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Contents of Products

Modules

AU0696 - Gantry x1

AU9318 - Base x1

AU4353 - Conveyor X1
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Contents of Products

AU1437 - Paddle x2

AU6707 - Sensor Unit x1

If you have an earlier version
of the Smart Factory, you will
have received 4 individual units
instead of one. The wiring and
the placement is the same.

AU1443 - Vacuum Generator x1

AU9633 - 3/2 valve x3 AU2834 - 5/2 valve x1

y
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Contents of Products

AU6004 - Manifold x1 AU0358 - Counter Rack x1

4

AUS5775- Registration Plate x1 AU4655- Light colour sensor x1

y
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|Contents of Products

Items

Steel counters 4
Aluminium counters 4
White Plastic counters 4
Black Plastic counters 4
AU7654 red bin 5
AU4655 Light sensor PCB holder 1
5m of pneumatic tubing

Cable management clips 10
Lead, red. 500mm, 4mm to 4mm stackable 2
Lead, red, 250mm, 4mm to 4mm stackable 5
Lead, red, 1000mm, 4mm to 4mm Stackable 5
Lead, black 500mm, 4mm to 4mm stackable 1
Lead, black, 1000mm, 4mm to 4mm stackable 3
Lead, black, 250mm, 4mm to 4mm stackable 4
Lead, blue, 500mm, 4mm to 4mm stackable 1
Lead, blue, T000mm, 4mm to 4mm stackable 7
Lead, yellow, 1000mm 4mm to 4mm stackable 9
Lead, yellow, 250mm 4mm to 4mm stackable 3
Tee bolts 100
AU1090 permanent fixing kit 1

y
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Set Up

Step 1. Adding the Gantry

Add the gantry module to the base board in the top left corner. Use the tee nuts in the
four corners of the module to fix it in place.

y
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Set Up

Step 2. Adding the Conveyor

Place the conveyor module to the left side of the base unit. The motor should be in
the opposite corner to the gantry unit. The 4 Tee bolts which fix the conveyor down
to the base are easier to fix in place, if you place them in the right rung on the base
board, and slide the conveyor into them to tighten them in place.

The final position should be that the conveyor
is over the line of sight for the pick and place
head. While being 70mm from the edge.

70mm

Use 2x Tee
bolts in each

> .

y
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Set Up

Step 3. Adding the Sensor Unit

The sensor unit sits around the conveyor
unit, towards the gantry end.

Insert the Tee nuts into the conveyor
extrude slot first.

Slide the sensor unit as far left as possible
toward the gantry, and fix down using the
fixing tee nuts and M4 bolts. There are 4
positions to fix down.

Use Allen
Key for this

—_—
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Set Up

Step 4. Adding the Paddles

Add the 2 paddles to the side of the conveyor. Equally space them out, so there’s is
clearance for the swing of the paddle. Fix down each paddle with 4x tee bolts.

The Paddles should only be 3mm from the edge of the conveyor.
Add 3 red bins in the positions shown, the can overlap the edge of the base, as long
as the base of the bin is fully on. These don’'t connect down.

y
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Set Up

Step 5. Adding the Pneumatics

Now to add the pneumatic modules onto the base board. All these modules use tee
bolts for fixtures.

Manifold (x1), 5/2 valve (x1), 3/2 valve (x3) and vacuum generator (x1).

« Start with the manifold in the top right corner, placing it as far into the corner as
possible.

« Next place the 5/2 valve alongside it. With the valve facing outwards.

* Next place one 3/2 valve and the vacuum generator in front of these, next to side
of the gantry.

« Place two 3/2 valves next to either paddle, one on each side. Face these in opposite
direction.

y
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|Set Up

Step 6. Adding the Counter Rack

Add the counter rack under the gantry unit. Line
up the 3 counter hoppers with the plunger head.
The base should have a series of channels that
line up for the 4 tee bolts fixings which hold the
rack in place.

Place the rack about 40mm from the stepper
motor side of the gantry.

Add the counters into the 3 hoppersin any order
you'd like. However, by material is sensible.

Copyright © 2024 - 2026 Matrix Technology Solutions Limited
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Set Up

Step 7. Adding the Robot Arm modules

This step is optional if you didn’t purchase Matrix’s Robot Arm

Add the registration plate for the Robot arm in the middle of the base, with the pointed
end facing away from the gantry module.

Add the light colour sensor module at the end of the base, with the middle of the unit
lining up with the point of the registration plate.

Use 4 tee bolts to fix down both modules to the base

y
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Set Up

Step 8. Adding the Robot Arm

This step is optional if you didn’t purchase Matrix’s Robot Arm

Addthe Robot Armtothe centre ofthe smartfactory, using the shape of theregistration
plate to guide the orientation of the arm.

y
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There are two options for the controller of the Smart Factory: -

AU3686 Siemens Control Add-on consists of a programmable logic controller (PLC),
Siemens S71214, mounted on a DIN rail with adapters for 4mm sockets.

AUO0205 contains the same PLC with the addition of a touchscreen human machine
interface (HMI). 4mm sockets are built in to the casing.

The procedures for commissioning and operating with the two controllers are slightly
different. Take care to follow the correct set of instructions.

Expandable PLC (AU3686)

AU3686

Siemens HMI PLC (AU0205)

y
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Wiring Diagrams

AU3686 Wiring Diagram

AU3686

Copyright © 2024 - 2026 Matrix Technology Solutions Limited
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Wiring Diagrams

AU0205 Wiring Diagram

y
ll’ﬂlﬂlx Copyright © 2024 - 2026 Matrix Technology Solutions Limited

17



18

Pneumatic Diagram

Air inlet from compressor
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Robot Arm Setup

SMART
FACTORY

Wiring for the Robot Arm (if present)

Connect the PLC input
fromthe registration plate
to the 2nd port of the 3 on
the Robot Arm PCB.

PLC Input

Connect the light sensor
ribbon cable from the 4
way JST connector on the
light sensor to the 1st port
on the Robot Arm PCB.

Colour Sensor

Connect the power supply
for the robot arm to this
port.

The USB port is next to
this, if you are going to
use a wired connection.
NOTE: Remember that the
Robot arm runs on 12v
system and has its own
power supply provided.
Please do not run using
AUO0205 as this is 24v.
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|Functiona|ity Test

Step 1. Sensors

There are four sensors mounted above the conveyor, two light gates, an inductive
sensor and a capacitive sensor. The PLC has a row of LEDs on the front that will light
when each sensor is active. On the top row of LEDs, locate the group of eight that are
labelled “DI a” With no counters on the conveyor, all these LEDs should be off. Place a
counter on the conveyor and slide it under the first sensor. When the counter breaks
the light beam, the LED labelled “.0” should light.

The next sensor is the inductive sensor. The “.1” LED should light when a steel counter
passes underneath it. Usually, an LED on the body of the sensor lights at the same
time. The sensor should not activate when either aluminium or plastic counters are
under the sensor. The sensor is fixed to the mounting bracket with nuts above and
below. The sensitivity can be adjusted by moving the sensor closer to the conveyor
belt or further away.

Next the capacitive sensor has a tiny pot dial on the barrel, which affects sensitivity.
The “.2" LED should light only when a steel or aluminium counter passes underneath
it. This sensor can also be adjusted by changing the height of the sensor above the
conveyor.

The final sensor is another light gate. The “.3” LED should light as the counter passes
through the light beam.

AUETO7

Sansgr

Sensor

g
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1
3
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| Functionality Test

Step 2. Stepper Homing Switch

A small micro-switch is mounted on the gantry close to the stepper motor. The PLC
uses this switch to detect the home position of the gantry plunger mechanism. Pushing
this switch by hand should cause the “0.4” LED to light.

Step 3. Reject Mechanisms

Before testing the reject mechanisms, check that all the pneumatic tubing is correctly
installed and pushed fully into each connection point. Set the air compressor to a
pressure of 3 bar and turn on the inlet tap of the manifold.

For each reject mechanism in turn, unplug its cable from the PLC output and connect
it instead to one of the red +24VDC outputs. As soon as the cable is plugged in, the
paddle should extend across the conveyor. Unplug the cable from the +24VDC output
and the paddle should return to its home position. After this test, replace the cable
back into the PLC output.

y
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|Functiona|ity Test

Step 4. Plunger

Check the pneumatic tubing and turn on the air supply to test the plunger. The plunger
that is mounted on the gantry is controlled by a 3/2 valve and a 5/2 valve.

To test the vacuum, unplug the cable of the 3/2 valve from the PLC output and connect
it to +24VDC. The 3/2 valve should operate and a flow of air will be heard exhausting
from the vacuum generator. A counter placed under the rubber cup of the plunger
should be held in place by the vacuum. When the cable is removed from +24VDC and
replaced in the PLC output, this counter should fall.

The 5/2 valve has restrictors on its exhaust ports. As air is admitted into one side of
the cylinder, air from the other side is expelled through the restrictor. To begin with
these should be adjusted almost fully in, this will slow down the operation of the
cylinder.

Slide the plunger along the gantry so that it is above the conveyor. It will be necessary
to remove the +24VDC connection from the stepper input of the gantry so that the
gantry can be moved by hand. Replace the +24VDC connection once it is positioned.

Remove the cable of the ‘down’ of the 5/2 valve from the PLC output to +24VDC and
then back to the PLC output. The plunger should move down. Repeat this with the
cable of the ‘up’ side and check that the plunger moves up.

With the restrictors wound fully in, the movement of the plunger will be sluggish and
may not come down far enough to reach the counter rack. Adjust the restrictors by
small increments and repeat the test until the movement is smooth but not too fast.
There are lock nuts on the restrictors, tighten these once adjustment is complete.

y
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| Functionality Test

Step 5. Conveyor

To test the conveyor, unplug its cable from the PLC output and connect it to one of
the +24VDC outputs. The belt should run smoothly, travelling away from the gantry
towards the reject mechanisms. After this test, replace the cable back into the PLC
output.

Step 6. Gantry

The stepper driver requires a pulse to move the motor. This is not easy to do without
using the PLC. For this reason, testing of the gantry is limited to visually checking the
connections. Check that the plunger can be moved by hand when the power is off and
that it moves smoothly.

y
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| Loading Software on AU3686

AU3686

Use an Ethernet cable to connect the PLC to the computer that will be used
for programming. Either connect the PLC directly to the Ethernet port of
the computer or connect both devices to an Ethernet hub. It is best to use
an authentic Ethernet port on the computer rather than a USB-to-Ethernet
convertor because many convertors do not fully implement all the features
that are needed for connecting to the PLC.

Programming the PLC is performed using the TIA portal software. This is
available from Matrix or from a local Siemens distributer. The demo programs
are written using TIA Portal V15 and are compatible with any version above
this.

Demonstration programs are available from the Matrix website: -
https://www.matrixtsl.com/automatics/resources/

The appropriate programs for the stand alone PLC are: -
“Smart Factory Siemens S7-1200.zap15” - if the Robot Armis notincluded.
“Smart Factory with Robot Demo.zap15” - if the Robot Arm is included.

Download the programs from the website and unzip them into a folder on the
local computer.

Start TIA Portal, it will open in “Portal View”, click on the label “Project View” at
the bottom left of the window.

Select “Retrieve...” from the Project menu and browse to the location of the
project archive. Once the file is selected, you will be prompted to choose a
folder for the archive to be expanded into. Any folder on the local hard disk
will work.

When the project is opened in TIA Portal, find the device “PLC_1"in the Project
tree. Expandthe device to examine the Program blocks. Right-click to download
the project to the device. Both hardware configuration and software should
be downloaded.

y
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| Loading Software on AU3686

AU3686

Find the device “PLC_1" in the Project tree. Expand the device to examine
the Program blocks. Right-click to download the project to the device. Both
hardware configuration and software should be downloaded.

Project tree

Devices

Y]

¥ ] Smart Factory S7 Demo
" Add new device
g Devices & networks

Change device
BY Device configuration 9 & Print..

R Online & diagnostics Open &\ Print preview..
v [l Program blocks Open in new editor
'V. Add new block Open block/iPLC data type... F7
M i) FRY) X cut e _g Properties Alt+Enter
3 Test_Gantry [0B123] 5 Copy Ctrl+C P e [
4 Plunger [FB3] 1 Past t
3 Run_Gantry [FB2]

Export CAxdata...
| =» Export medule labeling strips...

¥ Delete Del
@ Plunger_DB [DB18] Rename F2
@ Run_Gantry_DB [DB11]
» ' System blocks
» (3 Technology objects
» @i External source files Compile 4
; '4 ME s Hardware and software (only changes)
S ,_5 PLC data types Backup from online device Hardware configuration
B R ar BaBEleE & Goonline Ctrl+K Software (cnly changes)
o &Y Go offline A Software (all)

& Go to topology view
g Go to network view

» [ Online backups

®| Online & diagnostics Curl+D

» (52 Traces

In the download window, check that the type of interface is “PN/IE”, the selected
interface is the Ethernet interface of the local computer and the search option is
“Show all compatible devices. Click “Start Search” to begin connecting to the PLC.

Type of the PGIPC interface: | §_FIIIE [+]

PGIPCinterface: W Realtek PCle GbE Family Controller I~ @9

Connection to interface/subnet [D:rectat:.::" X1 I'I @

1st gateway \ [*'I @

Select target device: | Show all compatible devices v

Once the PLCis found, click“Load” to download the configuration and software
to the device. A dialogue box will give options for what the PLC will do on
completion of download. Change the option from ‘No Action’ to ‘Start'.

y
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|Operation with AU3686

AU3686
Smart Factory Siemens S7-1200 - without Robot Arm

The program is triggered by applying 24VDC to one of yellow inputs 5 through
7. Briefly connect a cable from +24VDC to the input. It is also possible to install
a momentary push button with one terminal connected to the input and the
other to +24VDC.

When the input is triggered, the stepper motor will drive the plunger to the
home position of the gantry. The PLC will hit the limit switch, back off and then
hit the switch again to determine a precise home position.

The plunger will then be positioned over one of the slots in the hopper
depending upon which input triggered the sequence. Input 5 triggers slot 1, 6
triggers slot 2 and 7 triggers slot 3. The plunger will extend, pick up a counter
by vacuum and then retract. The counter will then be carried to the conveyor.
The plunger will extend and drop the counter onto the conveyor by switching
off the vacuum. The plunger then returns to the other end of the gantry.

The conveyor carries the counter under the four sensors. All counters will

trigger the first light gate. A steel counter will trigger the inductive sensor.
Either steel or aluminium will trigger the capacitive sensor. As the counters
are identified, steel and aluminium counters are sorted into the two red bins
opposite the reject paddles. Plastic counters are allowed to fall off the end of
the conveyor into a red bin positioned at the end.

Smart Factory with Robot Demo - with Robot Arm included

This program operates in a similar manner to the one above except that it can
use the Robot Arm to sort the plastic counters into their two colours.
Applying +24VDC to input 5 will begin a sequence of picking one counter from
each of the slots in the hoper, three counters in total.

If a plastic counter is detected then the Robot Arm will be triggered. It will
pick up the counter, hold it against the colour sensor and then place it in the
appropriate bin.

As the gantry brings the following counter over the conveyor, it will not release
it right away. It will hold the counter until the Robot Arm has completed its
movement and returned to the home position. Connecting input 7 to +24VDC
will temporarily disable the Robot Arm and counters will be delivered as soon
as they are ready.

y
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|Operation with AU3686

AU3686 1/0 list

AU3686

PLC1/0

Connector

Function

%10.0

Yellow 0

First Light Gate

%10.1

Yellow 1

Inductive Sensor (Detect Steel)

%I10.2

Yellow 2

Capacitive Sensor (Detect Aluminium)

%I0.3

Yellow 3

Final Light Gate

%10.4

Yellow 4

Gantry Home Switch

%10.5

Yellow 5

Trigger program, Bin 1

%I10.6

Yellow 6

Trigger program, Bin 2

%I10.7

Yellow 7

Trigger program, Bin 3

%Q0.0

Left-Hand Blue 0

Gantry Step

%Q0.1

Left-Hand Blue 1

Gantry Direction

%Q0.3

Left-Hand Blue 3

Plunger Down

%Q0.4

Left-Hand Blue 4

Plunger Up

%Q0.5

Left-Hand Blue 5

Plunger Vacuum

%Q0.6

Left-Hand Blue 6

Conveyor Motor

%Q1.0

Right-Hand Blue 0

Steel Reject Paddle

%Q1.1

Right-Hand Blue 1

Aluminium Reject Paddle

ildrilfX
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|Operation with AU0205

=D

When the device powers on the touchscreen HMI will show a start menu; touch
the “Start” button to begin. At the next menu touch the “Smart Factory” button
to start the demonstration. The first screen of the Smart Factory program
shows tallies for the three categories of counters: Al = Aluminium, Fe = Steel
and Plastic. These will normally show the numbers of counters since power on
but they can be zeroed by touching the “Reset” button.

12/31/200C

'/ Root screen 10:59:39 AN

SMART FACTORY
Input / Output

RUN FACTORY

N s 020
S e
Al Fe Plastic
Counters

«| & @

Touch the “Input/Output” button to see a display of the states of the PLC
inputs and outputs. On this screen, the inputs and outputs of the PLC are
represented as animations of LEDs. They will be coloured bright green when
they are in the on state and dull green when in the off state.

12/31/200¢
10:59:39 AM

¥/ 4 Root screen
%0Q0.3 Head Down
%Q0.4 Head Up
% Q0.5 Vacuum

() %Q0.6 conveyor

y
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Touch the back arrow at the bottom-left of the screen to return to the main
screen and touch the “RUN FACTORY” button to load a screen that provides
control over the Smart Factory. The buttons labelled Bin 1 through Bin 3 will
trigger the PLC to pick up a counter from the appropriate bin of the hopper
and then deposit it on the conveyor for sorting.

On the right hand side of the screen is a switch that controls the behaviour
of the PLC with respect to the robot arm. If a robot arm is installed with the
factory, the switch should be in the “WAIT” state. In this state, the PLC will
trigger the robot am to pick up any plastic counters, hold them to the colour
sensor and then place them into the black and white sorting bins. If another
counter is picked up by the gantry before the arm has completed its operation
then the gantry will wait with the counter above the conveyor until the robot
returns to its home position.

As well as being triggered automatically when a plastic counter is detected,
the robot arm can be triggered by touching the “Start Arm” button.

If no robot arm is present, then the switch should be in the IGNORE’ state.

12/31/200C
10:59:39 AM

V7 Root screen
SMART FACTORY CONTROL

— mosor| warr
ARM

-~ [
«| & ©

y
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Later models of AU0205 will include Siemens new Unified HMI. These screens
have slightly different layout but the same functionality. In addition, the root
screen of the Smart Factory program includes a button labelled “Robot Path”

Iﬂﬂl- ﬂlx Smart Factory

Counters

FACTORY CONTROL

Aluminium

INPUT /| OUTPUT
Iron

ROBOT PATH

Plastic

R

0009

RESET

0027

0013

The Robot Path screen enables the user to change the locations that the robot
moves through as it picks, checks and sorts the counters. At the top of the
screen is a list selector that shows the selected point on the robots path. In
the middle of the screen are three numerical inputs, one for each of the base,
shoulder and elbow joints of the robot. Touching any of these numerical inputs
allows a new value to typed. The values represent the step count of the three
motors. At the bottom of the screen is a graphic indicating the selected point.
The final point in the selection is named ‘Live Test'. If this is selected, then
touching the Go button on the right of the screen will cause the robot to move
immediately to the position entered. This can be used to check the exact

physical location of a set of step counts.

srld r I X |rosoT ARM

‘ < H?OnSensor j‘ >

Stepper Motors: -
Base Shoulder  Elbow

2625 l 1360 l 1520
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The S7 PLC contains a built in webserver that can be used for maintenance,
diagnostics and user defined pages. The demonstration software includes
webpages that can be used to see tallies of the counters and to trigger the pick
and sortroutine. The router inthe AU0205 provides a wireless network that can
be connected to a mobile phone or laptop computer. Find the network named
“Matrix_AU0205" and log on with the password “Matrix123" Alternatively, a
computer can be connected using the Ethernet cable.

Webserver Connection

To connect to the PLC, start a web browser and type in the address: -
http://192.168.7.2

This is the IP address of the PLC on the local network that the router is

producing. Note that not all web browsers will recognise an IP address. In

some cases the web browser will misinterpret the address as a search term. If

this happens, try a different browser application.

When the front page of the PLC appears, click or touch the “ENTER” link.

SIEMENS may Smale

SIMATIC S7-120C(

y
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|Operation with AU0205

On the next page click on the “User-defined-pages” and then “Homepage of
the application” links.

S$7-1200 station_1 User-defined pages
Login

Homepage of the application
» Start Page » Start Page

SIEMENS ; :
» Diagnostics + Diagnostics

+ Diagnostic Buffer + Diagnostic Buffer

+ Module Information

ERROR
MANT

» Module Information

RUN | ETOP

+ Communication » Communication
» Tag status » Tag status

» Watch tables » Watch tables

» Data Logs + Data Logs

¢ User Files » User Files

» User-defined pages » User-defined pages

» File Browser » File Browser

The user defined page for the Smart Factory application shows tallies of the
three categories of counters. It also splits the plastic category into black and
white. The “Pick 1" through “Pick 3" buttons will trigger the pick and sort routine
in the same way as the HMI buttons and the “Reset Counters” button will zero

the tallies. Iﬂﬂl-ﬂlx

Smart Factory

[Pick1] [Pick2| [Pick3 |
Count Al: 40
Count Fe: 33
Count Plastic: 49
Count Black: 16
Count white: 8

Reset Counters

y
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|Operation with AU0205

AU0205 1/0 List

=D

PLC1/0

Connector

Function

%10.0

Yellow 0

First Light Gate

%10.1

Yellow 1

Inductive Sensor (Detect Steel)

%I10.2

Yellow 2

Capacitive Sensor (Detect Aluminium)

%I0.3

Yellow 3

Final Light Gate

%10.4

Yellow 4

Gantry Home Switch

%10.5

Yellow 5

Trigger pick from each bin in turn

%Q0.0

Blue 1

Steel Reject Paddle

%Q0.1

Blue 2

Aluminium Reject Paddle

%Q0.3

Blue 4

Plunger Down

%Q0.4

Blue 5

Plunger Up

%Q0.5

Blue 6

Plunger Vacuum

%Q0.6

Blue 7

Conveyor Motor

%Q1.0

Blue 9

Gantry Step

%Q1.1

Blue 10

Gantry Direction

ildrilfX
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Connecting the Robot Arm to the PLC

Robot Arm Communication

The communication betweenthe RobotArmandthe PLCusesthelnternetTransmission
Control Protocol (TCP). The Robot Arm has a Wi Fi connection and the PLC has an
Ethernet port. To get the two to work together they must be on the same network.
This is achieved using a wireless router.

Router
with Wi Fi Access Point

Lo _
|

Wi Fi Fthernet IWi Fi or Ethernet

|

Robot Arm PLC Development PC

The AU0205 controller has a built-in router. Some configuration is required to connect
the Robot Arm to the router. The AU3686 does not include a router. If it is to be
used with the Robot Arm, the user must supply their own. The configuration will then
require some understanding of networking since all routers will have different set up
procedures.

In either case, the basic steps involved in connecting the Robot Arm are: -

« Set up a Wi Fi network. (This is already done in AU0205)

+ Configure the Robot Arm to connect to the Wi Fi network.

« Configure the Wi Fi router to allocate a static IP address to the Robot Arm.

« Ifnecessary, change the IP addressesinthe PLC program to match the new network.

y
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Robot Arm Communication
To configure the robot, download the Robot Arm V2 Control Apps applications from:

https://www.matrixtsl.com/robot-arm/

Connect the robot arm to the computer using a USB cable and apply power to the
robot. Run the Configure.exe program. In the properties window, select USB as the
Comms Method.

Properties ittt il i i . W

Configuration Basic s
API Setting
Comms Method Use (CoM) D
=-BZ] coM Port settngs

-------- @ Autodetect Yes v

n

Press F5 or click on the run button (1) at the top left of the screen and the “Connected
LED (2) should turn green. Click on the “Configure WiFi” button (3) to begin the
configuration.

») (M) [ Consoles # Configure - powered by Flowcode App Developer

Control Wigw

ildralX Matrix Robot Arm - Configure

Configure WIFI E

—_—
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The application will prompt with a series of dialog boxes.

Choose the following responses: -

Flowcode Runtime
| WIFI Enabled?
@

Yes No

Cancel

Flowcode Runtime

0 Host Network? Yes = Host / No
= Join

Yes No Cancel

Choose ‘Yes'.

Please enter WIF S5ID

WIFI 551D

Matr_ALID205
oK Cancel
Please enter WIF| Password
WIFI Password
Matr 123
0K Cancel

Please enter WIFI Port, Default: 1245

WIFI Post

[1245

OK

Flowcode Runtime

I WIFI configuration complete, cycle
the power to action the changes.

oK

Choose ‘No’ to join the
existing Wi-Fi network.

For AU0205 type, “Matrix_AU0205"

For AU3686 type the name of the
Wi Fi network created by your
router.

For AU0205 the Wi Fi Password is
“Matrix123"

For AU3686 type the Wi Fi
password of your network

Choose the default Wi Fi Port
which is 1245.

When all the details are entered,
the software will ask you to
power cycle the robot arm for
the changes to take effect.

After power cycling, the Robot Arm will join the Wi Fi network. The Wi Fi router will
assign a dynamic IP address using DHCP. The next step is to configure the router

to assign a static IP address so that the PLC is able to establish a connection. The
following pages explain how to do this for AU0205. For AU3686, refer to the manual

for your own router.

Copyright © 2024 - 2026 Matrix Technology Solutions Limited
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Configure AU0205 Router to Allocate Static IP Address

The router in the AU0205 contains a DHCP server (Dynamic Host Configuration
Protocol) that assigns addresses to components on the network. This will assign
arandom address to Robot Arm and this address could change from one session
to the next. We need to tell the router to give the Robot Arm a static address.
That is, the same address every time it appears.
The router has a web interface that we can connect to using a PC or laptop
computer. The exact layout of the interface may vary depending on the
firmware version of the router. For further information the router manual may
be downloaded from: -

https://www.teltonika-networks.com/products/routers/rut951
Connect a computer to the router using either the Ethernet cable or the Wi Fi
connection. Open a web browser and enter the address: -

http://192.168.7.1

Login to the router using the username “admin”. The password will be
“Admin123” or “Admin123?” depending on the exact model of the router.

Find the MAC Address of the Robot Arm

Look at the Status page and find the Wireless Clients section. If the robot has
been configured correctly according to the previous section, it should appear in
the list of clients. Make a note of the MAC address as this will be needed later.

MODE USER FW VERSION

ireLToNIKA | Networks ADVANCED  ADMIN  RUTSR_00.07027 LOGOUT

~ WIRELESS 2.4GHZ INTERFACES

OVERVIEW S$SID STATUS BAND SIGNAL  BITRATE ENCRYPTION

MOBRLE « WIRELESS CLIENTS
| WiRgLESS

LAK HOSTNAME BAND  SIGNAL  RXRATE TXRATE
SERVICES
REALTIME DATA

MOBILE USAGE
LOGS

y
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Select the Network page by clicking on the icon on the left hand side of the
screen. Select interfaces and click on the edit icon for the LAN interface.

Configure Static Lease

NETWORK ~ NETWORK INTERFACES

- Status: & P: - Uptime:
HUB[[E F:TI‘o:er; Disabled IProtaxol: dhep R;‘J‘:.‘Cl B
INTERFACES Type: Wired MAC: 00:1E:42:56:CC:T1 ™:0008
WIRELESS
Status: Stof IP:. Uptime:

FM[U‘J[R Failover: Disabled Protocol: dhcpvt RX: 0008
FIREWALL Type: Wired MAC: 00:1E:4256:CC:71 TX:0.008

VLAN
ROUTING Status: IP: 192.168.7.1724 o

Failover: Disabled Protocol: static
DNS Type: Wired MAC: 00:1E:42:56:CC:70

Status: IP: Uptime:
Failover: Disabled APN: Auto RX:0.00 8
Type: Mobile SIM: 1 ™:0008

In the properties for the LAN interface, edit the DHCP server and add a new
static lease. Name the new instance “Robot”, enter the MAC address that was
noted earlier and give it the IP address “192.168.7.7" This is the address that the
software in the PLC uses to communicate with the robot arm.

~ STATIC LEASE

NAME MAC IP

Robot 48:3F:DA:75:43:9E 192.168.7.7

Once the robot arm and the router are configured, power cycle the robot arm
in order for the robot to obtain the new IP address from the router.

y
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The configuration can be tested by startinga command prompt on the computer
and typing the command: -

Ping 192.168.7.7
The Robot Arm should reply to the ping.

Test the Configuration

- Command Prompt

Microsoft Windows [Version 10.0.26100.6584]
(c) Microsoft Corporation. All rights reserved.

C:\Users\PaulC>ping 192.168.7.7

Pinging 192.168.7.2 with 32 bytes of data:

Reply from 192.168.7.7: bytes=32 time=Ums TTL=255
Reply from 192.168.7.7: bytes=32 time=2ms TTL=255
Reply from 192.168.7.7: bytes=32 time=2ms TTL=255
Reply from 192.168.7.7: bytes=32 time=lms TTL=255

Ping statistics for 192.168.7.7:

Packets: Sent = 4, Received = U4, Lost = 0 (0% loss),
Approximate round trip times in milli-seconds:

Minimum = 1lms, Maximum = Ums, Average = 2ms

C:\Users\PaulC%

The other components will also respond to a ping request: -
192.168.7.1 = The router
192.168.7.2 = The PLC
192.168.7.3 = The HMI
192.168.7.7 = The Robot Arm

y
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AU3686

There is a demonstration program available for the AU3686 that connects to
and controls the robot arm. Since the AU3686 product is not supplied with a
router, itis necessary for customersto have alocally available router connecting
to the PLC by Ethernet and the robot arm by Wi-Fi. Some networking expertise
may be required to set this up. Follow the same steps as for configuring AU0205
but substitute the details of the local network.

Program the PLC

The demonstration software is “Smart Factory with Robot Demo.zap15” The
software can be downloaded using TIA Portal using the procedure described
in the section on programming the AU3686.

Configure a Router

Configure the router so that its DHCP server allocates a static IP address to
the Robot Arm. The procedure for this may be similar to that described in the
above section on connecting the AU0205. However your router will have a
different interface and its manual should be consulted. The PLC uses a static
IP address rather than DHCP. It is simply necessary to reserve an address for
the PLC.

Set the IP addresses in Software

Open the software project in TIA Portal. To assign an address to the PLC, locate
the PLC in the Devices tree and select Online and diagnostics. From the online
panel choose Assign IP address. Before the IP address can be assigned, the
software must find the PLC. Click on the Accessible devices button to scan the
local network for the PLC.

Connecting the Robot Arm to AU3686

Smart Factory with Robot APl » PLC_1 [CPU 1214C DUDUDC]

Devices |

e | = Online access

=) Assign IP address

= = » Diagnostics
~ ] Smart Factory with Robot API F”"‘“‘_‘"’
I Add new device asaaifatass /| Assign IP address to the device

- s G e et l Devices connected to an enterprise netwerk or directly to the in'
‘ w [ PLC_1[CPU1214C DCI... P H protected against unauthorized access, eg. by use of firewalls 2

Y Device configuration Assign PROFINET ... For more information about industrial security, please visit

4 Online & diagnostics - Resetto factorys.. hup:fivww siemens.comiindustrialsecurity
s Format memory ..

» L@ Technology objects

- -
) gy Exiemal zarce e MAC address: | 00 -00 -00 -00 -00 -00
» La PLC tags

» Lg PLC data types |Paddress: 192 . 168 .0 . 100
P 5al Watch and force tabl..

» i Online backups

y
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AU3686

While scanning for accessible devices check that the Type of the interface is
“PN/IE” and that the interface is the one on the PC that is physically connected
to the network. Click on the Start Search button to find the PLC. Once it is
found, clicking the Flash LED check box will make the RUN/STOP ERROR and
MAINT LEDs on the PLC flash. This can be helpful if there is more than one PLC
on the network as it ensures that we are connecting to the right one.

Select device %

Type ofthe PGIPCinterface:  |§_FNIE [+]
PGIPCinterface: (I Realtek PCle GOE Family Contraller T~ @E

Accessible nodes of the selected interface:

Device Device type Interface type Address. MAC address
ple_2 CPU 1212CACID... PNIE 192.168.0.100 AC-64-17-DE4E-BB

W
D’Hlsh‘L‘EB‘

Stant search
Online status informaticn: [ Dizplay enly error messages
€ sconcompleted. 1 devices found.
2 Retrieving device information...

Scan and information retrieval completed.

Project tree

Devices

Afterfindingthe PLC, clickonthe o
Apply bUtton to gO baCk to the ¥ ] Smart Factory with Robot Demo
Assign IP address screen and I Add new device

gy Devices & networks

click on the Assign IP address ~ [ PLC_1 [CPU 1214C DUDCIDC]
button to set the address. BY Device configuration

%) Online & diagnostics

Expand the Program Blocks ~ [ Program blocks

section of the Project Tree and I Add new block
3 Gantry [0OB123]

Open the Robot block ‘Robot{03124]
Eli ‘ Sor‘tlng[OBﬂ

3 Web_Server [OB125]

3 Plunger [FB3]

3 Robot_Arm_Comms [FB1]

48 Robot_Arm_Routine [FB4]

48 Run_Gantry [FB2]

y
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AU3686

The IP address is coded in the function block “Robot_ Arm_Comms” The default
is 192.168.1.63 but it should be changed to match the static lease that the

router has been configured to assign to the Robot Arm. Click on the four
constants on the left of the block to change the address.

¥  Network 1: COMMS

“B24
*Robot_Arm_DB"
“¥B1
"Robot_Arm_Comms”

EN ENO
true — Connect Connected —|..
P_Addr_1 Timeout — ...
P_Addr_2
P_Addr_3
IP_Addr_4
15252 — Timeout_PT

y
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In the demonstration programs, the robot arm is commanded to progress through a
sequence of moves. These carry the plastic counter from the conveyor to the colour
sensor. After reading the colour sensor, the counter is placed in either the white or
black sorting bin and the robot returns to its home position.

This video shows how the robot moves within the Smart Factory: -
https://www.youtube.com/watch?v=f2x4cGuTgnM

The exact positions that the robot arm moves through are dependent on the layout of
the Smart Factory. For the robot to work as intended in the demonstration programs,
it will be necessary to make fine adjustments. There are two approaches that can
be used. One is to carefully move the robot arm base, the colour sensor and the
sorting bins until the program works as written. The better approach is to use the
BasicControl application from the Robot Arm V2 Control Apps that were downloaded
earlier. Use the application to manually guide the robot through its path and note the
correct step counts for each location. The step counts for each motor can then be
edited in the demonstration programs before re-downloading them to the PLC.

If the AUO205 has the latest Unified HMI then this can be done using the Robot Path
page of the HMI.

Stopping the plastic counter on the conveyor relies on timing how long the conveyor
motor is run. This leads to small variations in the exact stopping position. The program
is designed to bring the robot arm down so that one jaw of the gripper lands over the
centre of the counter. The robot then scoots sideways so that the jaw of the gripper
slips off the edge of the counter before closing the gripper.

Robot The gripper jaw lands on the counter.
Gripper As the robot scoots, the leading jaw drops over the edge of the counter.
= When the movement stops, the jaws close around the counter.

This allows a tolerance for the position of the counter on the conveyor.

¥

Counter

To tune the robot path without using software: -

+ To start, power on the robot and wait until the lights stop flashing.

« Runthe Smart Factory with a plastic counter and observe where the counter stops
on the conveyor belt.

« Unfasten the base of the robot from the smart factory base and then slide the
base around until the gripper is landing on the counter as shown in the video and
the diagram above. (The ‘Start Arm’ button on the HMI provides a convenient way
to trigger the Robot Arm sequence.)

y
Il,ﬂlﬂlx Copyright © 2024 - 2026 Matrix Technology Solutions Limited



44

Operation with the Robot Arm

+ Fasten the base in place using the T-bolts.

+ Observe the movement of the robot arm after it has picked up the counter. The
next thing that it does is to hold the counter against the colour sensor. Move the
colour sensor until the lens is directly under the spot where the robot holds the
counter.

+ Fasten the colour sensor in place using the T-bolts.

* Observe where the robot drops the black and white counters. Place the red
collection bins in that place to catch the counters.

The positions of the robot that are programmed into the demonstration programs
are listed in the following table.

Step Counts

Instruction

Number Description Motor 0 Motor 1 Motor 2
Base Shoulder Elbow
0 Home all motors
1 Position above conveyor 260 700 200
2 Land one jaw on counter 260 860 900
3 Scoot across counter 360 860 900
4 Close gripper
5 Lift above conveyor 360 700 200
6 Rotate above sensor 2625 700 200
7 Lower onto sensor 2625 1360 1520
8 Read colour sensor
9 Lift above sensor 2625 700 200
10A In mouth of black bin 3120 1200 1000
10B In mouth of white bin 3600 900 1000
11 Open gripper to drop
12 Position above bins 3200 700 200
13 Home all motors

y
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A package of example programs, “AU0611—Example Software for Siemens and Smart
Factory”, is available from the Matrix web site: -

https://www.matrixtsl.com/smartfactory/

Smart Factory Siemens S7-1200

Target: AU3686

This is the basic program for AU3686. Aluminium and steel counters are sorted by the
reject booms and plastic counters run off the end of the conveyor.

Smart Factory with Robot Demo

Target: AU3686

This program builds on the previous one. When a plastic counter is detected, the
conveyor stops and a robot arm is triggered to pick up the counter. The robot holds
the counter against a colour sensor and places it in a bin depending upon its colour.
This program includes a web interface that presents the user with a count of the
different types of counter that have been sorted and enables picking from any of the
three hoppers.

Smart Factory Framework

Target: AU3686

The project includes all the necessary configuration for the various technologies that
have been used in the previous programs. It also includes the function blocks for
control of the robot arm. It does not include the higher level programming of the
components. Use this project as a starting point for developing your own programs.

Opening the Example Program

1. Download the project archive.

2. Open TIA Portal version 15 or later.

3. In the Project View, select “Retrieve...” from the Project menu.

4. Select the project archive file and choose a directory to store the project.

y
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The AU0205 product is supplied with demonstration software preloaded. If it is
necessary to restore the software then one of these projects should be used.
The following programs for AU0205 are included in the AU0611 software pack: -

AU0205 Factory SW 03 04 2025

Target: AU0205

This is the software project that comes pre-loaded on the original AU0205
product. It includes code for both the PLC and the Basic Comfort HMI.

AU0205_Unified_HMI_V20

Target: AU0O205

Thisisthe software project that comes pre-loaded on the new AU0205 product.
Itincludes code for both the PLC and the New Unified HMI. This project requires
TIA Portal V20.

Start TIA Portal, it will open in “Portal View”, click on the label “Project View" at
the bottom left of the window.

Select “Retrieve...” from the Project menu and browse to the location of the
project archive. Once the file is selected, you will be prompted to choose a
folder for the archive to be expanded into. Any folder on the local hard disk
will work.

Connect the Ethernet cable of the AU0205 to the computer that will be used
for programming. It is best to use an authentic Ethernet port on the computer
rather than a USB-to-Ethernet convertor because many convertors do not
fully implement all the features that are needed for connecting to the PLC. If
the computer does not have an Ethernet port then connect to the AU0205 Wi
Fi network. The name is “Matrix_AU0205" and the password is “Matrix123".
Find the devices “PLC_1" and “HMI_1"in the Project tree. Expand them to
examine the demonstration program. Right-click PLC_1 to download the
project to the device. Both hardware configuration and software should be
downloaded. Right-click HMI_1 to download the software to the device. The
procedure for downloading is the same as that described in the section on
programming the AU3686.

y
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TIA Portal

The Smart Factory is able to provide a platform for teaching PLC programming. The
PLCinthe AU3686 and AU0205 products is made by Siemens and can be programmed
using the TIA Portal software. This package incudes all the tools needed to configure
and program the PLC and to design screens for the HMI of the AU0205.

Users wishing to write their own programs should refer to Siemens documentation
for the software and the PLC. There are also many third party tutorials which can be
used to accelerate the learning process.

Framework

The demonstration programs available on the Matrix website include “Smart Factory
Framework.zap15” This is a project framework for the target S7-1214C PLC and has
most of the low level configuration completed along with functions for communicating
with the robot arm. The user can add higher level control functions to the framework
without needing to spend time on the lower level parts.

To use the framework, start TIA Portal, it will open in “Portal View”, click on the label
“Project View” at the bottom left of the window. Select “Retrieve...” from the Project
menu and browse to the location of the project archive. Once the file is selected, you
will be prompted to choose a folder for the archive to be expanded into. Any folder
on the local hard disk will work. Save the retrieved framework as the project name of
your choice.

y
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Creating a Project

If not using the framework, create a new project in TIA portal. When the software
opens in the portal view, click on “Create New Project.” Fill in details of the project and
choose a location on the local hard drive to save the files, then click “Create.” Click on
“Configure a Device” and then “Add new Device.”

Add a controller from the SIMATIC S7-1200 family. The device is CPU 1214C DC/DC/
DC and its article number is 6ES7 214-1AG40-0XBO. If using the AU0205 then return
to the portal view and add an HMI from the SIMATIC Basic family. The device is a 4”
Display, type KTP400 Basic and its article number is 6AV2 123-2DB03-0AXO0.

The added devices will appear in the Project tree on the left hand side of the Project
View screen.

Basic I/0 Programming
The PLC in the Project tree contains a folder named “Program Blocks.” Click on “Add

new block” to create a new program. The simplest type of program is an “Organization
block” that runs on the program cycle. Such a program will run continuously.

Project tree o 4
[Devices | optio
: [E]2 | g b =EmEmORs Qekus[=in] o0 C MR €=l G M4
: Add new block XR
| a
ghy Devices & networks ~ R C
~ (@ PLC_1 [CPU 1214C DODTDC] BE [TEE =
Y pevice configuration v B
Online & di stics = =
il e T ¥ ogram cyle tangusge: |10 -,
~ g Program blocks = i
A e ey < & Startup e - = i
& Mei [031;6[ - ’ & Time delayinterrupt - LY
e Rebm (o8 1'5 | L4 Organization & Cyclic interrupt () Manual [
ot 24 block ——s ;
& Web_Server [0B125] 4 Al Hardware Eriemipt @ Automatic
& C s Sort [FB28] - & Time ermor interrupt
;n“wr;;:“ = ’ | & Diagnostic error interrupt
& Plunger [FB3] » t 4 Pull or plug of modules Dezcription:
S RobtAvsi_Comum IF81] 38 Rack or station failure
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Set the language to “LAD” to write the program in ladder logic.

With the new program open, click on the “Instructions” tab to open a toolbox of
ladder logic instructions. The toolbox is context specific so it will contain items that
are relevant to whatever editor window is active.

The PLC inputs are connected to yellow 4 mm sockets. They can be used as contacts
in a program by using the addresses %I10.0 through %I10.7. The AU0205 product has
two more inputs that are accessed by addresses %I11.0 and%I1.1.

The PLC outputs are connected to blue 4 mm sockets. They can be accessed in a
program by using the addresses %Q0.0 through %QO0.7, %Q1.0 and %Q1.1. For
example; to cause output number six to switch on whenever input number six is
asserted, connect a normally open contact to an assignment. Give the two elements
the addresses %10.6 and %QO0.6.

- Network 7:

W0.6 0.6

—
=
—
—

y
Il,ﬂlﬂlx Copyright © 2024 - 2026 Matrix Technology Solutions Limited

49



| Example Program Design

This section describes the design of the example programs. It is provided for users
wishing to understand the programs and alter or improve them.

Sorting Counters - Sensor Gates and Reject Booms

The smart factory is built as described and the S7-1214C PLC is connected as follows: -

Connection Device PLC Tag Name

Inputs Block: 0 First light gate %10.0 Sensor_First_Light
Inputs Block: 1 Inductive sensor %I10.1 Sensor_Inductive
Inputs Block: 2 Capacitive sensor %I0.2 Sensor Capacitive
Inputs Block: 3 Final light gate %10.3 Sensor_Final_Light
Motor Outputs: 0 Steel reject boom %Q1.0 Reject_Steel
Motor Outputs: 1 Aluminium %Q1.1 Reject_Al

The PLC Program is named Sorting and runs as the Program cycle. It will run
continuously, starting again as soon as it finishes.
Two local variables are declared, Flag_Metal and Flag_Steel, both of type Bool.

Main
Name Data type
I < » Input
2 +d > Temp
3 < = Flag_Metal Bool i
4 |« = Flag_Steel Bool

Network 1: TRANSIT TIMER

The first light gate or either of the following sensors will trigger the transit timer. Once
triggered, the timer will stay on for the length of time taken to transit from one end of
the conveyor to the other. The purpose of this timer is to keep the reject booms out
until the counter has completed its transit.

%DB1

0.0 Trnr_Transit

"Sensor_First_ TOF
Light" Time
] L
1T

W0 2
"Sensor_
Capacitive”
] |
1 |

o
“Sensor_
Inductive”

] |

11

y
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Network 2: LATCH METAL FLAG
This flag is latched when the capacitive sensor tells us that we have a metal counter.

It will stay latched until the transit timer times out (the counter has completed its
transit).

%0 2 MO0 .0
“censor_ "SR_Metal"
"Trnr_Transit™.Q Capacitive” SR #Flag_Metal
{ | | | 5 Q { }
“Trar_Transit™.Q
M R1

Network 3: LATCH STEEL FLAG
This flag is latched when the inductive sensor tells us that we have a steel counter. It

will stay latched until the transit timer times out.

n.{:lﬂ.‘l WD_Z
"Sensar "SR_Steel
“Trr_Transit™ .Q Inductive” SR #Flag_Steel
] | ] | I 1
1| 11 5 Q 1 !
“Trar_Transit™.Q
1/ R1

Network 4: SORT STEEL
As long as we have a steel counter, the reject boom is operated. This will be from the

inductive sensor pulse until the transit timer times out.

#Flag_Steel "Reject_Steel
] | | 1
L

Network 5: SORT ALUMINIUM
As long as we have a metal counter that is not steel, the reject boom is operated. This

will be from the capactive sensor pulse until the transit timer times out.

‘ %01.0

WA
#Flag_Metal #Flag_Steel "Reject_Al"
1 | 1
11 I/: { }

y
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Network 6: TRIGGER ROBOT ARM
This network is only included in the “Smart Factory with Robot Demo” program. If

the counter is not metal then the final light gate is used to get the conveyor speed.
The conveyor is stopped after 2.5x the time between the two light gates and then the

robot arm is triggered.

Network 7: RESET COUNTERS
This network is only included in the “Smart Factory with Robot Demo” program.

Networks 4, 5 and 6 include CTU blocks that count up every time their CU input
changes from false to true. The current values of these counters are written the count
variables that are displayed on the web interface. The web interface incudes a flag
that is used to reset the counters. This flag is read by each of the counters, triggering
areset and then it is itself reset in network 7 so that the counters are only reset once.

Reset_Counters
1 1

0 3
*Sensor_Final_ MUL W03 W13
Light” #Flag_Metal MOVE Auto (DInt) "Belt_Runon® “Start_Arm"
| i/ EN — EN — (s} (s}
“Trar_Transit".ET M 3 ouT #Light_Time #Light_Time M1 UMD
25 N2 3 oUuT "Travel_Time"
DB 7
"Trnr_Belt_Stop”
W0 3 TON W0 3 W0 .6
"Belt_Runaon” Time "Belt_Runaon” "Run_Conwveyor”
| N Q {R} {R}
WD2 ET
“Travel_Time" PT

WDB53
"IEC_Counter_
0_DE_1"
W11 CTu
#Flag_Metal #Flag_Steel “Reject_Al" Int
| 1 1
{ | /1 { ) cu Q
"Web_Data”. “Wieb_Data”.
Reset_Counters — g oy — Count_Al
0—py
“Web_Data". “Web_Data”.

Reset_Counters
iR\
{R}
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Plunger Function Block

The plunger function block is implemented as a state machine and is called by the
gantry program when it is in a position to operate the plunger.

Network 1: Ready

In this state the function switches off all the outputs and waits for the rising edge of

the execute input.

#state

#Dane
Ir}
{R}

|int |

#READY

#Execute
] 1

#Down
{R}

#\Vacuum
Ir}
{R}

WDB15

"RE_Flg_1"
R_TRIG #Flag_Exec
] |

EM ENO | |

Q —i#Flag_Exec
CLK

Network 2: Driving down

#siate
#DROP M

The valve is set to drive the plunger down and a timer is started. When the timer
completes, the valve is switched off and the state progresses.

fctate

|Int |

#DROP

#Time

#Down
{s }——

“WDB14
*Trnr_Plg_1"

TON

Time MOVE #Down
IN Q EM ——{R }—
PT ET 2 @ QU1 #state

FEUCK 1M

ildrfX
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Network 3: Operating the Vacuum

In this state, the vacuum flag is signalled until a timer completes and the state
progresses. The gantry program that calls this function will use the vacuum signal to
turn the vacuum on or off depending upon where in the cycle it is.

fstate

#FWacuum

FLIFT IN

Network 4: Driving up

In this state the plunger is driven up until a timer completes.

#COMFLETE — |y

Network 5: Complete

I== I L
int | 15}
2
FEUCK YNB16
*Trnr_Plg_2"
TOM
Time MOVE #Vacuurmn
IN Q EN — {R}
#Time PT ET 3 5 0UT #state

#Istate #Up
== I L
Jint | 15}
3
FLIFT YUNR17
“Trnr_Plg_3"
TON
Time MOVE #Up
IN Q EN — {R}
£#Time PT ET 4 2 0UT1 #state

In this state a flag is set to signal to the calling program that the sequence is complete.
When the execute signal is removed, the state resets to the beginning.

#state #Done
IT? | (s)
HFCOM PLETE #Execute MOVE #Done
/1 EN — (R}
0 ¥ oum #state
#READY — IN
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Picking Counters - Gantry and Plunger
With the sorting routine working, the program is extended to deliver counters to the
conveyor for sorting. The following connections are added: -

Connection Device

PLC Tag Name

Inputs Block: 4

Gantry home microswitch

%10.4 Axis_Home_Position

Inputs Block: 5

Trigger pick from bin 1

%I10.5 Pick_Bin_1

Inputs Block: 6

Trigger pick from bin 2

%10.6 Pick_Bin_2

Inputs Block: 7

Trigger pick from bin 3

%I10.7 Pick_Bin_7

Outputs: 0 Stepper motor pulse %Q0.0 Stepper_Pulse
Outputs: 1 Stepper motor direction %Q0.1 Stepper_Direction
Outputs: Plunger down valve %Q0.3 Pneu_Plunger_Down

Plunger up valve

%Q0.4 Pneu_Plunger_Up

Outputs:

Power vacuum generator

%Q0.5 Pneu_Vacuum

3
Outputs: 4
5
6

Outputs: Power conveyor

%Q0.6 Run_Conveyor

GANTRY PROGRAM

The Gantry program is added to the main cycle and calls the “Run_Gantry” function
block. Along with the sorting program, this will be run to completion and thenrestarted.
The function is implemented as a state machine. The variable #State runs through a
sequence with different parts of the program being run depending upon the sequence.
The state is incremented when each stage is completed.

Network 1: Plunger
Two states can trigger the
plunger function block; picking

“WwB18
“Plunger_DB"
WFB3
“Plunger”

up from the bins or putting
down on the conveyor. The

#5tate

EN

plunger begins to operate
as soon as either state is
reached. The up and down
valves are driven directly but

| int |
3
FPICK_UP

#5tate

the vacuum output is a flag.
This flag is used to switch the
vacuum on or off depending
upon the state.

| int |
5
#PUT_DOWN

Execute

#25 Time

END ——

#Flag_
Done —iFlungeDone

W03
"Pneu_Flunger_
Down —i Down”

Vacuum —i#Flag_Opvac

W00 4
"Pneu_Plunger_
up —Up”

ildrfX
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Network 2: Start

When the PLC starts up the MC_Power block is called to initialize the motion control
object. Once the axis is ready and no pick inputs are energized then the state

progresses to the #HOME state.

Network 3: Home

DB 3
*MC_Power_DB"
#otate MC_Power @ . ".HO..E L .".HO..E- L "HO..? .
#Flag_Pwr_Status  "Pick_Bin_1 Fick_Bin_2 Fick_Bin_3 MOVE
IT.;| EN { | /1 /1 1/ EN — 10—
0 YNR4 Status = #Flag_Pwr_Status 1 2 QUT1 #5tate
#START  "Axis_Stepper” P Error =i ... #HOME N
frue == Enable
StartMode
StopMode -

In this state the function waits for one of the pick inputs to be energized. A constantis
copied to the #Bin_Position variable depending upon which input and the conveyor is
started. Starting the conveyor triggers the stepper to back of by 1T0mm and then run
its homing procedure. Once the homing procedure is complete, the state progresses

to the #BINS state.

. %0.5 Y006
#I"ta te “Pick_Bin_1" MOVE “Run_Conveyor®
== 11 {5}
[int | 1 Z — =)
1 30.0— N 3 Oum #Bin_Position
#HOME
W06 %006
“Pick_Bin_2" MOVE “Run_Conveyor”
—] ———en — {5}
70.0 IN i OUT1 #Bin_Position
Wo.7 0.6
"Pick_Bin_3" MOVE "Run_Ceonveyor”
—— e — (s}
110.0 IN 3 OUT1 #Bin_Position
%DB6
"MC_
MoveRelative_ %DEB 2
DB *MC_Home_DE"
MC_MoveRelative MC_Home
&%
EMN ENO EMN
IDBE4 Done —i #Flag_Backed_Off YNE4
"Axis_Stepper” Axis Errar =— ... "Axis_Stepper” Axis
%006 #Flag_Backed_Offi— Execute
“Run_Caonveyor” — Execute Position
10.0 — Distance 3 — Mode —
10.0 — velocity —

@ #Flag_Homed MOVE
ENO | | EN —  —
Done — #Flag_Homed 2 3 OUT1 #5tate
Errar = .. FBINS M
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Network 4: Move to counter bins
In this state, the stepper motor is moved to position the plunger above one of the

counter bins. The position at the end of this move depends on the bin that was chosen

in the previous state.

%DB4
"Axis_Stepper”

#5iate

| int | ] -
#Bin_Positicn

#BING 100.0

%DBS
“MC_
MoveAbsaolute_
DB"

MC_MoveAbsolute

@ #Flag_Above_Bin MOVE
EN ENO | | EN — —_—
Done — #Flag_Above_Bin 3 ¥ 0UTl #5tate
Axis Error =i... #PICK_UP IN
Execute
Position
Velocity —

Network 5: Pick up counter
In this state the program waits for two signals from the plunger function block that

was called in network 1. When the signal is given to operate the vacuum, the vacuum
generator is switched on. When the cycle of the plunger is complete, the state

progresses.

. #Flag_
#I"tati? PlungeDone MOVE
== ] |
| int | 1! EN
3 4 * 0oum #State
#PICIK_UP #BELT— |
%00 5
#Flag_Opvac "Pneu_Wacuum"
] 1 [5}
127

Network 6: Move to the belt
In this state the stepper moves to position the plunger above the conveyor belt.

ildrfX
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Network 7: Put down the counter
This state is very similar to network 5 where the counter was picked up. In this state

however, the signal to operate the vacuum results in the vacuum generator being
switched off and the counter dropped onto the conveyor.

r #Flag_
#itate FlungeDone MOVE
Int 1 2
5 6 ¥ 0uT #State
#PUT_DOYMN #RETURM 2]
%00 5
#Flag_OpVac "Pneu_vacuum”
] | (R}
LR}

Network 8: Returning to the park position

In this state, the stepper returns the gantry to its home position and stops the
conveyor. The state becomes ready for the next cycle when all the pick inputs are off.
This means that a new input signal is needed to trigger the next operation.

“WDB13
"MC_
MoveAbsolute_
DB3"

MC_MoveAbsolute

EMN
*DB4

%006

“Run_Conveyor”
{R}

#Flag_Complete

&[]

ENO 1 I
Done =i #Flag_Complete

Error — .-

W0.5 “H0.6 Wo.7

"Axis_Stepper”

#5tate

| int |

Axis

Execute

"Pick_Bin_1" "Pick_Bin_2" "Pick_Bin_3"

4 1 g

1
#HOME

MOVE
EM —
3 OUT1

—
#5tate
IN

6
#RETURM

10.0
100.0

Position
Velocity
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Motion Control Technology Object

Motion Control

The stepper motor driver in the gantry is controlled by a pulse input and a direction
input. The stepper motor advances one step every time the “Step” input pulses. It
moves towards its home position when the “Direction” input is not asserted and
moves away from home the direction input is asserted.

While it would be possible to write a program that switched the step output on and off
a number of times, there is a better way. The PLC contains two features that combine
to provide better control of the stepper motor system.

The first is a pulse generator that can be assigned to one of the outputs. This causes
the output to produce a pulsed signal. The second is a Motion Control Technology
Object. This is configured with the properties of the stepper motor and then uses the
pulse generator to control it. The Technology Object can be configured to translate a
required move from a physical distance into the required pulse output. It can set the
speed of the stepper motor and accelerate and decelerate smoothly. It can detect the
homing switch and even measure and account for hysteresis in the switch.

The example programs all use the Motion Control Technology Object and can be used
as a starting point if the user wishes to make changes or configure their own.

The Pulse Generator configuration is found in the Device Configuration tab of the
PLC. Physical outputs can be dedicated as pulse and direction outputs.

\gl’ropenies H"j.lnfo y||§ Diagnostics ‘
J General " 10 tags J System constants [ Texts I
» General |
» PROFINET interface [X1] PTO1FWMI
> General
» DI 14/DQ 10
b A2 Enable

» High speed counters (HSC)
 Pulse generators (PTO/PVM)

[ Enable this pulse generator

e Project information
General Name: :P_ﬁlﬁ:e_‘;t_epper_
Parameter assignment Cominant | |AJ
Hardware outputs [:
b PTO2IPWLE [v]
» PTO3IPWNE
» PTO4IPVIMG > Parameter assignment
Startip Pulse options
Cycle =

Cemmunication load
System and clock memory
» Web server
Multilingual support
Time of day
» Protection & Security
Configuration control
Connection resources
Overview of addreszes

Signal type: :PTO_(put:eAand direction B) adl

ms |~

Hundredths ?

> Hardware outputs

Pulse cutput: f%Q_0.0 ..., 100 kHz on-board output

[ Enable direction output

Direction output: %Q0.1 "...] 100 kHz on-board output

ildrfX
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Once configured, the Pulse Generator can be assigned to a Motion Control Object. In the
Projecttree, the PLC contains a folder named Technology objects. In the example projects,
the Technology object is of type TO_PositioningAxis and is named “Axis_Stepper”.

Project tree

j Devices |
& R | s, EREDBr @U@0 Gl qa’
i
ghy Devices & networks A
= | PLC_1 [CPU 1214C DC/OC/DC] Add new object %
m Device configuration
% Online & diagnostics Nume]
AXS
» ‘g Program blocks =
o= B Rchaoiowyshiecs. : S
_________ W Add new object aems Version | SRS A [TO_PositioningA:
» # Ads_Stepper [DB4] 5l (Momon Controk HeE Number: | I3]
» il External source files | —Awes — _
» L@ PLCtags 5 4 TO_PositioningAxis V6.0 () Manual
» [g) PLC data types i — Az Control — ® Automatic
@ w P 4% TO0_CommandTable V6.0
’ o Watch and force tables Description:
¢ g Online backups 1| .~ ST i

The Smart Factory Framework project contains a pre-configured Motion Control
Technology Object as used in the example projects. The pulse output for driving the
stepper is assigned to output %Q0.0 (DQa.0) and the direction control is assigned to
output %Q0.1 (DQa.1). The home position limit switch is assigned to input %I0.4 (Dla.0).
The parameters of the Technology Object can be input using the configuration screen.
The Function view screen guides the process of configuring the object. It is assigned
to the pulse generator described above and millimetres are chosen as the unit of
measurement. Mechanical parameters and the homing procedure are configured in
this section.

Once configured, motion control commands will be available in the Instructions
toolbox under the heading Technology.

Basic parameters
Axis name: Axis_Stepper
Drive: PTO (Pulse Train Output)
Position Unit: mm
Pulse Output: %Q0.0
Direction Output: %Q0.1

Extended parameters
Pulses per revolution: 200
Load movement per revolution: 40mm

y
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Dynamics
Maximum velocity: 2000 mm/s
Start/stop velocity: 1.0 mm/s
Acceleration & Deceleration: 2000 mm/s2

Active Homing
In active homing, the program calls a home function and the axis will hunt for the homing
microswitch automatically. If passive homing were selected then the program must start
the axis moving, stop when it detects the switch and then set the home position.

Input homing switch: %I0.4

Homing direction: Negative

Side of homing switch: Top side

Approach velocity: 20.0 mm/s

Homing velocity: 10.0 mm/s

Once configured, a Commissioning panel is available that allows the programmer to test
the axis to determine if the motion is correct before writing the program.

The MC_Power block must be called before any other function block. The Axis input is
“Axis_Stepper”, Enable is true, StartMode = 1 and StopMode = 0. Once the object is ready
the Status output becomes true and the rest of the program can continue.

“%OB 3
*MC_Power_DB"
MC_Power -
& #Flag_Pwr_Status
EN ENO | |
UWB4 Status —4 #Flag_Pwr_Status
'F\xiS_SIEppEr' MS Errur —
irue = Enable
StartMode

StopMode v

y
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At the beginning of an operation, it is a good idea to home the stepper. Calling the MC_
Home block will cause the gantry to automatically drive into the limit switch and learn
its home position. The homing procedure starts the Execute input changes from false to
true. When the Done output becomes true, the rest of the operation can continue. The
Position input should be set as 0.0 and the Mode input as 3.

%82
"*MC_Home_DB"
MC_Home
& Y #Flag_Homed

EN ENO { |

YDRA4 Done —i #Flag_Homed
"Axis_Stepper® — Axis Error —i...
#Flag_Start_

Home — Execute

Position

3 — Mode -

The MC_MoveAbsolute block can be used to send the gantry tool to any position relative
to its home position. The move will start when the Execute input goes from false to
true. The Position input is the desired position measured in millimetres from the home
position. The Velocity is measured in mm per second, 100 mm/s is a suitable velocity to
use. The technology object will automatically generate a smooth acceleration ramp up to
the target velocity and decelerate as the end of the move approaches. When the move is
completed, the Done output will become true to signal that the next part of the program

can continue.
%8BS

MC_
MoveAbsolute_
DB*

MC_MoweAbsolute
= #Flag_Above_Bin
|

EN ENO | :
%WB4 Done —i#Flag_Above_Bin
*Axis_Stepper” Axis Error —i...

Execute
#Bin_Position Position

100.0 — velocity v

y
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HMI Screens

Once added to the project, the HMI screen will appear in the Project tree. It will contain a
folder named Screens and this folder includes the action “Add new screen.” When editing
a screen, the toolbox will contain Basic objects and elements that can be added to the
screen. The first screen to be shown when the system starts up can be chosen by right
clicking that screen and choosing “Define as start screen.” The start screen is highlighted
in the project tree by a small green arrow overlaid on its icon.

The properties of an object can include “Animations” that indicate the conditions of tags.
These tags can be linked to tags in the PLC so that information about the running program
is conveyed to the user.

The properties of an element can include events that change tags when the user interacts
with the element on the screen. These tags can be linked to tags in the PLC so that the
user can control the running program.

To add an indicator, drag a shape from the Basic objects toolbox onto a screen. Adjust
the position of the object and resize it as required. In the properties for the shape, select
the Animations tab. Click on “Add new animation” and select Appearance. Click on the
ellipsis next to the tag name box to choose a tag to base the animation on. If a tag from
the PLC is chosen then TIA Portal will automatically set up the required communication
between the HMI and the PLC so that the tag is available in the HMI. A binary tag can be
represented as a simple range type with different Background colour for the zero and
one states. If it is dull in the zero state and bright in the one state then it will appear to
behave like an LED.

i Properties  |*i)
. Properties . Animations Events | Texts
Appearance
Overview
Ta Type
« ¥, Display 9 . :
I Add new animation Name: |Etart_Arm al...] (® Range
" PR IARCN Address: O Multiple bits
b X Movements nale bit _‘]
r .
r Range a Background color  Border color Flashing
, 0 b=/l 173.125. .. [=]l24.28.49 [=] No ~!
1 []255.195.255 [ 24.28.49 No
<Add new>
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To add a control button, drag a button element from the toolbox onto a screen. Adjust
position and size as required. In the properties for the element, select the Events tab.
Choose the Release event and click on Add function. The drop down list that appears lists
all the functions that can be configured to occur when the user touches and then releases
the button. SetBit can be found under the Edit bits subheading. When the function is
added, choose the tag that is to be set. TIA Portal will automatically set up the necessary
communication with the PLC. If a switch element were chosen instead of a button then
functions can be assigned to both Switch ON and Switch OFF events. SetBit and ResetBit
would be logical choices here.

| G Properties If_t.,l.nfc- le %l Diagnostics
' Properties - Animations Events || Texts |

2T BE X
Click
Fress * SetBit

3 Release { Tag (Inputioutput) Start_Arm ff...

Activate <Add function=
Deactuvate
Change

To add a navigation button, begin in the same way as adding a control button. Rather
than setting a bit, add the ActivateScreen function to the button’s Release event. When
the user touches and then releases the button, the specified screen will be loaded.

These elements are just a flavour of what can be done with the HMI screens. Refer to
Siemens documentation for further information.

y
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Web server

The S7 PLC has a built in web server that can be used to control an application and
to report its status. The webserver can in effect be used as an HMI. The Project
Framework, Smart Factory with Robot Demo and the AU0205 programs all include
user defined web pages. The section on operation describes how to access them.

All the user defined webpages are contained in a folder named ‘Web Files’ within the
project folder and the first page to be displayed is ‘index.html’. The folder can include
HTML pages, images, scripting libraries such as jQuerry and tables defining the tags
that are accessible to the web server. The online documentation for TIA Portal outlines
the process of compiling the web pages into data blocks that can be used by the web
server. The example projects demonstrate how to control programs and report data
using web pages.

If these pages are edited or added to then a data block in the PLC must be updated.
Locate the PLC in the devices tree and select Device configuration. In the Properties
panel for the PLC, locate the User-defined pages part of the Web server section and
click the Generate blocks button. This will overwrite the existing data block with the

newly edited pages.
Devices ]

-l
=]

¥ 7] Smart Factory with Robot APl
IF Add new device

ghy Devices & networks
-

. Y Device configuration
Y. Online & giagnostics

» =l Proaram blocks

|G Properties %} Info )| 2| Diagnostics

JGeneraI || 10 tags || System constants || Texts I

b PTO1IPWMI
b FTO2/PWNE2
» PTO3/PYWNB
b PTO4/PWI HTML directory: | .\Web Files I
Startup

had User-defined pages

Default HTML page: |indexhtml |l |
Cycle ; |
|

Communication load Application name:
Systern and clock memory : Status: |DB generated
w s [ [ Generate blocks 11 Delete blocks
General
Automatic update

> Advanced
User management
Watch tables =
¥ Userdefined pages Files with dynamic content: |.htm; html
Advanced - Web DB number: [333 [
Entry page -

Fragrment DB start number: | 334

Overview of interfaces

y
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The webserver is invoked by adding a "WWW" object from the toolbox to a program
block. The WWW object can be found in the Communication section of the toolbox.
Once the blocks are generated, the WWW function block handles updating and serving
the web pages. There is nothing for the programmer to do with this block apart from
including it in the program so that it runs in the main cycle. The CTRL_DB input is set
to 333, the default block number that is generated in the step above.

www
EN ENO
333 CTRL_DB RET_VAL — #Ret_Val

Once the webserver is enabled and configured, the web interface may be accessed
using a web browser of a device that is on the same network as the PLC. Type the IP
address of the PLC into the address bar of the web-browser. It may be necessary to
prefix the address with https:// for example:

https://192.168.7.2

Live Variables in Web Pages
The easiest way to include a live variable in a web page is to write the variable name
in the html file as it would appear in a program and put “="in front of it and " after it.
For example; if the program includes a data block named “Web_Data” with a variable
inside it named “Count_Fe"” then this variable would appear in the program as:
“Web_Data”.Count_Fe
If the web page includes a piece of html code of the form:
<div>:="Web_Data".Count_Fe:</div>
Then, when the page is served, the variable name will be replaced with the current
value of the variable.
The variable is only updated when the page is served, if the program writes a new
value to the variable it will not be updated on the page. The simplest way to fix this is
to include the line
<meta http-equiv=refresh " content=content="
at the top of the page to force the page to periodically reload. This is easy to do but
the page will be seen to flicker as it re-loads. A more elegant approach is to place the
variables in a separate page and use jQuery and AJAX to update the variables on the
main page. An example of this approach is included in the demo projects. For more
information on jQuery and AJAX see online resources such as: -
https://www.w3schools.com/js/js_ajax_intro.asp

y
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If the web page is expected to write to the variable as well as read it then an html
comment declaring AWP_In_Variable must be included at the top of each page that
references that variable. If the program includes a variable named “Web_Data".
Trigger_1 then the comment

<l-- AWP_In_Variable Name="Web_Data".Trigger_1'-->

must be included. The variable can then be updated by posting a new value. The web
pages included in the project framework contain an example of this.

Web Server Interface

The web page includes buttons to trigger the gantry to pick from one of the three
hoppers, counts of each type of counter sorted and a button to reset the counters.

ildrniX

Smart Factory
\Pick1|  [Pick2|  [Pick3|
Count Al 19
Count Fe: 2
Count Plastic: 36
Count White: 6
Count black: 2

| Reset Counters |

The Web Files directory includes four files that are required for the web interface.
These are the jQuery library, a logo and two html pages.

B index.html
B |Otags.html

_f-] Jquery-3.6.0.min.js

& matrix-logo-purple.png

y
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I0tags.html

This file contains declarations of all the variables that can be written and a JSON structure containing
all the variables in the web interface. The names of the variables are replaced by the current values
when the page is served.

<I-- AWP_In_Variable Name="Web_Data".Trigger_1'-->

<I-- AWP_In_Variable Name="Web_Data".Trigger_2'-->

<I-- AWP_In_Variable Name="Web_Data".Trigger_3'-->

<l-- AWP_In_Variable Name="Web_Data".Reset_Counters'-->
<l-- AWP_In_Variable Name="Web_Data".Robot_Present’-->
{

“tg1":":="Web_Data".Trigger_1.",
“tg2"":="Web_Data".Trigger_2.",
“tg3":":="Web_Data".Trigger_3.",
“rct”":="Web_Data".Reset_Counters:”,
“rap”:":="Web_Data".Robot_Present:”,
“cal"":="Web_Data".Count_Al:",
“cfe”:":="Web_Data".Count_Fe:",
“cps”:":="Web_Data".Count_PIs:",
“cbk”:":="Web_Data".Count_Bk:",
“cwt”":="Web_Data".Count_Wt:",
“sts"":="Web_Data".Status_Str:"}

Index.html
This file contains the html code to display the web page and the JavaScript code to continually load
IOtags.html and use its data to update the live variables displayed in the web page. It contains
JavaScript functions for each of the buttons that posts new values for selected variables back to the
PLC.
<l-- AWP_In_Variable Name="Web_Data".Trigger_1"-->
<l-- AWP_In_Variable Name="Web_Data".Trigger_2"-->
<l-- AWP_In_Variable Name="Web_Data".Trigger_3"-->
<l-- AWP_In_Variable Name="Web_Data".Reset_Counters'-->
<l-- AWP_In_Variable Name="Web_Data".Robot_Present’-->
<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<title>Matrix Smart Factory</title>
<script src="jquery-3.6.0.min.js"></script>
</head>
<body>
<img src="matrix-logo-purple.png”>
<h1>Smart Factory</h1>
<table style="width:250px">
<tr><td><button id="pk1’>Pick 1</button></td>
<td><button id="pk2">Pick 2</button></td>
<td><button id="pk3">Pick 3</button></td>

y
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</tr>
<tr><td colspan="2">Count Al:</td><td id="Ct_AlI'></td></tr>
<tr><td colspan="2">Count Fe:</td><td id="Ct_Fe'></td></tr>
<tr><td colspan="2">Count Plastic:</td><td id="Ct_PIs"></td></tr>
<tr><td colspan="2">Count Black:</td><td id="Ct_Bk'></td></tr>
<tr><td colspan="2">Count white:</td><td id="Ct_Wt'></td></tr>
<tr><td colspan="3"><button id="rst_cnt>Reset Counters</button></td></tr>
</table>
</body>
<script type="text/javascript”>
$(document).ready(function()
$.ajaxSetup({ cache: false });
setinterval(function() {

$.get)SON( Junction(result){
$( ).text(result.cal);
$( ).text(result.cfe);
$( ).text(result.cps);
$( ).text(result.cbk);
$( ).text(result.cwt);
D
},1000);
// Operate the buttons
$( ).click(function(){
url= ;
name=’' ;
val=1;

sdata=escape(name)+'="+val;
$.post(url,sdata,function(result){});
)

$( ).click(function(){

url= ;

name=’ ;
val=1;
sdata=escape(name)+'="+val;
$.post(url,sdata,function(result){});
)

$( .click(function(}{

url= ;

name=’ ;
val=1;
sdata=escape(name)+'="+val;
$.post(url,sdata,function(result){});
)

$( .click(function({

url= ;

name=’ ;
val=1;
sdata=escape(name)+'="+val;
$.post(url,sdata,function(result){});

)k
ok

</script>
</html>
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Robot Arm

The robot arm is commanded using TCP communication. The instruction blocks that
are used for this are found in the Communication section of the instruction toolbox
under the Open user communication section. Refer to the example programs to see
how these blocks are used. The robot arm has an application programming interface.
Refer to the documentation of the Robot Arm product for details.

The documentation can be downloaded from the Matrix website: -

https://www.matrixtsl.com/robot-arm/

Control of the Robot Arm

Two networks are included in the Robot program. The first handles the communication
to the robot arm and the second contains the entire sequence of picking up, checking
and sorting a counter.

Network 1 COMMS
This network contains the block that handles communication. It must be run at the
beginning of each program cycle. The inputs and outputs are described in section 3.

WDB 24
"Robot_Arm_DEB"
WFB1
“Robot_Arm_Comms”
EMN END
frue — Connect Connected —1#RA_Connected
192 IP_Addr 1 Timeout — #RA_Timeout
168 — |P_Addr 2
| — IP_Addr_3
53 — IP_Addr_4
T#255 — Timeout_PT

y
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Network 2 Complete Pick, Check Colour and Sort routine

Each of the blocks is triggered by a transition from false to true on its Req input and
sets its Done output to true when the operation is completed. This means that blocks
can be chained together with the Done output of one operation triggering the Req
input of the next.

WDBS55 WDB56 WDBS7
"RAZ_Home_ "RAZ_Set_All_ "RAZ_Set_All_
DE_2" Motors_DB_1" Motors_DB_2"
WFB6 WB13 WFB13
"RAZ_Home" "RA2_Set_all Motors™ "RAZ_Set_all Motors™
EMN END EMN END EMN END
U113 Done —1%503_1 #5g3_1 — Req Done =—1%503_2 #503_2 = Req Done ——5503_3
"Start_Arm" — Req Busy = - 520 Coord_0 Busy =1 525 Coord_0 Busy = -
Error —... 700 — Coord_1 Error — ... 900 — Coord_1 Error — ...
200 — Coord_2 720 — Coord_2

The whole sequence begins when the Sorting program detects a plastic counter and

sets the “Start_Arm” flag. This flag is reset ant the end of the sequence. The Run_

Gantry function block uses this flag to hold off dropping a new counter until the robot
arm has finished its operation. If the robot arm is not connected or times out due to
an error then this flag must also be reset so that the gantry is not left hanging.

%13
#RA_Done "Start_Arm”

| | [ r\
11 lHI

#RA Timeout

#RA_Connected

/1

y
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The robot arm is shipped with an Application Programming Interface that allows it to
be controlled via TCP commands.

The demo projects contain function blocks that package the API of the AllCode Robot
Arm. This makes it easy to use the Robot Arm with an S7 PLC.

Robot Arm_Comms

This block attempts to establish a connection with a robot arm at the specified IP
address. It must be run in a cycle before any of the API function blocks are used. If
the connection to the arm is lost then it will attempt to re-establish the connection as
soon as it becomes possible.

Connection Direction Data Type Description

Connect Input Bool Set to true to attempt to establish and maintain a
connection.

IP_Addr_1~4 Input Byte The IP address of the robot arm, this must be on the
same subnet as the PLC.

Timeout_PT Input Time This is the maximum time that the API function blocks
will wait for the arm to respond.

Connected Output Bool Becomes true to indicate that the connection is
established.

Timeout Output Bool Becomes true when one of the function blocks has

waited the maximum time without a response from
the robot arm.

RA2_Get_APIl Version

This block sends a query to the robot arm to check the API version in the arm
firmware. This library is compatible with version 1. This block is useful as a check that
the communication has been established and is working correctly.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the query.

Done Output Bool This output is true for one cycle at the successful
completion of the query.

Busy Output Bool True while the query is sent or the block is waiting
for a response.

Error Output Bool True for one cycle if the query fails.

API_Version Output Word If successful, this output will hold the API version

number. If it fails then the output will be 16#FF.

y
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RA2_Home

This block sends the robot arm to its home position. This is necessary at least once
because all the movements are relative to the homing microswitches. Depending
upon where the arm is when this block is called, it can take up to 20 seconds to
complete the operation.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the operation.

Done Output Bool This output is true for one cycle at the successful
completion of the query.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.

RA2 Home AXxis
This block sends one single axis of the arm to its home position.

Connection Direction Data Type Description

Req Input Bool A rising edge on this input starts the operation.

Axis Input Byte Identifies the axis to be homed: 0 = Base, 1 = Shoulder,
2 = Elbow.

Done Output Bool This output is true for one cycle at the successful
completion of the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.

RA2 Get_Position

This block gets the current position in steps of each axis of the arm. It should give zero
for each axis after a home operation and a positive number of steps if the arm is away
from the home position.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the query.

Done Output Bool This output is true for one cycle at the successful
completion of the theory.

Busy Output Bool True while the query is sent or the block is waiting for
a response.

Error Output Bool True for one cycle if the query fails.

Axis_A, Axis_B, Output int If successful, these outputs will hold the step counts

Axis_C for each axis. If it fails then the outputs will all be -1.

ildrilfX
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RA2_Goto_Position
This block will cause the arm to move to a previously stored position. These positions
would typically have been stored while controlling the arm with a pendant. The arm
will take the shortest path from its current position. In the factory there are likely to
be obstacles around the arm. The programmer should allow for this by programming
a series of positions that navigate around the obstacles.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the operation.

Pos_Index Input Byte Identifies the index of the stored location.

Done Output Bool This output is true for one cycle at the successful
completion of the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.

RA2 Set Motor
This block sets the position in steps of a single motor.

Connection | Direction |Data Type | Description

Req Input Bool Arising edge on this input starts the operation.

Motor Input Byte Identifies the motor to be set: 0 = Base, 1 = Shoulder, 2 = Elbow.

Coord Output int This is the required position of the motor in steps.

Done Output Bool This output is true for one cycle at the successful completion of
the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.

RA2 Set_All_Motors
This block sets the positions of all three motors in steps.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the operation.

Coord 0~2 Input int These are the required positions of the motors in
steps.

Done Output Bool This output is true for one cycle at the successful
completion of the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.
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RA2_Get_ToolXYZ
This block gets the current position in x,y,z coordinates of the tool at the end of the
arm. The units are in millimetres with the pivot point of the base as the zero position.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the query.

Done Output Bool This output is true for one cycle at the successful
completion of the query.

Busy Output Bool True while the query is sent or the block is waiting for
a response.

Error Output Bool True for one cycle if the query fails.

Tool_X, Tool_Y, Output int If successful, these outputs will hold x,y,z coordinates

Tool Z of the tool. If it fails then the outputs will all be -1.

RA2_MoveToXYZ
This block moves the arm to position the tool at the specified x,y,z coordinates. The
units are in millimetres with the pivot point of the base as the zero position.

Connection Direction Data Type | Description

Req Input Bool A rising edge on this input starts the operation.

Tool_X, Tool_Y, Input int These are the required hold x,y,z coordinates of the tool.

Done Output Bool This output is true for one cycle at the successful
completion of the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.

RA2_Set_Gripper
This block sets the position of the gripper tool at the end of the arm. The position can be
set between 0 = fully open and 255 = fully closed. The jaw are sprung so that the servo
motor can be driven to the fully closed position even if an object is between the jaws.

Connection Direction Data Type Description

Req Input Bool Arising edge on this input starts the operation.

Gripper Input Byte The required position of the gripper tool. 0 = fully open
and 255 = fully closed.

Done Output Bool This output is true for one cycle at the successful
completion of the move.

Busy Output Bool True while the operation is in progress.

Error Output Bool True for one cycle if the query fails.
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RA2_Auto_LEDs
This block cancels the effect of RA2_Set LED and returns LEDs to their standard

functions.
Connection Direction Data Type Description
Req Input Bool Arising edge on this input starts the operation.
Done Output Bool This output is true for one cycle at the successful
completion of the query.
Busy Output Bool True while the operation is in progress.
Error Output Bool True for one cycle if the query fails.
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