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1. Research

Industry 4.0 consists of integrating new technologies such as cloud computing, Internet of
things (loT), Al and machine learning into production facilities. Essentially, hardware such as

advanced sensors, actuators or controllers with embedded software can analyse data for

better decision making (1BM, 2020).

Machine-to-Machine (M2M) can be characterised as any technology that allows devices to
communicated and perform tasks without manual support of information (Wolfgang Sattler,

2016). You could have mentioned that M2M also allows for controls to be distributed

Both M2M and Industry 4.0 technologies support networking of field devices and machines
however they the operate differently to create these solutions. M2M has a limited number of
machines it can monitor whereas, loT offers easy configuration of new services and
configuration via cloud computing (Hakki Soy, 2020). Cloud computing can be defined as a
general term for anything that involves delivering hosted services over the internet (Chai,
2019). Google offers these services which allow businesses to connect, store, and analyse
data at the edge and in the cloud. These services could include predictive maintenance
which automatically predicts when equipment needs maintenance and optimize its
performance in real time while predicting downtime, detecting anomalies, and tracking

device status, state, and location.

By utilising Industry 4.0 within Machine-to-Machine communications, this could lead to
support more efficient industrial manufacturing systems. This would focus on Internet of
Things. This would allow broader integration possibilities because it is not limited to device to
device. This means gateway and bridging solutions allow the flow of data horizontally from
the customer to the enterprise resource planning then to the machine but also vertically
between the systems involved in the production (Inray Industries Software GmbH, 2018).

Information and data produced by the sensors which are interlinked to the machines could
be displayed on a webpage such as Siemens V.O.T. By doing this, it is enabling remote
monitoring opportunities which would be financially beneficial but also time saving for
employees by reducing travel to different sites (Pultar, 2017). Simulation is possible by using
an application such as View of Things. By doing this, automated sequences could be
started, or individual components activated remotely via the webpage and then analysed.

Lastly, wireless sensors are becoming more popular because they are easier to maintain

and cheaper to install (Sensor-Works, 2019). In addition to this, they can be implemented in
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Correctly cited

difficult to access locations or where wired solutions are impractical (Banner, 2021). Sensors
that are on a common network share data either through nodes that consolidate information
at a gateway, or where each sensor connects directly to the gateway assuming it can
achieve the necessary range. Gateways act as bridges that connect local sensors to the

internet, functioning both as routers and wireless access points (Fruci, 2020).
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2. System Overview and Operation

Figure 1 shows an overview diagram of the system including the M2M links, these sub-
systems are linked via PROFINET. This can be described as 100 percent industrial ethernet
and Siemens states “PROFINET enables quick and secure data exchange on all platforms
and creates the possibility of realizing innovative concepts for the production and processing
industries” (Siemens, 2021). Additionally, PLC 106 has a communication card which
supports RS232 connections which enables the PLC to communicate with the robot.

The current system is not configured like a traditional slave and master scenario, this is
because each PLC has been configured as a slave and a master. This allows each PLC to
utilise the put & get functions to input data to PLC 101 ‘Master’. PLC 101 has data/function
blocks set up to receive the incoming data. This means each PLC has a duplicate data block

for receiving and sending data to PLC 101.

2.1 Hardware Devices

There are stations contained within the CIM System, these are:

 Pneumatic Station and Vision Station (PLC 102)
e Hydraulic Station (PLC 104)

« Assembly Robot and Slider (PLC 106)

* Process Station (PLC 103)

« Water Recirculation (PLC 105)

By viewing Figure 3 the operation of the system starts with the pneumatic station (1) and

then progresses clockwise.

The Pneumatic station consists of solenoids, sensors, pistons, grippers, and storage. This is
the starting point of the sequence where the empty wagons can be loaded with different
configurations of the handle and/or stamps. This is carried out by the different channels
which can hold back the materials using various pistons or by using the gripper. The PLC
hardware for the pneumatic station consists of a PROFINET switch, S7-1214c CPU, SM
1221 digital input module, SM 1222 relay module.

The vision station which uses an IFM camera which can inspect the quality of the material on
the pallet before proceeding. The hardware for PLC 101 consists of a S7-1511F safety CPU,
PROFINET switch, Digital I/O module, and a safety input module.




The hydraulic station consists of solenoids, position sensors, rotary pistons, a gripper, press
table and a press piston. This station can store materials, but also press the handles into the
stamp using the hydraulic press. The hardware for PLC 104 consists of a S7-1214¢c CPU,
digital input module, analogue input module for the position sensors, PROFINET switch and
HMI 134.

The assembly station consists of the assembly robot which can transfer materials and a
slider which allows the robot to move horizontally. The hardware for PLC 106 consists of a
S§7-1212¢ CPU, Digital input module, relays for the sliders and an RS232 module to be able
to communicate with the assembly robot controller.

The process station uses a pneumatic gripper which has x, y and z travel to be able to
transfer the parts and dip into the process tanks. The hardware for PLC 103 consists of a
S7-1212¢ CPU, Digital input module, relays for the sliders and an RS§232 module to be able
to communicate with the assembly robot controller.

The water recirculation system maintains the water in the process tanks such as pressure
and level. The hardware used in this system consists of PLC 105 is a S7-1212¢ CPU with a
PROFINET swich, IO link master module and HMI 135.

Lastly, a detailed list for each input/output and additional hardware module for each PLC can

be seenin Table 8 & Table 9. You could have given more details of the IFM vision system.

2.2 Tracking System

At each station there is a piston which prevents the wagon from moving until the piston is
released after a set amount unless the next station is ‘busy’ otherwise it will hold the wagon
for longer. At each station are a set of 5 proximity sensors which are triggered by discs that
are located underneath the wagon. The series of the discs will be above specific sensors
which then produces a binary pattern. Once CIM is in ‘Run’ mode then timers are used to

scan each station at different times for this pattern, as follows:

* \Vision station - less than 0.05 seconds.

* Pneumatic station — Between 0.1 and 0.15 seconds.
¢ Assembly station — Between 0.2 and 0.25 seconds.
* Process station — Between 0.3 and 0.35 seconds.

¢ Hydraulic station — Between 0.4 and 0.45 seconds.

This pattern then relates to a number which allows the PLC to know which wagon is present,

tor example wagon (9) will activate 2 of the 5 sensors in a pattern of 01001.




In addition to this, the first digit of the binary pattern relates to what is present on the wagon
as shown in Table 3. The second digit represents whether the stamp or the handle needs to
be inspected by the vision system, see Table 4. The third digit is 10 or 20, this will decide
whether the process station should be used, see Table 5. The final digit is for the result of

the process whether it passed, or the optional failed codes, see Table 6.
Lastly, a diagram stating the overall process of the workflow can be viewed at Figure 4.

2.3 Software Description
The software being used for the TIA project is TIA Portal Version 17, this software has been
recently upgraded which includes more features such as safety protocols and the ability to

utilise VoT.




3. Health and Safety, Maintenance and Reliability Requirements

A risk assessment has been created and can be viewed at Table 7.

The system could be made safer and conform to current regulations by implementing the

following suggestions:

« Additional guards with sensors which would immobilise the system if broken to
prevent students, operators, and engineers from coming into contact with the moving
conveyor. This would conform to BS EN ISO 14120 which specifies general
requirements for the design, construction, and selection of guards provided to protect
persons from mechanical hazards (1ISO, 2021).

« Emergency stop sequence should be amended so the power is not cut to the whole
system, just to each station. This will provide maximum safety as the e-stop circuits
should not be wired to the controller, but instead should be left hardwired (Cyanasi,
2017). Otherwise, the emergency stops could be wired to the new safety PLC
where the PLC would then decide the next action.

« Emergency stops should be able to be locked with a key which would allow
engineers to follow lock off procedures. This would follow the Health and Safety
Executives guidelines.

s Warning/Hazard signs could be implemented to make those aware of electrical
hazards. This is required by law under the Health and Safety Legislation (Safety
Signs and Regulations of 1996) (UK Safety Store, 2019).

3.1 Maintenance and Reliability Requirements
The system currently has measures implemented that aids engineers to resolve faults or
carry out maintenance checks on the system. This is done by simulation and providing
relevant data on the ‘Engineer’' HMI screens.

The system can be simulated within the TIA software. PLC simulation allows engineers to
build, test and validate software simulations of controllers while eliminating the risk to
machine operators or to the machine. Additionally, engineers can design, prototype and tune
control algorithms such as PID Control. Another use of simulation which provides
maintenance requirements to be met is the ability to verify control design via real time
simulation, automated PLC testing, virtual commissioning, and formal verification methods
(MathWorks, 2021)

Relevant data is included for each station on engineer screens which provides data such as

PID control loop values (Control Variables, Process Variables and Setpoints). This means if
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there is a fault within the water recirculation the PV (water pressure) may show a value
which is low but also the CV (Water pump VFD speed) may be abnormal. This would help
engineers to track the values while carrying out Automatic Control Tests or the data can be
logged automatically by the system using graphs. There is also visual data which is shown
by pilot lights such as ‘Online’, ‘Busy’ and a visual display of the assembly robot slider
position. In conclusion, there is a mass amount of information displayed on the HMI screens

which allow engineers to check the reliability and maintenance of the system.
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4. System Design Adaptation

A series of modifications were made to the CIM system. These modifications were made to

Grocer's apostrophe

The first amendment was in creating program blocks in PLC 101 named as the other PLC's.

improve the performance and conformity to the needs of industry 4.0.

In this program block relevant ID names were created ready to receive the data from the
other devices (GET), in addition to this, in all the other PLC'’s a program block was created
‘PLC 101’ ready to send the data (PUT). Evidence of these modifications can be seen from

Figure 5 to Figure 14.

A Function Call was created in PLC 103 named ‘Map Data to PLC 101" to move the process
station data to PLC 101. This was done by using the data tags from 103 and utilising the
‘move’ function to send them to PLC 101. The move ‘Move value’ instruction was used to
transfer the content of the operand at input IN to the operand at output OUT 1. This can be

viewed under Figure 15, Figure 16 and Figure 17.

On each station engineer screen communication signals were implemented which can be
viewed in the appendix between Figure 19 & Figure 23.

The Main CIM Engineer screen on HMI 131 was modified by adding more information. A
teedback signal was created for each PLC using I/O Fields and tagged to the ‘PUT' CV
counter for each PLC. This will display whether the PLCs are in communication by seeing
the counter increase every time the 'PUT' function is used. Another feedback signal which
was inserted was a green pilot light which displayed when the CIM was ‘Online’. Lastly, a

switch was added which enabled the simulation mode. This can be viewed at Figure 18.

Then by using the mapped data the 1/O fields on all process loop screens were retagged
from the data block in PLC 103 to the data block in PLC 101.
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4.1 Personal Testing

Description Expected Actual Pass/Fail Evidence
Run simulation Pass
on PLC & HMI, No hashtags should be
Check Process | present in the /O Fields. No hashtags shown,
Loop FC535. Value of 0 should be shown. value of O displayed. Figure 24
Run simulation Pass
on PLC & HMI, No hashtags should be
Check Process | present in the /O Fields. No hashtags shown,
Loop LC541 Value of 0 should be shown. value of 0 displayed. Figure 25
Run simulation Pass
on PLC 101 &
HMI 131, Check | No hashtags should be
Process Loop present in the I/O Fields. No hashtags shown,
TC511 Value of 0 should be shown. value of 0 displayed. Figure 26

Table 1; Personal Test Table

4.2 View of Things

In a group of 3, the students enabled the View of things feature which allows remote

monitoring and control of the system via a webpage. This was done by creating the block on
PLC 101, which is possible because it is a S7-151 1F.
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4.3 Group Testing

As a group, the program was downloaded to PLC 101 with VoT enabled. Then using an

alternative computer, the IP address of the PLC was entered into the intemet search

browser which allowed the group to log into the used defined webpages via a password.

Test Table
Description Expected Actual Pass/Fail | Evidence
Start CIM from Press button and CIM Pressed button and Pass Figure 27
webpage should start. CIM started.
Stop CIM from Press button and CIM Press button and CIM | Pass Figure 28
webpage should stop. should stopped.
Start Conveyor from | Start Conveyor from Conveyor started. Pass Figure 29
webpage webpage
Stop Conveyor from | Stop Conveyor from Conveyor stopped. Pass Figure 30
webpage webpage
Enable Online from Contact will close on Online activated, Pass Figure 27
HMI PLC Program shown on screen and
in the program.

Start CIM identifier Light will go green when | When active, the light | Pass Figure 27

active went green.
Start Conveyor Light will go green when | When active, the light | Pass Figure 29
identifier active went green.
All PX switches Grey to orange Colours changed Pass Figure 32
identifier change appropriately.
colour when active.
Release identifier Green to red Colours changed Pass Figure 32
should change appropriately.
colour.
Wagon paosition Relevant numbers are Correct numbers were | Pass Figure 31
works shown shown.
Move slider position; | Move slider position; HMI value: 286.51 | | Pass Figure
Webpage & HMI Webpage & HMI should | Webpage Value: 33,Figure
should identical. be identical. 286.51 34,Figure

35,Figure
36
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Pneumatic Stations | Press Pneumatic Station | Pressed Pneumatic Pass Figure 38
VOT Button on main | button and go to that Station button and
CiMm screen. went to that screen.
Return to main CIM | Press button and return | Pressed button and Pass
from Pneumatic to main CIM retured to main CIM
Stations button.
Vision Station VOT Press Vision Station Pressed Vision Pass Figure 39
Button on main CIM | button and go to that Station button and
screen. went to that screen.
Return to main CIM | Press button and return | Pressed button and Pass
from Vision Station to main CIM retumed to main CIM
button.
Hydraulic Station Press Hydraulic Station | Pressed Hydraulic Pass Figure 40
VOT Button on main | button and go to that Station button and
CiM screen. went to that screen.
Return to main CIM Press button and return | Pressed button and Pass
from Hydrualic to main CIM retumed to main CIM
Station button.
Assembly Station Press Assembly Station | Pressed Assembly Pass Figure 41
VOT Button on main | button and go to that Station button and
CiM screen. went to that screen.
Return to main CIM Press button and return | Pressed button and Pass
from Assembly to main CIM returned to main CIM
Station button.
Process Station VOT | Press Process Station Pressed Process Pass Figure 42
Button on main CIM | button and go to that Station button and
screen. went to that screen.
Return to main CIM | Press button and return | Pressed button and Pass
from Process Station | to main CIM retured to main CIM
button.
Water Station VOT Press Water Station Pressed Water Station | Pass Figure 43

Button on main CIM

button and go to that

screen.

button and went to

that screen.
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Return to main CIM

Press button and return

Pressed button and

Pass

animation should mimic
the movement.

not mimic the actual
slider.

Table 2; VoT Test Table

from Water Station to main CIM retumed to main CIM
button.
Wagon Code VOT Press Wagon Code Pressed Wagon Code | Pass Figure 44
Button on main CIM | button and go to that button and went to
screen. that screen.
Return to main CIM | Press button and return | Pressed button and Pass
from wagon code to main CIM returned to main CIM
button.
Material Selection Press Material Selection | Pressed Material Pass Figure 45
VOT Button on main | button and go to that Selection button and
CIM screen. went to that screen.
Return to main CIM Press button and return | Pressed button and Pass
from Material to main CIM returned to main CIM
Selection button.
Password Protection | Before accessing Password was Pass Figure 46
for logging into webpage, Password requested before
webpage. must be entered. accessing screen.
Animation of slider As the slider moves, the | Slider animation did N/A

By analysing the test table, the new adaptations using VoT were successful however the last

test to be carried out was unsuccessful and did not have time to resolve the fault.
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5. Conclusions and Recommendations
Why the change in font size and spacing?

In conclusion, this assignment investigated into concepts of instrumentation and integrated
automated systems. This included the emerging concepts of M2M connections and how it is pairing
with Industry 4.0 to optimise the efficiency of a system.

The CIM system was examined explaining the M2M connections, hardware, operation of the
software and current reliability of the system.

A risk assessment was created that explored the possible risks that could be present and how they
could be reduced further. The commercial risk is very low. This is because the system is password

protected against people accessing the information online & also the system is not being used for
financial gain.

Suitable adaptations were made tothe local HMI screens to improve the reliability but also the new
VoT feature was enabled. Through testing the adaptations, it can be shown that the adaptations
were successful and will provide useful information for students, operators, and engineers to utilise.

Lastly, there is a few alterations that could be made to improve the operation of the system. These
are:

e Utilising alarm lists that are offered for Siemens basic, touch and comfort panels. This would
increase the detail about what faults could be present, what time the faults occur and
logging the frequency on how often it happens. In addition to this, information could be
provided on how to rectify these faults.

¢ Renaming the Input/Output tags or including a description. This would allow students and
engineers to locate and find information about the 1I/0 without inspection a physical
inspection of the CIM system. This could also be beneficial for communication to those on
site while remote testing.

* Amending the emergency stop sequence. The power currently is isolated to the whole
system if an emergency stop is activated, however with the new master PLC incorporating
safety aspects it could now be hardwired to the controller & the controller could make the
next decision.

6. Team Working

Matthew worked alongside his peers to create a View of things webpage. Each member

discussed what information would be relevant and what data should be included on the main
page.
Matthew imported the graphic for the background to use as a template which ensured

information the group chose to include would not be forgotten. Also, Matthew created each
I/0O field to display the SP and PV values and creating custom colours for the pilot lights.

During the testing stage, Matthew constructed the table on excel and detailed the tests that

should be carried out and documented the results within the table.
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8. Appendix
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Figure 2; Overview of M2M - CIM System (PLC)
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Figure 3; Overview of CIM System

1234 +1000 Empty Wagon

1234 +2000 Wagon + Pallet

1234 +3000 Wagon + Pallet + Stamp
1234 +4000 Wagon + Pallet + Round CH1
1234 +5000 Wagon + Pallet + Round CH2
1234 +6000 Finished Product

Table 3; Wagon Identifier

1234 +100 Vision Inspection required for Stamp

1234 +200 Vision Inspection required for CH1

1234 +300 Vision Inspection required for CH2
Table 4; Wagon Identifier - 2nd Digit

1234 +10 Process Required CH1

1234 +20 Process Required CH2

Table 5; Wagon Identifier - 3rd Digit

1234 +1 Vision Inspection Result Pass Stamp
1234 +2 Vision Inspection Result Failed Stamp
1234 +3 Vision Inspection Result Pass CH1
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1234 +4 Vision Inspection Result Failed CH1

1234 45 Vision Inspection Result Pass CH2

1234 +6 Vision Inspection Result Failed CH2

Table 6; Wagon Identifier - 4th Digit
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Figure 4; Praocess of Workflow
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What are the
hazards?

Who might be
harmed and how?

What are you
already doing to
control the risks?

What further action do you need
to take to control the risks?

Lack of capacity for | Operators; Emergency Stops | More emergency stops.
the plant to be Engineers located around the

slowed, stopped, or system

immobilised

Uncontrolled or Operators; Verbal A guard should be
unexpected Engineers — Robot | instructions. implements to prevent

movement of the
plant or its load?

arm movement.

engineers of being in the
vicinity of the robot arm while
active.

Body parts,
clothing, equipment,
or other materials
being in contact
with moving parts of
the plant?

Operators;
Engineers —
Conveyor may
catch clothes.

Some guards in
place to block
conveyor access.

More guards with sensors to
immaobilize the conveyor if
they aren't secured.

Encountering
moving parts of the
plant during testing,
inspection,

Engineers;
Operators —
Walking into
moving parts.

Maintenance
procedures
ensures that
activities should

Beacons to become active
while moving equipment is in
use.

operation, not be carried out

maintenance, while moving parts

cleaning or repair of are active.

the plant?

Parts of plant Operators; PPE such as Inspection of wagons to

disintegrating? e.g
cuts.

Engineers — Parts
may become worn

gloves to be worn
for maintenance

ensure they are in good
condition for the operators to

and sharp. activities. possibly handle sharp
corners.
Plant, parts of the Operators; When a failure Scheduled inspection checks
plant or work pieces | Engineers — occurs, alarm for preventative maintenance.
disintegrating Unusual function systems are
of system. implemented to
make operators &
engineers aware.
Work pieces being | Operators; Distancing while Implement guards.
gjected? Engineers — pressis in use.

hydraulic press.

Fluids/Gases under
high pressure in
plant failure?

Operators;
Engineers — Air
supply hoses could
become unsecure.

Emergency Stops
located around the
system

N/A

23




What are the
hazards?

Electrical Leads on
the ground

Who might be
harmed and how?

Operators;
Engineers -
Trailing leads are
present from the

What are you
already doing to

control the risks?

Avoiding leaving
leads in walking
paths.

What further action do you need
to take to control the risks?

Signs should be
implemented, or trailing leads
should be eliminated.

HMI could possibly be wall

HMI stands. mounted.
Damaged or poorly | Operators; Lock on door. Redesign.
maintained Engineers —
electrical Process station
components &/or cabinet is
cables? unorganised.
Overload of Operators; MCB, Fuses N/A
electrical circuits? Engineers
Water near Operators; RCD, PLC alarms | Implementation of moisture
electrical Engineers — sensor with a drip tray
equipment? Process station underneath the tanks to give

contains water;
electric Shock

a specific fault alarm.

Lack of isolation
procedures?

Operators;
Engineers —
Electric shock
while carrying out

There are
Emergency stops
present, however
they can be de-

Emergency stops with key
locks and lock off procedure
available near the machine.

maintenance. activated without a
key.
Uneven or slippery | Operators; PLC alarms for Implementation of moisture

work surfaces?

Engineers — Water
recirculation or
process station
may leak water.

water recirculation
faults may show
operators to
proceed with

sensor with a drip tray
underneath the tanks to give
a specific fault alarm.

caution.
Obstacles being Operators; Verbal warnings. Signage to not block exits and
placed in the vicinity | Engineers — slips entries should be displayed.
of the plant? and trips.
Encountering Operators; Temperature of Non digital display could be
objects at high Engineers — tanks are used on the tanks for

temperature?

touching process
station tanks while
hot.

displayed on the
engineers HMI
Page.

maintenance activities.

Table 7; Risk Assessment
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Hardware & 1/0

PLC 101 PLC 102 PLC 103
Hardware Hardware Hardware
Power Supply PM 190W CPU 1214C CPU 1214C DC/DC/DC
120/230VAC DC/DC/DC
CPU 1511F-1PN SM 1221 DI16 x SM 1221 DI16 x 24VDC
24VDC

DI 16x24VDC/ DQ
16x24VDC/0.5A BA

SM 1222 DQ16 x
relay

SM 1222 DQ16 x 24VDC

KTP1200 Basic PN

SM 1231 Al4

SM 1234 Al4/AQ2

KTP700 Basic PN

Inputs Outputs Inputs Outputs Inputs Outputs
Wagon Code Bit | Scan LSs1 C1IMPM | Laser Raw Analogue | LEFT_Contactor
0 INPUT Vision u Sensor

Station
Wagon Code Bit | Scan LSS2 C2MPM | LEFT_Sensor RIGHT_Contactor
1INPUT Pneumat L

ic Station
Wagon Code Bit | Scan LSCH C3MPM | LEFT_MID_Sensor FORWARD_Contact
2 INPUT Assembly F or

Station
Wagon Code Bit | Scan LSIMPU CAMPCG | RIGHT_Sensor BACK_Contactor
3 INPUT Process

Station
Wagon Code Bit | Scan LS2ZMPD C5MRM | BACK_Sensor UP_Contactor
4 INPUT Hydraulic D

Station
Conveyor Release LS3MPR C6MRM | FORWARD_Sensor DOWN_Contactor
Safety Photo Wagon R
Beam INPUT @ Vision

Station
Spare Input Release LS4AMPL C7MRM | UP_Sensor Gripper CLOSE
%I0.6 Wagon F Solenoid

@

Pneumat

ic Station
Conveyor Release LSSMPF C8MRCG | DOWN_MID_Sensor | FAST_X-
Running Aux Wagon travel_Contactor_C
Contact INPUT | @ XN

Assembly

Station
Spare Input Release LS6MPB CO9HRM1 | DOWN_Sensor C14 DC Pump P1
%11.0 Wagon Contactor

@

Process

Station
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Wagon @ Release LSIMRU C10RRM | A pulse C11 Heater Solid
Vision Station Wagon 1 State Relay
INPUT @
Hydraulic
Station
Wagon @ Power LS2MRD C11HRM | B pulse LY541 Analogue
Pneumatic ON 2 Output DAC
Station INPUT Output
Wagon @ Conveyor | LS3MRR C12RRM | RIGHT_MID_Sensor | V516 Fill Tank B1
Assembly Contacto 2 Valve
Station INPUT r Output
Wagon @ Auto LSAMRL C13PRM | BACK_MID_Sensor V510 Fill Tank B2
Process Station | Lamp
INPUT Output
Wagon @ LSSMRF C14PS FORWARD_MID_Sen | V500 Drain Tank B1
Hydraulic sor
Station INPUT
LS6MRB C15PPLT | LS542 Tank B1 low V511 Fill Tank B4
LSPLT LS543 Tank B1 high V512 Fill Tank B6
LSPLTS LS541 Tank BO low V515 Divert Tank
B1 coolthrough
radiator
LSSTAMP LS544 Tank C low VF531 Analogue
Output DAC
AIR_OK PS501 Air Pressure

Switch

LT541 Analogue
Module Chan 0

TT511 Analogue
Module Chan 1

FT531 Analogue
Module Chan 2

FT535 Analogue
Module Chan 3

Table 8; PLC Hardware - 101 to 103
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Hardware & I/O

PLC 104 PLC 105 PLC 106
Hardware Hardware Hardware
CPU 1214C DC/DC/DC CPU 1212C CPU 1212C AC/DC/Rly
AC/DC/Rly
SM 1223 DI8/DQS x SM 1278, 4 X 10- CM 1241 (RS232)
24VDC LINK MASTER

SM 1231 Al4

KTP700 Basic PN

KTP700 Basic PN

SM 1223 DI8/DQS8 x relay

Inputs Outputs Inputs | Outputs Inputs Outputs
Motor Motor Relay | Manual Pump Slider Encoder input Slider
Auxiliary Mode Output Move_Right_RSR
Contact Selected relay
A axis Press Down | Common | Fill Slider RES relay Slider
CW Solenoid tank Valve Move_Left_RSL
Reguest level relay
switch alarm
A axis Press UP Analogue | Drain Slider Left_Limit Slider
CCwW Solenoid Input Valve Speed_RSN relay
Reguest Channel
switch 0
B axis UP | Proportional | Analogue Slider Right_Limit Tag_1
Request | Value PWM | Input
switch Output Channel
1
B axis Gripper 0BS - TB7 - Slider
DN Close CMD_Slider_Pos_Bit0 In_Position
Request | Solenoid from Robot signal to Robot
switch
C axis UP | Proportional 0B9 - TBO - Assembly
Request | Valve CMD_Slider_Pos_Bitl Robot Go Online
switch Amplifier from Robot
Analogue
Output
C axis Axis A Move 0B10 - TB1 - Assembly
DN cw CMD_Slider_Pos_Bit2 Robot Pick Prod
Request | Solenoid from Robot or Prism
switch
D axis Axis A Move 0B11 - TB2 - Assembly
CW ccw Move_To_Slider_Position | Robot Pick
Request | Solenoid from Robot Round
switch
D axis Axis B Move OBO - Assembly Robot TB4 - Assembly
CCcW UP Solenoid Online Robot Pick Fail
Reguest Prism or Round
switch CH1
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Auto Axis B Move 0B1 - Assembly Robot TB6 - Assembly
Mode Down Can Pick Robot Pick Fail
Selection | Solenoid Round CH2
Switch

Start Axis C Move 0B2 - Assembly Robot

Pump UP Solenoid Busy

Request

switch

Stop Axis C Move OB4 - Assembly Robot

Pump Down Prismatic in place

Request | Solenoid

switch

E Press Axis D Move 0B6 - Assembly Robot

Move UP | CW Round in place

Request | Solenoid

switch

E Press Axis D Move
Move ccw

DN Solenoid
Request
switch

Gripper
Open
Request
switch

Gripper
Close
Request
switch

E Press
Down
Limit

ADC Axis
Araw

ADC Axis
B raw

ADC Axis
Craw

ADC Axis
D raw

Table 9; PLC Hardware - 104 to 106
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Totally Integrated

Automation Portal

PLC 102 [DB30102]

B BHEREEEEEHER E

HE

GEHH

HEEH R

Preumatic - Other Hesithy
Preumatic - Pallet Manipulaor Heakhy

Preumatic Fiealthy

Pt Bit 10

Put Bit 11

Put Bit 12

Pt it 13

Put Bit 14

Put Bit 15
Preumatic States Word - it 0 to 15
PTI@umatic St WOrd - BT 16 19 31
Preumatic Solenoid Outputs Word - bits 0 10 15
Preumatic Inputs ward 1
Praumatic Inputs Ward 2

Put word 6

Put word 7

Put word §

Put Woed 3

Put word 10

Put word 11

Put word 12

Put word 13

Put word 14

PFutword 15

HHEHBEEEEG R

BB B B B B B B BB HE B EEEEEEE L |

2

H

£

g

g
HEHEEEHEHEEEHEHEEE EREEE EREEE HHEEEHEHAEHE B R H

Figure 5; PLC 101 Data block '102'
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PLC 103 [DB30103]

w Swmtic
Get Bit 0 - clock testbit
Process - Go Onlire
Process - Fick Fande CH1
Process [
Process - Flace
Process - Simulate
GetBit§
Getnit?
GetBitE
GetEits
Getait 1o
GetBit11
Getit 12
GetBEit 13
Gethitis
GetBit15
Gt Word |
Getword 2
Getwom 3
Get Word 4
Getword s
Get Woed 6
Get Word 7
Getword 3
GetWoed 9
GetWord 10
Getword 11
GetWord 12
GetWord 13
Get Word 14
Getword 15
Puit Bit 0 - chock test bit

ﬂEiEEIEEEEEEF??ﬂ?_F

Process Can Fick
Process Can Flace
Frocess Basy

Put Bit &

Put Bit 7

Fut Bit 8

Put Bit 5

Put Bit 10

Put Bit 11

Put Bit 12

Put Bit 13

Put Bit 14

Put Bit 15

Put Word 1

Put Word 7

Put word 3

Put word 4

Put Word 5

Put word &

Put Woed 7
Process Tank Level PV
Frocess Tank Level 57

BEHEEBEEEEEEEEEEEE

i

HEE

Frocess Tank Level K
Process Tank Level ki

Process
Process Tank Level OV
Process Tank Level Voks%
PTL Actusl

FTL Flow Rate

PTL LPM Voluma

PTL Temp

Put Real 13

:{{i:::Ez:zzi;;ﬁ????zilzzzzzzzzzz?iiﬂiﬁiiﬁﬁ}ﬁﬂ?@i@i@i@zzzzz?ii??iﬂ?‘?
HHEHHEHHEHELD

HHEEEEEEE

Figure 6; PLC 101 Data block '103"
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PLC 104 [DB30104]

wr Sttic
Got Bit 0 - clock testbit
Hydraulic - Go Online
Hydvulic - Fick
Hydraulic - Fress.
Hydeaul Product from CH1
Hydraulic - Fick Finizhed Froduct from CH2
Hydrulic - Simulste
Getsit?
GetBits
GetBite
Getsit 10
GetBit 11
Getgit12
GetBit 13
Gethit 14
GetBit 15
GotWord |

el

Bool

sol

=

Bool

sl

Bocl

Bool

sl

Bocl

socl

Bool

sl

Bol

Bool

bocl

[word
Get woed 2
Getword 3
Get Word 4 i
Getword 5
GetWord 6
Gat Word 7 1680
Get Word 3 1650
Gel Woed 9 1630
GetWord 10 1680
Getword 11 1630
Getword 12 1620
GetWord 13 1680
Got Word 14 1680
Get woed 15 1620

sl

=

Bool

sol

Bl

Bocl

Bool

focl

bocl

Bool

sl

sl

Bool

facl

el

Bool

ﬂEiEEIEEEEEEF??ﬂT_F

HHEE

Puit Bit 0 - chock test bit
Hydruiic - Can Fick
Hydeauic - Online
HydrEulc - Buzy
Hydrulic - Finished
PutBits

Put Bit§

Put Bit 7

Put Bit 8

Put BitS
Put Bit 101

Put Bit 11

Put Bit 12
Put Bit 13
Put Bit 14
Put Bit 15

Put Word 1

Put Word 2

Put Word 3

Put Word +

Put Word 5

Put Word &

Put Word 7

Put Word §

Put Word 3

Put Word 10
Put Word 11

Put Word 12
Put Word 13
Put Word 14
Put Word 15

FEFTTTTERTIEENEEEE

i

HHEHEEREHEEHEERHEEHEEREEHEEEEEEEEBEEBEHEEEEEREEHHEEHESHEEEEHERE

Figure 7; PLC 101 Data block '104'
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PLC 105 [DB30105]
pata type start value Retain
bacl Halse Fale
ool false Fake |
bool ftakse Fake |
Bocl ffaiza Fahn
= [faise Fase
Bocl falza Fake
ool ffalse Fahe
Bool ffaiza Faise
[pock fabsa Fabo
ool ffakse Fae
ool false Fake
ol faize rale
= faise Fake
ool false Felse |
Baol ffaisa Fake
ool Haize Fale
1650 Fake
= False |
1630 Fake
Fake
Fale
Fake
Fase
Fahe
Faie
Getword 10 Fake
Getword 11 Fale
Got Word 12 1680 Fake |
Getwoed 13 1820 Fake |
Got Word 14 1680 Fabse
GetWord 15 [1esn Fahe
Put Bit 0 - clock test bit Bool falza Fale
WWater SRor - Onine = ffalse Fake
Water Recine - Auto Mode Eool faka Fabo
Water Sacirc - Manuzl Mode Bool faise Fake
Water Redifc - Common Alarm Bool faze
Water Reairc - Top Tank Full Alarm Bool false False
Water Recire - Top Tank Empty Alsrm Bacl faize ralze
Water Reirc - Eaftom Tank Full Alamm Bool fatse Fake
Water Recirc - Bottom Tank Empty Alarm ool = Fake |
Put Bit 9 Baol ffaisa Fake
Put Bit 10 ool faize raie
Put Bit 11 Bool fakse Fake
Put Bit 12 baol false False |
Put Bit 13 Bool falze False
Put Bit 13 [Bool false Fale
Put Bit 15 Bocl [falze Faise
Put Word 1 1650 Fake
Put Word 2 Fale
Put Word 3 Fahe
Put Word 4 ‘Fﬂl. 1
Put Word 5 Fahe
Fut Word & Fale
Put Word 7 Fake
Put Word 8 | ]
Put Word 3 Fabe
Put Word 10 Fale
Put Word 11 Faize.
Put Word 12 Fake
Put Word 13 Falo
Put Word 14 Fale
Put word 15 Fae

Figure 8; PLC 101 Data block '105'
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PLC 106 [DB30106]

Mame Data type ‘start value “Metain

mwr StEtic
Get 8it 0 - clock testbit ool Htalse Fase
Azmembly 000t - Go Online - TBO Bool fake Fake
Amembly Robot - Pick Finished Product or Stamp - TB1 Baol faise False
Assembly Robot - Fick Handle - TH2 == ftalze Faie
Assembly Robot - Fick Fail SBmp or Handle CH1 - TB4 Bocl Fahe
Amembly Robot - Pick Fail Handle CHZ - TBE Bool False
Azsembly Robot - Simulste Bool Faize
Azsembly Robot - Teach Bax Manual Mode ool Faie
Azmembly Rebot - Teach Box Move 1 Selected Point Bool False:
‘Azzembly Robot - Teach Bax Move Left Bool Fabse
Assembly Rabot - Teach Bax Move Right ool Fake
Gt Bit 12 ool false Fake
Getain1s ool fakse Fase
GetBit14 Bool false Faise
GetBit 15 Bool faka Fabe
Getword | [1es0 Fae
GetWoed 2 1650 Fake
Getwond 3 1680 Fake
Get word 4 m 1630 Faze
Getwoed 5 1650 Fahe
Get Word & [Wword e Fabse
Get Word 7 [Word 1630 Fabse
Getwoed 8 fwoed 1820 Faise
Get Word ¢ [word 1650 Fabe
Got Word 10 fword 1680 Fako
Getword 11 fweed 1a50 Paize
Getwoed 12 [woed 1650 False
Getwond 13 1650 Fake
Getword 14 1ex0 Fale
GetWord 15 1650 Fale
Put Bit 0 - clock test bit Bool ’; Fake
Azzembly Robot Online - 080 ool Fae
‘Azsembly Robot Can Fick- 081 Bocl Fahe
Amembly Robot Busy - 082 Bool False:
Asembly in place - 084 ool Fase
Assembly Robot Handie in placs - 086 ool Fahe
Azsembly Robot Sider Initialised Bool False
Azsembly Robot Sider Input 0 - Encoder Signal Bool Fake
Azsembly Robot Slider Input 1 - RES Signal ool Fake
Azzembly Robot Sider Input 2 - Lefi Limit Signal Bool False
Amembly Input 3 - Right Limi ool Fake

nbly pait 4~ Bocl Fake

Azsembly RODOL Sider INpUL S - Sider Command 158 Baol fae Faie
Amembly Robat Siider Input & - Skider C 458 ool false. Fabse
Assembly Robot Slider Input 7 - Sider Move [0 Fosiion = falze Fake
‘Azsembly Robot Sider OUTpUT D - M ove Right RSA reley Bool false Fahe
Amambly Robot Siider Output 1 - Move Laft R5L ralay ool falsa Fake
Azmembly Robot Sider Output 2 - Speed RSN Relay = ffaka Fale
‘Azsembly Robot Slider Output 3 ool false Fahe
Assembly Robot Siider Output 4 - In Position Bool fakse False
Put Bit 20 Baol fakze Faise
Put it 31 ool false Fale
Put Bit 22 Bool false False
Put Bit 23 Baol false Fabe
Put Bit 24, Bocl faize Fale
Put Bit 25 Bool faise False
Put Bit 26 Bool false Fabse
Put Bit 77 Bacl faize Falze
Put BIL 28 ool Fahe
Put Bit 20 Bool Fake
Put Bt 30 Bacl Fale
Put Bit 31 ool Fake
Azsembly Robot Slider Teach Poskion 1650 Fale
Put Word 3 1680 Fale
Put Word + 1650 Fake
Put Word 5 1650 Fale

Figure 9; PLC 101 Data block '106'
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PLC 101 [DB30101]

W Stetic

i
i

I

Get Bit 0 - clock testbi
Pneumatic - Go Cnline
Freumatic - Flace Samp

Preumatic - Flace Handle CH1

Praumatic - Flace Handle CH2
Preumatic - Place Pallet

Preumatic - HMI Place Stamp

Praumatic - HMI Flace Hendle CHI
Freumatic - HMI Flace Handie CHZ

Preumatic - HMI Place Pallet

Freumatic - Hii Reset
Preumatic - Simutate

Gethit1y

GetBit14
GetBit 15

Get word |

Get Woed 2
GetWord 3

Get Word 4

Get Woed §

FEsEITEEEEEETRETRIIEE 4

Preumatic Finished

Preumatic - Alr %
Preumatic Feal

Pneumatic - Other Heaithy
Preumatic - ny

sty
Put Bit 10

Put Bit 11

Put Bit 12
Put Bit 13

Put Bit 14

Put Bit 15
Praumatic States Word - bits 0 to 15

Preumatic States ward - Bits 16 1 31

Preumatic Salencid Outputs Word - biss 0 to 15
Pneumatic Inputs Word 1

SRR B EEEEEEEEEEBHED

Preumatic Inputs Word 2

Put Word &

Put Word 7

Put Word 8

Put word 3

Fut Word 10
Put Word 11

Put word 12

Put word 13
Put Word 14

Put word 15

HEHHEEHEHEHEEEEE R R EEEEEE

BHHEEHEEEEHEHEEHEEHERHEEHEHEEREERERHEBHEREEEREEREEREEEHEEHEEEE

Figure 10; PLC 102 Data block '101"'
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PLC 101 [DB30101]

mwr StEtic
Get Bit 0 - clock testbi
Process - 6o Online
Process - Fick Handle CH1
Process - Fick Handie CHZ
Process - Flacs
Process - Smulate
GetBits
GetBity
GetBits
Getgity
GetBitio
GEtBit1l
Got Bit 12
Getnitis
GetBit14
GetBit 15
Getword |
GetWoed 2
Get Word 3
Getword 4
GetWoed 5

Eiiﬂiiiiii??ii?i??i?_w

HHHELEEHEEEEHHEE R

EEEEE

2888
L
i
lﬁmﬁmﬁm—ﬂHﬁ_ﬁﬂZﬁ'ﬁmﬂlﬂlﬂﬁEE{iﬁﬁmmnﬁlEHEEEEHEIE‘L[

HEHEEHEREHEREERHEEHEHHEEEEREREEHEEREEHEEREERREEHEEEREHEEEEEEHEEHEE R

Figure 11; PLC 103 Data block '101'
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PLC 101 [DB30101]

Get 8it 0 - clock testbit
Hydrmulic - Go Online
Hydraulic - Fick
Hydrauic - Fres
Hydraulic - Fick Finished Product from cH1
Hydmulic - Pick Finished Product from cha
Hydrauiic - Simulate
Getgity

GetBits

Get Bit §

GetBit 1o

GerBiT 11

Getmit12

Getain1s

GetBit 14

GotBit 15
Getword |
GetWoed 2
Getwond 3

Get Word 4
Getwoed 5
Getwomd 6

Get Word 7
Getwoed 8
GetWomd &
GotWord 10
Getword 11
Getwond 12
Getwond 13
Getword 14
GetWord 15

Put Bit 0 - clock test bit
Mydrauiic - Can Pick
Hydraulic - Onling

EE?EF????FT?FE?WEEEEEEEEEEEEEEﬂiii?@ﬂﬂ?ﬁﬂ?ﬁ??ﬁ?_ﬁ

i

i

i

BHHEEHEEEEHEHEEHEEHERHEEHEHEEREERERHEBHEREEEREEREEREEEHEEHEEEE

mm}ﬁgZﬁ'ﬁmﬁlﬂlﬂﬁEZ{H{ﬂmmnﬁlEE!EEEEHQE‘E

o

Figure 12; PLC 104 Data block '101'
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PLC 101 [DB30101]

wr Siatic

Get Bit 0 - chock testbit
WaTET BR0MC - GO Onling
Water Radinc - Simulate
Gethity

GetBit4

GetBitS

Gethits

Gethity

GetBitE

GetBits

GetBit 10

GetBit11

GetBit 12

Gethit13

GeLBiL 14

GetBit 15

Get woed |
GetWord 2

Get Word 3

Gat word 4
Getword §
GatWord &

Got Word 7

HEECEE |

GetWoed 3
Getword 10
Gotwoed 11
GetWoed 12

Get Word 13

Gt Woed 14

Get word 15

Put Bit 0 - Clack test bit
Water Racirc - Online
\Water Recirc - Auto Mode

BEEEEEREEE G R e H

FHEEEEEEEH PR BEEREEE AR L{
HEE

HHEEHHHEHE B HHE B B R E BB HEEE R

Tax0
Water facre - Manuzl Mode takse
Wiater Recic - Comman Alarm false
Water Recirc - Top Tank Pull Alarm fase
Watsr Recire - Top Tank Empty Alsrm ftakse
WWater RaGi - BOTOM Tank Full Alarm false
Watar Racirc - Boftom Alarm faka
Put BitS taise
Put Bit 10 fase
Put Bit 11 fakse
Put Bit 12 =
Put Bit 13 fase
Put Bit 14 fakse
Pt Bit 15 faise
Put Word 1 1680
Put Word 1650
Put Word 3 1650
Put Word 4 1620
Put Word 5 'Eu
Put Word & 1650
Put Word 7 IL-:
Put Word 8 16%0
Put Word 9 1650
Put word 10 1650
Put Word 11 1620
Put Word 12 1650
Put word 13 |80
Put Word 14 1650
Put Word 15 'Tu

Figure 13; PLC 105 Data block '101"
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PLC 101 [DB30101]

P Static
Get Bit 0 - clock testbit

Amembly Robot - Pick Fail Samp or Handle CHI - T84
Amembly Robot - Pick Fail Handle CH2 - TBE.
Azembly Aobot - Simulate
Amembly Robot - Tesch Box Manuzl Mods
Azmembly Robot - Teach Box Maove to Celected Paint
Amembly R0DOL - TESCh Bax Move Left
Assembly obot - Teach Bax Move Right
Azmembly Robot - Teach Box Stors Selected Position
Getait 12
Getit13
GetBit 14
Getait15
Getword |
Getword 2
Get Word 3
Getword +
GetWord 5
Get Word &
Getword 7
GetWord §
Got Word 9
Getword 10
GetWord 11
GetWord 12
Get Word 13
GetWoed 14
GetWord 15
Put Bit 0 - Clock test bit
Amemibly Robot Online - 080
Amembly Robot Can Pick - 081
Azmembly Robot Buzy - 082
Amembly Robot Stamp in place - OB+
Assembly Robot Handle in place - 086
Azsembly Robot Siider Initiafized
Amemibly Robot Slider input - Encoder Signal
Azsemibly Robot Sider iInput 1 - RES Signal
Amembly Robat Siider Input 2 - Left Limit Signal
Amembly Robot Siider Input 3 - Right
Azvemibly Robot Slider Input 4- Sider ]
Amembly Robot Siider Input 5 - Skder Command 158
‘Azsembly Robot Siider iInput & - Shder Command M8
‘Amemibly Robot Slider input 7 - Skder Move to Positon
Assembly Robot Sider OUtPET D - M ove Right RSA relay
Azsembly Robot Slider Output 1 - ralay
Azmemibly Robot Slider Output 2 - Speed REN Relay
ATEmbly R0t Sider OUTPUT 3
Azmembly Robot Siider Output 4 - In Position
Pt Bit 20
Put Bit 21
Put Bit 22
FutBitza
Put Bit 24
Put Bit 25
Put it 26
Put Bit 27
Put Git 26
Put Bit 29
Fut Bit 30
Pui Bit 31
Azembly Robot Slider Teach Position
Putword 3
Put word +
Put Word 5

EEEZTEEEEERREREE g

B EBHEEE B EBEEBEE BB L L BB F

i

8
HEHEBHEEEHEHEEEREEREEEEEEHEEREEHEEEHERHEEHEEREEHEHERRHEREHHEREERHERE |

HEHHEEEEEEEEEEEEEE R R R EHEEEREEH

Figure 14; PLC 106 Data block 101"
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"Analogue”.
"LTS41 Scaled
Level”

"Analogue”
“LC541 5P

"Analogue”.
"LESA1 Error”

“Analogue®
"LES4T Kp®

"Analoaue
"LCS41 K

"Analogue”
"LCS47 Kd®

“Analogue®
SLCS41 OV %

"LY547

Percentage
Output”

“Analogue”
“LYS47 Scaled
Output®

"Analogue”
331 Scaled

Percentage
Flowrate”

vET

"Analogue™."Tank
B1 net calculated
flowrate Ipm*~

"Analogue”
“TT511 Scalad
Temperature™

EN

EM

I~

EMN

EMN

EMN

EN

N

MOVE

DB30101.777
“PLC 101"."Tank

= ouT1 Process Level PV
MOVE
_—
DB30101.777
"PLC 101 Ak
= ouTta Process Level SP*
MOVE
_—
DBe3070.777?
"PLC 101"."Tank
Process Level
= ouTtl Error”
MOVE
T
DB30101.777
“PLC 101" " Tank
= ouTa Process Level Kp”
MOVE
e
DEB30101.777
“PLE 181" " Tank
= ouT1 Process Level Ki*
MOVE
= |
DB30101.777
"BLE 101" "Tank
= ouTti Process Level kKd*
MOVE
—
DB30101.777
"PLC 101" "Tank
Process Level
=ouTtl VT
S

DB30101.777

“PLE 181" " Tank
Process Level
= ouT1 Vol st
MOVE
= ouT1 Actual®
MOVE
VY | S—
DB30701.777
"PLC 101"."PT
= ouT1 Flow Rate”
MOVE
i
DB30101.777
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Figure 15;Map Tank level data from PLC 103 to PLC 101. LC541
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Figure 16; Map Data From 103 to 101 ; FC535
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Figure 17; Map data PLC 103 to PLC 101; TC511
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Figure 19; HMI 131 - Pneumatic Station Screen
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Figure 20; HMI 131 - Assembly Station Screen
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43




Stop
Engineer - Process Loop FC535

Engineer - Process Loop LC541

Engineer - Process Loop TC511

Pick Handle CH 1

Pick Handle CH 2

Place Handle

Figure 22; HMI 131 - Process Station Screen

Figure 23; HMI 131 - Water Recirculation Screen
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Figure 24; HMI 131 - Process Loop FC535
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Figure 25; HMI 131 - Process Loop LC541
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Figure 26; HMI 131 - Process Loop TC511
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Figure 27; Test - start CIM

46




e

" HI
£ Ll

= =] =

Figure 28; Test - Stop CIM

Engineer - Main CIM

g " AT Comepor Contol:

Comment

WM3000.0
"HM Conveyor
Sn’

L
i

"Web_ 20000
Commands’. Wb Control
Start_Conveyor Enable’

— | I}

Figure 29; Test - Start Conveyor
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Figure 31,;Test - Wagon Codes
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Figure 33; Test - Slider Position 0
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Figure 34, Test - HMI Slider Position 0
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Figure 35,Test - Slider at 286 HMI
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Figure 36,Test - Slider at 286 WP
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Figure 37; Test - CIM Run Contact PLC
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Figure 38; Test - Pneumatic Station

Figure 39, Test - Vision Station

Figure 40; Test - Hydraulic Station




Figure 41; Test - Assembly Station

Figure 42; Test - Process Station

Figure 43; Test - Water Recirculation

Figure 44; Test - Wagon Code Screen
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Figure 45; Test - Material Selection
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Figure 46, Test - Password
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