage. How do we
decide when and in which direction the motor has to turn?
As the general problem is too involved for this example, we consider a very
simplistic case only. Assume that
 the elevator cannot be called from a oor
 the elevator can only be started from within the elevator, pressing the
start button
 the start button is a push button that can be released by the user without
stopping the movement
We consider the logic that is needed to answer the the start call of a user:
 The user starts the elevator pressing the start button
 If the elevator stands still AN D the elevator is at the top level, move
downwards
 If the elevator stands still AN D the elevator is at the bottom level, move
upwards
 The elevator stands still if it does N OT move upwards and does N OT
move downwards
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Figure 4.1: The simplistic elevator example
We could try to implement this using one rung for the motor moves upwards
and one for the motor moves downwards, as in gure 4.1. The problem is that
the number of inputs that has to be checked becomes high, and the readability
of the code is not very good.
We will now simplify the code using internal relays, as is shown in gure 4.2.
 We introduce an internal relay that saves the state of the elevator: stopped
means that the elevator is not moving and is an internal relay.
 We then introduce two more internal relays to determine whether

 The elevator is stopped at the top oor
 The elevator is stopped at the bottom oor.
 These two internal relays use the stopped one and the state of the
proximity switches at the top and the bottom oor.

 Finally, the lower two rungs steer the motor control and keep the motor
running until the proximity switch at the other end of the movement is
activated.

4.2.2 Usage example: reset a latched value
Internal relays can also be handy to reset the state of one or more latch circuits,
for example in the case of an emergency stop.
In the ladder of gure 4.3, the utility of a general reset for all latched variables
becomes apparent.
 Output Out is energized and latched by the input Out whenever In1 is
activated and released.
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Figure 4.2: The simplistic elevator with internal relays
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Figure 4.3: A reset for all latched outputs
 When Instop is activated






The internal relay Stop is energized
The normally closed input Stop opens in the upper rung
The output Out is DE-energized
The input Out is deactivated, and therefore Out is unlatched

 Several outputs can be unlatched in a single cycle if the same internal
relay is used for each of the output rungs.

4.3 RS ip ops in a ladder
To make the coding more ecient, many manufacturers provide the functionality
of a RS ip op for use in the rung of a ladder.
The naming of of this ip op is somewhat misleading. A ip op that is
built up with logic gates does have an forbidden combination of the R and S
lines: only 3 out of the 4 possible combinations can be applied to the op in
order to have a well dened output condition.
The RS-ip op that is used on a ladder rung does not suer this limitation.
All input combinations are allowed and to avoid the indeterminacy of the output,
the inputs are now prioritized, as is explained below.

4.3.1 Set and reset with reset priority
Figure shows the ladder diagram containing a ip op with Reset (R) priority
for a Siemens PLC. The rectangle on the ladder diagram is called a memory box
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Figure 4.4: A Reset priority op called RS

S
1
0
0
1

R
0
1
0
1

Out
1
0
hold
0

Table 4.1: Truth table for the RS ip-op with reset priority
in this context. In Siemens nomenclature, the box shown in the ladder diagram
is called a RS or reset priority memory box.
Activating the S (set) input causes the internal relay relay to be latched. It
remains latched until the R (reset) input is activated. The logic table of the
operation of the ip-op is given in table 4.1. The forbidden state S = 1, R = 1
is taken care of by implementing the priority rule: Reset priority means that
the output will be reset whatever the value of the set input is.

4.3.2 Set and reset with set priority
Figure shows the ladder diagram containing a ip op with Set (S) priority for
a Siemens PLC. The rectangle on the ladder diagram is again called a memory
box. In Siemens nomenclature, the box shown in the ladder diagram is called a
SR or set priority memory box.

Figure 4.5: A Set priority op called SR
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S
1
0
0
1

R
0
1
0
1

Out
1
0
hold
1

Table 4.2: Truth table for the SR ip-op with set priority

Figure 4.6: A pulse ladder with a RS memory box
Activating the S (set) input causes the internal relay relay to be latched. It
remains latched until the R (reset) input is activated. The logic table of the
operation of the ip-op is given in table 4.2. The forbidden state S = 1, R = 1
is taken care of by implementing the priority rule: Set priority means that the
putout will be set whatever the value of the reset input is.

4.3.3 Usage example: a retriggerable one shot ladder
To build a pulse (also called a one shot) that lasts one cycle, consider the ladder
diagram of gure 4.6. The ladder works as follows:
 In the default state, InA is DE-activated.

 The internal relay input F 0.0 is either:
* Activated if SR is set, the input switch Int Relay is then open,
resulting in OutA to be DE-energized
* Deactivated if SR is reset, the input switch Int Relay is then
closed, but the switch InA is still open and OutA is still DEenergized
Conclusion: The output OutA is always DE-energized

 For the SR M emory
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* The S input is deactivated
* The R input is activated

Conclusion: Internal relay F 0.0 and the output Out are DE-energized
 Activating InA in cycle #1 results in

 The internal relay OutA to be energized
 For the SR M emory this results in
* The R input to be deactivated
* The S input to be activated

Conclusion: the ip op is set: F 0.0 is energized, as is Out
 In cycle #2

 The input F 0.0 is activated
* Input switch F 0.0 is open

Conclusion: OutA to be DE-energized
 The input OutA is deactivated,
* S is deactivated
* R is activated
* Conclusion: the ip op is reset: F 0.0 is DE-energized, as is
Out
One clearly sees that the output Out is energized during 1cycle only, and is then
reset, whatever the state of the input is. If the input is still on at that moment,
the cycle will start over and over again until the input is deactivated.

Chapter 5

Subroutines and ladders
5.1 Mastering complexity in ladder diagrams
When the complexity of the systems continues to increase, building a single
ladder diagram that does it all becomes intractable: the need for introducing
structure in the ladder diagram then becomes apparent.
This chapter considers the 2 possible solution for complexity management
that are included in the ladder diagram:
 The jump instruction: Enables to selectively execute a section of the code,
based on the value of some variable
 The subroutine: Sections that are used in more than one place in the
ladder diagram are separated from the rest of the diagram and can be
called separately whenever needed.

5.2 Adding jump instructions to a ladder diagram.
As soon as the complexity of the application increases, the need to selectively
execute or leave out pieces of the ladder diagram becomes apparent. This type
of behavior is called a conditional jump: if a certain condition occurs, then some
ladder rungs are executed, else some other rungs get executed instead.
A general ladder diagram with a jump instruction is shown on gure 5.1.
When the input I0.0 is activated, the jump to label CAS1 is executed. Because
of the jump, the instruction that resets output Q4.0 is not executed even if I0.3
is activated. The symbol above the JM P coil that replaces the address is called
the label: it is repeated as a rung in the ladder diagram that determines where
the execution of the ladder will jump to.
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Figure 5.1: A conditional jump enables the code of network 2 to be skipped

5.3 Subroutines
Subroutines allow to perform specic tasks in a standardized way and also empower a hierarchical design of the application. They are an essential part in any
practical application. In the SIMATIC development environment that we will
be using in this course, a subroutine is called a function block.

5.3.1 What is a function block?
The function block (FB) is below the organization block in the program hierarchy. It contains a part of the program which can be called many times and at
many dierent places in the code. All the formal parameters and static data of
the function block are saved in a separate data block (DB), which is assigned
to the function block.
All specic signals that are needed as inputs and outputs for the function
block are passed on as block parameters from the organization block to the
function block, They must be listed in the variable declaration table as input
and output parameters (declaration "in" and "out").
The type of the variable needs also to be selected before the function block
can be called. The types are predened and are connected to each of the block
parameters in turn. Only letters, numbers, and the underscore are valid characters that can be used in the names of the block parameters in the variable
declaration table.
In the program code of the function block, the scope of the variables that
are used can be specied easily:
 Local block variables are indicated with a # sign and are only valid in
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the block. They are dened in the function block description.
 Global variables appear in quotation marks  and are valid for the
entire program. These are dened in the symbol table.

5.3.2 Generating Instance data blocks and changing actual values
Once the function block is programmed and the additional parameters such as
the engine-specic parameters in the variable declaration table are dened, the
data block that corresponds to the function block is to be dened. The data
block is required to be able to program the call for the function block. It needs
to be generated and saved in the programming environment.
An instance data block (DB) is always assigned to a function block. The
function block contains the code that is needed perform the action requested.
The values of the signals that are used in the code are saved in a data block.
More than one data block can be used by the same function block. For
example, consider two motors that are to be controlled by the same code. As
dierent motors use dierent drive settings and can use a dierent set point for
the speed of the engines for example, it is convenient to store these values in two
separate data blocks. Each block contains the actual value of the parameters,
and is accessed identically in the code (e.g. #Set point_Speed).
Each time a local variable (#) is changed by the code, only the value in
the current data block will be changed, the value of the local variables with the
same names present in the other data blocks remains the same. By centrally
programming the function block only once, you can signicantly cut down on
the amount of programming involved.

5.3.3 Execution of a functional block
Each functional blocks possesses at least one input and one output signal, labeled
”EN” for the input and ”EN ()” for the output.
 Whenever ”EN ” is activated, the function block will be executed.
 If the execution of the function block is successful, ”EN ()” will be energized

5.3.4 Calling a subroutine
All the work that has been done programming a function block can now be used
calling this block from within the ladder diagram. Note that for each call, both
a data block and a function block have to be provided. This ensures that the
same code can be used to control more than one physical appliance. To call
the function block from a rung in the ladder diagram, one needs to perform the
following actions:
 Select the function block in the elements catalog
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Figure 5.2: A function block ”F B1” with two dierent data blocks ”DB1” and
”DB2” is to be called from a ladder diagram ”OB1”

Figure 5.3: The inserted FB with the input contacts added
 Insert the required contacts in front of each input
 Select the data block that corresponds to the physical system data
 The engine-specic input and output variables are displayed in the FB.
 A signal is assigned to each of the variables for the FB

5.3.5 Example: Controlling an engine with a function block
As an example, we consider a function block that controls a piston engine. Two
dierent types of engine are to be used in the application, a petrol engine and a
diesel engine. Both share the same control code, but have very dierent values
for the settings and the set points that are to be used in the application.
We use a function block labeled ”F B1” called ”engine to do the control.
Two dierent data blocks are dened, ”DB1” is to be used for the petrol engine
while ”DB2” is used for the diesel engine. We want to be able to call both
instances from a ladder diagram that is labeled ”OB1”,as in gure 5.2. To call
the function block, we have to:
 Select the function block ”F B1” in the elements catalog and insert it in
the ladder diagram ”OB1”
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Figure 5.4: The functional block with labeled inputs and data block ”DB1”
connected
 Insert a contact in front of each of the inputs of the function block as in
gure 5.3.
 These contacts are then to be labeled to match the controls used in this
instance. We will assume labeled inputs for these inputs. We also link
labeled variables to the outputs of the function block. Finally, we link the
data block to the functional block. As we use the the data block ”DB1”
the symbol name ”P etrol” will appear at the top of the functional block.
Each time the FB is called, the ”P etrol”DB will be used
 The functional block is now ready to use

Chapter 6

Timers
6.1 Controlling timing in a ladder program
Controlling appliances often require timing constraints in general, but this becomes a crucial point whenever nite state machines are involved. Some timing
issues are not very demanding; think for example of a cooling uid control that
switches on cooling for a few seconds. Some others are much more complicated
and require careful handling; think for example of a watchdog timer that avoids
device lockup if the cycle time becomes too long or some communication is
stuck, or a pulse that needs to have a minimal length to enable some kind of
sensor.
PLC s have timers as built-in devices. These timers either count time in
seconds, or in internal CPU units. We will take a look at what timers can do
and which types of timers are common in a PLC.

6.2 Standardization and timers
PLC manufacturers propose dierent implementations of timers and dierent
possibilities concerning the way timers produce an output signal. There are
however some standard timers that are included in the standard and are available on most PLC's, albeit that their representation in the rung of the ladders
can still dier.
In general, a timer is loaded with a time in some format and is then counting
down until a zero value is reached.
In this text we will again consider the SIMATIC implementation, as this is
the one that we will use in the labs. In this context, each timer box provides
three inputs and three outputs as in gure 6.1.
 The S input starts the timer
 The R input resets the timer
39
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Figure 6.1: General layout of a timer function block for the SIMATIC system
 The T V input presets the value of the timer
 The Q output provides the status of the timer, and is activated as long as
the timer is running
 The BI output provides the remaining time value in binary format
 The BCD output provides the time base and the remaining time value in
binary coded decimal (BCD) format
Timers have an area reserved for them in the memory of your CPU. This memory
area reserves one 16-bit word for each timer. The ladder logic instruction set
supports a maximum of 256 timers.
There are only two types of instructions that can access these memory locations directly:
 Timer instructions that write a time value in the timer memory to load
the timer
 Updating timer instructions are accessible to the CPU in the RUN mode.
They decrement a given time value by one time unit unit until the time
value is equal to zero

6.3 SIMATIC timers
We will now take a look at the implementation of timers in the SIMATIC system.
First, the representation of a time value in the timer is explained. Next, the most
common timer appliances are introduced and their functionality is explained.
Bits 0 through 9 of the timer word contain the time value in binary code.
The time value species a number of units. Time updating decrements the
time value by one unit at an interval designated by the time base of the timer.
Decrement continues until the time value is equal to zero.

6.3.1 Coding of a preload time value
The binary representation of the timer preload value splits the bit string in 3
parts:
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Figure 6.2: Coding of the bit stream for preload of a timer in BCD format
Time Base
0.01 s
0.1 s
1s
10 s

Binary Code for the time base
00
01
10
11

Table 6.1: Coding of the time base
 Bits 0 − 11: represent the time value coded in BCD coding
 Bits 12 − 13: represent the time base value.
The time base is coded in binary code. The time base denes the interval
at which the time value is decremented by one unit. The smallest time
base is 10 ms; the largest is 10 s. The time base denition is given in table
 Bits 14 − 15: are not decoded
You can preload a time value using either of the following formats:
 W #16#wxyz with

 w = the time base (that is, the time interval or resolution)  xyz = the time value in binary coded decimal format
 S5T #aH _bM _cS _dM S

 Where H = hours, M = minutes, S = seconds, and M S = milliseconds; a, b, c, d are dened by the user.

* The time base is selected automatically. The value is rounded to
the closest lower value obtained in the specied time base
* The maximum allowable time is 9990 seconds, which corresponds
to 2H _46M _30S .
As an example, consider the following string that can be fed to a timer input:
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Figure 6.3: Behavior of the timers and their relationship to the duration of the
input signal
 W #16#10000100100111 = 127 ∗ 1 s
 S5T IM E#4S = 4 seconds
 s5t#2h_15m= 2 hours and 15 minutes
 S5T #1H _12M _18S = 1 hour, 12 minutes, and 18 seconds

6.4 Choosing the right timer for your application
The short explanation about a timer is that it will - or won't - perform a certain
action during a pre-specied period of time. Fortunately, there are many ways
to execute that action in practice, and we are going to use those in specic
applications. We therefore provide an overview of the dierent timers that are
available, and we will concentrate on the dierences in their behavior.
A timer is started by an input variable or contact, that is called I0.0 here.
We assume that the contact is activated at time T = 0. In the timing diagrams
of gure 6.3, I0.0 = 1 during the time slot that is indicated by the gray zone,
and is zero otherwise. This is shown on the top line of the gure.
The time value that is fed to the timer is labeled t in the rest of this explanation, and is indicated on the gure whenever this is relevant. The time T is
the running time variable.
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Figure 6.4: Symbol for the S _P U LSE timer (Left) and timer coil (Right)

6.4.1 The pulse timer: S _P U LSE
The maximum time that the output signal of the pulse timer of gure 6.4 remains
at 1 is the same as the programmed time value T V = t. The output signal stays
at 1 for a shorter period if the input signal changes to 0. This timer hence
produces a pulse with a length that is at most t. Mathematically speaking, we
can dene the operation of the tuner as follows:
(
0 < T ≤ t Out = I0.0
(6.1)
T >t
Out = 0
 The Pulse S5 Timer starts if there is a positive edge at the start (S ) input
(S0→1 ). A signal change is always necessary in order to enable a timer.
 The signal state at output Q is 1 (energized) as long as the timer is running.
 If the S input is deactivated before T = t, the timer is stopped and Q
becomes 0.
 The timer is reset when R changes from 0 to 1 (R0→1 ) while the timer is
running. The current time and the time base are also set to zero.
 The presence of a value R = 1 has no eect if the timer is not running.
 The outputs BI and BCD provide the current remaining time value.

 BI is binary coded
 BCD is BCD coded
 The current remaining time value is the initial TV value minus the
time elapsed since the timer was started

6.4.2 Extended Pulse Timer: S _P EXT
The output signal of the extended pulse timer of gure 6.5 remains at 1 for the
programmed length of time t, regardless of how long the input signal stays at
1. If the input signal goes from 1 → 0 → 1, the timer is restarted. This is
the operation one can expect for a regular one-shot circuit with re-triggering.
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Figure 6.5: Symbol for the S _P EXT timer (Left) and timer coil (Right)

Figure 6.6: Symbol for the S _ODT timer (Left) and timer coil (Right)
Mathematically speaking, we can dene the operation of the timer as follows:


0 < T ≤ t Out = 1
(6.2)
S0→1 (tr ) ⇒ t = t + tr


T >t
Out = 0
 The extended Pulse Timer starts if there is a positive edge at the start
(S ) input (S0→1 ). A signal change S0→1 is always necessary in order to
enable a timer.
 The signal state at output Q is 1 as long as the timer is running
 The timer runs over a time t specied at input T V even if the signal state
at the S input changes to 0 before the time interval has elapsed.
 The timer will be restarted ("re-triggered") with the preset time value t
if the signal state at input S changes from 0 to 1 (S0→1 ) while the timer
is running.
 The timer is reset if the R input changes from 0 to 1 (R0→1 ) while the
timer is running. The current time and the time base are set to zero.
 The remaining time value can be scanned at the outputs BI and BCD

6.4.3 On-delay timer: S _ODT
The output signal of the on-delay timer of gure 6.6 changes to 1 only when
the programmed time has elapsed and the input signal is still 1. This timer
delays the output activation edge for a period t with respect to the input signal.
If the input is set back to 0 before T = t, there will be no output created.
Otherwise, the output remains energized as long as the input remains activated.
Mathematically speaking, we can dene the operation of the tuner as follows:
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Figure 6.7: Symbol for the timer S _ODT S (Left) and timer coil (Right)

(
0<T ≤t
T >t

Out = 0
Out = I0.0

(6.3)

 The On-Delay Timer starts if there is a positive edge at the start (S ) input
(S0→1 ). A signal change (S0→1 ) is always necessary in order to enable a
timer
 The timer runs for the time interval t specied at input T V as long as the
signal state at input S is 1
 The signal state at output Q is 1 when the timer has run for t without
error and the signal state at the S input is still 1
 When the signal state at input S changes from 1 to 0 (S1→0 ) while the
timer is running, the timer is stopped. In this case the signal state of
output Q is 0
 The timer is reset if the reset R input changes from 0 to 1 (R0→1 ) while
the timer is running. The current time and the time base are set to zero.
The signal state at output Q is then 0
 The timer is reset if R = 1 while the timer is not running and S = 1
 The current time value can be read at the outputs BI and BCD

6.4.4 Retentive On-Delay timer: S _ODT S
The output signal of the retentive on-delay timer of gure 6.7 changes from 0
to 1 only when the programmed time t has elapsed, regardless of how long the
input signal S = I0.0 stays at 1. The output hence gets energized after a certain
delay, and remains energized until reset. The input S = I0.0 has no inuence
on the reset operation. Mathematically speaking, we can dene the operation
of the tuner as follows:


0 < T ≤ t Out = 0
(6.4)
S0→1 (tr ) ⇒ t = t + tr


T >t
Out = 1
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Figure 6.8: Symbol for the timer S _ODT S (Left) and timer coil (Right)
 The Retentive On-Delay Timer starts if there is a positive edge at the
start (S ) input (S0→1 ). A signal change (S0→1 ) is always necessary in
order to enable a timer.
 The timer runs for the time interval specied at input TV even if the
signal state at input S changes to 0 before the time interval has elapsed.
 The signal state at output Q becomes 1 when a delay t has elapsed whatever the state of input S is.
 The timer will be restarted (re-triggered) with the specied time t if the
signal state at input S changes S0→1 while the timer is running.
 The timer is reset if R = R0→1 whatever the value of S is. The signal
state at output Q = 0.
 The current time value can be read at the outputs BI and BCD

6.4.5 O-Delay timer S _OF F DT
The output signal of the o-delay timer of gure 6.8 changes to 1 when the
input signal S = I0.0 is activated to 1. It remains at 1 for a time t when the
input S = I0.0 is deactivated (S1→0 ), as long as the timer keeps running. The
pulse on the input S = I0.0 is hence extended over a time frame equal to t.
Mathematically speaking, we can dene the operation of the tuner as follows:


Out = 1
0 < T ≤ TI1.1↓
(6.5)
TI1.1↓ < T < TI1.1↓ + t Out = 1


T > TI1.1↓ + t
Out = 0
 The O-Delay Timer starts if there is a negative edge at the start S =
S1→0 input. A signal change is always necessary in order to enable a timer
 The signal state at output Q is 1 if the signal S = 1 or while the timer is
running
 The timer is reset when the signal state at input S = S0→1 while the timer
is running. The timer is then not restarted until the signal state at input
S = S1→0
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Figure 6.9: Timer based ladder program for trac lights
 The timer is reset when the reset R = R0→1 while the timer is running
 The current time value can be read at the outputs BI and BCD

6.5 Examples of timer usage
As an illustration of programming involving timers consider the sequencing of
trac lights to give the sequence red only, red plus amber, green, amber, then
repeat itself. A simple system might just have the sequence triggered by time,
with each of the possible states occurring in sequence for a xed amount of
time. Figure shows the sequential function chart and a possible ladder program
to give the sequence.

Chapter 7

Counters
7.1 Overview of counter instructions
Often during automation it is needed to count the occurrence of certain events
and to react dierently according to the number of these events. Counters
determine the number of changes in the state of a binary input signal. Examples
of such signals are to count the number of items on a conveyor belt, or the
number of pulses produced by an angular encoder to obtain the position of a a
shaft, or the number of employees who are present in a department with access
control.
A PLC counter is preloaded with a preset number of events, and then counts
down by one each time an event occurs until the counter value reaches zero.
When this happens, the counter activates its contacts. Thus a normally open
contact is closed, while a normally closed contact is opened.
PLC's contain both up counters and down counters.
 Down counters start from the preloaded value and decrement their value
by one at each event. Then, they activate their outputs when a zero value
is reached, as was explained before. Most PLC's contain down counters.
 Up counters start from zero and increment their value by one at each event,
until the preset value is reached. When the preset value is attained, the
contacts of the counter are activated.
Dierent PLC manufacturers implement their counters in dierent ways. Some
manufacturers split the functionality of the counter over dierent outputs used
in dierent rungs in the ladder diagram:
 The output of one rung is used to reset the counter
 The output of a second rung is used to count the events
Other manufacturers use a function block to represent a counter. This is then
inserted in a rung in a rung, and output signals are activated whenever the
48
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Figure 7.1: Bit codes to be used for a counter
preloaded count of events is attained. The SIMATIC environment used here uses
the latter representation, and the dierent types of counters will be discussed
in some detail.

7.1.1 Representation of the counter value
Similarly to timers, counters also are allotted a reserved space in memory that
can only be accessed by dedicated functions and the core CPU programs. This
protected memory area reserves one word (16 bits) to save the value of each
counter. The ladder diagram allows to use 256 counters in the SIMATIC implementation. The counter instructions are the only user functions that have
access to the protected memory area.
The 10 lowest bits of the word (bits 0 → 9 ) of the counter data contain the
binary representation of:
 The remaining number of events if the counter counts down
 The number of events counted if the counter counts up
 The preload value of a down counter is moved to the counter value when
the counter is set
 The prelaod value of an up counter is moved to the comparison register
when the counter is set
 The range of the count value is 0 ≤ CT R ≤ 999
A number whose value lies between 0 to 999 can be provided as a preload value
for the counter. The format used to specify the value is: C#127 with
 C# stands for binary coded decimal format (BCD format: each set of four
bits contains the binary code for one decimal value)
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Figure 7.2: Symbol for the Up-Down counter
 Bits 0 → 11 of the counter preload value contain the count value in binary
coded decimal format. Figure 7.1 shows the value of the prelaod variable
(top) and the value of the actual counter register when preloaded with the
value of 127

7.2 Up-Down Counter: S _CU D
The counter of gure 7.2 adds 1 to the counter value every time a raising edge
0 → 1 is applied to the count up input CU and subtracts 1from the counter value
every time a raising edge is applied at the CD input. The complete operation
is dened by the input signals that are provided at the dierent inputs. The
operation of these inputs is summarized below:
 The Up-Down Counter is preset with the value that is provided at input
P V every time a positive edge appears at input S = S0→1 .
 If the input R = 1, the counter is reset and preloaded with a zero value.
 The counter is incremented by one if the signal state at input CU =
CU0→1 and CV < 999.
 The counter is decremented by one if there CD = CD0→1 and CV > 0.
 If CU = CU0→1 and CD = CD0→1 , both instructions are executed and
the counter value remains unchanged.
 If the counter is set S = S0→1 and both inputs CU = 1 and CD = 1 the
counter will count once in the next scan cycle, even if there was no change
from a positive to a negative edge or vice versa.
 The output signal Q is

 energized Q=1 is if the count is greater than zero
 unenergized Q = 0 if the count is equal to zero
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Figure 7.3: Example usage of the up down counter

Figure 7.4: Symbol for the up counter

7.2.1 Example
Consider the counter in the rung of gure 7.3.
 If I0.20→1 , the counter is preset with the value of P V = M W 10.
 If I0.00→1 and CV < 999, the value of the counter C10 is incremented by
one
 If I0.10→1 and CV > 0, the value of the counter C10 is decremented by
one
 If I0.3= 1 , The counter is reset and CV = 0

7.3 Up Counter: S _CU
The up counter of gure 7.4 adds 1 to the counter value every time a raising edge
0 → 1 is applied to the count up input CU . The complete operation is dened
by the input signals that are provided at the dierent inputs. The operation of
these inputs is summarized below:
 If S = S0→1 , the counter is preset with the value at input P V
 If R = 0, the counter is reset and preloaded with a zero value
 If CU = CU0→1 and CV < 999, the counter is incremented by one
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Figure 7.5: Example of the usage of an up counter

Figure 7.6: Symbol for a down counter
 If S = S0→1 and CU = 1, the counter will count once in the next scan
cycle, even if CU0→1 did not occur.
 The output Q is

 Energized Q = 1 if CV > 0
 DE-energized Q = 0 if CV = 0

7.3.1 Example
Consider the counter in the rung of gure 7.5.
 If I0.2 = I0.20→1 , the counter is preset CV = M W 10.
 If I0.0 = I0.00→1 and CVC10 < 999, the counter C10 is incremented
CVC10 = CVC10 + 1
 Q4.0 = 1 if CVC10 6= 0

7.4 S_CD Down Counter
The down counter of gure 7.6 subtracts 1 from the counter value every time a
raising edge 0 → 1 is applied to the count up input CD. The complete operation
is dened by the input signals that are provided at the dierent inputs. The
operation of these inputs is summarized below:
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Figure 7.7: Example of the usage of a down counter
 If S = S0→1 the value at input P V is preloaded in the counter
 If R = 1 the counter is reset, hence the value of the counter is set to zero
 If CD = CD0→1 and V X > 0 the counter is decremented by one
 If S = S0→1 and CD = 1, the counter will count once in the next scan
cycle, even if there was no transition CD = CD0→1
 The signal output

 energized Q = 1 if CV > 0
 unenergized Q = 0 if CV = 0

7.4.1 Example
Consider the rungs shown in gure 7.7:
 If I0.2 = I0.20→1 , the counter is preset with the value of CT RC10 =
M W 10
 If I0.0 = I0.00→1 and

 CT RC10 > 0 the value of counter CT RC10 = CT RC10 − 1
 CT RC10 = 0 the value of the counter remains zero CT RC10 = 0
 The output is energized or not depending on the value of the counter C10

 if CT RC10 6= 0 then the output is energized Q4.0 = 1
 if CT RC10 = 0 then the output is unenergized Q4.0 = 0

CHAPTER 7.

COUNTERS

54

Figure 7.8: Set the value of a counter as an output coil

Figure 7.9: Symbol to increment the counter with an output coil

7.5 Coil based counter instructions
All the previous counters are added to a rung as a function diagram. This
is however not the only way to add a counter to a ladder diagram. A second
possibility uses only coils to describe the dierent parts of the counter separately.
In this case, one coil is used to set the value of the counter, a second coil is used
to increment the counter and a third one can be added to decrement the counter
value. This approach is illustrated in more detail below.

7.5.1 Set Counter Value Coil SC
The Set Counter Value output shown in gure 7.8 is energized if connected to
an input that undergoes a positive edge 0 → 1. When this happens the preset
value C#100 is transferred into the specied counter C5.

7.5.2 Counter Up Coil CU
The Counter Up Coil shown in gure 7.9is energized whenever its input undergoes a positive edge 0 → 1 and the value of the counter is less than 999. When
the coil is energized, the counter is incremented by 1. If there is no positive
edge at the input of the coil or the counter already has a value of 999, the value
of the counter remains unchanged.

7.5.3 Counter Down Coil CD
The Counter Down Coil shown in gure 7.10 is energized whenever its input
undergoes a positive edge 0 → 1 and the value of the counter is larger than 0.
When the coil is energized, the counter is decremented by one. If there is no

Figure 7.10: Symbol to decrement a counter with an output coil
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Figure 7.11: Usage of the coil instructions
positive edge at the input of the coil or the counter has already the value of 0,
the value of the counter remains unchanged.

7.5.4 Example: rungs for a coil based counter
The ladder network of gure 7.11 operates as follows:
 If I0.0 = I0.00→1 , the preset value is loaded to counter CT RC10 = 100
 If I0.1 = I0.10→1 , and

 CT RC10 < 999 the count value CT RC10 is incremented by one:
CT RC10 = CT RC10 + 1

 CT RC10 = 999 the count value CT RC10 remains equal, CT RC10 =
999
 If there is no positive edge in I0.1, the value of C10 remains unchanged
 If I0.2 = 1, the counter C10 is reset, C10 = 0

Chapter 8

Shift and Rotate bits
8.1 Overview of Shift Instructions
Shift registers are used to move the contents of a unsigned variable (8, 16, or 32
bits wide) bit by bit to the left or the right.
 Shifting to the left by one position multiplies the variable by 2
 Shifting to the right by 1 position divides the variable by 2
For example, consider a byte variable that has a value of 3, #B 00000011. Shifting this variable over 3 positions to the left, one obtains a value of #B 00011000,
which corresponds to a value of 24 = 3 ∗ 23 .
Assigning a value of 16 to the same variable, one obtains #B 00010000.
Shifting to the right over 2 bits, one obtains #B 00000100 = 4, the variable is
indeed divided by 4 = 22 .
It is common to specify the number of bits and the direction of the shift
as the parameters for a shift operation. The bit places that are created by the
Shift operation are lled
 with zeros when shifting up in any case
 with zeros when shifting down for unsigned numbers
 with the sign bit when shifting down for signed numbers

8.2 Shift Right Integer SHR_I or Long Integer
SHR_DI
The functionality of the shift register for the integer (16 bits) and long integer
(32 bits) as is shown in gure 8.1 is the same besides of the length of the register.
Therefore they are considered together here. As integers are signed quantities,
the sign has to be taken care of adequately, simple shifting of the bits to the
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Figure 8.1: Symbol used for the shift right shift register for an integer (Left)
and a long integer (Right)

Figure 8.2: Right bit shifting operation in the word shifting case
right will otherwise change the sign of the result. Both functional diagrams shift
the content of a variable over a specied number of bit positions to the right,
and are adapted to be included in the rung of a ladder diagram. The details of
the operation are given below:
 The Shift Right function is activated when the EN input EN = 1. The
shift operation is performed every time the EN input is activated
 The SHR instruction shifts the bits of the value provided to the IN input
bit by bit to the right.
 The input N species the number of bits over which to shift. If N > 16
for the SHR_I or N > 32 for the SHR_DI shift register, the command
acts as if N = 16 or N = 32 respectively
 The bit value shifted in from the left to ll emptied bit positions are
assigned the value of the sign bit (bit 15 for the SHR_I and bit 31 for
the SHR_DI register). This means that the freed bits are assigned to 0
if the integer is positive and to 1 if the integer is negative, as is shown in
gure 8.2.
 The shifted result appears at the output OU T
 The output EN O is activated if the input EN is activated and vice-versa
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Figure 8.3: Symbol used for the shift left shift register for word (Left) and
double word (Right)

Figure 8.4: Left bit shifting operation in the word shifting case

8.3 Shift Left Word SHL_W and Double Word
SHL_DW
The symbol that is used as a functional diagram to represent the shift right
operation in the rung of a ladder diagram is shown in gure 8.3 for the word
(left) and long word register (right). A word here is considered to be an unsigned
quantity. No special provisions are to be made during the shift. Both diagrams
have the same functionality and are therefore represented together here. The
details of their operation are given below:
 If the input EN = 1, the shift is activated
 The SHL instruction is shifts the bits of the input IN bit by bit to the
left
 The input N species the number of bits by which to shift. If N > 16 for
SHL_W or N > 32 for SHL_DW , OU T = 0
 N zeros are also shifted in from the right to ll emptied bits. The relationship between the input and output is made more explicit in gure
8.4
 The result of the shift appears at the output OU T
 EN O is activated if EN is activated and vice-versa
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Figure 8.5: Symbol used for the Shift Right shift register for word (Left) and
double word (Right)

Figure 8.6: Right bit shifting in a double word conguration

8.4 Shift Right Word SHR_W and Double Word
SHR_DW
The symbol that is used as a functional diagram to represent the shift right
operation in the rung of a ladder diagram is shown in gure 8.5 for the word
(left) and long word register (right). A word here is considered to be an unsigned
quantity. No special provisions are to be made during the shift.
Both diagrams have the same functionality and are therefore represented
together here. The details of their operation are given below:
 The shift right is activated whenever the input EN = 1.
 The SHR shifts the bits of the variable presented at the input IN bit by
bit to the right.
 The input N species the number of bits by which to shift. If N > 16 for
SHR_W or N > 32 for SHR_DW , the output OU T = 0. N zeros are
also shifted in from the left to ll the vacated bit positions, as is shown
on gure 8.6
 The result of the shift instruction can be scanned at output OU T
 If the input EN is activated, the output EN O is also activated and viceversa
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Figure 8.7: Symbol for the rotate left instruction of a double word variable

Figure 8.8: Rotate right bits in a double word conguration

8.5 Overview of Rotate Instructions
The Rotate functional blocks rotate the entire contents of of a variable bit by
bit to the left or to the right. The vacated bit places are lled with the bits
that are shifted out at the opposite side of the register. The number of successive rotations can be specied in an additional input. The available rotation
instructions are summarized below.

8.6 Rotate Left Double Word ROL_DW
The symbol that is used as a functional diagram to represent the rotate left
operation in the rung of a ladder diagram is shown in gure 8.7 for a long word
register. The details of the rotate left operation are given below:
 If the input EN = 1, the Rotate Left operation is activated
 The ROL rotates the entire contents of input IN bit by bit to the left
 The input N species the number of bits by which to rotate. If N > 32,
IN is rotated over (N − 1) modulo 32 + 1 positions. The bits shifted in
from the right are assigned to the value of the bits that were rotated out
on the left, as is illustrated in gure 8.8
 The rotated result can be found at the output OU T .
 EN O is activated when EN is activated and vice-versa
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Figure 8.9: Symbol used for the rotate right instruction

Figure 8.10: Rotate right bits in a double word conguration

8.7 Rotate Right Double Word ROR_DW
The symbol that is used as a functional diagram to represent the rotate right
operation in the rung of a ladder diagram is shown in gure 8.9 for a long word
register. The details of the rotate right operation are given below:
 If the input EN = 1, the Right Rotation is activated
 The ROR_DW rotates the input IN bit by bit to the right
 The input N species the number of bits over which to rotate. If N > 32,
IN is rotated by (N − 1) modulo 32 + 1 positions. The bits shifted in
from the left are assigned the bits which were rotated out to the right, as
is shown on gure 8.10.
 The result of the rotation appears at the output OU T
 EN O is activated whenever EN is activated and vice-versa

8.8 Example: A sequencing application
Consider the requirement for a program for two double solenoid cylinders, the
arrangement being as shown in Figure 11.6(a), to give the sequence A+, B+,
A, B. Figure 11.6(b) shows a program to achieve this sequence by the use of
a shift register.
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Chapter 9

Writing your rst PLC
program
9.1 A simple example: the press
A press with a safety guard shown in gure 9.1 is started and runs down when
the start button (S1 ) is pressed, and the safety guard is closed. When the safety
guard is closed, a proximity sensor closes the switch labeled (B0 ). To move the
press down, a 5/2 directional hydraulic valve is energized by the PLC output
labeled Y 0. If that output is left UN-energized, the press will move up till the
high end point is reached. The press needs 10 s to move to end of the movement,
and press a plastic form. After 10 s, the press has to move up automatically.
For safety reasons, the press is moved upwards when the start button S1 is
no longer pushed or when the safety guard is no longer closed.

9.1.1 Dene the project and the hardware
To dene your own project, one has to perform the following steps
 Start up the T IA portal
 Create a new project. Specify name and directory for the storage of the
project as shown in gure 9.2
 Next we add the PLC hardware that we are going to use:

 Select Devices and Networks and push Add New Device as in
gure 9.3

 Select the PLC S − 1200 CPU 1211 DC/DC/DC model 6ES7 2111AD30-0XB0 as in gure 9.4, and click Add

 The device now appears in the Device View as in gure 9.5.
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Figure 9.1: The setup to be automated and the contacts used

Figure 9.2: Create a new project

Figure 9.3: Denition of the hardware
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Figure 9.4: Selection of the CPU model that is provided in the lab setup

Figure 9.5: The Device view with the selected device

65

CHAPTER 9.

WRITING YOUR FIRST PLC PROGRAM

66

Figure 9.6: Select the tag table to link I/O pins to readable tags

Figure 9.7: Dene the tags and their associated inputs and outputs

9.1.2 Create the labeled input and outputs
To make sure the code is readable, it is good practice to give a readable tag to
each of the inputs and outputs used, and to provide a comment for the rainy
days.
 Select the default tag table in the left pane as in gure 9.6
 Introduce the tags one by one and provide sucient comments as in gure
9.7

9.1.3 Create the ladder diagram
In this simple case, the structure of the program is simple. We will work with a
main block that is called once in every cycle. That block will call a sub-diagram
that will contain the rungs that are actually executing the code used for the
press operation.
In the T IA portal, a hierarchy of blocks is dened to implement the functionality:
 The organization block [OB1] is processed cyclically by the CPU. The
CPU reads line by line and executes the program commands. When the
CPU returns to the rst program line, it has completed exactly one cycle.
The time required for this is known as the scan cycle time.
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Figure 9.8: Program blocks item as shown in the Devices pane of the project
tree
 The function block (F B) is below the organization block in the program
hierarchy. It contains a part of the program which can be called many
times in OB1. All the formal parameters and static data of the function
block are saved in a separate data block (DB), which is assigned to the
function block.
 The function (F C) looks a lot as it it were a function block. The function
is below the organization block in the program hierarchy. In order for a
function to be processed by the CPU, it must also be called in the block
above it in the hierarchy. In contrast to the function block, however, no
data block is necessary. With functions, the parameters are also listed
in the variable declaration table, but static local data are not permitted.
You can program a function in the same way as a function block
To access the program blocks, we open the Program Blocks folder in the
Project tree Devices section as is shown on gure 9.8. There is already one
block present in the list. This is the main loop [OB1] of the PLC code.

9.1.4 Denition of the function
We skip the denition of the main loop for now and start with the implementation of the press functionality in a new block, labeled Press_Movement. First
we dene the sub-diagram:
 Double-click on the new block item to open the add new block dialog
shown in gure 9.9. As we do not need local variables excepted for the
timer to be used in the ladder here, we use the function (F C), and click
OK. The Press_Movement function block now appears in the list of
program blocks in the devices pane.
 Now we start to dene the ladder interface for the press functionality as
in gure 9.10

 Dene the inputs of the F C
* User_Switch represents the switch that the user pushes to
move the press
* Safety Switch represents the sensor of the safety guard

 Dene the output of the F C
* Valve_Coil represents the coil output of the valve that sets the
direction of the press
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Figure 9.9: Dene an (F C) sub-diagram implement the press functionality

Figure 9.10:
Dene the inputs and the outputs of the sub-ladder
Press_Movement
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Figure 9.11: The empty ladder obtained once the function is dened

Figure 9.12: Select the T OF timer from the folder list
The ladder diagram is to be drawn next. A timer lies at the hart of the diagram.
We will rst add the timer to the rung, and then we dene the inputs to that
timer function diagram.
 Start from the empty ladder of gure 9.11
 Select the timer type. We want the output to be energized when the User
switch is pushed, and it needs to be kept like that for 10 s. We therefore
need a T OF timer. This is selected from the instructions pane on the
right hand side of the T IA window, under the tab instructions and the
folder Timer Operations as is shown on gure 9.12. Drag and drop the
timer on the rung of the ladder.
 When dropping the timer, the data block denition of gure 9.13 (top)
appears. As we only use the function once in this example, it is safe to
use the single instance data block (DB) by clicking the button. Press OK
to nish the denition of the timer. The rung then looks as in gure 9.13
(bottom)
 Dene the timer value: We use a constant value dened in the context of
the Press_Movement sub-diagram as is shown on gure 9.14 (top). The
type of the constant is set to be a Time and the value is set to the 10 s
used in the denition of the problem. Usage of a constant increases the
maintainability and the readability of the code. The constant is entered
in the ladder by drag and drop of the label in front of the constant. The
rung is now looking as in gure 9.14 (bottom)
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Figure 9.13: (Top) Selection of the data block for the timer operation; (Bottom)
The rung with the timer inserted

Figure 9.14: Denition and assignment of the timer value
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Figure 9.15: Add two normally open contacts to the rung

Figure 9.16: Assigning the input variables to the rung switches
 The input IN of the timer is to be synthesized next. Both the User switch
and the Safety switch are normally open contacts and are dened as such.
They are inserted in the rung by drag and drop of the open switch symbol,
and the result obtained is shown in gure 9.15
 The normally open contact are now assigned to the inputs of the subdiagram. The rung of gure results 9.16
 Finally, the output is added and labeled in the same way as was done for
the inputs, and the nal form of the rung in the function is obtained as
in gure 9.17

Figure 9.17: The nal rung for the sub-diagram, all in- and outputs assigned
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Figure 9.18: Open the main block diagram

Figure 9.19: Ladder diagram for the main program

9.1.5 Denition of the main program
We will now call the sub-diagram we have prepared from the main diagram
Main [OB1]. To this end, we perform the following actions:
 Double click the item Main in the Devices pane under the Program
Blocks folder as in gure 9.18
 The ladder diagram for the main appears. We drag and drop the Press_Movement
Block on the main rung and obtain gure 9.19
 We then assign the inputs and outputs dened above in the Default Tag

Figure 9.20: The ladder diagram for the main program
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Figure 9.21: Right-Click the PLC hardware to start the compilation

Figure 9.22: Control the version of the rmware.
Table to the function by drag and drop again and obtain gure 9.20.

9.1.6 Compilation and simulation of the code
The compilation of the code consists of 2 main steps: compilation of the hardware and the software components

 Right-Click the PLC in the Devices pane. In the popup menu, go to
Compile → Hardware (Rebuild All)  as in gure 9.21
 Repeat the procedure for the compilation of the code In the popup menu,
go to Compile → Software (Rebuild All) 
 Right-Click the PLC in the devices pane. In the popup menu go to Properties. Check the version of the rmware, which has to be at least 4.0. If
this is not the case, update the version of the PLC, using the right-click
again, and the n use Change Device from the menu.
 To download the code in the simulation case, push the simulation button
in the ribbon.
 A dialog appears as in gure . Press OK to start the simulation.
 Next, the simulator is started, the code is loaded and the simulated PLC
is started
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Figure 9.23: Press the OK button to start the simulation

Figure 9.24: The PLCSIM panel at startup
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Figure 9.25: The download of the hardware conguration is executed when
load is pressed

 The simulator panel opens as is shown on gure 9.24. Make sure the

S7−1200 series is selected. The simulator starts automatically, when
startup nished the run/stop led will turn orange.

 The PLC code will be compiled if needed and downloaded to the
PLC. The window of gure 9.25 appears. Pressing Load will load
the conguration in the simulator.

 Press Finish to terminate the loading of the code.
 The code is now loaded, as is shown in gure 9.27, and is ready to be
started. The status of the simulator is changed, as now the loaded
code appears in the top eld of the simulation window.

 Start the simulator pushing the start icon (

) in the ribbon. The
PLC program is now running on the simulated device once you allow
the PLC to go to the run state, by pushing OK in the window of
gure 9.28.

 The RUN/STOP led of the simulator ashes and then turns to

green to show that the simulated PLC is running , as in gure 9.29.
If hardware is used rather than the simulator, the led's of the front
panel of the PLC will be in the same state.

 We now consider that a simulation is performed, and we are rst creating
a simulation project to be able to apply controlled inputs to the simulated
PLC.

 Open the simulator in project mode. Click on the top right icon, next

to the name of the loaded code in the simulator compact window.
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Figure 9.26: The code is loaded and ready to be started

Figure 9.27: The PLC is now loaded with the code

Figure 9.28: Final check before the start of the simulation
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Figure 9.29: The Simulated PLC is now running

Figure 9.30: Create the simulation project
The simulator window appears as in gure 9.30. Select the menu
Project→New to create the simulator project.

 In the dialog of gure 9.31, name the project and save it wherever is
appropriate.

 The project is created and appears in the left pane (Project tree)
of the simulator window as in gure . Note that the simulator found
out automatically that the code is running.

Next, we dene what to monitor, and what to apply to the simulated PLC to be
able to debug the code. The idea is that we dene a SIM table to monitor the

Figure 9.31: Name and save the project
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Figure 9.32: The simulation project is created
inputs and outputs, and a sequence table to dene the sequence of inputs and
their timeline. This is next applied to the PLC during execution of the program
 The SIM table editor enables one to modify simulated inputs and read
simulated outputs. It is similar to a watch table, but the focus is on
modifying peripheral inputs and reading peripheral outputs. A simulation
project can contain one or multiple SIM tables. You can run multiple
SIM tables concurrently for the same simulated PLC. As soon as you
download a program from STEP 7, any open SIM table automatically
begins monitoring specied tags and addresses.
 The main purpose of a sequence is to simulate an external process interacting with your program. An external process interacts with the PLC
through inputs. Any time you enter an input address (%I), it is automatically converted to a peripheral input address (%I : P ) to more accurately
simulate a signal from a physical wire.

 You can manipulate any of the following address areas within a sequence:
*
*
*
*
*
*

Peripheral Inputs (%I : P )
Outputs (%Q)
Memory (%M )
Data block (%DB)
Timer (%T )
Counter (%C)

 With the sequence editor, you can dene a set of timed value changes

on inputs, outputs, and memory addresses. The sequence can be used
to simulate the behavior of external devices on the running program.
This allows to observe the eect of your program logic and to make
any adjustments that might be necessary.
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Figure 9.33: Show the SIM tables in the simulation project

Figure 9.34: The SIM table editor

 A project can contain multiple sequences, but you can run only one

sequence at a time. You might want to create multiple sequences
to see the eect of various adjustments to your program logic rather
than modifying a single sequence many times.

 When you save your project, you save the sequences. You can replay
them multiple times to assist in debugging your program.

To create a sim table, one can use the following steps:
 Expand the Sim Tables item in the Project Tree pane as in gure 9.33
 Create a new SIM table or use the existing table labeled SIM table_1.
 Open the table just created or selected by double-clicking the SIM table
symbol. The SIM table editor appears as in gure 9.34. This table can
be populated by all symbols in the tag table of the project pushing the
label icon ( ) in the ribbon of the editor.
 The populated SIM table of gure 9.35 appears. One can now set or
reset the inputs depending on the initial state that is to be expected. In
this case putting all inputs to false is OK. The state of the inputs and
outputs of the PLC are indeed all immediately apparent as in the T IA
watch window.
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Figure 9.35: The populated SY M table

Figure 9.36: Show the Sequence tables in the simulation project
To create the sequence table, one can follow the following procedure
 Expand the Sequences item in the Project Tree pane as in gure 9.36.
 Create a new Sequence or use the existing one labeled Sequence_1.
 Open the table just created or selected by double-clicking the Sequence
table symbol. The Sequence table editor appears as in gure 9.37.
 Create a sequence that:

 DE-Activate the Sensor Safety Guard B0, then wait for 5sActivate
the Sensor Safety Guard B0, then wait for 5s

 Activate the Start button S1 and keep it activated for 20s, then DEactivate it

Figure 9.37: The Sequence table editor
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Figure 9.38: The sequence that dened for this test

Figure 9.39: Create a trace window to see the inputs and outputs of the PLC

 DE-activate the Sensor Safety Guard B0
That sequence is illustrated on gure 9.38. Use the ribbon to add or
remove lines, and select the symbols from the pop-up menu under the
column labeled Name
Dene a Trace window that contains a timing like display of the binary inputs
and output of the PLC to visualize the signals
 Under the Project pane, expand the Traces item and double-click Add
New Trace as in gure 9.39
 A new trace window appears, as in gure 9.40. The signals to be monitored
are added pushing the
button in the Name column of the Signals pane.
Add the two input signals and the output signal to the list of signals to
be recorded, and obtain the Signal pane as in gure 9.41.
 We then congure the sampling settings of the signals we have dened. In
this slow application, we save the values every 10 cycles, for a maximum
duration and use the cycle time of the main program. The conguration
then looks as in gure 9.42.
 If we do not take special precautions, we will start saving the traces as
soon as the record button is pressed. As in this simulation we have to
start the Sequence form a dierent application, we will introduce a trigger
condition to delay the start of the recording until the sequence is started.
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Figure 9.40: A New trace window appears

Figure 9.41: The signals to be monitored

Figure 9.42: Sampling setting for the time traces

Figure 9.43: Trigger denition for the recording
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Figure 9.44: Signal display of the Trace
We ask to start recording as soon as a rising edge is found in the B0 signal.
We then obtain a trigger denition that looks like on gure 9.43.
 We download the conguration of the Trace to the PLC, pushing the
download button (
) in the ribbon of the Trace editor. The Trace
editor will then switch to the Diagram tab, and show the display of
) in the ribbon if it is not
gure 9.44. Push the Observe button (
activated (a white square appears when activated).
Start the recording of the signals and the sequence that was dened earlier
 Next push the Activate Recording button ( ) in the ribbon to start
the signal recorder. Once the recorder is started, a white square appears
around the icon (

)in the ribbon of the Trace window of the T IA portal

 Then start the sequence just dened pushing the Start Sequence button
( ) in the ribbon of the sequence editor window. The sequence recording
starts as soon as the recording is activated, but the trace is only saved
after the trigger condition happened. At the end of the trace recording,
the trace looks as in gure 9.45. The program clearly does not do what
we intended: the rising edge of the output is delayed by 10s rather than
to last for 10s
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Figure 9.45: Recorded trace for the rst program
We will now remove the bug from the software. The problem clearly is that the
timer that was selected is not the right one for the targeted application. We
will x this as follows:
 We edit the Press Movement function. Therefore we open the edit window by double clicking that item in the Devices pane under Program
Blocks. We then double click the T ON symbol in the timer, and replace
it with a ”T P ” timer in the popup menu. Note that the indicator next
to the changed items in the Devices pane turn to orange to indicate the
change.
 We recompile the code, reload it and also reload the Trace, and then we
obtain the timing diagram of gure 9.46, which is now in line with the
behavior that we expect.
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Figure 9.46: Recorded trace for the rst program
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