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Sections should be numbered according to the brief

Research

Paragraphs should be fully justified text as required in the

What is industry 4.0

Industry 4.0 is the next step in upgrading the global industrial standards and more advanced
technologies around the principles of automation and cyber-physical systems (CPS). By
increasing analysis of machinery and storage of data, systems can be made flexible and
highly efficient for any process or change in processes. (Barbero, 2017)

Benefits to integrated manufacturing systems

Enhanced data usage

Machines, devices and, sensors to be connected via quicker and highly reliable
communication systems that store data to vast degrees forming a virtual representation of
the plant. This results in the higher transparency of data allowing self-diagnoses made

through faults and possibly self-repairs reducing the reliability on human interaction.

Internet of things (10T)

As part of creating the new desire across industry smart factories require machinery around

the plant to be equipped with sensors that monitor every action of the machine. thisCapital letter
information is transmitted using an IP address and gets stored and shared across every

other machine and software necessary to their function. the information taken from the

sensors are uploaded to the internet in banks which can be stored and shared across

industries to be used as examples and replications for other applications. (ibm, 2021)




Cloud computing

As part of data storage, the cloud is a new and highly advanced solution to many of data
saving problems. Data needs to be saved across every industry in volumes that are
impossible to deal with. The use of cloud allows industries the opportunity to save data, use
it, share it, and link it across many aspects of the company to track the full nature of
productivity. (ibm, 2021)

Smart manufacturing

Over the past 30 years the world has become more internet based every day. Industry has
been slower to follow the idea of internet usage. This is due to the complexity and lack of
understanding of the full functions it possess. The upgrading of industries to enhance smart
manufacturing is a procedure that will embellish upon the capabilities of artificial intelligence,
advanced data storage and usage, web-based control and many more features.
(instrumental, 2022)

Cognitive computing

Cognitive computing is a huge artificial intelligence development that provides a computer to
think as a human would to complete a task with minimal instruction. The idea that computers
can think is becoming an ever-increasing reality as industry 4.0 reveals the possibility of
computers creating their own thoughts (Qu, et al., 2021) . the advantage of such futuristic
technology could result in the complete automation of plant processes and eliminate the
need for humans to conduct work on complex machinery where possible human error could
cause breakdowns. This technology will play a huge role in the nuclear power sector of

industry.

The brief also asked you to consider M2M communications
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Vision station camera

the camera used for the vision station is the IFM 02D222 object recogniser. This device can
be linked to the ethernet communication modules to share its information and be used within
a PLC application. The recogniser scans the object beneath it and results in the program

being made aware of the exact material that is in the station at that time.

Wagon coding and material identification

Punctuation Error

The CIM system conveyor has five locations in which the wagons positions are identified and
displayed, each wagon has its own unigue binary code that is indented at the bottom of each
waggon (as seen in figure 105). At each of the five points around the conveyor there are 5
proximity switches, each of these switches activate in different orders depending on which
cart is over them. The binary number is calculated, converted and displayed on the CIM

screen.

For the CIM system to work automatically regardless of the order of materials enter the
station the vison station provides a four-digit code that describes what materials are on the
wagon and in what order they are in. as the materials go around the system and the wagons
are tracked this number is updated with the code that represents the product after each

station completes their designated job. This code is seen in figure 106.

Program software

The software used on the program for the CIM system is siemens TIA portal V17. The new
updated version of TIA portal allows for a range of cybersecurity and protection for the

program and restricting those who can enter it.

Online web access has been added to allow online access through the use of a browser, the

correct IP address given to the PLC and a password that is settable by the use

17
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System Design Adaptation

PLC communication

Communication between PLCs is vital for the complete function of the CIM system, without
communication between PLCs stations across the system could fail resulting in a total stand
still in the process. Each station has their own unique PLC to provide the function necessary
for the system to work (as shown in figure 29). Therefore, Profinet counters have been
added to the CIM engineers HMI screen on each station that's constant counting proves the
station PLC is still in communication with the master PLC. This upgrade is shown in figure 79
and 80

Enhanced PLC station indication

On each HMI screen there are many states of the system that provide benefit on being
displayed. To provide the most user-friendly system this information has been added to each
HMI station screen. From PLC102-106 status indication and command indication has been
added to the HMIs. Taken from each PLCs designated data blocks the command signals
and the status signals are displayed in separate boxed to organise the screen and making it
user friendly. The steps for adding the indication blocks and applying the correct PLC tags

can be seen from figure 32-56

To test this system a simulation program was written enabling the function of the HMI screen
and program without the requirement to communicate with the PLCs. Through the use of this
function each screen was tested proving the indication across each HMI screen activated as

intended, the tested HMI upgrade screens can be seen in figure 81-85
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Moving PLC tags

Within HMI103 three screens are located (FC535, LC541, TC511) these are part of the
process station PLC103. Each of these screens posse’s multiple values such as Kl, KP, CV,
PV etc. these values are created and stored in only PLC103 under the data block ‘analogue’
as seen in figures 59, 60 and, 61. To share the tags with the master PLC the analogue data
block signals need to be applied to a ‘MOVE' function block and saved as real data in both
PLC103 data block in PLC101 and PLC101 data block in PLC103 (as seen in figure 73-76).
Both data blocks in PLC 101 and PLC 103 need to be identical ensuring both PLC101 and

PLC103 will provide the HMI screens with the exact same values.

By simulating PLC101 and the HMI the values on all three process screens values show as
zeros, if the tags to the HMI screens were incorrect, they would show as question marks.
This proves that the transfer of the PLC tags was successful and now the data is
communicated through both PLC101 and PLC 103. Figures 66, 72 and, 78 show the

simulations of each of these screens showing the tags work.

VOT remote HMI

VOT screens were created as part of a team to develop an online HMI screen that can be
accessed on a web browser using the correct IP address and password. These screens
allow remote access therefore eliminating the need for a physical HMI screen. This is a new

feature in the new development into industry 4.0.

Screens were created on VOT in PLC101. A screen grab of the main CIM screen was taken
and inserted as an image on the VOT screen as a template. Every button, indication lamp
and value box are put over the location marked by the template (shown in figure 3). Each of
the tags across all the button, indication lamp and value boxes are identical to those of the

CIM main screen itself.

Testing of the VOT screen is done when PLC 101’s online, when the web address gets
applied, and the IP address of the PLC and password activated the CIM system can be
controlled online. Testing of this system is showing in the test table above with the evidence

coming from figure 1-28
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Conclusions and Recommendations

Through the creating and upgrading of an integrated automation system the ability for
machines to communicate together to complete a task without the need for human
interaction has become apparent. Through the course of the assignment systems have been
seen to work together to identify the state in which a product is in, and to complete the
necessary steps to produce the final product. This has been possible using M2M

communication and advanced programming.

Through upgrades made to the HMI screens the ability to create user-friendly data has been
adopted and implemented where necessary to ensure the ability to monitor and fault find on

the system is as simple as possible.

Creating an online control panel for the control of the CIM system has been a new feature
that saves money and creates a more advanced human interface system where monitoring

and working on a process is more useful and technical.

Health and safety around the CIM system has been highly thought of with the
recommendations for change listed in the risk assessment. The ability to control the CIM
system in the case of an emergency stop situation has been located and the need for a
safety PLC has been identified. This will provide the PLC the ability to create the safest
outcome of the system and the recipient of danger.
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Team Working

As part of a team the primary job was to create a web-based user interface to control the
CIM system with only an internet connection, IP address and password. As part of a team
the screens were created and tagged to the appropriate data from the main PLC 101.
Through the process of creating the VOT each team member joined thoughts to ensure the
completion of the task. My job in the crating of the screens was to locate the tags and tag

them to the necessary places, such as buttons, indication lamps and figure boxes.

Through the process of testing the VOT the tam split into 3 sections. One controlled the CIM
screen from the VOT, another monitored the PLCs reaction to the selection of buttons in the
mater PLCs code, whilst the other then recorded the results in a test table to tabulate the

results as they were unravelled.
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Correct method of listing.
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Appendix

Engineer - Main CIM

Figure 1 VOT teamwork

Stop CIM

Engineer - Main CIM

Figure 2 VOT teamwork
Start CIM
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Engineer - Main CIM

Figure 3 VOT teamwork

Strat conv
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Figure 4 VOT teamwork

Stop conv

Figure 5 VOT teamwork

Wagon numbers change
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Lev o -

A

Figure 6 VOT teamwork

Engineer - Main CIM

PX sensors change colour as requested when wagon is at station and released

Release wagon indication appears when the wagon stopper is released from the station
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Figure 7 VOT teamwork

Slider position zero

Figure 8 VOT teamwork

Slider position matches that of the HMI screens and actual position
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Figure 9 VOT teamwork

From pneumatic screen to main CIM

Figure 10 VOT teamwork

From vision station to main CIM

Figure 11 VOT teamwork

From hydraulic station to main CIM




Figure 12 VOT teamwork

From assembly station to main CIM

Figure 13 VOT teamwork

Process station

Figure 14 VOT teamwork

From water recirculation to main CIM




Figure 15 VOT teamwork

From wagon code to main CIM

Figure 16 VOT teamwork

from Material selection to main CIM

==

Commm O s - W
£ L

==

Figure 17 VOT teamwork

Engineer - Main CIM

Stations activated
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HMitag FLC1g

| “Assembly Wagon Number® “Assembly Wagon Number”

| "CIMRun® “CIM un®

*Hydraulic Wagon Number™ “Hydraulic Wagon Number™

“PLC 1067, by ok lider Distance”  “PLC 106" I Distance
“Pneumatic ber* i Wagen Number®

“Process Wagon Mumber®

“Release Wagon @ Azsembly Station®
“Release Wagon @ Hydraulic Station”
“Release Wagon @ Pneumatic Station”
“Release Wagen @ Process Swation”
“Release Wagon @ Vision Station”
“Vision Wegen Number®

“Wagon @ Assembly Station INPUT
*Wiagon @ Hydraulic Station INPUT
“Wagon @ Pneumatic Station INPUT
“Wagon @ Process Station INPUT
“Wagon & Vizion Station INPUT
‘Web_Commands Star_CM
Web_Commands Start_Conveyor
Web_Commands Step_CIM
Web_Data Finish_Station_Online
‘Web_Data Finish_Station_PV
Web_Data.Finish_Statian_SF
Web_Data Hydraulic_Station_Online
‘Web_Data Hydraulic_Station_PV
‘Web_Data Hydraulic_Station_5¢

Web_Data Pneumatic_Station_online
Web_Data Pneumatic_Station_3P
‘Web_Dats Pruematic_Station PV
Web_Data Proces:_Station_Online
Web_Data Process_Station_PV
Web_Data Process_Station_SF
Web_Data Vision_Station_Cnline
‘Web_Data Vision_Station_PV
Web_Data Vision_Station_sP

Figure 18 VOT teamwork

Engineer - Main CIM

Figure 19 VOT teamwork

Web_Data Hydraulic_Station_Wagon_Humbe

“Process Wagon Mumber®

“Releaze Wagon @ Assembly Station®
“Releaze Wagon @ Hydraulic Station”
“Release Wagon @ Pneumatic Station”
“Release Wagon @ Process Station”
“Release Wagon @ Vision Station”
“Vision Wagen Number"

“Wagon @ Assembly Station INPUT
“Wagon @ Hydraulic Statian INPUT"
“Wagon @ Preumatic Station INPUT
“Wagen @ Process Station INPUT
“Wagon @ Vision Station INPUT
‘Web_Commands Start_CIM
Web_Commands Start_Conveyor
Web_Cemmands Step_CIM
Web_Data Finizh_Station_Online
Web_Dats Finich_Station_PV
Web_Data Finish_Station_SP
Web_Data Hydraulic_Station_Online.
Web_Dats Hydrsulie_Statian_PV
Web_Data Hydraulic_Station_SP

Boal

Web_Data Hydraulic_Station_Wegaon_Numbei Int

‘Web_Data Pneumatic_Station_Online
Web_Data Pneumatic_Station_SP
‘Web_Data Pnusematic_Station_ PV
Web_Data Process_Station_Online
Web_Data Process_Station PV
Web_Data Process_Station_SP
Web_Data Vision_Station_Online
Web_Data Vision_Statian_Pv
Web_Data Vision_Station_S¢
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%WM3000.0

Conveyor Controls

Figure 20 VOT teamwork
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*HMI Conveyor WM3000.3 3001
Start” “CIM Run® "Conveyor Run®
1 1l fs Y
r T L r
“Web_ EM2000.0

Commands®. *Web Control

Start_Conveyor Enable”

] | ] |

11 11
“M30003 SM30011
*CIM Run® “Conveyor Run”

i/ R}
M3I0107

"HMI Conveyor
Stop”
1L
1 r
"Web_ “@M2000.0

Commands”. "Web Control
Stop_Conveyor Enable”
[ 1 |
LI LI )
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s Conveyor Aux
i) Delay Timer*
Running Aux
M3001.1 Contact mapped TON
*Conveyor Run® input’ Time
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Start CIM

¥  Network 6: CIMRUN Condition

Comment

Figure 21 VOT teamwork
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M3000.1 %M3000.3
“HMi CIM Start” "CIM Run®
(] [ s )
L B} | Tal |
"Web_ W12000.0
Commands". “Web Control
Start_CIM Enable”
| | 1 |
LI | LI |
w4
WM3000.3 WM2500.0 “Auto Lamp
“CIMRun® "Simulate” Qutput”
1.1 A i
%012
"Power ON
Output”
{ } "
! !
WM3000.2 %WM3000.3
"HMI CIM Stop® *CIM Run®
I L . IR & l
LI | T i !
1
1
i
"Web_ WM2000.0 !
Commands”. "Web Control |
Stop_CIM Enable” :




Stop CIM

¥WM3000.1 @M3000.3
*HM CIM Start” "CIMRun"®
P! S
“Web_ YaM2000.0
Commands®. "Web Control
Start_CIM Enable®
1
1 .JI |.--_--

%014
¥M3000.3 mM2500.0 'AutoLamp
"CIM Run® "Simulate® Output®

1k i+ R W

%012

*Power ON
Output”

4 Fen

%M3000.2 30003
"HM CIM Stop® "CIM Run®
11
1t iR}
“Web_ M2000.0
Commands”. “Web Control
Stop_CIM Enable”
11 | |

LI L |

Figure 22 VOT teamwork

Start conveyor
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: Conveyor Controls

%NS000.0
“HMI Conveyor %NB000.3 %NS001 .1
Start” “OMRun” “Conveyor Run”
! L = 3 1 —
B ™ 1.0 1
i
2 i
Web_ %M2000.0 '
ammands. “Web Control 1
Start_Conveyor Ensble H
1
1k ) TR
SME000. 3 RMS001.1
"OMRun® “Conveyor Run”
141 \
vk m——— - ———
wMNEOTOT7
“HMI Conveyor
Stop”
kL
LI
“Web_ %M2000.0
Cmmands. “web Gntral
Stop_Conveyor Enable
1 F { pmemad

Figure 23 VOT teamwork

TE MG
%DB42
LND.7 :
“Gnveyar onveyor Aux
Running Aux Delay Timer
wNBO01_1 amiic:mrr.ta_pm S - Vo |
“Conveyor Run” |
15
e
%=01.3
%NSO00T 1 ALN2S00.0 “Conveyor
“Conveyor Run” “simulate” Contactor Qutput
i W }—

Figure 24 VOT teamwork

Stop conveyor
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Comment

%MB000.0
“HM Gnveyor W=M3000. 3 SBNB00 .1
Start’ "aMmRun” “monveyer Run”
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i
i
“web_ SM2000.0 :
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Start_Gonveyor Enable z
1
{ | [ S
*WNE000. 3 WME00T .1
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Step”
L
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Ta OMS
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Figure 25 VOT teamwork
" [ | .
= ams
(.3
SWhE001 .1 WMZ500.0 “Conveyeor
“Convayor Run” “simulate” Contactor Qutput”
i | 1 19

Figure 26 VOT teamwork
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***** Wagon arrives at Pneumatic Station

TaOMS
=D819
: % 2 AT
Wagon @ Station Timer™
Prneumatic WhBImR4.1
wNBom.3 Station f"ti_wld ToN “Pneumatic Scan
"aMAun" iy Time )
L]
= 1 F n < Sk
TeO2rdpT ETy—T#0m:
%Q06
WNER4S.1 “Releaze Wagon wNB024.1
"Pheumatic scan & Fnaumatic "Pneumatic Scan
Laten” Station Latch™
1l Tl
L s :“ :_
Figure 27 VOT teamwork
Camment
TS 20005
%DE19
o % .2 “Pneumatic
Wagon & Station Timer
Pneumatic %MB024.1
wNBD0D 3 mtlﬁ r"'_ta_pped “Pneumatic Scan
"GMRun” m <l
| | I F =
%006
NS4 1 “Relaaze Wagon %WMBO24.1
“Pneumatic can & Freumatic “Pneumatic scan
Laten” Station Latch”
i B (s [ jmmm——

Figure 28 VOT teamwork

general
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» ([ PLC 102 Pneumatic Station - 2 [CPU 1214C DC/DC/DC]
» {1 PLC 103 Process Station - 4 [CPU 1214C DC/DC/DC]

» [ PLC 104 Hydraulic Station -

5 [CPU 1214C DC/DC/DC]

» [ PLC 105 Water Recirculation System [CPU 1212C A
» [l PLC 106 AssemblyRobot Station [CPU 1212C AC/DC...

Figure 29 station PLCs

@ PLC 102 [DB30102]
@ PLC 103 [DB30103]
@ PLC 104 [DB30104]
@ PLC 105 [DB30105]
@ PLC 106 [DB30106]

Figure 30 PLCs data blocks

v [l PLC101 Master-0 [CPU 1511F-1 PN]

[IY Device configuration
Q| Online & diagnestics
» 88 Software units
v [l Proaram blocks

Figure 31 master PLC

Plc 106

Move Shider to Selected Point
+0000.00 §

Left Store Position { Right

00

Figure 32 assembly station adjustments

41




Mave Slider to Selected Point

Left F Store Position | Right

bquare_G [Graphic /O field]

s |Animations IEvents ITexts |

= General
Process
ce
Tag: | Assembly Robot Online }ﬂ_];l
PLCtag: “PLC 106"."AssemblyRobot Online - OBO* A
20ouUs
Address: Bool
| Bit number:
Mode
Mode: | Two states [+]

Figure 33 assembly station adjustments
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Move Slider to Selected Point

+0000.00

Left ¥ Store Position | Right

quare_G_6 [Graphic /O field]

s | Animations | Events | Texts |

list General
2 Process
Tag: |Assembly Robot Go Online }lll;]
PLCtag: "PLC 106"."AssemblyRobot - Go Online -TBO" Pl
ous
Address: Bool
L Bit number:
Mode
Mode: |Two states B3

Figure 34 assembly station adjustments
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W 0NN W N -

= By
w N = O

PLC 106

Name
@| v static
4= Get Bit 0 - clock test bit
4 = Assembly Robot - Go Online - TBO
= Assembly Robot - Pick Finished Product or Stamp - TB1
a-= Assembly Robot - Pick Handle - TB2
4= Assembly Robot - Pick Fail Stamp or Handle CH1 -TB4
4= Assembly Robot - Pick Fail Handle CH2 - TB6
4 = Assembly Robot - Simulate
4= Assembly Robot - Teach Box Manual Mede
= Assembly Robot - Teach Box Move to Selected Point
= Assembly Robot - Teach Box Move Left
4= Assembly Robot - Teach Box Move Right
4= Assembly Robot - Teach Box Store Selected Position

Figure 35 assembly station adjustments

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

PLC 106
. Name
4] =
gl =
4] =
4] =
4] =
4] =
4] =
4] =
4] =
4] =
4] =
gl =
] =
4] =
4] =
4] =
4] =
gl =
] =
4] =
] =
4] =
S0 L]

GetWord 14

GetWord 15

Put Bit 0 - clock test bit

Assembly Robot Online - OBO

Assembly Robot Can Pick - 0B1

Assembly Robot Busy-0B2

Assembly Robot Stamp in place - OB4

Assembly Robot Handle in place - OB6

Assembly Robot Slider Initialised

Assembly Robot Slider Input 0 - Enceder Signal
Assembly Robot Slider Input 1 -RES Signal

Assembly Robot Slider Input 2 - Left Limit Signal
Assembly Robot Slider Input 3 - Right Limit Signal
Assembly Robot Slider Input 4 - Slider Command LSB
Assembly Robot Slider Input 5 - Slider Command ISB
Assembly Robot Slider Input 6 - Slider Command MSE
Assembly Robot Slider Input 7 - Slider Move to Position
Assembly Robot Slider Output O - M ove Right RSR relay
Assembly Robot Slider Output 1 - Move Left RSL relay
Assembly Robot Slider Output 2 - Speed RSN Relay
Assembly Robot Slider Output 3

Assembly Robot Slider Output 4 -In Position

Put Bit 20

Figure 36 assembly station adjustments




Plc 104

Pick Finished Product CH 1 to Storage

Pick Fnished Product CH 2 to Storage

Figure 37 hydraulic station adjustments
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Pick Fnished Product CH 1 to Storage

Pick Fnished Product CH 2 to Storage

bquare_G [Graphic I/O field]

s |Animations |Evems |Tem I

- General
= Process
Tag: |Hydraulic Online =,
PLCtag: "PLC 104" ."Hydraulic - Online* le
B Address: Bool
Bit number:

Figure 38 hydraulic station adjustments




Pick Finished Product CH 1 to Storage

Pick Fnished Product CH 2 to Storage

Bquare_G_9 [Graphic /O field]

5 |Animations IEvents ITexts |

‘list General
Process
ce
Tag: |PLC 104_Hydraulic - Press EE1

PLCtag: "PLC 104"."Hydraulic - Press" Pl
eous

Address: Bool

-

Figure 39 hydraulic station adjustments
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L7 R R - RV, R S VU N

in

25
26
27
28
29
30
N
32
33
34
35

PLC 104

Name Data type

4 ¥ Static

@l ] Get Bit 0 - clock test bit ] Bool
gl = Hydraulic - Go Online Bool
a-= Hydraulic - Pick Bool
e Hydraulic -Press Bool
4 e Hydraulic - Pick Finished Product from CH1 Bool
4= Hydraulic - Pick Finished Product from CH2 Bool
4= Hydraulic - Simulate Bool
<= GetBit7 Bool
A0 = Get Rit 8 Raal

Figure 40 hydraulic station adjustments
PLC 104
Name Data type

- Get Word 8 Word
4] = Get Word 9 Word
4] = Get Word 10 Word
= Get Word 11 Word
= GetWord 12 Word
= Get Word 13 Word
o Get Word 14 Word
4] = Get Word 15 Word
4] = Put Bit 0 - clock test bit Bool
] = Hydraulic - Can Pick Bool
a-e Hydraulic - Online Bool
4= Hydraulic - Busy Bool

36
37

4] = Hydraulic - Finished

Figure 41 hydraulic station adjustments
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Offset

0.0

0.1
0.2
03
0.4
0.5
0.6
07
10

16.0
18.0
20.0
22.0
240
26.0
28.0
30.0
320
321
322
323
324




Plc 102

Enginzer - Paeumatic Statior [0 Mimc

Place Palla:

Place Stamp

Place Handle CH1

Place Handle CH2
Systam Reset

Figure 42 pneumatic station adjustments
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Enginaer - Paeumatic Statior [0 Mimic

Place Pall=:

Place Stamp

Place Handle CH1

Place Handle CH2

System Reset

quare_G_1 [Graphic /O field]

s |Animations |Events ITexts |

st General
a Process
Tag: [Pneumatic Can Place ]_!_H;]
PLCtag: “PLC 102".*Pneumatic Can Place® A
ous
Address: Bool
Bit number:

Figure 43 pneumatic station adjustments
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Place Palle:

Place Stamp

Place Handle CH1

Place Handle CH2

quare_G_10 [Graphic /O field]

3 |Animati0ns IE\nems ITexls I

fist General
b= Process
Tag: |PLC 102_Pneumatic Place Handle CH2 lﬂ_!;l
i PLCtag: “PLC 102"."Pneumatic - Place Handle CH2" ’
= Address: Bool
d Bit number:

Figure 44 pneumatic station adjustments
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PLC 102
Name Data type

1 4 v Static

2 l@l=  GetBito-Clock testbit | Bool
3 @-n» Pneumatic - Go Online Bool
4 4n Pneumatic - Place Stamp Bool
5 4w Pneumatic - Place Handle CH1 Bool
6 4] m= Pneumatic - Place Handle CH2 Bool
7 4@n» Pneumatic - Place Pallet Bool
8 @-» Pneumatic - HMI Place Stamp Bool
9 @-» Pneumatic - HMI Place Handle CH1  Bool
104 Pneumatic - HMI Place Handle CH2  Bool
11 4w Pneumatic - HMI Place Pallet Bool
12 g » Pneumatic - HMI Reset Bool
134an Pneumatic -Simulate Bool
14 Q= GetBit12 Bool
Figure 45 pneumatic station adjustments

PLC 102
Name Data type

3S1@e GetWord 14 Word
32 4= GetWord 15 Word
EERE v ] Put Bit O - Clock test bit Bool
34 4w Pneumatic Online Bool
35 4an Pneumatic Can Place Bool
36 @ = Pneumatic Busy Bool
37 4@n Pneumatic Finished Bool
38 4. Pneumatic - Air OK Bool
39 4@n Pneumatic - System Healthy Bool
40 @ = Pneumatic - Other Healthy Bool
41 @ Pneumatic - Pallet Manipulator Heal.. Bool
42 4= Pneumatic - Round Manipulator He... Bool
43 41 = Put Bit 10 Bool
44 4 = PutBit 11 Bool
45 4] = Put Bit 12 Bool
46 @ = PutBit 13 Bool
47 @ » PutBit 14 Bool
48 41 = Put Bit 15 Bool
49 4] = Pneumatic States Word - bits O to 15 Word
50 40 = Pneumatic States Word - bits 16 to ... Word
51 @n» Pneumatic Solencid Outputs Word ... Word
52 4= Pneumatic Inputs Word 1 Word
53 4@ n» Pneumatic Inputs Word 2 Word
54 40 = Put Word 6 Word

Figure 46 pneumatic station adjustments
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Offset

0.0

0.2
0.3
04
0.5
0.6
0.7
1.0
11
12
1.3
14

Offset
28.0
300
320
321
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323
324
325
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327
330
331
33.2
333
334
335
336
33.7
340
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Plc 103

Engireer - Process Loop FC535

Pick Handle CH 1 Engreer - Process Loop LCS541

Pick Harcla CH 2 Engineer - Process Loop TC511

Place Hardle

Figure 47 process station adjustments
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Engireer - Process Loop FC535

Pick Handle CH 1 Engreer - Process Loop LCS541

PFick Hancle CH 2 C
C rc Engineer - Process Loop TC511

Placa Hardle

Kquare_G_3 [Graphic l/O field]

35 IAnimatiom |Events |Texts |

rlist General
ice Process
Tag: |Process Can Place [E|
PLCtag: “PLC 103"."Process Can Place” A
eous R —
Bit number:

Figure 48 process station adjustments




Engireer - Process Loop FC535

Pick Handle CH 1 Engreer - Process Loop LC541

Pick Harcla CH 2
ic e Engineer - Process Loop TC511

Place Hardle

quare_G_10 [Graphic l/O field]

s |Animations IEvents ITexts I

list General
-e
Tag: |PLC 103_Process - Place EE|
PLCtag: "PLC 103"."Process -Place” Pl
sous
Address: Bool
Bit number:

Figure 49 process station adjustments
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O 0 NN EwWw N =

PLC 103

NN NN

Name

¥ Static

Get Bit 0 - clock test bit
Process - Go Online

Process - Pick Handle CH1
Process - Pick Handle CH2

Process -Place
Process -Simulate
GetBit6

GetBit7

Figure 50 process station adjustments

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

PLC 103

- -

Name
L ]

Get Word 8

Get Word 9
GetWord 10

Get Word 11
GetWord 12
GetWord 13

Get Word 14

Get Word 15

Put Bit O - clock test bit
Process Online
Process Can Pick
Process Can Place
Process Busy
Process Finished
Put Bit 6

Figure 51 process station adjustments
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Plc 105
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Figure 52 water recirculation adjustments
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quare_G_1 [Graphic /O field]

s IAnimations |Everus ITexts |

list General

Tag: |PLC 105_Water Recirc - Auto Mode

PLCtag: “PLC 105"."Water Recirc - Auto Mode®
tous

Bit number:

Bool

Figure 53 water recirculation adjustments
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quare_G_6 [Graphic l/O field]

s | Animations I Events | Texts I
st General
e
Tag: |PLC 105_Water Recirc - Go Online (=)
PLCtag: "PLC 105"."Water Recirc - Go Online* A
'ous
Address:
st number:

Figure 54 water recirculation adjustments

Figure 55 water recirculation adjustments

PLC 105
'Name |Dmt!;

1 4@ v Static

2 @=  GetBit0-clock test bit | Bool
3 4@-s Water Recirc - Go Online Bool
4 @n» Water Recirc - Simulate Bool
5 @@= GetBit3 Bool
6 4@ GetBit4 Bool
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PLC 105

Name Data tyf

25 4= Get Word 8 Word
26 4] = Get Word 9 Word
27 @ . Get Word 10 Word
28 4= GetWord 11 Word
29 4@ = Get Word 12 Word
30 4 = Get Word 13 Word
314w Get Word 14 Word
324 . GetWord 15 Word
334dn Put Bit O - clock test bit Bool
4 4ad-n Water Recirc - Online Bool
35 4= Water Recirc - Auto Mode Bool
36 @ = Water Recirc - Manual Mode Bool
37 4@ m Water Recirc - Common Alarm Bool
s d@-w Water Recirc - Top Tank Full Alarm Bool
39 4an Water Recirc - Top Tank Empty Alarm Bool
40 4@ e Water Recirc - Bottom Tank Full Alarm Bool
41 4= Water Recirc - Bottom Tank Empty Alarm  Bool
42 lqq =

PutBit9 Bool

Figure 56 water recirculation adjustments
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Move from analogue to plc 101

56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

PLC 103
Name
] =
4] =
] =
4] =
4] =
] =
4] =
4] =

NN NN - NN - - NN -

LC541 setpoint level
LC541 process value
LC541 error

LC541 Ki

LC541 Kp

LC541 Kd

LC541 CV

LC541 percentage output
LC541 net flowrate

LC541 Tank B1 average volume
TC541 Scaled Temperature
FC535 5P

FCS535 PV

FC535 scaled flowrate
FC535 Kp

FC535 Ki

FC535Kd

FC535 Error

FC535 Int Accum

FC535 P part

FC535 | part

FC535 D part

FC535CV %

TC511 5P

T1511 Scaled Temperature

Figure 57 analogue to PLC MOVE
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Data ty|
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real




80
81
82
83
84
85
86
87
88
89
90
91

NN NN -N-N-R-N-N

T1511 Scaled Temperature
TC511 Error
TC511 Kp

TC511 Ki

TC511 Kd

TC511 Int Accum
TC511 Ppart
TC511 | Part
TC511 D Part
TC511 Qv
PutReal 23

Put Real 24

Figure 58 analogue to PLC MOVE

Analogue
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Data type
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real




Name Data type

1 <41 v Static

2 ﬂl L] TI511 Raw Temperatu...l Real
3 dn 1511 Offset Real
4 @-»e 1511 Multiplier Real
5 4= T1511 Divisor Real
6 4= TI511 Scaled Temper... Real
7 4= TC511 5P Real
g 4@n TC511 PV Real
9 A-e TC511 Error Real
104Qe TC511 Old Error Real
11 @ne TC511 Int Accum Real
12 4s TC511 Int Accum MAX  Real
134w TC511 Difference Real
14 qn = TC511 Kp Real
is-d»= TC511 Ki Real
16 @ = TC511 Kd Real
17 @ = TC511 P part Real
18 4@ = TC511 1 Part Real
19 4Qn TC511 D Part Real
204 = TC511 V% Real
21 4@ = LT541 Raw Level Real  Real
22 4. LTS41 Scaled Level Real
23 4. LT541 Scaled Level Te... Real
24 Q. LT541 Scaled Level Te... Real
25 @ = LT541 Multiplier Real
26 @nm LT541 Divisor Real

Figure 59 analogue to PLC MOVE




Analogue

FC535 SP%

Figure 60 analogue to PLC MOVE

Name
25 4dn. LT541 Multiplier
26 @ne LT541 Divisor
27 4@ . LT541 Offset
28 = LC541 5P
29 q) = LC541 PV
3040 = LC541 Error
31 4@ = LC541 Old Error
24@n» LC541 Int Accum
i34@n LC541 Int Accum MAX
34 Q. LC541 Difference
35 g0 = LC541 Kp
L0 LC541 Ki
374 LC541 Kd
s @e LC541 P part
39 @)= LC541 | Part
40 4@ = LC541 D part
41 @n LC541 CV%
a2 4@dne FT535 Raw Flowrate
a3 @n FT535 Scaled Percent...
44 @ = FT535 Scaled Flowrat...
45 4@ = FT535 Multiplier
46 4 = FT535 Multiplier %
47 @ = FT535 Divisor
48 4@ = F1535 Offset
49 @ = FT535 Offset %
50 @)=

Data type
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Analogue

- - - - - - - - - - NN

Name

FT535 Offset %
FC535 SP%

FC535 SP % logged
FC535 PV %

FC535 Error

FC535 Old Error
FC535 Int Accum
FC535 Int Accum MAX
FC535 Difference
FC535 Kp

FC535 Ki

FC535 Kd

FC535 P part

FC535 | part

FC535 D part
FC535CV%

FT531 Raw Flowrate

FT531 Scaled Percent...

FT531 Multiplier
FT531 Divisor
FT531 Offset

VF531 Percentage Ou...

VF531 Scaled Output

LY541 Percentage Ou...

LY541 Scaled Output
junk

Figure 61 analogue to PLC MOVE

Data type
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
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Move functions for FC

“Anal gue’

“BC535 P %

“Analague’.
“FCS35 VST

“Analogue’.
“FT535 lald
Flasratelpm®

¥  Network 2:

FC535 -PLC103 > PLC101
MOVE
BN — B
%DB3IIO.
N DBD92
"PLC 101°."FC535
sam —F
MOVE
BN — ENG —,
%D830101
N DBDY
"PLC 101°.°FCS2S
o )
MOVE
Bl — 80—y
%D830101
DBD100
N "PLC 101°."FC35
 OUT1 scaled S onrale®

—

%0830
DeD104
“PLC101°.°FCS35
Kp

“Analague’.
RISy

“Analague’.
“FCSAS KT IN

“Anal ague.
TFCES Era” gy

%DE30101.
D8O 08

“PLC101°."FCS35

%De3nm.
DeD112

“PLC 101" FCS35
Kd

%D830101.
DBD116

“PLC 101°.°FC535
& QT —Eve”

Figure 63 analogue to PLC MOVE
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MOVE
_ e — B ——
“Analogue’.
FS350paT __ 1y ;'::13:;0"
“PLC 101°.°FC535
¥ our) — DT

MOVE
— BN —BC—y
“Analague’.
EEISOVE iy el i
"PLC 10177 FC335
Y. T) § B

Figure 64 analogue to PLC MOVE

LOOP TC511

LOOP LC541

S0
B0
7|
60
50
a0
30
20
101

hfamaia™ * ° * ol

rend Taq conrec.. Value X value

Figure 65 analogue to PLC MOVE
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[@ & colegsirgar

LOOP LC541

1

o0

90
B0+
o
60+
504
40
304
204

8 8§ 58 83 8§ %3

Tag connection Value

[Anabogue_FC53 _
[Analague FC53...

o000 |
[_o.o0 |
o000 |
[ o000 |

Figure 66 analogue to PLC MOVE

LC
¥  Network 1: LC541- PLC 103 >PLC101
Comment
MOVE
I
“Analague.
137 iy %D830101.
“PLC 101°.7LCS 41
& ouTy - antied”
MOVE
fe————— —— N0
“Analgue.
S Ay L0830101.
“PLC 101" LS4
W oUTy . pra=talue
MOVE
BN — BiC———
“Anal gue.
o B %DE30101.
“PLCI01".7LCS 4
sam

Figure 67 analogue to PLC MOVE
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MOVE
BN — EN 4
“Analague’. % D830101
S K N DBD6E
*PLC 101°.°LCS 41
50Ut K¢
MOVE
] — BNO——
g e 50830101,
“PLC 101°."LCS 41
& oumt
MOVE
BN — ENO ey
“Analague.
LSS N ;gnggamm
"PLC101°.LCS41
S am —*
MOVE
BN — N0 ——
“Analague.
NNy BRI
*PLC 101°.°LCS41
S T —

Figure 68 analogue to PLC MOVE

MOVE
BN — EN
"Analmue %DB30101
"LYS41 08076
B “PLCI0I"."LC54
"IN percnlge
 our) — BT
MOVE
BN — "
*Analggue’. Tank %D830101.
8l ndcaloulated DEDa0
+ 4
R "PLC 101°.°LCS 41
W OUT] —netTowrat
MOVE
B — 0 —
“AnalogueTank
81 aerage ;Bmmm.
vdumein live"
= N “PLC 101°.°LCS 41
Tank 81 average
i 2o

Figure 69 analogue to PLC MOVE




BN — ENQ =—
“Analogus.
TISH Saled el o

Temperalure
= “BLE101°.TCS41
el

= ouT1 __Tempeature

Figure 70 analogue to PLC MOVE

LOCP FC335

LOOP TCS11

241
22
201
18
161
141
12
10
Ly
Ly
Ly
H

S 8 8 & & &8 3 8 8

Taq coarec.. Value

Figure 71 analogue to PLC MOVE
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B &7 Simtrton

LOOP FC535

LOOP TC511

X value

#8499

Figure 72 analogue to PLC MOVE

TC
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v Network 3: TC511-PLC3 >PLC101

MOVE
EN ——
“Analogue’.
TCS11 5 %DB301 01
IN DBD140
BLCIOT TG 11
$ am —*F
MOVE
EN — —_—
“Analogue’.
el %D830101
Tem perature” N 080144
"PLCION.TTS 1
“caled
@ o Tem perature
Figure 73 analogue to PLC MOVE
MOVE
!" — —
“Analogue’. )
TSI Err %DB30101.
DBD148
PLCION”. TGS 11
i oum — Ermor
MOVE
EN — —
it ik %DB30101.
IN DBD152
PLCIO.TCS 11
» am —"°
MOVE
EN — ——
’fl'.zs"’,;.":l %DB30101.
s IN DBD156
PLCION.TCS 11
¥ am —X

Figure 74 analogue to PLC MOVE
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EN — Eng ———t
“Anal 2
"?c's??b::r %DB30M01.
~—IN DBD160
PLCIO1T.TCS 10
» am —*
MOVE
EN —— ENC cmm—)
‘mala‘,ue‘. «DB30101.
"I'G;‘c. I:l_ DBD164
ur
IN PLCIO.TCS 11
B QUT1 IntAccum”
MOVE
EN —— ENC —
“Analogue’. —
<511 P part L
kY IN DBD168

PLCI01V.TCS 10
% am — "

Figure 75 analogue to PLC MOVE

MOVE
EN — ENE ——
“Analogue’.
.1 %DB30 M
TS Part IN ngn
PLCIO”.TCS 1

W ooumt Part’

MOVE
EN — —
“Analogue.
TCS110Fart %DB301 01
IN DBD176
PLCIO.TCS 11
# aum —Drart’
MOVE
EN — —_—
“Analogue’.
TSNS N %DE301 O
DBD1 80
BLCIOT.TES 11
-
» am —

Figure 76 analogue to PLC MOVE




LOOF FC535

LOOP LCS41

]

3
TRl ARG LDl R DL SR Dl et 1l SR s e A s

Figure 77 analogue to PLC MOVE

R 7 simuitstor

LOOP FC535

colegsirgar

g

8 84 &8 88 3 8 &

Tag connection Value

Analogue_TCS1
TT51

B ARLRLR R

Analogue_TT51
Anakogue_TC51

Figure 78 analogue to PLC MOVE

75




Animations | Events | Texts |

T

General
Process
Tag: [PLC_106 PUTcounter_CV Tl Display format: | Decimal =]
PLCtag: "PLC_106 PUT counter” €V I Decimal places:
Address: Int Field length: EE]
Leading zeroz: D
Type F p |:99999 =
Mode: [Inplm’oulpul F‘

Figure 79 PLC Communication confirmation
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| 7

Profivet

5. Process Station

Figure 80 communication confirmation counters

" +0.00 | ‘wm [0 |

Figure 81 assembly station upgrades
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§ colegsirgar

Pick Finished Product CH 1 to Storage

Pick Finished Product CH 2 to Storage

Figure 82 hydraulic station upgrades

§ colegsirgar

Engineer - Pneumatic Station I0 Mimic

Place Pallet

Place Stamp

Place Handle CH1

le CH2
System Reset

Figure 83 pneumatic station upgrades
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irgar

Pick Handle CH 1
Pick Handle CH 2

Place Handle

Figure 84process station upgrades

Figure 85 water recirculation upgrades
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Engineer - Process Loop FC535

Engineer - Process Loop LC541

Engineer - Process Loop TC511




SCALANCE
xpoos

Figure 86 comms module

Pallet Storage

Solenoid bank

Handle

Manipulator ] : Pneumatic PLC
Robot

Stamp Storage

Figure 87 CIM station detail
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Handle
Manipulator

Channel 1 Storage Robot
Channel 2 Storage ’
» //

—

Hold and Release
Pistons for
channel 2

Handle in place
Proximity Switch
LSCH

Figure 88 CIM station detail

Solenoid Bank Push Pallet Piston

Pallet Storage

Pallet Table

Figure 89 CIM station detail
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Hold and Release
Pistons for
channel 1

Push Stamp Piston




Solenoid Bank

Push Pallet Piston

Figure 90 CIM station detail

Horizontal
Movement Piston

Rotation Piston

Vertical Movement
Piston

Figure 91 CIM station detail
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o - ' — Horizontal
; A
_DD Movement Piston

Rotation Piston

Figure 92 CIM station detail

Module

"

Relay Output
Module

Figure 93 CIM station detail
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IFM OD200 Vision Sensor

Profinet
Communications

Figure 94 CIM station detail

Digital Input/Output

Power Supply Module

Profinet Switch

AT

$7-1511F safety CPU Safety Input
Module

Figure 95 CIM station detail




Hydraulic Pipes

Analogue
position

Hydraulic Solenoid
Bank

Gripper

e

Figure 96 CIM station detail

Press table

Figure 97 CIM station detail
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B B

4 | )
A /A )

57-1214cCPU
Anal I
Dital moduie JRll A"3081e moduie

feedback

Assembly Robot
controller

§7-1212c CPU

) RS232 Modul
ey

Figure 99 CIM station detail
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Process Tanks
Ytravel

‘: §7-1214c CPU
E = and modules

_Zxravel e "
. ] . J HMI 133

Figure 100 CIM station detail

with 10 link
master module

Profinet switch

Figure 101 CIM station detail
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729 &

Finished Product

Figure 102 materials

Empty Wagon - no Pallet Pallet Pallet + Handle Forwards Pallet + Handle Reverse

Pallet + Stamp Pallet + Finished Product

Figure 103 order of materials
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Storage of product Hydraulic Station

Figure 104 material order meaning

5 Proximity detectors

Binary pattern

Figure 105 wagon detection analysis
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Wagon release piston

Wagon at Station




w
°

5305
5306
5306
4213
5325

g

u
g
3
-
=
&
&
5]
3
8
=X
3
[i=]

Description
Empty Wagon (No work)
Wagon + Pallet (No work)
Wagon + Pallet + Stamp (No work)
Wagon + Pallet + Stamp (To be Inspected)
Wagon + Pallet + Stamp (Passed Inspection; To be Finished)
Wagon + Pallet + Stamp (Failed Inspection)
Wagon + Pallet + Round CH1 (No work)
Wagon + Pallet + Round CH1 (To be Inspected)
Wagon + Pallet + Round CH1 (To be Processed) (To be Inspected)
Wagon + Pallet + Round CH1 (Passed Inspection)
Wagon + Pallet + Round CH1 (To be Processed) (Passed Inspection)
Wagon + Pallet + Round CH1 (Failed Inspection) (To waste)
Wagon + Pallet + Round CH1 (Failed Inspection) (To waste)
Wagon + Pallet + Round CH2 (No work)
Wagon + Pallet + Round CH2 (To be Inspected)
Wagon + Pallet + Round CH2 (To be Processed) (To be Inspected)
Wagon + Pallet + Round CH2 (Passed Inspection)
Wagon + Pallet + Round CH2 (To be Processed) (Passed Inspection)
Wagon + Pallet + Round CH2 (Failed Inspection) (To waste)
Wagon + Pallet + Round CH2 (Failed Inspection) (To waste)
Wagon + Pallet + Round CH1 (To be Finished)
Wagon + Pallet + Round CH2 (To be Finished)
Finished Product to Store (To be Inspected)
Finished Product (Passed Inspection) (To Store)
Finished Product (Failed Inspection) (To waste)
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