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Safety Information

Important NOTICE
Information

Read these instructions carefully, and look at the equipment to become familiar
with the device before trying to install, operate, or maintain it. The following
special messages may appear throughout this documentation or on the equipment
to warn of potential hazards or to call attention to information that clarifies or
simplifies a procedure.

The addition of this symbol to a Danger or Warning safety label
indicates that an electrical hazard exists, which will result in
personal injury if the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential
personal injury hazards. Obey all safety alert messages that
follow this symbol to avoid possible injury or death.

A DANGER

DANGER indicates an imminently hazardous situation which, if not avoided,
will result in death or serious injury.

AWARNING

WARNING indicates a potentially hazardous situation which, if not avoided,
can result in death or serious injury.

A CAUTION

CAUTION indicates a potentially hazardous situation which, if not avoided, can
result in minor or moderate injury.

NOTICE

NOTICE is used to address practices not related to physical injury.
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Safety Information (cont.)

Important PLEASE NOTE
Information
(cont)) Electrical equipment should be installed, operated, serviced, and maintained only

by qualified personnel. No responsibility is assumed by Schneider Electric for any
consequences arising out of the use of this material.

A qualified person is one who has skills and knowledge related to the construction
and operation of electrical equipment and the installation, and has received safety
training to recognize and avoid the hazards involved.
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Before the Course Begins

SCOF_)G_Of this This training manual is a supplement to the authorised training. In order to make

Training proper use of the software students should also refer to the documentation that has

Manual been provided with the product such as the Help Files, User Guides or Knowledge
Base.

The graphics displaying screen captures were taken using the Windows® XP
operating system using Classic mode display properties. If students are running a
different version of Windows then screen images may differ slightly from those
shown in the training manual.

Some screen captures may have been taken from beta versions of the software and
may vary slightly from release screen captures.

Product Related

Information
ADANGER

HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

¢ Disconnect all power from all equipment including connected devices prior
to removing any covers or doors, or installing or removing any accessories,
hardware, cables, or wires except under the specific conditions specified in
the appropriate hardware guide for this equipment.

e Always use a properly rated voltage sensing device to confirm the power is
off where and when indicated.

¢ Replace and secure all covers, accessories, hardware, cables, and wires
and confirm that a proper ground connection exists before applying power
to the unit.

e Use only the specified voltage when operating this equipment and any
associated products.

Failure to follow these instructions will result in death, serious injury, or
equipment damage.
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Before the Course Begins (cont.)

Product Related
Information
(cont.)

AWARNING

LOSS OF CONTROL

e The designer of any control scheme must consider the potential failure
modes of control paths and, for certain critical control functions, provide a
means to achieve a safe state during and after a path failure. Examples of
critical control functions are emergency stop and overtravel stop, power
outage and restart.

e Separate or redundant control paths must be provided for critical control
functions.

e System control paths may include communication links. Consideration must
be given to the implications of unanticipated transmission delays or failures
of the link.

e Observe all accident prevention regulations and local safety guidelinesl.

e Each implementation of this equipment must be individually and thoroughly
tested for a proper operation before being placed into service.

Failure to follow these instructions can result in death, serious injury, or
equipment damage.

! For additional information, refer to NEMA ICS 1.1 (latest edition), "Safety
Guidelines for the Application, Installation, and Maintenance of Solid State
Control" and to NEMA ICS 7.1 (latest edition), "Safety Standards for
Construction and Guide for Selection, Installation and Operation of Adjustable-
Speed Drive Systems" or their equivalent governing your particular location.

AWARNING

UNINTENDED EQUIPMENT OPERATION

¢ Only use software approved by Schneider Electric for use with this
equipment.

e Update your application program every time you change the physical
hardware configuration.

Failure to follow these instructions can result in death, serious injury, or
equipment damage.
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Before the Course Begins (cont.)

User
Responsibilities

The products specified in this document have been tested under actual service
conditions. Of course, your specific application requirements may be different
from those assumed for this and any related examples described herein. In that
case, you will have to adapt the information provided in this and other related
documents to your particular needs. To do so, you will need to consult the
specific product documentation of the hardware and/or software components that
you may add or substitute for any examples specified in this training
documentation. Pay particular attention and conform to all safety information,
different electrical requirements and normative standards that would apply to your
adaptation.

AWARNING

UNINTENDED EQUIPMENT OPERATION

e Only use software approved by Schneider Electric for use with this
equipment.

e Update your application program every time you change the physical
hardware configuration.

Failure to follow these instructions can result in death, serious injury, or
equipment damage.

The use and application of the information contained herein require expertise in
the design and programming of automated control systems. Only the user or
integrator can be aware of all the conditions and factors present during installation
and setup, operation, and maintenance of the machine or process, and can
therefore determine the automation and associated equipment and the related
safeties and interlocks which can be effectively and properly used. When
selecting automation and control equipment, and any other related equipment or
software, for a particular application, the user or integrator must also consider any
applicable local, regional or national standards and/or regulations.

SoMachine Basic Manual Release 1
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Before the Course Begins (cont.)

User
Responsibilities
(cont.)

viii

Some of the major software functions and/or hardware components used in the
examples described in this training document cannot be substituted without
significantly compromising the performance of your application. Further, any
such substitutions or alterations may completely invalidate any proposed
architectures, descriptions, examples, instructions, wiring diagrams and/or
compatibilities between the various hardware components and software functions
specified herein and in related documentation. You must be aware of the
consequences of any modifications, additions or substitutions. A residual risk, as
defined by EN/ISO 12100-1, Article 5, will remain if:

» itis necessary to modify the recommended logic and if the added or modified
components are not properly integrated in the control circuit.

» you do not follow the required standards applicable to the operation of the
machine, or if the adjustments to and the maintenance of the machine are not
properly made (it is essential to strictly follow the prescribed machine
maintenance schedule).

» the devices connected to any safety outputs do not have mechanically-linked
contacts.

A CAUTION

EQUIPMENT INCOMPATIBILITY

Read and thoroughly understand all device and software documentation before
attempting any component substitutions or other changes related to the
application examples provided in this document.

Failure to follow these instructions can result in injury or equipment
damage.

SoMachine Basic Version 1.1
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Before the Course Begins (cont.)

Start-up and
Test

When applying this training and before using electrical control and automation
equipment after design and installation, the application and associated functional
safety system must be subjected to a start-up test by qualified personnel to verify
correct operation of the equipment. It is important that arrangements for such
testing be made and that enough time is allowed to perform complete and
satisfactory testing.

A CAUTION

EQUIPMENT OPERATION HAZARD

o Verify that all installation and set up procedures have been completed.

o Before operational tests are performed, remove all blocks or other
temporary holding means used for shipment from all component devices.

¢ Remove tools, meters and debris from equipment.

Failure to follow these instructions can result in injury or equipment
damage.

SoMachine Basic

Verify that the completed system, including the functional safety system, is free
from all short circuits and grounds, except those grounds installed according to
local regulations. If high-potential voltage testing is necessary, follow the
recommendations in equipment documentation to help prevent injury or
equipment damage.

Manual Release 1



Before the Course Begins (cont.)

Operation and
Adjustments

Regardless of the care exercised in the design and manufacture of equipment or in
the selection and ratings of components, there are hazards that can be encountered
if such equipment is improperly installed and operated.

In some applications, such as packaging machinery, additional operator protection
such as point-of-operation guarding must be provided. This is necessary if the
hands and other parts of the body are free to enter pinch points or other hazardous
areas where serious injury can occur. Software products alone cannot protect an
operator from injury. For this reason, the software cannot be substituted for or
take the place of point-of-operation protection.

AWARNING

UNGUARDED MACHINERY CAN CAUSE SERIOUS INJURY

¢ Do not use this software and related automation equipment on equipment
which does not have point-of-operation protection.

¢ Do not reach into machinery during operation.

Failure to follow these instructions can result in death, serious injury, or
equipment damage.

Ensure that appropriate safeties and mechanical/electrical interlocks related to
point-of-operation protection have been installed and are operational before
placing the equipment into service. All interlocks and safeties related to point-of-
operation protection must be coordinated with the related automation equipment
and software programming.

ﬁ/) Note:

Coordination of safeties and mechanical/electrical interlocks for point-of-
operation protection is outside the scope of the examples and implementations
suggested in this training documentation.

It is sometimes possible to adjust the equipment incorrectly and may produce
unsatisfactory or unsafe operation. Always use the manufacturer instructions as a
guide to functional adjustments. Personnel who have access to these adjustments
must be familiar with the equipment manufacturer instructions and the machinery
used with the electrical equipment.

SoMachine Basic Version 1.1 May 2014



Course Overview

Course
Objectives

Target
Audience

Prerequisite
Knowledge

By the completion of this training course the student will be able to:

Understand the SoMachine Basic software

Use SoMachine Basic to program the M221 range of Logic Controllers
Create an application

Program an application

Faultfind an application

Document an application

YV V V V V V

The SoMachine Basic training course is aimed at new users of SoMachine Basic
and the M221 Logic Controller.

It is expected that readers of this document will know how to operate a computer
and have a general understanding of control techniques but no previous
knowledge of SoMachine Basic is required.

SoMachine Basic Manual Release 1
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Course Overview (cont.)

Support If support or additional information about any concepts or products in the course
is required, students should ask the Instructor who will either address the question
or obtain additional technical assistance as required.
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Conventions Used in this Manual

Objectives

Exercises

User Input

These are the skills to be achieved by the end of each chapter. An overview
providing a brief synopsis of the topic begins each section. Often, examples are
given to illustrate the conceptual overview.

Example -

The configuration environment consists of several toolbars, browser windows and
programming editors. This chapter introduces the user to the configuration
environment using an example project with pre-defined elements.

This Chapter Covers These Topics:

B T opIn A L 1-2
B T opie B o 1-3
B Topie 1-5

After a concept is explained students will be given exercises that practice the
skills just learned. These exercises begin by explaining the general concept of
each exercise and then step-by-step procedures are listed to guide students
through each exercise.

Example -

Paste an object from a library onto a test page called Utility.

1 Run the Milk_Upgrade project then trigger and view some
alarms.

i Use the following template settings:

Whenever information is to be typed into a field or dialog box it will be written in
this font:

KETTLE TEMP/25

Note that some exercises will show a fragment of information already typed into a
SoMachine Basic screen and then ask students to add extra lines of configuration.
In this instance, the previously entered material will be given to the student as
light grey italic text.

OVEN_TEMP/5

SoMachine Basic Manual Release 1
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Conventions Used in this Manual (cont.)

Hints & Tips

Note

Menus and
Menu Options

Horizontal and
Vertical Tabs

Xiv

This heading will provide students with useful or helpful information that will
make configuring the project easier.

Example -

Q Hints & Tips:

To go to the next field, use the mouse cursor or press the TAB key.

A note will refer to a feature which may not be obvious at first glance but
something that should always be kept in mind.

Example -

ﬁ/) Note:

Any events named GLOBAL are enabled automatically when events are enabled.

[T

Text separated by the double arrow symbol “»” indicates that students are to
select a menu.

Example -

File » New...

Open a menu “File” then select the menu option “New...”

Text written this way indicates the Horizontal then the (Vertical) tab is to be
selected.

Example -

Appearance (General)

SoMachine Basic Version 1.1
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Conventions Used in this Manual (cont.)

See Also Text written in this way indicates further references about the current topic.

Example -

O§ See Also:

For further information about Templates, see SoMachine Basic Help - Using
Page Templates.

Further This heading describes topics that are covered in more advanced courses.
Training

Example -

@ Further Training:

Trend Table Maths is a topic in the Customisation and Design Course.

SoMachine Basic Manual Release 1
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Chapter 1: Introduction

Overview

Introduction SoMachine Basic was written specifically for programming the M221 Logic

Controller and is based on the full version of the SoMachine software.

This chapter gives an overview of the SoMachine Basic software and the M221
Logic Controller.

This Chapter Covers These Topics:

»  What is SOMachine BasiC?..........ccocvvvriniinieeinnene e 1-2
» Machine Solutions Hardware ............cccoeevveiieneninseenenannenn 1-3
» The M221 Logic Controller............cccovveviivieieeiece e 1-4
» SoMachine Basic Software Installation.............ccccccvvnennene. 1-6
» The SoMachine BasiC SOftware ...........ccooevevenenene s 1-7
» The Configuration ENVIronment...........cccccevevenenencnnnene. 1-10
» Customising the Software...........ccccceeeiieiie v 1-15



What is SoMachine Basic?

Software SoMachine Basic is software created to program the Machine Solutions M221
Logic controller.

The SoMachine programming software is used for programming Machine
Solutions Logic Controllers and has evolved over several years. The M221 Logic
Controller is a new, low-cost unit aimed at simple machine applications; it can very
easily be used in place of a Twido PLC. SoMachine is an expensive programming
solution for this so SoMachine Basic was produced as a cut-down version of
SoMachine. It does not have the functionality of the full SoMachine software but
this free-issue software can be used for the M221 controller.

ﬁ/) Note:

SoMachine Basic can only be used to program the M221 Logic Controller. Any
other Logic Controller will require the full SoMachine Software.
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Machine Solutions Hardware

M2xx Logic The M2xx logic controllers form the basis of Machine Solutions control systems.

Controllers There are 3 logic controllers; the M221, M241 and M251. Selection will depend on
the required complexity of the application and cost. Generally, as the complexity
increases so does the cost.

Machine

M2 M1
Complex Special

Dedicated
§machines

C1
Higher Cost

o
JC3
Low Cost

SoMachine Basic is only able to program the M221 logic controller. The full
version of the SoMachine programming software must be used to program the
M241 and M251.

SoMachine Basic Manual Release 1



The M221 Logic Controller

M221 Logic The M221 Logic Controller is a small, low-cost controller for simple machine

Controllers applications. AM221 Logic Controllers are powered by either 24VDC or 100-
240VAV and have a modular design allowing the addition of further analog, digital
and specialised 1/0.

They are fitted with one or two RJ10 connector serial ports and a USB port for
application transfer.

A SD card slot is located under the central cover to allow data transfers and
firmware update via SD card.

Information and diagnostic LEDs are also fitted on the front panel.

Common There are several common options or components that are present on all M221
Components Logic Controllers.

Serial Port for data transfer

USB connector for programming

2 independent 0-10V Analog Inputs
SD Card slot for data transfer

LED Information display

On-board 1/0

High speed counter inputs

I/0 Expansion

YV VV YV V VYV YV

The internal workings of all M221 Logic Controller are also basically the same
with just a few different components for the options. This means that the
performance will be the same across the entire M221 product range.
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The M221 Logic Controller (cont.)

Optional There are a number of options for the M221 Logic Controller.
Components
A range of input and output combinations

0.1A transistor outputs or 2A relay outputs

Ethernet connection for programming and data transfer

Removable terminal block or HE10 connector

Screw or spring connectors for the removable terminal blocks

Pulse generator to provide pulsed or Pulse Width Modulation (PWM) control

YV V V V V V

Some are exclusive, for example the 16 input/16 output units can only be supplied
with transistor outputs.

For a full list of available units and options, see Chapter 2 - M221 Hardware.

1/0 Expansion The M221 comes with some 1/O built-in but this may not be enough to meet the
needs of the application.

If more 1/O is required, expansion modules can be added to the M221 Logic
Controller to provide more 1/0. These expansion modules can be either the existing
TM2 modules or a new range of TM3 modules. Modules can be either digital or
analog and provide additional inputs, outputs or a combination of both.

Compatibility with the TM2 range of I/O means that it is very easy to replace a
Twido with a M221 Logic Controller.

SoMachine Basic Manual Release 1
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SoMachine Basic Software Installation

System To install SoMachine Basic the following computer specification is required:
Requirements
Windows 8/7/XP

32bit or 64bit

Microsoft .NET version 4.0
1GB RAM

200MB Hard disk space
Dual core processor

YV V V V V V

Installation SoMachine Basic installation comes as an executable file. Simply run the
executable to install the software. The installer for SoMachine Basic will uninstall
any previous version of SoMachine Basic before the installation.

If SoMachine Basic is updated to a newer version, the firmware in the M221
controller must also be updated.

For further details, see the installation guide located on the CD and firmware
update in Chapter 2 - Firmware Update.
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Managing
Applications

The SoMachine Basic Software

When SoMachine Basic starts, the start page is displayed with the option to open
an existing project or create a new one. Recent projects are also listed to allow easy
access to these.

SoMachine Basic'’

Projects ~ Recent projects

Co ol 5
[ Connect New project smbp.
[ Template
[ Help
‘ About
| -
x Exit

Create a new project Open an existing project

Sclénelder

lectric

Click any listed project to open it or click the Open an existing project button to
navigate to a folder and open a project. Click the Create a new Project button to
create a new project.

Projects can be saved by clicking the Save button on the toolbar or saved as a new
file by dropping down the menu and selecting Save as project from the menu.

@ New project
4 O sE-] % ?

Save Ctri+5
Prop-erlies Save as project
Save as template

SoMachine Basic Manual Release 1
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Exercise - Managing Applications

Learning By the completion of this exercise you will:
Outcomes
» Create a new application

» Save and load an application

1 Start the SoMachine Basic software.
i Either

Double-click the SoMachine Basic icon on the desktop.
or

Go to Start » All Programs » Schneider Electric » SoMachine Basic »
SoMachine Basic

2 Create a new project.

i From the startup page click the Create a new project button.

SoMachine Basic"’

Projects

[ comest |
[ Tenpite |
[ hep |
[ moow |
( X Exit E; =

Creale a new project Open an existing project

Scl&neider

Electric

ii. The new project will be opened with a controller already configured.

3 Save the project

i Drop down the menu next to the Save button on the toolbar.

New project
 LOeE- £ ?
Save Ctr+5
Save as template
There are options to Save and Save as. Choose Save from the

menu. The save can also be done using the standard key
combination <Ctrl>S.

ii. Give the project an appropriate name. One that describes the
application will be helpful when trying to find an application file later.
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Exercise - Managing Applications (cont.)

4 Load a project.

i Click the SoMachine Basic icon in the top left hand corner to display
the start page.

@ New project
Pl D E_'l E.l - X

ii. The file just saved will be displayed. Click the file to open it.

SoMachine Basic'*

Projects

‘ Connect
[ Template
| Help
‘ About
‘ X Exit

Create a new project Open an existing project

Sclénelder

Electric

If a message box appears stating that the latest changes will be lost and asking if
you want to proceed click the Yes button to open the project.

Advice X

If you open a project, the latest changes will be lost.
Are you sure you want to proceed ?
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The Configuration Environment

Application The main application configuration area consists of four tabs. These are:
Configuration
Properties

Configuration
Programming
Commissioning

YV V V V

@ New project Schneider Eleciric SoMachine Basic
= % ? com2 |9%] || Program emror(s) detected

W

These sections provide a logical structure and make the various configuration tools
easy to find. Working from left to right creates a structured approach to creating
the application.

Properties The Properties section allows information to be recorded about the application
including the programmer and where it is being used.

» The Front Page Section allows the creator of the application to enter contact
information. This is useful to the customer as if the application needs
modifying as it provides a first point of contact.

» The Company section allows information about the company to be entered.
This information can be useful to an integrator to identify who the application
was created for.

» The project information section gives information about the project itself. This
is useful for both integrators and end users who have multiple projects for a site
as it will identify the application and where it is used.

A photo can also be included which can be useful to show the area where the
application is being used.

This section also contains areas where the project can be protected from viewing or
changing. This can be useful for OEMs and Integrators who wish to protect their
intellectual property.
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The Configuration Environment (cont.)

Configuration The configuration page is used to configure the hardware used in the project. This

will include selecting the correct controller and additional 1/0 modules, and

configuring the parameters for the hardware.

@ New project Schneider Electric SoMachine Basic - Demo version for test only DEX
d B g~ % ? comz (98] @]  Program emor(s) detested
Properiies Configuration Programming [
alp @llal ' M221 Logic Controllers
[T Digital inputs o Reference Power supply
M Digital outputs E
TM2ZICIET 24 Vdc
TM2ZAC24R  100..24C0
TM221C24T 24 Vdc
TM2ZICHOR 100240
TM2ZICHOT 24 Vdc
TM2ZICEIER 10024
TM2ZICEIST 24 Vdc

TM2Z1CEZ4R

[

> M221 Cartridges
Device description
TMEZIMIER. (screw), TM22LMIGRG (spring) Device description
8 digital inputs, & relay outputs (2 A), 2 analog inputs, 2 serialline: ports, 24 Vdc power supply controlier TM221C16R (screw)
with removable terminal blocks. 9 digital inputs, 7

serial line port,
100-240 Vac power
supply with
removable terminal
blacks.

100...240

> TM3 Digital 1JO Modules
Hl  Messages > M3 Analog 1/ Modules
> M2 Digital 1/O Modules
> TM2 Anzlog /O Modules
> TM3 Expert 1/O Modules

The SoMachine Basic software has drag-and-drop hardware configuration.
Controllers and modules are listed in a catalog allowing the modules to be selected
and dropped into the configuration area. Modules may be reordered by simply

dragging them to the new position.

When the required modules have been added, they can be selected and a list of
configurable sections is shown in the hardware tree allowing parameters to be

configured.

SoMachine Basic Manual Release 1
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The Configuration Environment (cont.)

Programming The programming tab is where the control program is actually written. This can
currently be done using either Instruction List or Ladder. SoMachine Basic
provides a way to program in either of these languages and switch easily between
the two. It also provides a way of separating sections of program into a logical
structure to make the program easy to follow.

@ New project Schneider Electric SoMachine Basic - Demo version for test only Q o @
d 5 E- % ? com2 (98] |B]  Program ermor(s) detected

Tasks | Tools

3.3 B0/ e @ W 1T [O0eeew 5 0 -

B3 (-1 | (+] 1-Newpou

jor o
ask
eriodic Task
vents
es POUS

o selected view.

This section can also be used for debugging the application when SoMachine Basic
is connected to the M221 Logic Controller.

The Programming section is covered in more detail in Chapter 3 - Programming a
Simple Application.
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The Configuration Environment (cont.)

Commissioning When an application has been created, SoMachine basic can be connected to a
M221 Logic Controller and the application sent to the controller. This connection
can be made by serial, USB or Ethernet. Before the application is downloaded, the
program is checked for programming errors to ensure that it is not run in the
controller with an error present.

@ New project Schneider Electric SoMachine Basic - Demo version for test only
d =g~ % ? comz2 (98] |B]  Program ermor(s) detected

0
0
[x)

Properties Configuration Programming Commissioning

B Commissiening Local Devices Ethernet Devices | <3 |

COM1

Selected Controller

Launch simulator |

Various tools are then available to check the operation of the program and that the
application is working correctly. These include in-line monitoring of values in the
program, animation tables and the ability to change the values of objects in the
program.

The Commissioning section is covered in more detail in the Chapter 4 - Getting it
all Working.
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The Configuration Environment (cont.)

Status Bar The status bar shows information about the connection between SoMachine Basic
and the M221 Logic Controller.

Program erron(s) detected

It shows whether there is a program error, connection status, controller status, scan
time and the last error. It also shows whether the controller is running or stopped.

The information shown here can be useful for debugging applications.
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Customising the Software

ACC?SSing the To access the settings, click the settings button * on the SoMachine Toolbar.
Settings
2.'813 New project
A OBl ®?

There are three sections in the settings. These are:

> General
> Ladder Editor
» Configuration

General Settings The General Settings allow the language of SoMachine Basic to be changed.
Current options are English, French and Italian.

System Settings ()

B System Sattings . .
= Language
Ladder Editor French - Francais
Configuration German - Deutsch

NOTE : Clod >PaMish - Espafiol

language. Italian - Italiano
Chinese - OO
Portugusss - Portugués
Turkish - Tirkge

English - English

ic to view the user interface in the new

After the language has been changed, SoMachine Basic must be restarted.
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Settings (cont.)

Ladder Editor The Ladder Editor Settings configure the behaviour of the ladder editor.
Settings

The ladder editor grid style can be changed to dots, dashed lines or solid lines

The number of columns in the ladder editor can be chosen by setting a value from
11 to 30.

The tool selection setting determines what happens in the ladder editor when an
object has been placed on a rung. Keep selected tool will allow multiple objects of
the same type to be placed without having to reselect the object from the toolbar.
This is useful for placing multiple contacts. Reset to pointer will place one object
then reset to the pointer so another action can be carried out.

System Settings (x)

B System Settings
General

Grid lines style: | Dots |

Configuration Number of columns | 11 :|

Tool Selection Conservation
(®) Keep selected tool
(O Reset to pointer

Shortcuts and toolbar style: | SoMachine Basic set =

Insert Rung SoMachine Basic set (=
Asian set 1

Delete rung i
Asian set 2

Deactivate branching mods European set

Activate branching mode  American set

Selection mode Escape

Draw wire F3 Alt+L [=]

The shortcut and toolbar style can be changed to either the standard SoMachine
Basic style or an Asian/European/American style. These alternative styles are
similar to other programming software shortcuts and toolbars making programming
in SoMachine Basic easier for engineers who are used to other programming tools.
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Settings (cont.)

Configuration

will then be used whenever a new application is created.

System Settings

(x

The Configuration setting allows the default controller to be chosen. This controller

B  System Settings
General
Ladder Editor

Preferred controller | TM221M16R/G ~ |

TM221C16R
TM221C16T
TM221C24R
TM221C24T

f TM221C40R

q TMa21040T
TM221CE16R
TM221CE16T
TM221CE24R
TM221CE24T
TM221CE40R
TM221CE40T
TM221M1ET/G
TM221M32TK
TM221ME16R/G

e TMZ21M1E6RIG
Modular 24Vde

[oris 25L
G relays

8

fion

BR (screw), TM221M1ERG (spring)
nputs, & relay oufputs (2 A), 2 analog inputs, 2 senal line

'de power supply controller with removable terminal blocks.

v 24V

520 mA 480 mA

TM221MEL6T/G [+

This is useful for OEMs who are creating similar applications and will use the
same controller most of the time.

SoMachine Basic
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Summary

Summary This chapter covered the following topics:

What is SoMachine Basic? (page 1-2)

The M221 Logic Controller (page 1-4)

The SoMachine Basic Software (page 1-7)
The Configuration Environment (page 1-10)
Customising the Software (page 1-15)

YV V V V V

Questions The following questions are to check understanding of the topics covered in this
chapter:

» Name the four configuration sections for SoMachine Basic

» SoMachine Basic can be used to program which Machine Solutions Logic
Controllers?

» What are the three ways to connect to the Logic Controller for programming
and commissioning?
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Chapter 2: M221 Hardware

Overview

Introduction The M221 Logic Controller and its expansion modules is the hardware that is

configured and programmed with SoMachine Basic. This chapter looks at this
hardware as a foundation for creating an application.

This Chapter Covers These Topics:

» The M221 Logic Controller............cccovveveiieiieiece e 2-2
P M221 SEIECHION....c.eiiieiiee e 2-5
»  M221 CONNECHIVILY ....ooivreieciecieee e 2-8
P M22L WIING ceeenieiieiieie et 2-11
P EXPANSION ..ooiiiiiciic e 2-14
P CartriAdgeS ..o s 2-17



The M221 Logic Controller

M221 Controllers  The M221 Logic Controller is a small controller containing on-board 1/0. It has
serial and USB connectors and an Ethernet option. A SD card slot allows data
transfer and a Run/Stop switch is fitted for program control. The unit also has two
0-10V analog inputs.

Power supply for all M221 Brick Controllers is by 24VDC connected at the bottom
of the unit. The standard M221 Logic Controller can be powered by either 24VDC
or 100-240VAC.

Capabilities The M221 Logic Controller has many features that differentiate it from other
controllers on the market. These include:

Small size - 70mm with 32 1/O

5K instructions per millisecond

High speed counters and pulse output

SD card for data transfer

On-line modification

Real Time Clock

.csv export/import of object names and descriptions
Program via USB or Ethernet (where fitted)

Serial port for Modbus or ASCII communication
Two built-in analog inputs

YV VV VY V VYV VYV Y

These features mean that the M221 is highly flexible for most small applications. It
is also easily configurable using SoMachine Basic.
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The M221 Logic Controller (cont.)

Features of the The appearance of the M221 Logic Controller will depend on the connector type

M221

and whether it has an Ethernet port. Three of the configurations are shown below.

Screw Connector Spring Connector HE10 Connector

No Ethernet

P

1 |System LEDs 10 | Analog input cover

2 | 1/O label information 11 |2 analog inputs

3 | 1/O removable screw terminals 12 | SD card port

4 | Clip lock for 35mm DIN rail 13 | TM3 bus connector

5 [USB mini-B programming port 14 | Plastic cover

6 |24V DC power supply 15 | Ethernet port

7 | Serial line port 2 16 |1/0O removable spring terminals
8 | Serial line port 1 17 | 1/O HE10 terminals

9 | Run/Stop switch

The pictures and table above shows the M221 Book Controller but the M221 Logic
Controller shares the same basic features.
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The M221 Logic Controller (cont.)

Panel Mounting The M221 should be mounted on a horizontal 35mm DIN or top-hat rail with at
least 20mm spacing above and below and at least 40mm spacing on either side.

There should be at least 80mm spacing between the front of the M221 Logic
controller and the panel door.

mm
in.
2 ol
o Nys
ag0o
]
80 .
° ° T35 i
— I
40 40 P
157 757 80 Ifd e o
3.15 ol
Nyo

The plug-in connectors and removable 1/O terminal blocks mean that the M221 can
be removed and replaced easily without having to remove individual cables.
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M221 Selection

Product Code The product code defines the options for the M221 Logic Controller and the fitted
options can be determined from the code.

>

YV V V V A\

A\

SoMachine Basic

The first five characters of the part number (TM221) define that it is a M221
Logic Controller

The next character defines whether the controller is a M221 logic controller
(C) or a M221 book controller (M)

If this is followed by the letter 'E' the controller is fitted with an Ethernet port
The next two numbers define the total amount of digital 1/0.
The next character defines whether the outputs are (R)elay or (T)ransistor

For book controllers a G on the end indicates spring 1/0 connectors instead of
screw connectors

For book controllers a K on the end indicates HE10 connectors which must be
used with the high density 32 I/O units due to space limitations.

Manual Release 1

2-5



M221 Logic
Controller
Selection

2-6

M221 Selection (cont.)

There are several options for the M221 Logic Controller to allow for the
requirements of the application. These requirements will determine the number of
inputs and outputs, the type of power supply and whether an Ethernet connection is

required.

Controller Inputs Outputs Power Ethernet
TM221C16R 9 7 100-240VAC |No
TM221C16T 9 7 24vVDC No
TM221C24R 14 10 100-240VAC |No
TM221C24T 14 10 24VDC No
TM221C40R 24 16 100-240VAC |No
TM221C40T 24 16 24vVDC No
TM221CE16R 9 7 100-240VAC |Yes
TM221CE16T 9 7 24VDC Yes
TM221CE24R 14 10 100-240VAC |Yes
TM221CE24T 14 10 24VDC Yes
TM221CE40R 24 16 100-240VAC |Yes
TM221CE40T 24 16 24VDC Yes

SoMachine Basic Version 1.1
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M221 Selection

M221 Selection (cont.)

There are several options for the M221 Book Controller to allow for the
requirements of the application. These requirements will determine the number of
inputs and outputs, the type of I/O connection and whether an Ethernet connection

is required.

Controller Inputs Outputs Connection |Ethernet
TM221M16R 8 8 Relay Screw No
TM221M16RG 8 8 Relay Spring No
TM221M16T 8 8 Transistor Screw No
TM221M16TG 8 8 Transistor Spring No
TM221M32TK 16 16 Transistor |HE10 No
TM221ME16R 8 8 Relay Screw Yes
TM221ME16RG |8 8 Relay Spring Yes
TM221ME16T 8 8 Transistor Screw Yes
TM221ME16TG (8 8 Transistor Spring Yes
TM221ME32TK 16 16 Transistor |HE10 Yes

SoMachine Basic

Manual Release 1
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M221 Connectivity

Connectivity The M221 has several connection options which can be split into two types: 1/O for
process control and Data/Programming connections.

The 1/O provided with the M221 will depend on the model and consist of:

» M221 logic controllers come with 9, 14 or 24 inputs
» M221 logic controllers come with 7,12 or 20 outputs

» M221 book controllers come with 8 inputs and 8 outputs, or 16 inputs and 16
outputs

» All M221 logic controllers come with removable screw terminal blocks

» M221 book controllers with 8 inputs and 8 outputs can be either screw or
spring connector

» M221 book controllers with 16 inputs and 16 outputs use a HE10 connector
» Two independent 0-10V analog inputs
» Expansion bus for TM2 or TM3 1/0O modules

The data connections are:

USB port for programming

SD card slot for data transfer

Serial port for data transfer

Optional Ethernet port for programming and data transfer

YV V V V

Special 1/0 The M221 has 1/0 that can be used for special purposes.

The M221 Logic Controller has four fast inputs that can be used for high speed
counters. These are configurable in the program. When these are being used for
high speed pulse inputs the wiring should be shielded.

The first two outputs of an M221 with transistor outputs are fast outputs that can be
used for pulse or PWM outputs. These can be used to control drives and other
pulsed devices. When these are being used for high speed pulse outputs the wiring
should be shielded.

M221 Logic controllers with relay outputs do not have high speed outputs but high
speed counters can still be configured.
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High Speed
Counters

Pulse Generator

Ethernet Port

M221 Connectivity (cont.)

The M221 controller has two high speed counters that can be configured in five
modes: Counter/down counter, Counter/down counter bi-phases, simple counter,
simple down counter or frequency meter. These can be connected to the third and
fourth input and configured to write to the third and fourth output of the controller.

The M221 controller has two pulse generators that can be configured to produce
pulses or for Pulse Width Modulation. The timing has four preset values; 0.142ms,
0.57ms, 10ms or 1 second. These pulse generators when configured will write to
the first and second digital outputs of the controller.

The Ethernet port is only available on the TM221ME logic controllers. It can be
used for program upload/download as well as communicating to remote devices.
The Ethernet port can communicate using Modbus TCP (salve) or Ethernet IP.

SoMachine Basic Manual Release 1
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SD Card

Firmware

Update

2-10

M221 Connectivity (cont.)

The front of the M221 Logic Controller has a SD card slot. This allows a SD card
to be used for data transfer and upgrading the firmware in the M221. The
Schneider part number for the SD card is TMASD1

When the M221 powers up it will automatically check to see if a SD card is
inserted.

The files necessary for a firmware update are normally supplied in a zip file with
each version of SoMachine Basic and should be used to update the M221 when a
new version of SoMachine Basic is installed. Unzip the files and copy them to a

SD card.

Ensure the power is off and the USB connection is removed before inserting the
SD card. When the power is applied to the M221, it will check for a SD card and
boot file. The boot file contains the command to copy the operating system files to
the M221. These files will be copied and the M221 will perform a restart to load
the new firmware.

Various LEDs will flash during the update process including the SD LED which
may come on more than once. Leave the M221 until a steady state for the LEDs is
seen for at least 15 seconds. The SD card can now be removed.

£;> Note:

DO NOT REMOVE THE POWER WHILE THE FIRMWARE UPDATE IS
TAKING PLACE.

If the power is removed, the firmware will be corrupted. The M221 will not be able
to perform another firmware update and must be returned to Schneider Electric for
repair.

SoMachine Basic Version 1.1 May 2014



M221 Wiring

Power Supply M221 logic controllers can be powered using 24VDC or 100-240VAC. All M221
book controllers are powered by 24V DC. The connector is on the bottom of the
unit.

1,5 mm2 min.
WG 14 max.

Analog Inputs All M221 controllers have two independent 0-10V analog inputs. These are located
under the cover at the top left of the unit (it has the QR code on it). The wiring is as
shown.

0..10V = i i i ~
L + |
= + + [
- | - | = ‘
0..10V -
N
1/0 Connectors There are three types of connector for the M221 Logic controller 1/O.

Screw terminals allow each wire to be fitted and a screw will hold the wire in
place.

Spring terminals allow the wires to be more easily inserted or extracted.

HE10 connectors are a standard connection for Schneider PLCs and controllers.
They allow high density connection so are ideal for the 32 1/O version of the M221.
This connector does require a special cable and different types are available - see
the catalog for details of part numbers.

In all cases, the terminal block can be unplugged, allowing the wiring to be easily
removed from the M221.
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M221 Wiring (cont.)

Input Wiring The wiring for the 8 and 16 input versions of the M221 Logic Controller are shown
below.
o o |0
J—/_ﬁiz 11
R 2 |1
ey <~ I S R I
A i T
L~ 15 |
e 6 |6
T - 7 |
com
: AL [ l7”0M0
— = 20 |I0 e [ 19 |——
[/:"I 18 |11 o[ 17—
R 16 |12 1ol 15 |——
éL\ = | 4—"— 14 [I3 nl 13—
e 12 |14 m2| 11—
1 10 |I5 n3l ¢ —
e 8 |6 Ma| 7 f——n
[/‘ 6 |17 ns| 5 |—
4 |comt com2| 3
} A +|:_. r 2 |comi COMZT]—;t + A
d aeiopd — Ly

The first two inputs are shown shielded as they can be used for high speed pulse
inputs so should be protected from noise. If these are used as normal outputs, they
need not be shielded.
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M221 Wiring (cont.)

Output Wiring The wiring for the 8 and 16 output versions of the M221 Logic Controller are
shown below.

Qo
Q1
Q2
Q3
Q4
Q5
Q6
Q7

*

NN~ O
+

|5
S}
=
A
T

7

Q1 Qo | 17
Q2 aio| 15
Q3 at| 13 —1T1+——
— T 12 |04 af2| 11 —T1+—

’—DL 20 Qo Qs | 19 —T}—

N

1

P

11— 10 |as 13| 9 —T+—
73— & |cs Q14| 7 —T+—
1 s |ar Q15| 5 — T+
4 4 coméz)cow 3 24
T|'?E'— —E'—_'|T‘
2 [v3 V4| 1

The first two outputs are shown shielded as they can be used for high speed pulse
outputs so should be protected from noise. If these are used as normal outputs, they
need not be shielded.

For the relay output version of the M221, the outputs need not be shielded as they
cannot be used for high speed pulse output.

Qo
Q1
Q2
Q3

[V B S I )

Q4| 4
Q5| 5
Q6| 6
Q7| 7
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Expansion

1/0 Modules I/0 modules can be added to the M221 controller to expand its capabilities.

rouT
®
@
@
®
®
®
®
@
@
®
®
12

There are two types of module that can be added.

TM2 modules are existing modules for Twido that can be used and allow the M221
to be compatible with Twido applications. This makes upgrading from the Twido
to M221 simple especially when coupled with the Twido to M221 application
conversion that is part of the SoMachine Basic software.

TM3 modules are a new range specifically designed for the M2xx range of Logic
Controllers to take advantage of the extended I/O expansion bus. They offer new
capabilities that are not available to the Twido.

2-14 SoMachine Basic Version 1.1 May 2014



Expansion (cont.)

TM2 Digital TM2 Digital modules offer a range of 1/0 configurations with 8, 16 or 32 inputs,
Modules 8, 16 or 32 outputs and a mixture of input and outputs. As with the M221, the
outputs can be either transistor or relay.

They come with removable screw, spring contact or MIL connectors, the last of
which is used for the high density 32 I/O modules.

These modules are compatible with the Twido controller.

TM2 Analog TM2 Analog modules offer a range of 1/O configurations with 2, 4 or 8 inputs, 1 or

Modules 2 outputs and a mixture of input and outputs. The inputs are designed for a range of
field devices including thermocouples, NTC probes and PT100/PT1000. The
outputs are configurable for either 0-10V DC or 4-20mA.

All come with removable screw terminal blocks except the PT100/PT1000
modules which are fitted with a RJ11 connector.

These modules are compatible with the Twido controller.

TM3 Digital TM3 Digital modules offer a range of 1/0 configurations with 8, 16 or 32 inputs,
Modules 8, 16 or 32 outputs and a mixture of input and outputs. As with the M221, the
outputs can be either transistor or relay.

They come with removable screw or HE10 connector which are either an option on
the 16 1/0 modules or required for the high density 32 1/0 modules.

TM3 Digital TM3 Analog modules offer a range of analog inputs and outputs. They can be
Modules 2,4,0r 8 input or 2 or 4 output. There is also a 4 input 2 output module for greater
flexibility. Both inputs and outputs can be either voltage or current.

The TM3T modules also allow temperature input and can be 4 or 8 input. There is
also a 2 input 1 output module that can be used for temperature inputs.
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Expansion (cont.)

TM3 Expert There are two standard modules and four safety modules currently in the TM3
Modules expert range.

The Tesys module allows connection to up to four Tesys motor starters and the
transmitter receiver module allows the M221 1/O to be expanded even further by
adding another 7 I/0 modules. Only one transmitter receiver module can be used
by a single M221.

The safety modules offer single function or dual function for CAT3 (SIL2) or
CAT4 (SIL3).

Total I/0 Up to seven I/O modules can be added to the M221. These can be TM2 or TM3
modules or a mixture of both.

If one of the attached modules is a TM3 expansion module then another seven
modules can be added. The M221 can control up to 144 I/O in total.

ﬁ/) Note:

There is a limit on the number of relay outputs due to the power supplied by the
CPU. See the data sheets for the individual CPUs for more information..
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Cartridges

What are Cartridges are a way of increasing the capabilities of the M221 Logic Controller

Cartridges? By adding more 1/0 or connection options. They are also targeted at specific
applications such as conveying, hoisting and packaging. They are attached to the
front of the M221 Logic controller and provide options that are not available in
either the TM2 or TM3 1/0.

ﬁ/) Note:

The M221 Book Controller is unable to accept cartridge expansion and can only
use TM2 or TM3 expansion modules.

Types of Cartridges allow additional analog 1/0 and communications options to be added to
Cartridge the M221 Logic Controller. The full list for step 2 is given below.
Cartridge Function
TMCAI2 2 analog or current inputs
TMCAQ2C 2 current outputs
TMCAQ2V 2 voltage outputs
TMC2CONVO01 Serial line for conveying applications
TMC2HOIS01 2 analog voltage or current inputs for hoisting load cell
TMC2PACKO1 2 analog voltage or current inputs for packaging
TMC2SL1 1 serial line
TMC2TT2 2 analog temperature inputs

SoMachine Basic Manual Release 1
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Cartridges (cont.)

Adding Physically, the cartridge is plugged on to the front of the M221 Logic Controller. A
Cartridges single cartridge can be added to the TM221C16X, TM221CE16X, TM221C24X
and TM221CE24X controllers.

Two cartridges can be added to the TM221C40X or TM221CE40X controllers.

Configuring in The cartridges are in the SoMachine Basic Library and can be added the same way
SoMachine Basic  as I1/0 modules.

M221 Logic Controllers

TM3 Digital I/O Modules
TM3 Analog If0 Modules
TM2 Digital I/O Modules
TM2 Analog If0 Modules
TM3 Expert I/ Modules

£ viviviviv e

M221 Cartridges
Reference Type Features

TMCZAQ2C Analog 2 current outp
TMC2AQ2V Analog 2 voltage outp
TMCZCONVD1  Serial line  Conveying app
TMCZHOIS01  Analog Hoisting applic
TMCZPACKD1  Analog Packaging app
TMC25L1 Serial line 1 serial line

TMC2ZTI2 Analog 2 temperature

Select the cartridge and drag it on to the M221 Logic Controller.
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Summary

Summary This chapter covered the following topics:

M221 Logic Controller (page 2-2)
M221 Selection (page 2-6)

M221 Connectivity (page 2-8)
M221 Wiring (page 2-11)
Expansion (page 2-14)

YV V V V V

Questions The following questions are to check understanding of the topics covered in this
chapter:

» What type of power supply can be used to power the M221 Logic Controllers?

» What is the maximum I/O supported by the M221 Logic Controller?

» The HE10 connector is fitted to which of the M221 Logic Controllers?
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Chapter 3: Programming a Simple Application

Overview

Introduction Programming is the way of telling the M221 Logic controller how to function. It

uses two of the standard IEC61131 programming languages; Ladder Logic and
Instruction List. The programming environment also provides tools to help debug
the program if it does not perform as expected.

This Chapter Covers These Topics:

P LaNQUAGES ... oeeiieeiie ettt 3-2
» The Conveyor Application ...........ccccocvviiiiieieneiee e 3-4
P AAUAIESSING ...cvieieciecic e e 3-5
»  The SIMUIALOT .....ccveiieie e 3-14
P SYMDOIS ..o 3-19
> Program STrUCTUIE..........ooveiiiiiiieeee e 3-30
> Programming RUNGS .......ccceiveiieiiciieic e 3-36
) 11111 £ SRS 3-42
> Exception Handling .........ccccovevviiiiicic e 3-48
> Setand Reset COilS......ccooveieeieiieiiee e 3-50
» The Operation BIOCK .........cccocoeiiiiiiic e 3-54
> The Comparison BIOCK...........ccooiiiiiiiiic e 3-57



Languages

IEC61131 IEC61131 is the international standard for programming PLCs. Its main purpose is
to define standard data types and languages. There are many data types that will be
discussed later, but there are only five programming languages:

Ladder Diagram (LD)

Function Block Diagram (FBD)
Structured Text (ST)

Instruction List (IL)

Sequential Function Chart (SFC)

YV V.V V V

Of these languages, only Ladder Diagram and Instruction List are currently
supported by SoMachine Basic although other languages are planned for future
releases.

Ladder Ladder is a popular programming language as it is similar to electrical diagrams
and visually, it is very easy to see what the program is doing. With the addition of
in-line status display, it is also very easy to debug.

It consists of a series of program lines or rungs, so called because they look like the
rungs of a ladder. To the left of the rung are a set of inputs and conditions that must
be solved. To the right of the rung is an object (or objects) defining what to do with
the result.

A ladder rung may look something like the following:

%10.0 %10.1 %Q0.7

Put simply, if input %10.0 is on and input %I10.1 is on then output %Q0.7 will turn
on. If either of the inputs is off then the output will also be off.

Ladder does have some limitations though. It cannot perform all functions due to
limitations in the programming rules and it must be converted to Instruction List
before it is processed by the logic controller.
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Instruction List

Languages (cont.)

Instruction List is similar to computer machine code and anyone familiar with that
will see many similarities. It uses a working store to load and combine values. This
store is then written to an output or memory location called an accumulator.

The commands:

0001] LD %l0.0

0002 AND %I0.1

0003| ST %Q0.7

The three steps are:

Line 1 - Load the value of %10.0 (0 or 1) into the accumulator

Line 2 - Perform a logical AND of the accumulator with the value of %10.1 (0 or 1)
and store the result back in the accumulator.

Line3 - Write the result (the contents of the accumulator) to output %Q0.7

This is similar to the way a calculator works. The first number is entered (or
loaded) at step 1. A mathematical operator such as plus or minus is pressed and
another number is entered at step 2; pressing the equals or another operator stores
the result back on the display. The result is transferred from the calculator display
to a piece of paper at step 3.

This can be written in ladder as:

%10.0 %10.1 %Q0.7

SoMachine Basic Manual Release 1

3-3



The Conveyor Application

Conveyor For the purposes of creating a simple application and program, a simple three-
Application conveyor application will be used. Control will be provided for starting, stopping
and fault monitoring.

Fault 1H/ Fault ﬁ Fault 3

(I D Conveyor 1 Q |I ) Conveyor 2 (I |X ) Conveyor 3

Motor 1 Motor 2 Motor 3
Speed Monitor

—
!

The start control will simply start all three conveyors at the same time although for
better control, timers could be used to feed product in a controlled way or distribute
startup current for the motors.

Shutdown is normally timed to allow product to clear the conveyors before each is
shutdown. This section will allow the demonstration of timer programming

Fault monitoring can determine whether there is a problem and take the appropriate
action to prevent spillage or damage. A speed monitoring program will also
describe the configuration of analog value manipulation and the use of the analog
input.

For any application it is important to have a list of the addresses of all 1/0 and
internal registers.
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Addressing

Addressing The M221 Logic Controller addressing uses the following format:
Format

%<Type>[<lIdentifier>]<Location>

An address must always begin with the % character. This tells the Logic Controller
that it is an address, not some other piece of information.

This is followed by one of five letters identifying the type of address:

| The address is a physical input on either the controller or an expansion
module.

K The address is an internal memory location within the controller. The
value is fixed and can NOT be changed by the program.

M The address is an internal memory location within the controller. This
value can be changed by the program.

Q The address is a physical output on either the controller or an
expansion module.

S Internal system locations that are used to perform various functions
and monitor the controller

The type may then be followed by a type identifier which can be one of the

following:

(none) The address contains a value that is a single bit having a value of either
Oorl.

W The address contains a value that is a word and has a value between 0
and 65535.

D The address contains a value that is a double word and has a value
between 0 and 4294967295.

F The address contains a value that is in floating point format and has a
value between 0 and 65535.

The numeric part of the address contains the location. This location can have one
of two formats depending on the address type. The format nnnn is used for internal
memory locations. The format X.y is used for inputs and outputs where the first part
() identifies the module position in the rack. Slot zero is the left most slot and is
the processor.

The second part (y) identifies the input or output number on that module.

Thus an address of %Il1.2 refers to the third input on the first expansion module
(Numbering starts at zero).
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Exercise - Identifying Addresses

Learning By the completion of this exercise you will:
Outcomes
» Understand the addressing format used by SoMachine Basic

1 Explain the following addresses.

Address Int/Ext Location Data Type
%10.4

%MW2

%Q0.6

%IW1

%S6

%MF10

%KW?2

%SW100

2 Create an address for the following.

i The second digital input of the logic controller

ii. An internal memory location that can be used to store the value 17.4

iii. System word 8

iv. The third output of the second expansion module (assuming that it is
a digital output)

V. The first input of the second digital output module
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1/O List

Addressing (cont.)

The following I/O will be used in the application.
Inputs:
Address Description
%I10.2 Conveyor 1 Fault Signal
%I10.3 Conveyor 1 Fault Signal
%I10.4 Conveyor 1 Fault Signal
%I10.6 Stop Button
%I0.7 Start Button
Outputs:
Address Description
%Q0.2 Conveyor 1 Run Control
%Q0.3 Conveyor 2 Run Control
%Q0.4 Conveyor 3 Run Control
%Q0.6 Run Indicator
%Q0.7 Fault Indicator
Analog:
Address Description
%IW0.0 Conveyor Speed

SoMachine Basic

Manual Release 1



Register List

Addressing (cont.)

The following internal registers will be used in the application.

Address Description
%M100 Run Relay
%M101 Conveyor 1 Stop Sequence
%M102 Conveyor 2 Stop Sequence
%M103 Conveyor 3 Stop Sequence
%M104 Not Used
%M105 Conveyor 1 Fault
%M106 Conveyor 2 Fault
%M107 Conveyor 3 Fault
%M108 Not Used
%M109 Stop Sequence Relay
%M110 Remote Start
%M119 Remote Stop
%M120 Variable Speed OK
%M121 Variable Speed High
%M122 Variable Speed Low
Address Description
%MW1 Low Setpoint
%MW?2 High Setpoint
%MW3 Scaled Speed

SoMachine Basic Version 1.1
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Addressing (cont.)

How to Assign When a program is created, the objects used in the program must be assigned to
Obijects to 110 either an 1/0 or memory address. If this is not done, the program cannot be
and Memory compiled and downloaded to the Logic Controller.

To assign an object to an I/0 or memory address, first double-click the address
above the object. An entry field will appear.

Enter the desired address into this entry field.

ﬁ Note:

The % character is already in the entry box as this identifies the entry as an address
(see previous section).
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Exercise - Create a Basic Application

Learning By the completion of this exercise you will:
Outcomes
» Be able to create a new application

Skip this exercise if you have already completed the exercise in the eLearning - this
is a repeat of that exercise.

1 Create a new application.

i Start the SoMachine Basic software using either by double-clicking
the icon or the desktop or going to Start » Programs » Schneider
Electric » SoMachine Basic » SoMachine Basic.

SoMachine Basic"’

Projects

‘ Connect
| Template
[ Help

‘ About

| xEdt

Creale a new project Open an existing project

Scl&neider

Electric

ii. On the start page click the Create a new project button.
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Exercise - Create a Basic Application (cont.)

2 Assign a controller.

i The project will open on the Configuration tab. If the configuration
tab is not selected, click to select it.

@ New project
g D E-
Properties

1] rcorte vz
[T Digital inputs
M Digital outputs
[T Analog inputs
=23 High Spaed Counters
dE 108us
& 5L (Serial ling)
w512 (Serial ling)

®?

Configuration

)Y

Schneider Electric SoMachine Basic - Demo version for test only

com2 [%]| 2]  Program error(s) detected

Programming

Bl ressages

Device description

TM221M16R (screw), TM221MI6RG (spring)
6 digital inputs, 8 relay outputs (2 A), 2 anslog inputs, 2 serial line ports, 24 Vdc power supply controlier
with removable terminal blocks.

8116

¥ M221 Logic Controllers

Reference Power supply

5
TM221C16T 24 vdc
TM221C24R 100...24C
TM221C24T 24 Vdc
TM221C40R 100...240 ||
TM221C40T 24 vdc
TM221CE16R 100...24C
TM221CE16T 24 Vdc
TM221CE24R 100...24C

TH3 Digital 1/O Modules
TH3 Analog 1/© Modules

«
>

>

> T2 Digital 1/O Modules
¥ TM2 Analog 1/O Modules
> TM3 Expert /O Modules
>

M221 Cartridges

Device description

TM221C16R (screw) [

5 digital inputs, 7 E
reay outputs (2 2), R
2 analog inputs, 1

Serial ine port,
100-240 Vac power
supply with
removable terminal
blacks.

5V 24v

SoMachine Basic

@I D - —
ii. The right hand side of the screen shows the hardware catalog. In the

Logic Controller section, select the logic controller that you have and
drag-and-drop it to the centre window. A picture of the logic

controller will be shown under the mouse cursor.

iii. If the controller is being changed, a message box will be displayed to
confirm the change of controller.

Confirmation

Click the Yes button to replace the controller.

®

Do you want to replace CPU TM221ME16R/G by
CPU TM221ME16R/G?

Manual Release 1
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Exercise - Create a Basic Application (cont.)

3 Create the first rung.

i Click the Program tab to enter the programming section of the
SoMachine Basic software.

New project” Schneider Electric SoMachine Basic - DEmo version fof est only Helx)
DB x? com2 S| B Frogram smars) defectsd
Tasks | Tooks 8.5 B> D/ 2 avuna @ B 7000 ®0w @3-
= [} | 1-Newpou

The first ladder rung will have been created ready for programming.

ii. Select the normally open contact from the toolbar and place it in the
first row and column of the program.

iii. Select the normally closed contact from the toolbar and place it in
the first row second column.

iv. Select the coil from the toolbar and place it on the first row, final
column. The program should now look like the following:

4 Assign Inputs and Outputs to the rung.

i Double-click the word "Address" above the first contact.

ii. In the dialog box that opens, enter the address %I10.7. The % will
already be in the dialog box.

The % indicates that it is an address in the Logic Controller, the I

means that it will be a physical input and the 0.7 means that it will
be the eighth input on the Logic Controller.
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Exercise - Create a Basic Application (cont.)

iii. Double-click the word "Address" above the second contact and enter
the address %1I0.6.

This will assign the contact to the sixth input of the Logic Controller.

iv. For the output coil, enter the address %QO0.6.

The Q signifies that this is an output and the 0.6 that this will be the
seventh output on the Logic Controller.

The final rung should look similar to the following:

5 Save the application.
i Click the save button on the toolbar.
ii. Choose the location and enter "Conveyors" for the filename.

iii. Click the Save button to save the application.
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The Simulator

Simulating The simulator is a piece of software supplied with SoMachine Basic that allows
Programs programs to be tested without using the controller.

0 0
1 1
2 2
3 3
1 4
5 5
6 6
7 7

The program is loaded into the controller and the simulated controller inputs to be
operated and their effects examined. The outputs can be monitored and the internal
program analysed.

Starting the The simulator is started using the Launch Simulator button on the Commissioning
Simulator tab.

| Launch simulator |

This will start the simulator and load the current program. The program can then be
tested using the simulator without the need to download to a physical controller.
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The Simulator (cont.)

The Simulator The simulator window shows information about the simulator and allows control of
Windows the inputs for the application. The controller is shown on the left hand side along
with, power, run, error and status indicators.

0 0
1 1
2 2
3 3
1 1
5 5
6 6
7 T

The PWR indicator will be green showing that the simulator is running. The RUN
indicator will either be flashing to show that the application in the simulator is not
running, or solid green to show that the application is running. The ERR and STAT
LEDs are not currently used.

The IN column shows the state of the inputs for the controller. These will be
numbered from zero up to the total number of inputs supported by the controller.
These inputs can also be clicked to change the state of the input, toggling it on or
off. When the input turns on it will be coloured green. When the input is off it will
be coloured white.

The OUT column shows the state of the outputs for the controller. These will be
numbered from zero up to the total number of outputs supported by the controller.

The ANA column shows the values of the analog inputs for the controller. Double-
clicking this will open another window allowing the values of the analog inputs to
be changed.

Set Analog Inputs [

All Analog Inputs
Inputs Change Yalue
W00
W01 0
Change ‘alue
a 1000

The vale can be changed by selecting the analog value and using the slider at the
bottom of the window. If a more accurate input is required, the value shown in the
change value column can be double-clicked and the value typed in.
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Exercise - Test the Program

Learning By the completion of this exercise you will: be able to:

Outcomes
> Start the simulator

» Operate the simulator to test a program

1 Start the Simulator.

i Go to the commissioning tab in SoMachine Basic and click the Start
Simulator button.

Launch simulator

The simulator will be started and the program will be loaded into the
simulator.

A -
- P S

=
(=}
m
=
=
[}
=
=

Do not operate anything in the time management window.

The Run indicator in the simulator will be flashing to show that the
simulator is stopped.
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Exercise - Test the Program (cont.)

ii. Click the Run Controller button on the commissioning screen to run
the program in the simulator.

Run controller

Stop simulator

A pop-up window will be shown asking to confirm the action.

Question: (x]

click QK. Otherwise, click Cancel.

e You are about to launch the controller. To do so,

Click the OK button to confirm and the Run indicator will change to a
solid green.

- e G R - S E
—-e
=

A e -

2 Test the program.

i In the simulator window, click the number 7 representing the last
input. The input will turn green to show that it is on.

2 m
=%
=3
N G
=
wamauma:H
—-e
-

Output 6 should also turn on. This is being controlled by the
program. If input 7 is on and input 6 is off, then output 6 should turn
on.

ii. If output 6 doesn't not turn on then check the program carefully for
any mistakes.
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Exercise - Test the Program (cont.)

3 Monitor the program.

i Switch to the programming tab and observe the state of the
program. The normally open contact will be coloured green and
shown as true, indicating that input 7 is on. The output coil should
also be coloured green to show the output being controlled by the

program.

(VD) i

s %I0.7 %I0.6 %Q0.6
—= L

Operate the two inputs and observe the effect on the program.

4 Further testing.

i Ensure that input 7 is off. If not, click input 7 to turn it off. Click
input 6 to turn it on. There should be no effect.

ii. Click input 7 to turn it on. This time output 6 should not come on as
it is being prevented by the normally closed contact for input 6 which
is now true.

é) Note:

The True/False indication shows the state of the input, not the state of the coil or
contact. The green colouring shows the state of the contact. This can be confusing
for inverted contacts and coils but a green colour will always signify power or on.

5 Stop the simulator.

i Go to the Commissioning tab and click the Stop Simulator button to
stop the simulator.

3-18 SoMachine Basic Version 1.1 May 2014



Symbols

Using Symbols Symbols are a way of naming objects and making them easier to identify. If an
object has an address of %I10.7 it is impossible to determine what that object does
without referring to the documentation for the application. If the object is also
given the symbol "Start_Button", anyone looking at the program will have a good
idea what that object is supposed to do.

Choosing meaningful symbols can help to make the program self-documenting as
they will describe what each object does. Usually a good name for the output
object will also help to identify what the entire rung does.
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Symbols (cont.)

How to Add In the ladder editor, double-click the word "Symbol" above an object. This will
Symbols open a dialog box and the symbol can be entered.

The symbol can contain letters numbers and the underscore character. Spaces are
not allowed.

Alternatively, the object property box can be displayed at the bottom of the screen
by selecting Tools in the Module Programming Tree and selecting the appropriate
input or output type.

Tasks Tools

a
Program Messag
.| Animation tables
H] Memory objects
pm Memory bits
B Memory word
B Constant wore
] System objects
mm System Bits

Bl Sy stem Word:

ohjects

B Digital inputs
E» Digital outputs
X Anslog inputs

Double-clicking the Symbol column of the row containing the object will open a
dialog box which will also allow the symbol to be entered.

Digital input properties

Used Address Symbeol Comment
Yal0.0
%l0.1
%al0.2
Yl0.3
%I04
%105
o

When the symbol has been entered, the Apply button must be clicked to accept the
changes. This allows multiple symbols to be entered before accepting the change.

A different method of entering multiple symbols will be explored in the next
section.
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Exercise - Adding Symbols to Objects

Learning By the completion of this exercise you will:
Outcomes

» Be able to add symbols to the program to identify objects

Skip this exercise if you have already completed the exercise in the eLearning - this
is a repeat of that exercise.

1 Add symbols to the four objects contained in the program.

i. In the ladder editor, double-click the word "Symbol" above the first
contact.

Enter the symbol START BUTTON and press Return.

A message will appear asking if you want to associate the symbol
"START_BUTTON" with the I/O %]I0.7.

Remark

e Do you want to associate the symbol
'START_BUTTON' with the /O '%I0.7'?

Click the Yes button to confirm.

ii. At the bottom of the screen, double-click the Symbol column of the
row containing %1I0.6.

Digital input properties
Used Address Symbeol Comment

%I0.0
%al0.1
%al0.2
%l0.3
%al0.4
%105

0 T

Enter the symbol sTop BUTTON. Click the Apply button in the bottom
right hand corner to accept the change.
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Exercise - Adding Symbols to Objects (cont.)

iii. In the Module Programming Tree, select the Tools Tab. Under 1/O
Objects select Digital outputs.

iv. Double-click the Symbol column of the row containing %Q0.6 and
enter the symbol "CONVEYORS_RUNNING". Do not click the Apply
button.

V. In the Module Programming Tree select another section such as

Analog Inputs. The following message will be displayed.

Remark X

There are unsaved changes in the current mapping.
Do you want to apply them?

This ensures that any unsaved changes will not be lost if you forget
to apply the changes and try to navigate away from the page.

vi. Click the Yes button to apply the changes the change.

Vii. Save the application.
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Exporting and
Importing

Symbols (cont.)

Exporting and importing provide an easy way of editing symbol names and
descriptions outside SoMachine Basic.

The symbols can be exported to a .csv file; either comma separated or semi-colon
separated. This file can then be opened in Microsoft Excel and edited, allowing all
the features of Microsoft Excel to be used to edit the list.

(u] d 9 =
) Home Insert Page Layout Formulas Data Review View Acrobat

S L calibri ‘n (& W[ ==|®] |Swapte General
53 copy
Pa'ste F Format painter ||| B £ | D -|| 5 -H &.. A -| |§ = E”‘E? '§§| 2 Merge & Center - |§- % ¥
Clipboard E Font i Alignment il Number
\ G12 - L
A B C D

1 Symbol Address Comment

2 CONVEYOR 1 RUNNING %I0.2 Running signal for conveyor 1

3 CONVEYOR 2 RUNNING %I0.3 Running signal for conveyor 2

4 CONVEYOR 3 RUNNING %I10.4 Running signal for conveyor 3

5 STOP_CONVEYORS %I0.6 Stop button for conveyors

6 START CONVEYORS %I0.7 Start button for conveyors

7 CONVEYOR_1 RUN %0Q0.2 Conveyor 1 run output

8 |[CONVEYOR_2_RUN %Q0.3 Conveyor 2 run output

9 |CONVEYOR_3_RUN %Q0.4 Conveyor 3 run output
10 COMNVEYOR_4_RUN %Q0.5 Conveyor 4 run output
11 (CONVEYORS_RUNNING %Q0.6 Conveyor run indicator
12 COMVEYOR_FAULT %Q0.7 Conveyor fault indicator

When the editing is complete, the file can be saved to .csv format and imported
back into SoMachine Basic. The Import will check whether the symbol already
exists and if not, import the symbol into the application. If the symbol already
exists then it will be ignored. The description however, will be replaced if it
already exists. A report will show the actions carried out by the import process.

Report about 'Conveyor Control Symbols.csv'

Type Message Line Column
Creation Symbol 'C1_FLT' associated with '%:10.2" 2 0
Creation Comment 'Running signal for conveyor 1' associated with "%I10.2' 2 1
Creation Symbel 'C2_FLT' associated with '%:10.3' 3 0
Creation Comment 'Running signal for conveyor 2' associated with "%I10.3' 3 1
Creation Symbel "'C3_FLT' associated with '%:10.4' 4 0
Creation Comment 'Running signal for conveyor 3' associated with "5%10.4' 4 1
Creation Symbel "'STOP_BUTTON' associated with "9:10.6' 5 0
et Fmmmmm et (Thaem bedbme Frr mmmams e e mimbm A it 0w TO S [ 4
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How to Export
Symbols

How to Import
Symbols

3-24

Symbols (cont.)

To export a list of symbols, click the Export button. The following dialog box will
appear: If the export options are not shown, click the down-arrow button to the left

of Export options.

Export symbols X
File path | . |
File name osV
A Export options

Include [V Headers (W] Comments
Separator | Semicolon -|

Cod | Unizode -

| Cancel

Enter the path and filename and choose the export options:

> Whether to include headers and comments

» Whether to use a semicolon or comma separator

> Whether to use Unicode or ASCII

To import a list of symbols, click the Import button. The following dialog box will

appear:
Import symbols x
File path | ||_|
A Import options
Backup [}

Import mode (8 Delta () Full

Separator | Semicolon - |

| Cancel

Enter the path and filename and choose the import options:

Whether to create a backup first

Y V V V

Whether to use Unicode or ASCII

SoMachine Basic Version 1.1

Whether to import only changes or import all items
Whether to use a semicolon or comma separator
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Exercise - Exporting and Importing Symbols

Learning By the completion of this exercise you will:
Outcomes

> Be able to export symbols to a .csv file
» Be able to import symbols from a .csv file

1 Export the symbols to a .csv file

i. In the Module Programming Tree, under Software Objects select
Symbols List. A list of the currently configured symbols will be
displayed.

Symbol list

Used Address Symbal Comment

%I0.7 START_BUTTON

%Q0.6 RUN_LIGHT

ii. Click the Export button above the list of symbols. The following
dialog box will be displayed. If the Export options are not displayed,
there will be a Down Arrow button to the left of "Export options".
Click this down arrow button to display them.

Export symbols x
File path |
File name sy
Al Export options

Include @ Headers @ Comments
Separator | Semicolon - |

Codepage | Unicode - |

| Cancel

iii. Click the ellipsis button to the right of the File Path entry box and
choose the desktop.

iv. Enter conveyor Control for the filename.

V. Click the Export button to export the file.
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Exercise - Exporting and Importing Symbols
(cont.)

2 Edit the exported symbols file in Excel.

i Start Excel and open the symbols file that is on the desktop. If the
file was saved to a different location in the previous step, open it
from there. The import wizard will be automatically displayed.

Text Import Wizard - Step 1 of 3 @

The Text Wizard has determined that your data is Delimited.
If this is correct, choose Next, or choose the data type that best describes your data.
Original data type
Choose the file type that best describes your data:
(=) igelimitedé - Characters such as commas or tabs separate each field.

Fixed width - Fields are aligned in columns with spaces between each field.

Start import at row: |1 = File origin: | Windows (ANST) E

Preview of file C:\Virtual Machine\WM Share\Exports\Conveyor Control.csv.

1 Symbol ; Address: Comment
TRRT BUTTON;%IO0.7;
3|STOP BUITON;3I0.6;

1 »

Cancel MNext = ] | FEinish

Click the Next button to go to page 2.

ii. On page 2 of the wizard, ensure that the Semicolon tickbox is
selected.

Text Import Wizard - Step 2 of 3 @

This screen lets you set the delimiters your data contains. You can see how your text is affected in the preview belows.

Delimiters

| Tab
7| iSemicolon! Treat consecutive delimiters as one

Comma
Text gualifier: " IZ|
Space

Other:

Data preview

ymbol ddress [Comment
TART BUTTON [IO.T
TCF_BUTTON I0.6
UN_LIGHT Q0.6

1 »

Click the Finish button to complete the import process.
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Exercise - Exporting and Importing Symbols

(cont.)
iii. Excel will display the symbols in three columns of the spreadsheet;
Symbol, Address and Comment
Cla) d 9 - 2
22 | Home | Wsert Pagelayout Formulas  Data  Review  View  Acrobat
_.3 °" Cut calibri -1 .| & A= ==(®-| | SwepTex General
53 copy
F'a_Ste  Format Painter |||["B2 L || - A | = =i £ || 56 Merge & Center - ||| 63 - o
Clipboard El Font E] Alignment el Nul
| F15 ~( E|
A B C
1 Symbol Address Comment
2 |START_BUTTON %10.7
3 |STOP_BUTTON %10.6
4 |RUN_LIGHT %Q0.6
5
6
7
8
9
10
iv. Edit the spreadsheet to contain the following entries:
A B C D E F
1 Symbaol Address Comment
2 C1_FLT %10.2 Running signal for conveyor 1
3 C2_FLT %10.3 Running signal for conveyor 2
4 C3_FLT %10.4 Running signal for conveyor 3
5 STOP_BUTTON %10.6 Stop button for conveyors
6 START_BUTTON %10.7 Start button for conveyors
7 C1_SPD %IW0.0 Conveyor 1 speed sensor
8 C1_RUN %Q0.2 Conveyor 1 run output
9 C2_RUN %Q0.3 Conveyor 2 run output
10 C3_RUN %Q0.4 Conveyor 3 run output
11 [RUN_LIGHT %Q0.6 Conveyor run indicator
12 |FLT_LIGHT %Q0.7 Conveyor fault indicator
13 [RUN_RELAY %M100  Conveyor run relay
14 C1_STOPR %M101  Conveyor 1 stop sequence
15 C2_STOPR %M102  Conveyor 2 stop sequence
16 C3_STOPR %M103  Conveyor 3 stop sequence
17 |C1_FLTR %M105  Conveyor 1 fault relay
18 |C2_FLTR %M106  Conveyor 2 fault relay
19 |C3_FLTR %M107  Conveyor 3 fault relay
20 STOP_RELAY %M109  Stop sequence relay
21 VS_OK %M120  Variable Speed OK
22 \VS_HIGH %M121  Variable Speed high
23 VS_LOW %M122  Variable Speed low
24 VS _LO_SP %MW1  Variable speed conveyor low setpoint
25 VS_HI_SP %MW2  Variable speed conveyor high setpoint

]
Al

SoMachine Basic
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Exercise - Exporting and Importing Symbols

(cont.)
V. Save the spreadsheet as a .csv file called Conveyor Control
Symbols.
If a message is displayed about compatible features, click the Yes
button to save the file.
3 Import the .csv file into SoMachine Basic.

i In the SoMachine Basic Symbols List view, click the Import Button.

The project must be saved before the symbols file can be imported.
If the following message is displayed, the project has not been
saved.

Click the OK button, save the project and then click the Import
button again.

Import symbols x
File path| ||. - |

Al Import options
Backup E
Import mode (®) Detta () Full

Separator | Semicolon - |

| Cancel |

ii. Click the ellipsis button to the right of the File Path and navigate to
the desktop. Select the file called Conveyor Control Symbols.csv. If
the file was saved to a different location in the previous step, open it
from there.

iii. If the Import Options are not displayed, there will be a Down Arrow
button to the left of "Import Options". Click this down arrow button
to display them. Drop down the Separator selection box and choose
Comma.

# | Import options

Backup E

Import mode () Detts () Full
Separator Semicclon -

Semicolon

e (e | oo |

(Excel will use the comma separator by default unless a different
separator has been chosen in the Excel options)

iv. Click the Import button to begin the import process.
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Exercise - Exporting and Importing Symbols
(cont.)

V.

When the import has completed, a window will open showing the
report for the import. Review the report for any errors.

Report about '‘Conveyor Control Symbols.csv’

Type

Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation

Message

Symbal ‘C1_FLT associated with '%10.2"

Comment 'Running signal for conveyor 1' associated with "%:10.2"
Symbal ‘C2_FLT associated with '%10.3"

Comment 'Running signal for conveyor 2' associated with "%:10.3"
Symbol ‘C3_FLT associzted with '%:10.4'

Comment 'Running signal for conveyor 3' associsted with "9:10.4'
Symbol ‘STOP_BUTTON' associated with "510.6'

Comment 'Stop button for conveyors' associated with "9%10.8"
Symbol 'START_BUTTON' associated with "%10.7'

Comment 'Start button for conveyors' associated with '%10.7'
Symbeol 'C1_SPD' assodiated with "%IW0.0"

Comment 'Conveyor 1 speed sensor’ assodiated with "%IW0.0"
Symbol ‘C1_RUN' associated with '%00.2"

Comment 'Conveyor 1 run output’ associated with "%00.2"
Symbol 'C2_RUN' associated with "%Q0.3'

Comment 'Conveyor 2 run output’ associated with '%Q0.3"
Symbol ‘C3_RUN' associated with "%Q0.4"

Comment 'Conveyor 3 run output’ associated with '%Q0.4"
Symbel 'RUN_LIGHT assaciated with '9:00.6'

Comment 'Conveyor run indicator’ assodiated with '9:00.6"
Symbol "FLT_LIGHT' associated with '%Q0.7'

Comment 'Conveyor fault indicator’ associated with "9:Q0.7
Symbol ‘RUN_RELAY" assodiated with "9:M100°

Comment 'Conveyor run relay’ associated with %:M100°

Symbol 'C1_STOPR' associated with "%M101"

Save

Column

R R R e R R R e R R R e ]

[=]
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Program Structure

POUs Program Operation Units (POUs) are a way of organising code into sections,
making it easier to find were certain control functions are located.

Although there is a Search function in SoMachine Basic, grouping sections of code
in this way can help to see how rungs interact with each other.

For example, the conveyor application has three POUs

» Control

» Fault Handling

» Speed Monitoring

Thus if a programmer wanted to look at setpoints for the speed control, it makes
sense for the program code handling that to be in the Speed Monitoring POU. If

they wanted to find out why the running light wasn't coming on, they would look in
the Control Section (although perhaps the first task would be to check the bulb).
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Program Structure (cont.)

Adding POUs
and Rungs POU.
Tasks Tools
=
Behavior
-]
@ 1. AddPOU

To create a new rung, right click the POU and from the menu select Add Rung.

Tasks Tools
|§_n§+|
Behavior
B Master Task
-]
Ryl Copy POU
Periodic Delete FOU
Events Rename POU
Free PO
Add Rung

To create a new POU, right click the Master Task and from the menu select Add

Renaming POUs
and Rungs

Tasks Tools
|§_n§+|
Behavior
B Master Task
-]
Ryl Copy POU
Periodic Delete FOU
Events Rename POU
Free PO
Add Rung

POUs and Rungs can also be renamed. Right click the POU or Rung and select
Rename POU or Rename Rung.

Tasks Tools

=-|
Behavior

B Master Task

8 1-NewPOU

Periodic T{  Rename Rung
Events Copy selected rung
Free PO/ Delete Rung

This renaming helps to self-document the program.

SoMachine Basic

Manual Release 1
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Program Structure (cont.)

Copying POUs POUs and Rungs can also be copied. Right click the POU or Rung to be copied and
and Rungs select Copy POU or Copy selected rung.
Tasks Tools Tasks Tools
EEN =
Behavior Behavior
B Master Task B Master Task
-] 8 1-NewPOU
Ru Copy POU
Periodic Delete POU Periodic T{  Rename Rung
Events Rename POU Events Copy selected rung
Free PO Free POUY{  Delete Rung
Add Rung

When a POU has been copied it can be pasted into the Master Task. Right-click the
Master Task and select Paste POU from the menu.

Tasks Tools
@ 1. #ddPoU

When a Rung has been copied it can be pasted into any POU. Right-click the
required POU and select Paste Rung from the menu.
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Program Structure (cont.)

Copying Obijects
in Rungs

<Shift>click. <Ctrl>a can also be used to select all items in the rung.

Right-click the green area to the left of the rung and select Copy from the menu.

Cut Ctrl+x

JStop butto.. |
Copy Ctri+C

Rename the selected rung
Add Rung

Insert Rung

Copy selected rung

Delete the selected items  Del
Delete the selected rung

Search and Replace

Select the rung where the items are to placed, right-click the green area to the left
of the rung and select Paste from the menu.

The options to add, rename, copy and paste rungs are also here along with options
to insert a rung and edit lines, columns and items within the rung.

SoMachine Basic

Manual Release 1

Individual items within rungs can also be copied. Select the items to be copied. The
Windows shortcut keys will allow multiple items to be selected - <Ctrl>click and
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Exercise - Create a Program Structure

Learning By the completion of this exercise you will:
Outcomes
» Create new ladder rungs and POUs

» Rename ladder rungs and POUs

Skip this exercise if you have already completed the exercise in the eLearning - this

is a repeat of that exercise.

1 Create new rungs for the program.
i Right-click the rung Rung_0 and from the menu select Rename
Rung.
Tasks Tools
=

Behavior

Periodic T{ Rename Rung
Events Copy selsctad rung
Free PO Delete Rung

ii. Change the name of the rung to start Control.

iii. Right-click the POU POU_0 and from the menu select Add Rung.

Tasks Tools
=jEN

Behavior
B Master Task
-]

Ryl Copy POU
Periodic Delete POU
Events Rename POU
Free PO

Add Rung

iv. Change the name of the rung to stop
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Exercise - Create a Program Structure (cont.)

V. Add new rungs to the program and give them the following names:

- Convl
- Conv 2
- Conv3
- Running
- Stopl
- Stop2

- Stop3
i Right-click the POU and rename it to Control.

2 Create new POUs for the program
i Right-click the Master Task and from the menu select Add POU.

Tasks Tools
=X
Behavior
e =
8 - Add POU

ii. Rename this POU Fault Handling.

iii. Add another POU and call it Speed Monitoring.

3 Save the application

L
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Programming Rungs

Links Links are often created automatically when objects are placed in a rung. The link is
usually correctly placed but there will be times when the link must be changed.

For example, when the output coil is drawn in the above rung, the link between the
last contact and the coil is drawn automatically.

There are two modes when placing a contact, normal mode and branching mode.
Normal mode will simply place the object in the rung; branching mode will place
the object in the rung and attempt to draw the links to existing contacts.

Automatic Links |f Branching Mode “** is selected, any contact drawn on the screen adjacent to
another contact already in the rung, will be linked to that existing contact.

For example, if a new contact is placed under the normally open contact in the
above rung, the links will be drawn automatically.

SEop butto”
STOP_B...
%I0.6

__I).fl__.

If the contact is not placed adjacent to another contact, the branches will have to be
drawn manually. Links will also have to be redrawn manually if they are
incorrectly placed by the automatic process.
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Manually
Drawing Links

Programming Rungs (cont.)

There are two tools to allow links to be drawn or erased. These are the draw line
tool and the erase line tool.

The Erase Line tool <" will allow lines or links to be erased anywhere in the rung,
except where another object has been placed. They are erased by dragging over the
line or link to be erased. The line will appear red as it is being erased.

Start Control

. |Stop butto..
STOP_B...
%I0.6

] i

The Draw Line tool 7~ will allow lines or links to be drawn anywhere in the rung,
except where another object has been placed. The line will appear green as it is
being drawn.

Start Control

Stop butho..
STOP_B...
I06

| ————

SoMachine Basic Manual Release 1
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Programming Rungs (cont.)

Power Flow A way of analysing ladder logic is to imagine power flowing through the contacts.
If a contact is closed then power will flow through it and on to the next contact or
coil.

In the following example, the normally closed contact will allow power to flow
through but this does not answer the question of whether the output coil will turn
on. Imagining power flow along the rung allows the rung to be analysed.

If the first contact is closed, ie input %I10.7 is true, then power will be applied to the
left hand side of the normally closed contact. If the second contact is closed, ie
input %10.6 is false, then the power will be applied to the left hand side of the coil
allowing it to turn on.

More complex rungs require more complex analysis but this concept of power flow
and whether there is power at a certain point in the rung, remains the same. Thus
any rung can be "solved" to see whether the output will turn on.

Reverse Power In the following example, there is a point in the middle of the rung where power
Flow flows from right to left instead of from left to right. This is known as Reverse
Power Flow. The following shows an example of reverse power flow where power

must flow back to the start of the second row of contacts.
F— A — A — »—‘

Some programming packages allow reverse power flow when a rung is configured.
However SoMachine Basic does not allow reverse power flow so care must be
taken to avoid this when configuring a rung.

Start Control

Start butt Stop butto Conve
START ... STOP_B... RUN_LL.
%107 %010.6 %Q0.6

Program errors will be present if this is configured in SoMachine Basic.
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Programming Rungs (cont.)

Start Control The first section of the program will be responsible for Start Control. The start
control will simply start all three conveyors at the same time.

In practice timers are often used to provide a staggered start to space out product
and prevent current surges. Timed control of the conveyors will be performed as
part of the stop control where it is much more important to clear product from the
CONVeyors.
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Exercise - Create the Start Control Program

Learning By the completion of this exercise you will:
Outcomes
» Be able to use copy and paste to create program rungs

1 Modify the start control rung.

i Click the descriptor for the coil and change the address from %Q0.6
to %M100. Similarly, change the descriptor for the latching contact
to %M100

v

Stop butt Conveyor
STOP_C... START .
%06 %M100

ii. Delete the Stop contact - this will be implemented in a different way
as a controlled shutdown is required.

iii. Add two normally open contacts on the second row of the rung.
iv. Select the line drawing tool.

V. Click and hold at the right hand side of the contact at row 2 column
2 and drag the line up to join the top row. The completed rung
should look like the following picture

v

Conveyor.
RUN_RE...
%M100

This will complete the change to the start control rung.
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Exercise - Create the Start Control Program
(cont.)

2 Create the code for conveyor 1.
i In the rung "Conv 1" add a contact and a coil.
ii. Enter the address %M100 for the contact and %Q0.2 for the coil.

Conveyor
C1_RUN
%Q0.2

3 Create the code for conveyor 2.
i Delete the existing Conv 2 rung
ii. Select the Conv 1 rung.

iii. Right-click the green area of the rung and select Copy selected
rung from the menu.

iv. Right-click the empty area below the rung and select Paste rung
from the menu.
V. Click the address above the coil and change it to %QO0.3.
4 Create the code for conveyor 3.

i Select the contact and coil from the Conv 1 rung.

ii. Right-click the green area of the rung and select Copy from the
menu.

iii. Right-click the green area on the left of the Conv 3 rung and select
Paste from the menu.

iv. Change the address of the contact to %Q0.4.

5 Create the code for the running indicator lamp.

i Program the "Running" rung with the following objects

" Running

Conveyor. Conveyor. Conveyor. Conveyor. Conveyor. Run indic..
C3_RUN C1_FLTR C2_FLTI C3_FLTR RUN_LIG...
%M105 WMI06 w®M107 %Q0.6
A1 (
Conveyor. ) ) ) : ) " : ) °
6 Save the application.

L
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Timers

Stop Control Stop control will perform a controlled stop of the conveyors.

Timers will be used to ensure product has travelled down the conveyor before each
is stopped. This approach ensures that the conveyor stops and no product is left on
the conveyor.

Each conveyor will have a separate timer which will accommodate different
conveyor lengths and speeds.

How to Create a Clicking the Functions button on the Ladder Editor menu will open a drop-down
Timer menu of special functions. The first of these is the Timer function.

W =h A - | O ][0
(D] |
(&) |

M

Select the Timer object and when the cursor is moved over the ladder rung a timer
will be displayed underneath it.

Type: TON
TEB: 1 min
Preset: 9080

Place the timer at the desired location.
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Timers (cont.)

How to Parameters must also be configured for the timer to set the type of timer and time
Configure Timer  value. This is done in the Timer Properties section.
Parameters

Either double-click the timer function block in the ladder editor or go to the
Module Programming Tree, select the Tools tab then under Software Objects
select Timers.

Tasks Tools

Program Messages
& 4| Animation tables
Animation table_0
a Memory objects
mm hMemory bits
I Memory words
I Constant words
-] System objects
mm System Bits
o System Words
@ [fffj vo obiects
Digital inputs
Digital outputs
B Analeg inputs

B Analog outputs

123 Fast Counters

a Software Objects

The Timer Parameter configuration will be displayed at the bottom of the page.

Timer properties

Used Address Symbal Type Base Preset Comment
YTMO TON 1 min 9993
YaTML TON 1 min 9999
YTM2 TON 1 min 9993
YTM3 TON 1 min 9993
YaTM4 TON 1 min 9993
YaTM5 TON 1 min 9999
YTME TON 1 min 9993
YTM7 TON 1 min 9993

To change the type or base, double-click the column on the row containing the
required timer. A drop-down box will appear allowing the type or timebase to be
selected.

To change the symbol or preset, double-click the column on the row containing the
required timer. A dialog box will open allowing the required information to be
entered.
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Learning
Outcomes

3-44

Exercise - Create the Stop Control Program

By the completion of this exercise you will:

» Be able to create and configure timers in the program

1 Create the stop sequence ladder rung.

i Add the following objects to the Stop Control rung:

e Ston A
%I10.6 WMI09
—1
soma oo
WMI09 %00 4
—AF—

2 Create timer for the first conveyor.

i In the Stop 1 ladder rung, place a normally open contact at the start
of the rung. Click the Symbol text above the contact and enter stop.
A list of the previously entered symbols that contain "STOP" will
appear.

" stop1

|| c1_sTorr

C2_STOPR
C3_STOPR
STOP_REL.

ii. Select the "STOP_RELAY" symbol.

This is an alternative way of assigning an address to an object.

iii. In the functions menu bar, drop down the functions sub-menu and
select the timer object.

W =H AW - | ][0
@ |

iv. Place the timer next to the contact

Conveyor.
STOP_R.
wMI09
— N seTmp ap
: Type: TON s
TE: 1 min
Preset: 0000
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Exercise - Create the Stop Control Program
(cont.)

3 Modify the parameters for the timer.

i. In the Module Programming Tree, select the Tools tab. Under
Software Objects, select Timers.

Tasks Tools

Program Messages
B8 4| Animation tables
Animation table_0
2 Memory objects
mm hemory bits

I Memaory words

Il Constant words
[ -] System objects

mm System Bits

- System Words
8 [ vo objects
X Digital inputs
[ Digital cutputs

2 Software Objects

ii. Double-click the base column on the row containing %TMO. A drop-
down box will appear allowing the timebase to be selected. Choose
the 1s (1 second) timebase.

Timer properties

Used Address Symbol Type Base: Preset Comment
u V] %TMO TON 9599
HTML Ton 1m: es99
wThHZ Ton 10 ms 9999
100 ms
%TM3 ToN me 9999
%TM4 ToN 1 min =

iii. Double-click the Preset column on the row containing %TMO and
enter a preset value of 2. This will set the timer to 2 seconds.

iv. Apply the changes.

4 Complete the rung.

i Add a contact to the end of the rung and assign it to address
%M101.

SoMachine Basic Manual Release 1 3-45



3-46

Exercise - Create the Stop Control Program
(cont.)

5 Create the code to stop the other conveyors.

i Copy the objects from the Stop 1 rung and paste them into the Stop
2 rung.

ii. Change the address of the coil to %M102.

iii. Double-click the timer address to change the timer number.

H™N o | QL
Type: TON
TE: 15
Preset 10
iv. Change the address of the timer to sTM1.
V. Paste the objects into the Stop 3 rung.
vi. Change the timer to %TM3 and the output coil to address %M103.
6 Modify the parameters for the other timers.

i Open the timer configuration and enter the following parameters for
the timers.

Timer properties
used Address Symbok Type Base Preset
%THD TON 1s 2
%TML TON is 5

%TMZ TON

%TMZ ToN 1 min 9999

ii. Accept the changes.
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Exercise - Create the Stop Control Program
(cont.)

7 Complete the stop control.

i On the Conv 1 ladder rung add a normally closed contact and assign
it to address %M101.

RUN_RE C1_STOPR C1_RUN
et oo %Q0.2

I I )

ii. On the Conv 1 ladder rung add a normally closed contact and assign
it to address %M102.

iii. On the Conv 1 ladder rung add a normally closed contact and assign
it to address %M103.

8 Save the application.

9 Download the application to the controller and test it.

i When the start input, %1I10.7, is operated. All the conveyor outputs
will come on at the same time; %Q0.2, %Q0.3 and %Q0.4.

ii. When the Stop input is operated, the outputs will turn off in a timed
sequence:

%@Q0.2 will turn off after two seconds.
%Q0.3 will turn off after five seconds
%Q0.4 will turn off after nine seconds.

If the program does not work as expected, carefully check the
programming for any mistakes, resolve them and try again.

é) Note:

If the program still does not work after checking, complete the rest of the exercises
in this chapter. Diagnostic tools to help find programming problems are described
in Chapter 4 - Getting it all Working.

L
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Exceptions

Exception
Indication

3-48

Exception Handling

Exception handling is an important part of any application. If a problem condition
can be identified and correctly handled it can prevent damage to equipment or loss
of production.

Typical exception handling may be written for the following:

Equipment being turned on but not running, such as a conveyor jam
Motors not running at the correct speed

Insufficient product

No bottles or caps for a bottling machine

Storage container overfill (if a high level probe fails)

Product backup on conveyor

YV V YV V V V

The last of these for example, may cause product to spill on the floor if there is not
enough room on the conveyor and it is not stopped.

The following exercises will add code to handle the first two of these.

ﬁ Note:

If any of these physical exceptions occur they are often referred to by engineers as
faults. The fault is not part of the control system but with the process itself and if
programmed correctly, the control system can handle the fault in a controlled way.

As well as handling the exception, the program should also provide some kind of
indication to the operator so they can take the appropriate action to resolve it. This
can be in the form of indicator lights, horns and/or alarm displays. An output will
be provided for lights/horns and the program must be written to operate these
outputs under the appropriate circumstances.

Alarm displays are usually implemented using a graphic or text display and data
connection to the controller. In most cases there must be some programming in the
controller to accommaodate this.
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Exception Handling (cont.)

Conveyor For this section of program, inputs %I0.2, %10.3 and %]I0.4 will simulate conveyor
Application faults. A settling time will be provided for each conveyor and if the input is
activated after this time then an exception will be generated.

The appropriate conveyor will be stopped along with all preceding conveyors to
prevent product from being fed to the conveyor that has stopped.

The speed of a conveyor will also be monitored. This speed will be represented by
an analog value on input %IW0.0. A low and high setpoint will be configured and
if the speed of the conveyor is outside the range of the setpoints then an indication
will be made to the operator. No other automation control is required.

A fault Indicator output will be provided on %Q0.7: It will be flashing for a
conveyor speed error and permanently on for a conveyor fault.
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Set and Reset Coils

Set and Reset Set and Reset coils work slightly differently to normal coils.
coils

When the preceding logic resolves to true a Set coil will turn the output on. The
output will then stay on, even if the preceding logic changes state and resolves to
false. The coil must be reset using a reset coil.

When the preceding logic resolves to true a Reset coil will turn the output off. If
the preceding logic resolves to false, the Reset coil will not change the state of the
output.

) )
. on
p%\?\:!er J \— off

These usually operate independently in separate ladder rungs; the only link
between them is that they operate on the same output.

ﬁ/) Note:

If the same object appears later in the program as a normal coil, the logic of this
rung will determine the state of the object. The Set and Reset will be ignored.
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Exercise - Create an Exception Handling
Program

Learning By the completion of this exercise you will:
Outcomes
» Use the Set and Reset coils.

ﬁ Note:

The term fault is used to refer to a physical problem with the process hardware that
is detected and controlled by the SoMachine Basic application.

1 Create new rungs for the exception handling.

i Add five new rungs to the Fault Handling POU and give them the
following names:

Conv 1 Flt
Conv 2 Flt
Conv 3 Flt
Reset

Fault Light

2 Program the settling timers.

i Program the following objects for the settling timer and fault for
conveyor 1.

&) Conv1FIt

Conveyar. Conveyor

Conveyor 12=... C1_FLT C1_FLTR

.2 w CISTL a| *2 %M105
— _TMI1 I (s)

Type: TON
TE 1s

Ladder
Label

Preset 10

Notice the use of the Set Coil not a normal coil. This will have to be
placed using the Set Coil tool on the toolbar.

ii. Configure the following parameters for the settling timer.

%TM11 C1_STL TON 1s 10 Conveyor 1 settling time

arThTn Trn + i

iii. Configure the other two fault rungs and settling timers similarly.

Try to work out which contacts and coils are required and program
them before turning the page.
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Exercise - Create an Exception Handling
Program (cont.)

“Conveyor. “Conveyor
Conveyor 1 & C1_FLT C1_FLTR
o1 8TL %/0.2 w105
TN I rd
TMI1 1 (s)
Type: TON .
TB: 15
Preset 10
“Conveyor... Conveyor...
Conveyor 2 se... Cz FLT C2 FLTR
C2_sTL %0.3 %M106
TN [ ] rd
wTMI2 [} (s)
Type: TON
TE:1s
Preset 10
“Conveyor... Conveyor...
Conveyor 3se... C3I_FLT C3_FLTR
C3_STL %I0.4 %WM107
-y [ ] rd
HTMIZ i (s)
Type: TON
TB:1s
Preset 10
imer properties
Used Address Symbol Type Base Preset Comment
Y%TM11 C1_S5TL TON is 10 Conveyor 1 settling time
%TM12 C2_5TL TON 1s 10 Conveyor 2 settling time
%TM13 C3_5TL TON 1s 10 Conveyor 3 settling time
FeTM14 TON 1 min 9999

3 Add code to reset the faults.

For each set coil, there must be a reset coil. These will be
programmed into a single rung and will reset the circuits when all
the faults have been removed and the start button is pressed.

Comveyor...  Comveyor..
C1_FLT C2_FLT
®i0.2 %I0.3

Conveyor...

c3_FLT
%10.4

Conveyor...
C1_FLTR

%M105
(r)

I i1

i/

“Gonveyor
C2_FLTR
%105

(R}

“Conveyor...
C3_FLTR
%M107

—®
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Exercise - Create an Exception Handling

Program (cont.)

a4

Add code for the fault light.

Finally add the program for the fault light which will come on when
there is a fault on any of the conveyors.

Fault Indi....
FLT_LIGHT
%Q0.7

<

Save the application

SoMachine Basic
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The Operation Block

Setting Numeric
Values

How to Create an
Operation Block

Conveyor
Application

3-54

The setpoints for speed handling need to be set by the program at startup.
SoMachine Basic provides a function for setting numeric values. It is called the
Operation Block.

The Operation Block is used to perform a calculation or other operation and write
the result to a register.

The Operation block tool is located on the toolbar next to the Other Items button. It
is a rectangle with three dots inside.

VVeemo @ O-

Cperation block (Clrk+Shift+6 or Clri+Shift+7) |

To create an Operation block select the tool and place the object on the right hand
side of the rung.

Double-click the Operation Expression above the block to open an entry box and
enter the required expression.

é) Note:

Operation blocks can only be placed on the right hand side of a ladder rung.

The speed of a conveyor will also be monitored. This speed will be represented by
an analog value on input %IW0.0. A low and high setpoint will be configured and
if the speed of the conveyor is outside the range of the setpoints then an indication
will be made to the operator. No other automation control is required.
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Exercise - Creating Setpoints

Learning By the completion of this exercise you will:
Outcomes
> Be able to use the Operation block

1 Create the ladder rung.

i In the Speed Monitoring POU, create a rung and name it "Setpoints".

2 Create the programming for the rung.

i Select the Operation Block tool = and place the block at the right
hand end of the rung. Place a second Operate block beneath it.

ii. Click the Operation Expression above the first block and an entry box
will open.

Il |
—L— ]

Enter the expression MWl := 625

Notice that this is colon-equals, not just equals.

iii. Configure the second Operation block with the expression sMw2 :=

400
é) Note:

Although this will perform the correct function and load the setpoints with the
values, this will happen each time the logic is processed.

Sometimes the setpoints will need changing depending on the state
of the process so it is better to load the setpoints once when the
program starts up. The setpoints can then be changed without being
overwritten by the program.

The system bit %S13 provides a single pulse when the program

starts and remains off after that. This can be used for any
initialisation in the program.
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Exercise - Creating Setpoints (cont.)

3 Change the rung so that the values are loaded once when the
program starts.

i Place a normally open contact at the start of the rung and assign it
to address %S13. The completed rung should look like the following.

v

VS_HI_SP = 625
BMWT = 625

——

VE_LO_SP =400
B2 = 400

—T— 1

4 Save the application.
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The Comparison Block

Comparing Sometimes it is necessary to compare values to see if a value is above or below

Numeric Values another. For example, consider a storage silo weighing 200Kg and that silo can
contain 100 Kg of product. If the silo is fitted with a load cell then the weight can
be measured. If the weight exceeds 290 Kg then the storage silo can be considered
full and the control system can ensure that no more product is put into that silo.

Comparing numeric values in SoMachine Basic is achieved using the Comparison
block.

How to Create a The Comparison Block tool is located on the toolbar next to the XOR and
Comparison Functions. It is a rectangle with a left chevron (<) inside.
Block

A Han 4 (@& - T - 00 ee o

'POU
‘Companizon block (Ctri+Shift+0 or Cirl+Shift+F) S

To create a Comparison Block select the tool and place the object on the rung in
any position except the right hand side of the rung.

Double-click the Comparison Expression above the block to open an entry box and
enter the required expression.

Conveyor The speed of a conveyor is represented by an analog value on input %IW0.0 and

Application will be compared with the low and high setpoints that were configured previously.
If the speed of the conveyor is outside the range of the setpoints then an indication
will be made to the operator. No other automation control is required.
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Exercise - Comparing With the Setpoints

Learning By the completion of this exercise you will:
Outcomes
» Be able to use the Comparison block
1 Create the rungs for comparing the analog value.
i Create two new rungs in the Speed Monitoring POU.
ii Rename these rungs VS High and VS Low
2 Program the rung to compare with the high setpoint
i Place a contact at the start of the rung and assign it to address
%M100.
The comparison only needs to be done when the conveyor is
running.
ii. Select the Comparison Block tool and place the block next to the
contact.
iii. Click the Operation Expression above the Operation block and enter
the expression %IW0.0 > %MW1.
iv. Add a coil to the rung and assign it to address %M121.
The completed rung should look like this
ﬁ@ VS High
TN
< ©
3 Program the rung to compare the low setpoint.
i Program the Low SP rung with the following objects and the
expression %IW0.0 < %MW2
K@ VS Low B B
oo lmunne crsmoceios riow
"] )
4 Save the application.
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Linking the Program Parts

Completing the In this final exercise the programs in the separate POUs will be linked together by

application adding contacts to rungs that were previously created. This linking is typical of the
way a program is developed with new functionality and is sometimes called
hooking in to the existing application.

The speed errors will be amalgamated into a single contact and that contact will be
used to make the fault light flash. The fault relays will also be used to stop the

conveyors.
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Learning
Outcomes

3-60

Exercise - Complete the Program

By the completion of this exercise you will:

» Complete the conveyor application

1 Add a rung to indicate that the variable speed is OK.
i Create a new rung in the Speed Monitor POU and rename it VS OK

ii. Add the following objects.

v
Variable 5
VS HiGH

Varigble ... [verisble s...

V5 _LOW |vs_ok

%0122 %0120
1

i1

<)

2 Modify the fault light rung to make the light flash when the speed
is not within the range of the setpoints.

i Modify the Fault Light rung to the following

v

able s Fault Indi [
FLT_LIGHT
%0Q0.7

11 )

“Variable s...
V5_0K
%M120

A —

ﬁ Note:

This contains a contact using the address %S6, This is a system bit which turns on
and off with a 1 second interval. It is often used to create cyclic actions such as
flashing a light.
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Exercise - Complete the Program (cont.)

3 Modify the conveyor run rungs to make the conveyors stop when a
fault occurs.
i Modify the conveyor rungs to the following.
“Gonveyor. “Conveyor Conveyor. “Gonveyor. ) ) ) “Gonveyor.
C1_STOFR 3 FLTR C2_FLTR C1_FLTR C1_RUN
WM101 %M107 ®WMI0G wM105 %0Q0.2
i it i1 7 O
Conveyor. Conveyor.. Cenveyor.. Conveyor.
C2_STOFR 3 FLTR C2_FLTR C2Z_RUN
wM102 %M107 ®WMI0G %0Q0.3
i1 i1 i1 ()
“Conveyor. “Conveyor.. : - : : - : : “Conveyor.
C3_STOFR C3_FLTR C2Z_RUN
%M103 %M107 %003
O L O

4 Save the application
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Conclusion

Questions
(Programming a
Simple
Application)
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Conclusion

This chapter covered the following topics:

Languages (page 3-5)

Addressing (page 3-5)

Symbols (page 3-30)

Program Structure (page 3-30)
Programming Rungs (page 3-36)
Timers (page 3-42)

Fault Handling (page 3-48)

Set and Reset Coils (page 3-50)
The Operation Block (page 3-54)
The Comparison Block (page 3-57)

YV V VYV VY VYV VYV YV

The following questions are to check understanding of the topics covered in this
chapter:

» Which languages are supported by SoMachine Basic

» What type of object is %SW1 and can you write to this object?

» What is a quick way to create multiple symbols?

» How can an output be turned off when it has been turned on using a Set coil?

» Which block can be used by the program to write values into objects?
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Chapter 4: Getting it all Working

Overview

Introduction After creating the application and writing the program, the next step may be to find

out why it does not work as intended. The issue may be due to the M221 Logic
Controller, an incorrectly written program or the field wiring or devices.

SoMachine Basic provides a number of tools to help with faultfinding the M221
Logic Controller and the Application.

This Chapter Covers These Topics:

P ViSUAI CIUES....coviiiie et 4-2
> Looking at the Program ...........cccccvvvveiveve e 4-5
> Searching for TINGS ..o 4-8
> Replacing ThiNGS......cccooveiiiieieee e 4-9
> LooKiNg @t ValUES........cccoviiiiiiiieeeeee e 4-12
»  Changing ValUEs ........ccccooveiiiiieiieiecc e 4-16
P FOICING i s 4-17



Visual Clues

LEDs The LEDs provide a visual indication of the status of the M221 Logic Controller.
They can show when the program is not running, and combinations can sometimes
give an indication why. They also give an indication of the state of various parts of
the M221.

g
@

M221 "war .

|
1l
by |
K |
+
[ |
[} |
"l

PWR LED The first LED shows the state of the power supply to the M221 controller. If the
PWR LED is off then the 24V power supply to the M221 is not working. The first
thing to check would be the wiring and the power supply itself.

If the PWR LED is not on there is no point looking for any other problems as this
must be resolved first.

During normal operation this LED should be permanently ON.

RUN LED The next LED to look at is the RUN LED. If this is permanently on then the
program is running and any fault is likely to be in the program itself.

If the RUN LED is blinking slowly (and the ERR LED is off) then the M221 is in
Stop mode. This can be for several reasons but the first thing to check is the
RUN/STOP switch on the front of the M221. This switch must be up for the
program to run. If the switch is up then the SoMachine Basic software must be
used to put the M221 controller in Run. Alternatively, changing the RUN/STOP
switch down to the STOP position and then back up to RUN will set the controller
in run mode.

If the RUN LED is off, there is no application in the M221 Logic Controller.

During normal operation this LED should be permanently ON.
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ERR LED

SD LED

BAT LED

SL LED

LEDs (cont.)

The ERR LED can indicate various faults in the M221 Logic Controller.

If it is permanently on, this indicates an exception in the M221 which has caused it
to stop. The program cannot be run and no communication with the M221 is
possible. To recover, the firmware must be reloaded into the M221.

If the ERR LED is flashing, this indicates that the M221 has a valid application but
there is an internal error. If the Run LED is on, then the program in RAM is not the
same as the stored program. This typically occurs when an on-line modification has
been made and not saved to the M221. If the Run LED is off, then this indicates an
internal error. Limited communication is allowed to resolve the error but the
program cannot be run.

A single flash when power is applied to the M221 indicates that there is no
application loaded into the controller. Full communication with the controller is
possible in order to download an application.

During normal operation this LED should be permanently OFF.

The SD LED indicates when the M221 Logic Controller is accessing the SD card.
This will usually be during a firmware upgrade or data transfer.

During normal operation this LED should be permanently OFF.

The BAT LED indicates the state of the battery. A slow flash indicates that the
battery is low. When the LED is permanently on, this indicates that the battery is
flat.

During normal operation this LED should be permanently OFF.

The SL LED indicates when the M221 Logic Controller is communicating via the
Serial Port. If the M221 has more than one serial port, there will be two LEDs
labelled SL1 and SL2 giving indication for ports 1 and 2.

During normal operation the state of this LED will depend on the application.
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Exercise - LED status

Learning By the completion of this exercise you will:
Outcomes
» See some of the LED indications for the M221 Logic Controller

1 If SoMachine Basic is not running, start it and open the Conveyor
Control Application.
2 Make an online modification and observe the effect on the LEDs.

i Connect to the M221 Logic Controller and ensure that the program in
the controller is the same as the program in SoMachine Basic.

ii. Make a small change to a ladder rung. This can be any change such
as changing a normally open contact to normally closed or changing
the address of an object.

iii. Click off the rung and when the message appears asking if the
change is to be permanent, click the No button.

iv. Observe the effect on the LEDs.

3 Remove the battery.
i Power off the M221 controller and remove the battery from the unit.

ii. Apply power to the M221 Controller and observe the effect on the
LEDs.

iii. Remove the power for at least 30 seconds, insert the battery, apply
power to the M221 and observe the effect on the LEDs.
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Looking at the Program

Displaying
Values on a Rung

Analysing a Rung

When SoMachine Basic is connected to the M221, the values of objects are
displayed on rungs. If an output does not turn on when expected, the logic can be
checked and the cause determined.

The colouring of the contacts will indicate power flow. Green colouring shows
when a contact will allow power to flow and a contact that is not coloured will not
allow power flow.

56107 %106 %Q06

25
r

The state shown under each object also gives the state of the contact or coil,
showing whether it is true or false.

f//'> Note:

The True/False indication shows the state of the input, not the state of the coil or
contact. The green colouring shows the state of the contact. This can be confusing
for inverted contacts and coils but a green colour will always signify power or on.

Conv 2
Start saqu Conveyor Conveyor Conveyor Conveyor Conveyor
RUN_RE... CONV_2... CONV_2... CONV_3... CONV_4... CONVEY...
%M100 96M102 %M106 %M107 %M108 %0Q0.3

1 14 14 1/ 14 rs
| 1] 171 /¥ 171 ()
True Falss Falz= True Falz= s

In the above example the outputs controls conveyor 2 which is not running.
Looking at the displayed values on the rung, %M2100 which is the Run Relay is
shown as true so the conveyor should be running. However, %M107 which is
Conveyor 3 fault is also shown as true and no power will be allowed through this
normally closed contact.

Even though there is no fault on conveyor 2, the fact that another conveyor has
developed a fault will also stop this one. The program has been designed to behave
this way. This method of analysing a rung can be helpful to determine why
something is not happening as expected, especially when it is being prevented by
something in another part of the program.

SoMachine Basic Manual Release 1
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Exercise - Values in Rungs

Learning By the completion of this exercise you will:
Outcomes
» Use the values in displayed in rungs to fault find the program

1 If SoMachine Basic is not running, start it and open the Conveyor
Control Application.

2 Investigate why the fault light is flashing.
i Display the Fault Light rung located in the Fault Handling POU.
ii. Identify the part of the rung that is causing the fault light to flash.

Fault Light
Conveyor... Varizble 5. Conveyor
CONV_1... V5_0K CONVEY...
%6M105 %6M120 %Q0.7
I 1B e
I 10 .8

Falez Falss =
Commnr . . . . . .
CONV_2...
%6M106

False
Conveyor.
CONV_3...
%6M107

Falss
Conveyor
CONV_4.
M08

Falss

Varizble
V5_0K

%58 %6M120
—A

False False

This leg contains %S6 which is the system bit cycling with a 1
second interval. This is in series with %M120 the normally closed
contact is false which is causing the fault light to flash.

“Variable 5...

VS_0K
%56 %eM120
i 170

— | 173

Fal=e Falze

The symbol for this is VS_OK.
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Exercise - Values in Rungs (cont.)

Display the VS OK rung located in the Speed Monitoring POU.

Variable 5.
VS_LOW
3M120
7
P

VS Low

Start sequ...
RUN_RE...

%M100

Tre

SaM122
10
171 y
False

True

The VS_OK object is turned on when the speed is not low and not
high. Looking at the state of the two contacts, the VS_LOW contact

is true so the low speed means that the speed is not OK.

V5 0K

Variable 5... Variable 5...
VS_HIGH VS _LOW
%haMM121 Y122

———

Falsa True

Display the VS Low rung located in the Speed Monitoring POU.

Variable 5...
%IW0.0 < LO_SP V5_LOW
%6IW0.0 < %MW1 %M122

Sy
<o

<
0450

The Run Relay (%M100) is true so the error must be in the
comparison. The variable speed low setpoint (VS_VO_SP) is 400 but
the actual speed of conveyor 1 (C1_SPD) is equal to one. The
comparison is successful and the low speed turns on.

VS Low

Start sequ..

RUMN_RE... YeIW0.0 = LO_SP
%eM100 %IW0.0 = %MW1

—— = 1—

True |5'<'45_'£J

The conveyor is either not running or there is no signal from the
device monitoring the conveyor speed.

(In this case, the signal is not connected)

SoMachine Basic
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Searching for Things

Using the Search The previous method of navigating around the project is possible if the rungs have
been given meaningful names of the project is familiar. If not then the object must

be searched for.

The search function in SoMachine Basic makes finding things easy. At the moment
it only works on rung names or descriptions so when programming, make sure
meaningful rung names and descriptions are entered. The search will not work for
symbols.

Programming tree

To start a search, go to the Programming tab and
select Tools in the Programming Tree. Near the
bottom under Software Objects, select Search
and Replace.

Tasks Tools

Animation table_D
[-] Memory cbjects

mm hMemor

o Memor

In the section that opens at the bottom of the

° screen, type the required search into the Find
i dialog box and click the Search button (Pressing
il ks the return key will not work). A list of matching
i descriptions will be displayed. The wildcard is not
required as the list will include all descriptions
that contain the matching string.
-] Software Objests
g;‘;‘;s The search can only be used to search the code.
a L\F.C-FIFD Registers
&5
B Schedule Block
fo~ PID

Sumhal list

Search and Replace
Find Results

POU Rung Code
Replace =

Searchin [¥] Program  [¥] Comments

Using what has
been Found

After the search has produced a list of matching items, these can be used to
navigate around the application.

Search and Replace

Find fault | Seach | Results

POU Rung Code
Replace -~
Fault Handling Resst Conveyor 3 fault relay
Search in E Program E Comments Fault Handling Fault Light Fault light.
Fault Handling Fault Light Conveyor 1 fault relay
Fault Handling Fault Light Conveyor 2 fault relay
Fault Handling Fault Light Conveyor 3 fault relay
Fault Handling Fault Light Fault Indicator light

Clicking an item in the list will go to the rung where that object has been
programmed and place the cursor on the object.
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Replacing Things

Using Replace

SoMachine Basic

When something has been found, the replace may be used to a piece of text in a
description to something. For example, if all descriptions contained the word
"fault" and this needs to be changed to "malfunction”, enter the word malfunction

into the replace dialog box and click the Replace button (once again, pressing the
return key will not work).

Search and Replace

Find fault [ Search

Replace ||'1&If|.r(: on |

Searchin [¥) Program W) Comments

This function can only be used for replacing ALL instances of a string.
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Exercise - Searching for Things

Learning By the completion of this exercise you will:
Outcomes
» Search and replace in SoMachine Basic.

1 If SoMachine Basic is not running, start it and open the Conveyor

Control Application.

2 Search for objects associated with faulits.

i Click the Programming Tab.

ii. Click the Tools Tab in the Programming Tree.

iii. Select Search and Replace under Software Objects

iv. In the Find dialog box enter the word fault and click the Search

button.

Search and Replace

Find fault Search Results

POU

Replace

Fault Handling

Rung

Resst

r 3 fault relay

Search in E Program E Comments Fault Handling Fault Light
Fault Handling Fault Light
Fault Handling Fault Light
Fault Handling Fault Light
Fault Handling Fault Light Fault Indicator light
3 Navigate using the search.

i Click one of the items in the search results and observe the effect on

the ladder rungs displayed.

ii. Select the first item in the list.

iii. Select the second item in the list and observe the effect on the
ladder rungs displayed. The rung should not change but the cursor

will move to the next object.
iv. Click the third item in the list.

V. Select other items to see other parts of the conveyor fault

programming.
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Exercise - Searching for Things (cont.)

4 Replacing items.

i In the Find dialog box enter the word malfunction and click the
Replace Button. Note that all instances of "fault" have been replaced
with "malfunction”.

Search and Replace

Find fault [ seanh

Replace ||"|a|fl.r't' on |

Searchin [¥) Program  [¥] Comments

ii. Confirm this by clicking the Search button. SoMachine Basic will
search for all occurrences of the word "fault" as this is still in the
search box. The result will be the message "No search results
available" as they have all been replaced.
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Looking at Values

Animation If the values of many objects need to be viewed at the same time then animation
Tables tables provide a way of doing this.

Speed Monitoring

ws_lo_sp | Add | | Insert |
Used Address Symbol Valug Force Comment
%M100 RUN_RELAY 0 Conveyor run relay
YeMINL Ws_HI_SP 15820 Variable speed high setpoint
%IW0.0 C1_SPD 1 Conveyor 1 speed sensor
u [V V51O 5P 400

Animation tables allow multiple objects to be displayed in a single table along with
their values. Multiple animation tables can be created and saved for different
debugging sessions.

How to Create an  To create an animation table, go to the Tools tab of the Programming tree. Right-
Animation Table click Animation tables and select Add new animation table from the menu.

Programming tree

Tasks Tools

Program hessages
O\
-] Memory obj.

Add new animation table

An empty animation table will be created where new objects can be added.

Animation table_0

Usad Address Symbaol Valua Force Comment

In the entry box, enter either the symbol or address of an object and click the Add
button.

Animation table_0

[wi0.0 ||‘ Add |

Used Address Symbal

If the object is found, the value will be displayed if known. If the object is not
found, a red box will be displayed indicating an error.

Animation table_0

%101 [ Add | [ insert |
Address Symbal Value Force Comment
0] =
%101 Not Forced
%10.8 [:l

412 SoMachine Basic Version 1.1 May 2014



Looking at Vales (cont.)

Changing the The format of values displayed in animation tables can be changed to help when
Display Format displaying data in different addressing formats. The allowable display formats are:
Decimal (65)
Hexadecimal (0041)
Binary (0000000001000001)
ASCII (A)

Right-click a value displayed in an animation table and a list of display formats
will be listed in the pop-up menu. Choose the appropriate format for the data

displayed.
Value Force
1]
! Hexadecimal
400 Binary

ASCI-3
Remove from animation table
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Exercise - Animation Tables

Learning By the completion of this exercise you will:
Outcomes

» Create an animation table to show values of objects.

1 If SoMachine Basic is not running, start it and open the Conveyor
Control Application.

2 Create an animation table.
i. Go to the Tools tab of the Programming tree. Right-click Animation
tables and select Add new animation table from the menu.

Programming tree
Tasks Tools
Program Messages
Add new animation table

[- ] Memory obj.

ii. In the entry box enter the object $M100. Click the Add button.

Animation table_0

Used Address Symbal Valus Force Comment

iii. Add the following objects to the animation table:
VS_HI_SP
Cl1 SPD
VS _LO_SP
This table will allow the speed check to be carried out very quickly. If

the system is running, the actual speed should be between the low
and high setpoints.

Speed Monitoring
vs_lo_sp | Add | | Insert |

Used Address Symbaol Value Force Comment

%M100 RUN_RELAY 0 Conveyor run relay
MWL WS_HI_SP 15820 Variable speed high setpoint
%IW0.0 C1_SPD 1 Conveyor 1 speed sensor

o

The order of the objects in the table has been carefully chosen so
that when everything is running correctly, the analogue values
decrease from top to bottom. If they do not, this indicates a
problem.
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Exercise - Animation Tables (cont.)

3 Rename the animation table to indicate its purpose.

i In the Programming tree, right-click the animation table Animation
table_0 and select Rename animation table from the menu.

Programming tree

Tasks Tools

Program Messages
8 Q] animation tables
Animation table 0

a Memoary obiscts Delete animation table |
§ Rename animation table ‘
mm hMemory bits
ii. Change the name to Speed Monitoring.

Speed Monitoring

vs_lo_sp \ add \ |‘ nsert |
Used Address Symbol Value Force Comment
%M100 RUN_RELAY 0 Conveyor run relay
MWL WS_HI_SP 15820 Variable speed high setpoint
%IW0.0 C1_SPD 1 Conveyor 1 speed sensor
V] V5 Lo 5P 400
4 Save the application.
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Changing Values

Modifying a In some cases, values in animation tables can be changed as well as viewed.
Value

Most word values can be changed using the SoMachine Basic animation tables.
Click the value displayed and a dialog box will open allowing the value to be

changed.
Animation table_1
VS _LO_SP | Add | | Imsert |
Usad Address Symbaol Valua Force Comment
u V] g + 00 Variable speed low setpoint

é) Note:

If the program writes a value to an object, the value of that object may still be
changed using an animation table but the next time the program logic is solved, the
value will be overwritten.

Fixing a Value Sometimes it can be helpful to fix a value so that it does not change. This is
particularly true for the logical sections of a program where states can change
quickly making it difficult to see what is happening. This can also be useful for
testing something that does not happen very often.

Setting a digital object such as an input, output or coil to a fixed state is known as
forcing.

Forcing objects removes them from program control and can cause unexpected and
uncontrolled operation of machinery or the process.

AWARNING

UNINTENDED EQUIPMENT OPERATION

¢ Do not force objects while the system is running
¢ Do not force objects without knowing the effect

Failure to follow these instructions can result in death, serious injury, or
equipment damage.
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Forcing

How to Force an Objects can only be forced from an animation so the first step is to create an
Object animation table which contains the object(s) to be forced. The animation table can
also contain other objects to be monitored to see the effect of the force.

Animation table_0

C2_fit | Add | | Ingert |
Usad Address Symbal Value Force Comment
u %07 START 0 Start button for conveyors
WI0E STOP u] Mot Forced Stop button for conveyor
Q0.2 C1_RUN u] Mot Forced Conveyor 1 run signal

oLan 7 DM n Bl Errmad Frrssne T men cinnal

Click the force column of the animation table and a drop-down box will appear,
giving the choices Force to 0, Force to 1 or Not Forced. Select either Force to O or
Force to 1 depending on the desired state.

Mot Forced = |

Force to O
Forceto 1

How to Remove The Not Forced option in the animation table can be used to remove the force for a
Forces single object. Click the Force column in the animation table and select Not Forced

from the menu.

If the object is not in an animation table or there are multiple objects to be
unforced, these must be added to an animation table in order to unforce them.

When looking at a section of program, forced items can be identified by the letter
'F' displayed underneath the coil or contact, in front of the True/False state.
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Learning
Outcomes

4-18

Exercise - Forcing

By the completion of this exercise you will:

> Force a value

1 If SoMachine Basic is not running, start it and open the Conveyor
Control Application.
2 Create an animation table

i Create an animation table containing the following objects:

START_BUTTON
STOP_BUTTON
C1_RUN
C2_RUN
C3_RUN

C2_FLT

3 Using Force to control the application.

i Click Not Forced in the Force column for the START_BUTTON symbol.
This will select the object and allow it to be forced.

Animation table_0

c2_fit | Add | [ Insert |
Usad Address Symbal Value Force Comment
u O w07 START 0 Start button for conveyors
HWI0.6 STOP 0 Mot Forcad Stop button for conveyor
Q0.2 C1_RUN 0 Mot Forced Conveyor 1 run signal

oL T 3 DN n Mt Frrrad Crrauer 7 ron cianal
ii. Drop down the selection box and select Force to 1 from the menu.

Force

Mot Forced =

f Forcetod
" Mot Forced

Mk Frrrad

The process will start and the outputs controlling the conveyors will
turn on (%I0.2, %]I0.3 and %]I10.4).

SoMachine Basic Version 1.1 May 2014



Exercise - Forcing (cont.)

iii. Drop down the selection box for the START_BUTTON object force and
select Not forced from the menu.

The object will display the value 0 as the input is not on but the
outputs will remain on as they have been latched by an internal
contact.

iv. Select the STOP_BUTTON object, drop down the selection box and
select Force to 1 from the menu.
The shutdown sequence will operate until all the outputs are off.

V. Drop down the selection box and select Not forced from the menu.

4 Forcing an object on to test the output.
i Drop down the selection box for the C1_RUN object force and select
Force to 1 from the menu.
The output for conveyor 1 (%I10.2) will come on.
ii. Drop down the selection box for the C2_RUN object force and select
Force to 1 from the menu.
The output for conveyor 2 (%I10.3) will come on.
iii. Drop down the selection box for the C3_RUN object force and select
Force to 1 from the menu.

The output for conveyor 3 (%I10.4) will come on.

ﬁ Note:

This process allows outputs field wiring and output devices to be tested without
running the application.

5 Remove all forces from the program.

i For each item that is forced, drop down the force dialog box in the
animation table and choose the Not Forced item from the menu.
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Exercise - Forcing (cont.)

6 Forcing an object to a fixed state.

i Force the START_BUTTON object on to start the process. The
outputs controlling the conveyors will turn on (%1I10.2, %]I10.3 and
%10.4).

ii. Set the START_BUTTON object to Not forced.

iii. Force the C2_RUN object to 1. There will be no visible difference on
the front of the M221 as the output is already on.

iv. Display the Conv 2 rung in the Control POU.

Notice that the display shows the letter F in front of the value
indicating that the output is forced.

V. Select the STOP_BUTTON object and force it to 1.
As before, the stop sequence will operate but one output will remain
on. This will be the forced output %Q0.3.

vi. Start the process again in the same way, then force the C3_FLT

object to 1.

This should stop the faulty conveyor (conveyor 3) and all conveyors
feeding it. Note that the output for conveyor 2 stays on.

é) Note:

This shows how an object can be forced with no visible effect outside the
programming software and leave equipment in a dangerous state unable to stop
when required.

L
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Summary

Summary This chapter covered the following topics:

LEDs (page 4-2)

Displaying Values on a Rung (page 4-5)
Search and Replace (page 4-8)
Animation Tables (page 4-12)
Changing Values (page 4-16)

YV V V V V

Questions The following questions are to check understanding of the topics covered in this
chapter:

» Which LEDs should NOT be illuminated during normal operation?

» ls it possible to search for an object name?

» What options are there for changing a value in an animation table?
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Chapter 5: Taking it Further

Overview

Introduction The basic application that has been developed is suitable for simple machine or

process application. However, the M221 has many capabilities that make it suitable
for more complex application. This section looks at a few of those capabilities.

This Chapter Covers These Topics:

P TeMPIALES ..o 5-2
> Programming Languages.........ccooerererineniieiiene e 5-6
» Using the Ethernet Port ..........cccccov e 5-8
> Using the Serial POrt........cccoooiiiiiiiiiece e 5-15
> Real TIme ClOCK.......ccoviiie s 5-19



Templates

Using Templates Templates are a way of creating a standard application that can be used as the basis
for any new applications.

Taking the conveyor application that has been created, if an OEM or integrator
creates many systems that have the same basic conveyor control system, this
application can be saved as a template and used to create all new applications. This
saves time recreating the basic application.

When an existing project is used to create a new project, the existing project may
be accidentally overwritten when the new project is saved. The template is simply
the project stored in a special format which can then be used to create new projects.
When the new project is created from a template and saved, a new project must be
created; the template cannot be overwritten.

[ e

Template

l

Existing
Project

New Project
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How to Create a
Template

Templates (cont.)

With a project loaded, select Save As Template from the Save drop-down menu.

D S(E]% B % ?
- Save Ctri+5

Save as project
Save as template

This will save the project as a template. However, it will not be visible on the start
page unless it is saved in the correct directory. Templates should be saved to the
directory

\Program Files\Schneider Electric\SoMachine Basic\Examples

The template will then be visible from the start page.

SoMachine Basic Manual Release 1

5-3



Exercise - Templates

Learning By the completion of this exercise you will:
Outcomes
» Create a SoMachine Basic Template

1 If SoMachine Basic is not running, start it and open the Conveyor

Control Application.

2 Save the application as a template file.

i Drop down the menu next to the save button and select Save as

Template from the menu.

ODEE- 48 m ?
Save Cirl+5
5 Save as project
Save as template

ii. Select the directory to save as:

\Program Files\Schneider Electric\SoMachine Basic\Examples

iii. Click the Save button to save the template.

3 Create a new application based on the template.

i Click the SoMachine Basic icon to go to the start page.

2
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Exercise - Templates (cont.)

Select the Templates tab on the left hand side.

SoMachine Basic X

[ Projects ~ Example Projects
Examples\Conveyor Control smbe

Examples\Simple project smbe
| Connect = PR

~ Description

smaujsaje A

Templates

[ hep |
(8]
lm Open Template

Sclénelder

Electric

Select the Conveyor Control template and click the Open Template
button.

When the new application has been created, drop down the save
selection box.

O &~ % ?
B Save as project
Save as template

Note that the Save option is greyed out and the template cannot be
overwritten.

SoMachine Basic
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Programming Languages

Instruction List Instruction list is a low-level programming language for SoMachine Basic. It uses a
single memory location called an accumulator to load and combine values before
the result is stored in an object. It is not the easiest programming language but it is
the most flexible as results can be achieved that are not possible in other
programming languages. However, as SoMachine Basic has the ability to switch
between Instruction List and other programming languages some restrictions are
placed on this flexibility.

The following is an example of Instruction List program.

LD %10.7
OR %Q0.2
AND NOT %10.6

STR %Q0.2

When a SoMachine Basic application is downloaded to the M221 Logic Controller,
the program is converted to Instruction List as this is what the controller actually
processes. This can lead to some programming errors only being discovered when
the application is downloaded.

Ladder Ladder is a popular programming language as it is similar to electrical diagrams
and visually, it is very easy to see what the program is doing. With the addition of
in-line status display, it is also very easy to debug.

It consists of a series of program lines or rungs, so called because they look like the
rungs of a ladder. To the left of the rung are a set of inputs and conditions that must
be solved. To the right of the rung is an object (or objects) defining what to do with
the result.

A ladder rung may look something like the following:

%10.0 %10.1 %Q0.7

Ladder does have some limitations though. It cannot perform all functions due to
limitations in the programming rules and it must be converted to Instruction List
before it is processed by the logic controller.
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Switching
Between
Languages

Programming Languages (cont.)

There are two ways to switch between languages in SoMachine Basic.

To change the language of a single rung, drop down the language selection box in
the rung and choose the required language.

Programming worksj

2= 3

Energize
Start butt..

START
Lol 7

To change all the rungs at the same time, click either the IL > LD button or the LD
> IL button.

SoMachine Basic Manual Release 1
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Using the Ethernet Port

Types of The IP address can be configured in one of three ways:
Addressing

> Fixed IP

» DHCP

» BOOTP

For fixed IP addresses, the address is simply entered into the configuration section,
along with the Subnet mask and Gateway if required. For DHCP or BOOTP there
must be a DHCP or BOOTP server on the network to give the device its address.

Fixed IP With Fixed IP addressing, the IP address and subnet mask are entered as part of the
M221 application configuration. The gateway can also be configured if required.
This means that the M221 has a known IP address but does require management of
the IP address if the M221 is on anything but a small network.

Enter the required address details into the configuration form and click the Apply
button.

DHCP DHCP uses a DHCP server to manage IP addresses so is much easier to configure
within the M221. It is simply a case of selecting the DHCP Radio button.

If there is just one M221 on the network it can be easily identified. Device
discovery in the Connection tab will show the network address of the M221 which
can be selected to allow the software to connect to the controller.

If there are more controllers, then the network addresses of all the controllers will
be visible. Currently it is difficult to distinguish between controllers as they do not
announce their device name. The current work-around is to use USB to ensure that
the correct controller is being programmed. This will be addressed in a future
release of the software.
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Using the Ethernet Port (cont.)

How to Set the IP  The IP address is configured as part of the hardware configuration on the

Address configuration page. Select ETH1 from the Hardware Tree.

Hardware Tree

B [J myController (TM221MELST/G)
[ Digital inputs
[ Digital cutputs
[ Analog inputs
123 High Speed Counters
[ Pulse Generators

g5 IO Bus

i Modbus TCP

5L1 (Serial ling)
The Ethernet configuration will be displayed.

Ethernet
Device name
(O |P address by DHCP

(O IP address by BOOTP
(®) Fixed IP address

IP address 192 | . |168 | . |D

Subnet mask 255 . 285 | 2%§

Gateway address 0 ] .| o
Transfer Rate

Choose the required options and click the Apply button.
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Exercise - Ethernet Connection

Learning By the completion of this exercise you will:
Outcomes
» Configure the Ethernet connection to download and commission an application

1 Find the IP address of the programming computer.
i If using Windows XP, go to the Start menu select Run.
If using Windows Vista or 7, go to the start menu and click the
search box.

ii. Type CMD and press enter.

M Administrator: CA\Windows\system32\cmd.exe

Microsoft Windows [Uersion 6.1.T7601]
Copyright (c¢) 2009 Microsoft Corporation. All rights reserved.

C:\Users\SESA95616>

iii. In the command prompt window enter the command ipconfig.

= Administrator: CA\Windows\system32\cmd.exe

Microsoft Windows [Uersion 6.1.T7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\SESA95616>ipconfig

Windows IP Configuration

Ethernet adapter Local Area Connection 2:

Connection-specific DNS Suffix

Link-local IPu6 Address : fe80::c0e8:64bb:1057:eB80f%15
IPuY4 Address : 192.168.0.18

Subnet Mask : 255.255.255.0

Default Gateway :

Wireless LAN adapter Wireless Network Connection:

There may be more than one adapter each with its own
configuration. Look for the one that is connected to the network
containing the M221. This will most likely be the one labelled "Local
Area Connection".
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Exercise - Ethernet Connection (cont.)

iv. The two numbers required are the IP (or IPV4) address and the
subnet mask. Write them in the first two rows of the table below.

Programming Computer IP Address

Subnet Mask
M221 IP Address
V. The subnet mask for the M221 will be the same as the subnet mask
for the programming computer.
vi. The IP address for the M221 will be in the same IP range as the
programming computer. To determine this apply the following rules.
Where the subnet mask is not equal to zero, then the IP number
must be the same. Where the subnet mask is equal to zero, the IP
number will be different and a free number on the network. An
example is given below.
Programming Computer IP Address 192 . 168 . 0 . 4
Subnet Mask 255 . 255 .25 . 0
M221 IP Address 192 . 168 . 0 . 101
vii. Enter your own IP address into the third row of the first table in step

(iv).

2 Configure the Ethernet Port.
i Use the USB cable to connect to the M221 Logic Controller.

ii. Go to the configuration tab and from the Program Tree select ETHL1.

Hardware Tree

8 | mMyController (TM221MELST/G)

Digital inputs
Digital outputs

T Analog inputs

123 High Speed Counters
Pulse Generators
IO Bus
L@ emin
[ Modbus TCP
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Exercise - Ethernet Connection (cont.)

iii. Select the Fixed IP address radio button and enter the M221 IP
Address and Subnet Mask from the table in step 1(iv) on the

previous page. The screenshot below shows the Ethernet address

configured from the example table.

Ethernet
Device name

() IP address by DHCP

L
() IP address by BOOTP
() Fixed IP address

1P address

Subnet mask

Gateway address

Transfer Rats

9'/) Note:

If you are on a large network do not continue with the exercise. The steps so far

show how to configure the IP address but continuing may cause a duplicate IP

address on the network.

iv. Click the Apply button.

SoMachine Basic Version 1.1
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Exercise - Ethernet Connection (cont.)

3 Download to the M221 controller.

i Connect to the M221 Logic Controller via USB and download the
application.

ii. When the download has completed run the controller.

iii. Disconnect the USB cable

4 Reconnect via Ethernet

i Connection can be made in two ways. Either:

Connect an Ethernet cable to the Ethernet port on the front of the
M221 Logic Controller and an existing switch on the network.

or
Connect a crossover cable to the Ethernet port on the front of the

M221 Logic Controller and plug the other end directly into the
Ethernet port of the programming computer.

ii. SoMachine Basic will recognise the Ethernet connection and display
the Ethernet address in the Ethernet Devices column.

Select the IP address and click the Login button.

Commissioning

A Local Devices » Ethernet Devices
COM1 182.168.0.101
COoM2 : Login

iii. Go to the Programming tab and observe the status of the objects in
the program and animation tables to confirm that SoMachine Basic is
communicating with the M221 Logic Controller.
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Exercise - Ethernet Connection (cont.)

5 Program the M221 Logic Controller using the Ethernet connection.
i Go to the Commissioning tab and logout from the controller.
ii. Go to the Program tab and select Timers from the Program tree

Programming tree

Tasks Tools

Program Messages

Bl Constant words
a System objects

[ System Bits

B System Words
@ [ 1o objects
EX Digital inputs

erators
a Software Objects
123 Counters

= Messages

Change the time value for one of the conveyor stop timers.

Timer properties
Used Address Symbol Type Bass Preset Comment

%TMOD TON 1s 2 Conveyor 1 stop timer
i V] FTM1 TON is 5 Conveyor 2 stop timer
% TM2Z TON ls 9

Conveyor 3 stop timer

iii. Go back to the Commissioning tab, make sure the Ethernet
connection is still selected and login. Transfer the program as before.
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Serial Port

Setting the
Parameters

Using the Serial Port

All M221 Logic Controllers are fitted with at least one serial port to allow serial
communication to other devices. Those without an Ethernet port will have two
serial ports fitted. The serial port uses a RJ45 connector so a special cable is
required.

The serial port can be configured for RS232 or RS485 operation using either
Modbus or ASCII protocols.

There are several settings that can be configured on the serial port. These are
divided into two categories, physical settings and protocol settings.

The physical settings allow the baud rate, parity and number of data and stop bits to
be configured. RS232 or RS485 can also be selected here.

The protocol settings allow Modbus ASCII, Modbus RTU or plain ASCII to be
selected and protocol specific settings configured for each.

To access the configuration settings, select SL1 (Serial line) from the Hardware
Tree on the Configuration tab.

Hardware Tree

B ) mMyController (TM221MELSR/G)
Digital inputs
Digital cutputs
B aAnaleg inputs
123 High Speed Counters
10 Bus
@ @ ETHI
i Modbus TCP
2 SL1 (Serial line)

é) Note:

Where fitted, selecting SL2 (Serial line) will configure parameters for the second
serial port.
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Physical Settings

5-16

Using the Serial Port (cont.)

The physical settings allow the physical characteristics of the serial port to be

configured. These are the Baud rate, Parity, Data bits and Stop bits. It also allows

either RS232 or RS485 to be selected,

Serial line configuration
Physical Settings

Modem

Init command

Baud rate 19200 -
Parity None -
Data bits
Stop bits 1 -
Physical medium

(® Rs485

) Rrs232

If the protocol is set to one of the Modbus options then the Data bits selection will

be greyed as this must always be 7 data bits.

Choosing the correct settings will depend on the application. A lower Baud rate for
example, will improve communications in a noisy environment but at the cost of
slower communication speed. Whatever settings are selected they must match the

settings of the device to which the M221 is communicating.

SoMachine Basic Version 1.1

May 2014



Using the Serial Port (cont.)

Protocol Settings The options for protocol settings will also depend on whether Modbus or ASCII is
selected. If either Modbus ASCII or Modbus RTU is selected then the following
options will appear:

Protocol | Modbus RTU

Addressing (@) siave Address [1...247] 1
O Master
Response time (= 100 ms) 10
Time between frames (ms) 10

The response time and time between frames are used for fine-tuning the
communications. The main setting is whether the M221 Logic Controller is the
master on the network or a slave. If it is a slave then the address is also
configurable.

If the ASCII protocol is selected the following protocol options are available:

Protocol

(@) Slave addn

Response () Slave \ddr
B (O Mmaster
Stop ¢

Frame length received 0

Frame received timeout {ms) 10

Frame structure

Start character a

First end character 10 [ send frame characters
second end character a

These settings are for fine-tuning the network and mainly used where interference
is causing message loss or corrupted messages.
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Using the Serial Port (cont.)

Wiring The serial port uses a RJ45 connector so a special cable is required.

If communicating with a XBT display then the VW3A8306Rxx cable with a RJ45
connector on both ends is required.

If communicating with a computer or printer then the TCSMCN3M4M3S2 cable is
required. This has a RJ45 connector on one end and a 9 pin socket on the other.

If a special cable is required then the connections are given in the table below:

Pin RS232 RS485
1 RXD Not Connected

2 TXD Not Connected

3 RTS Not Connected

4 Not Connected D1 (A+)

5 Not Connected DO (B-)

6 CTS Not Connected

7 Not Connected Not Connected

8 0V Common 0V Common

f//'> Note:

If making up a serial cable, all rules concerning RS232/RS485 distance and
shielding must be followed to avoid errors or loss of communication. If in doubt,
refer to a RS232 or RS485 wiring guide.
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Real Time Clock

Setting the Clock  Settings are made in the RTC Management section which is in the
Commissioning section of the Commissioning Tree.

Commissioning Tree

B Commissicning
Connect
Memory Management
Controller Info

RTC Management

There are two modes for setting the clock. The clock can either be set manually to
a specific time and date or it can be synchronised to the computer time and date.

Commissioning
RTC Management

Current Controller Time:

Current PC Time 12/05/2013 15:02:21

Using the Clock The values for the Real Time Clock are accessible through five system registers
which can be used to access the time and date.

Register Content Format

%SW49 Day of the week XN where N=1 for Monday
%SW50 Seconds 00SS

%SW51 Hour and Minute HHMM

%SW51 Month and Day MMDD

%SW53 Century and Year CCYY

These values can be used for time-stamping information and events or measuring
event duration.

Comparison blocks may be used to trigger an event at a particular time or on a
particular date. For example, comparing %SW51 with a value representing a
particular time can trigger an event at that time.

The values are in BCD but by viewing the values in Hexadecimal format, the date
and time can be seen.

SoMachine Basic Manual Release 1
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Exercise - Using the Real Time Clock

Learning By the completion of this exercise you will:
Outcomes

» Be able to use the Real Time Clock in an application

1 Create a new application in SoMachine Basic
i Start SoMachine Basic and create a new application.
ii. Assign the correct controller to match the hardware.

iii. Save the application and give it the name "RTC Example".

2 Create the program.
i Go to the programming tab and rename the POU, calling it "RTC".
ii. Rename the rung calling it "Time".

iii. Check the current time and add 3-4 minutes. Write this time here.

iv. Add a compare block to the rung and enter the expression %SW51 =
16#nnnn where nnnn is the time written above without any
formatting characters. For example if the time now is 10:45, the
expression would be $swW51 = 16#1048.

V. Add an output coil and assign the address %Q0.0 so the first output
will turn on when the time is reached.

3 Display the values in an animation table.

i Create an animation table and add the status words for the Real
Time Clock; %SW49, %SW50, %SW51 and %SW52.

ii. Click the value displayed in the table and a selection box will allow
the format to be change

Choose Hexadecimal for the four values.

4 Connect to the controller and test the application.
5 Change the RTC and test the application again.

6 Reset the M221 Controller clock to the correct time.

L
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Summary

Summary This chapter covered the following topics:

Templates (page 5-2)

Programming Languages (page 5-6)
Using the Ethernet Port (page 5-8)
Configuring the Serial Port (page 5-15)
Real Time Clock (page 5-19)

YV V V V V

Questions The following questions are to check understanding of the topics covered in this
chapter:

» What file extension do template files have?

» What type of IP addressing is supported by SoMachine Basic/M221?

» Which serial port protocols are supported by SoMachine Basic/M221?

> What can the M221 Real Time Clock be used for?
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Chapter 6: Documenting the Application

Overview

Introduction

Documenting the application is an important step to ensure the way the application
works can be understood in the future. This applies to any engineers who are
unfamiliar with the application and sometimes the engineer who wrote it if they are
coming back to it after a long period of time.

SoMachine Basic provides many ways to document the application which will be
explored in this chapter.

This Chapter Covers These Topics:

> Object DOCUMENTAtION ......ccovviiiieriiriciceeee e 6-2
> Section DOCUMENTALION .......ccovveieiiiiiiicieee e 6-3
P COMMENTS ...ttt 6-4
> Application Information ...........cccccocevveviiieiecec e 6-7



Object Documentation

Symbols If the symbol names are chosen carefully, they will help to document the
application. Consider the following rung of ladder:

%I10.0 %I10.1 %Q0.7

e ] [ O

What does this rung actually do?

Without some other information it is impossible to work out the function of this
rung. Now consider the following rung of ladder.

CONVEYOR INTERLOCK CONVEYOR
START RUN SIGNAL
e — ] [ rereeeeeen( )

It immediately becomes much more obvious what the rung is doing simply by
reading the object labels. This self-documentation is used by many engineers as an
aid to programming and to understanding the program in the future.

The program created in Chapter 3 - Programming a Simple Application uses many
meaningful symbol names making the program easy to understand without any
additional comments.
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Section Documentation

Naming POUs Similarly, choosing meaningful names for POUs and Rungs can help anyone
and Rungs understand what the program is doing and where to find parts of the program.
Eehavior
L] Master Task |

The names in the above image are not very helpful but the ones below are much
more descriptive.

Behavior
B Master Taszk
-] 1-Control
RungD - Start C
Rung1 -

0]

Rung2 -

00D

Rung3 -
Rung4 -
Rungs - R
Rungt - St
Rung7 - S
Rung# - S
Rung¥d - Stop 3
Rung10 - Stop 4
@ 2 -Fault Handiing
RungD - Conv3
Rung1 - C
RungZ -
Rung? -
Rung4 - R

g5 - Low SP Init

The program created in Chapter 3 - Programming a Simple Application uses
meaningful POU and Rung names to make the program easy to navigate without
additional cross referencing.
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Comments

How to Add a
Comment

6-4

Comments

Comments can be added to each rung to describe the action of the rung.

While symbols can help to document the application, often the logic of the rung
must be inspected to understand the function of the entire rung. A comment
attached to the rung can immediately explain the purpose of that rung.

Start Control | Energised to start the conveyor run seguence
Start butt..

START_...

%107

—1

Start sequ..

CONVEY...
5EM100 %QD.5

A

At the top of each rung there is a grey box.

9 LD - name
Rungil

Click the grey box to add a comment.
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Exercise - Add Comments to the Application

Learning By the completion of this exercise you will:

Outcomes

» Add comments to rungs of the application.

1 View the Conveyor Control Application

i If SoMachine Basic is not running, start it.

ii. Open the Conveyor Control application.

If in doubt, refer to the Exercise - Managing Applications which
shows how to do this.
2 Add comments to the control POU.

i Go to the programming tab and select the Control POU.

ii. Select the Start Control rung and click the grey box at the top of the
rung. Enter the text Energised to start the conveyor run
sequence.

Start Control | Energised to start the conveyor run seguence
START .

%I0.7

—1

Start sequ.. éb';‘:r\E:Y

%M100 2600.5

A

iii. For the remaining rungs of the Control POU enter the following
comments:

Conv 1 Conveyor 1 control
Conv 2 Conveyor 2 control
Conv 3 Conveyor 3 control
Running Run indicator

Stop Control Stop request - Initiate phased shutdown

Stop 1 Stop signal for conveyor 1
Stop 2 Stop signal for conveyor 2
Stop 3 Stop signal for conveyor 3

SoMachine Basic
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Exercise - Add Comments to the Application
(cont.)

3 Optionally, for completeness enter the following comments for the
Fault Handling and Speed Monitoring POUs:

Conv 1 Flt Conveyor 1 fault
Conv 2 Flt Conveyor 2 fault
Conv 3 Flt Conveyor 3 fault
Reset Reset conveyor faults when start button is pressed

Fault Light Fault light

VS High Compares with high setpoint - energised if speed is high

VS Low Compares with low setpoint - energised if speed is low

VS OK Speed OK

Setpoints Initialise speed voltage setpoints on startup (voltage is x10 speed)

L
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Application

Front Page

Company

Application Information

There is some information that will apply to the entire application. This includes
who wrote it, where the application is being used and what the application does.
The properties section in SoMachine Basic allows this information to be recorded

as part of the application.

The Front Page is used to store information about the engineer and company that

produced the application

Properties tree

B Project Properties
Company
Project Information
Project Protection
Application Protection

Properties

Last Name
First Name
Phone Number
Cell Number
Email

Street

City

Zip Code

State

Country

This is of particular use to OEMs and integrators as it gives a point of contact if the
application requires updating and the customer does not have the ability to do it
themselves. It can also be used internally to identify the actual engineer who wrote
the application and provide contact details.

This can store information about the company using the application.

Properties tree

@ Project Properties
Front Page
Project Information
Project Protaction
Application Protaction

Properties

Name

Phone Number
Street

City

Zip Code

State

Country

Web Site

This is of particular use OEMs and integrators who have many customers as it
documents where the application is being used.
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Application Information (cont.)

Company (cont.) In the Company section there is also space for the company logo.

Company Logo

Sciypider

(Change| [Removed|

Project The Project Information section is where information about the project itself can be
Information stored.
Properties tree Properties
@ Project Properties
———— o
Project Protaction Description
Application Protection
This can be the name of the project, a description and a photo. The photo can be
useful to show where the application is being used.
Photo
6-8
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Exercise - Enter Application Information

Learning By the completion of this exercise you will:
Outcomes
» Use the Properties tab to enter basic information

1 View the Conveyor Control application.
i If SoMachine Basic is not running, start it.
ii. Open the Conveyor Control application.

If in doubt, refer to the Exercise - Managing Applications which
shows how to do this.

2 Enter the programmer information.

i Go to the properties tab and ensure that Front Page is selected in
the Properties tree.

ii. Enter your details into the form and click the Apply button.

3 Enter the company information.

i Select Company from the Properties tree.

Properties tree Properties

B Project Properties
Front Page
Neme

Project Information

Project Protaction Phone Number

Application Protection Street
City

Zip Code
State
Country

Web Site

SoMachine Basic Manual Release 1
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Exercise - Enter Application Information (cont.)

ii. Enter the information for the local Schneider Electric office and click
the Apply button to apply the changes.

4 Change the company logo.
i Under Company Logo, click the Change Button.

Company Logo

Change Removed

ii. There is a Schneider Electric logo on the DVD located in the same
folder as this document. Navigate to the folder and select Schneider
Electric.jpg. Click the Open button.

iii. Click the Apply button to apply the changes.

5 Enter the project information

i. Select Project Information from the Properties tree.

Properties tree Properties

B Project Properties
Front Page
Company Name *

Project Protaction Description
Application Prokection

ii. Enter the name Conveyor Control Application into the Name

field. Give the application an appropriate description. Click the Apply
button to apply the changes.
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Exercise - Enter Application Information (cont.)

6 Change the photo.
i Under Photo, click the Change Button.

Photo

Change Removed

There is a picture of a conveyor system on the DVD located in the
same folder as this document. Navigate to the folder and select
Conveyor.png. Click the Open button.

iii. Click the Apply button to apply the changes.

7 Save the application.

L
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Summary

Summary This chapter covered the following topics:

Object Documentation (page 6-2)
Section Documentation (page 6-3)
Comments (page 6-4)

Application Information (page 6-7)

YV V V V

Questions The following questions are to check understanding of the topics covered in this
chapter:

» How do meaningful POU and Rung names help?

» Where can comments be added to the program?

» What information can be stored in the Front Page?
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Appendix A: Appendix

Answers to Questions

Introduction The following pages give suggested answers to the questions asked at various

points in the document. These are mainly the end of chapter questions.

This Chapter Covers These Topics:

P INFOAUCTION ... A-2
P M221 HardWare......ccoevveiieiieiesie e A-3
» Programming a Simple Application .............ccccccevveveieennnnn, A-4
> Getting it AL WOrKING......cocooeiiiiiiiiceeeeee A-6
> Taking it FUMher ..., A-7
» Documenting the Application...........cccooeveieienininieieee, A-8
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Introduction

End of Chapter » Name the four configuration sections for SoMachine Basic

Properties, Configuration, Programming and Commissioning

» SoMachine Basic can be used to program which Machine Solutions logic
controllers?
[Only the] M221
» What are the two ways to connect to the Logic Controller for programming and
commissioning?
USB or Ethernet (where fitted to the logic controller)
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M221 Hardware

End of Chapter » What voltage power supply can be used to power the M221?
24V DC

» What is the maximum I/O supported by the M221?
144

» The HEL0 connector is fitted to which of the M221 Logic Controllers?
M221s with 32 1/O built in

(TM221M32TK and TM221ME32TK)

SoMachine Basic Manual Release 1
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Programming a Simple Application

xjjg:gig‘sg 1 Explain the following addresses.
Address Int/Ext Location Data Type
%I10.4 External Logic Controller Bit
%MW?2 Internal Variable Memory Word
%0Q0.6 External Logic Controller Bit
%IW1.2 External First Expansion Module Word
%S6 Internal System Bit
%MF10 Internal Variable Memory Float
%KW?2 Internal Constant memory Word
%SW100 Internal System Word
2 Create an address for the following.

i The second digital input of the logic controller

%]I10.1

ii. An internal memory location that can be used to store the value 17.4

%MW1 (The location is chosen to suit the application)

iii. System word 8

%SW38

iv. The third output of the second expansion module (assuming that it is
a digital output)

%Q1.2

V. The first input of the second digital output module

This will depend on exactly where the expansion module is
located as it could be in any position following the first.
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Programming a Simple Application (cont.)

End of Chapter » Which languages are supported by SoMachine Basic

Ladder and Instruction List.

» What type of object is %SW1 and can you write to this object?

A System Word that cannot be written.

» What is a quick way to create multiple symbols?

Export the symbol list and use Excel

» How can an output be turned off when it has been turned on using a Set coil?

Normally using a Reset Coil (but it can also be turned off if the object is
programmed as a normal coil later in the program)

» Which block can be used by the program to write values into objects?

The Operate Block.

SoMachine Basic Manual Release 1
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Getting it All Working

End of Chapter » Which LEDs should NOT be illuminated during normal operation?
ERR, SD and BAT.

» ls it possible to search for an object name?

No.

» What options are there for changing a value in an animation table?

Change the value of an object or forcing.
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Taking it Further

End of Chapter » What file extension do template files have?

.smbe

» What type of IP addressing is supported by SoMachine Basic/M221?
Static, DHCP and BootP

» Which serial port protocols are supported by SoMachine Basic/M221?
Modbus ASCII, Modbus RTU and ASCII

> What can the M221 Real Time Clock be used for?

To trigger events that need to happen at a certain time and/or on a
certain day and for time-stamping events.

SoMachine Basic Manual Release 1
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Documenting the Application

End of Chapter » How do meaningful POU and Rung names help?

They can self-document the application meaning that the purpose of a
rung can be seen without having to refer to other documentation.

» Where can comments be added to the program?

Comments can be added to each rung of the program.

» What information can be stored in the Front Page?

Information about the engineer and company that produced the application.
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