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1.0 Abstract

This concise written report research different types of PLC systems and investigates how they
are constructed and operate. This information is then used to design a production line and a

program to control it using the specification given in the brief.

The system will be designed using software such as Factory I/O and Siemens TIA Portal with

a fully working/ functional system being demonstrated.

Word Count: 3738 (tables do not count towards the overall word count)
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2.0 Introduction

The requirement was to design and build a factory controlled by PLC software that could sort
different boxes of size and weight. The production line was to be built in a simulator called
factory 1/O and the PLC programming software to be used was Siemens totally integrated

automation portal (TIA) version 16.
The factory had to control the following components:

« 4 Conveyors

e 2 Pushers

+ 1 Conveyor Scale
« 2 Diffuse Sensors
« 1 Emergency Stop
« 2 Buttons

e 1 Siren

* 1 Warning Light

e 2 Stack Lights

The specification required each conveyor to start in a sequence to limit the current on start-

up, a manual reset of all alarms was required once the fault had been cleared.

A human-machine interface (HMI) was required for the operator to be able to control the
system with the following controls and displays:

« Start/Stop Button

« Emergency Stop

« Counters

+ Reset for all counters

« A replication of factory stack lights

« Fault and warning indicators

It also must have a fault and warning screen and an engineering screen.

TATA STEEL
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3.0 PLC’s Used In Industry

A Programmable Logic Controller (PLC) is essentially a computer that is used to control a
system using outputs which are activated when signals from different inputs are fed into the
PLC whilst also adhering to the set rules which are stores inside.[1]

“The PLC also known as an Industrial Computer is the major component in the industrial
automation sector. Due to its robust construction, exceptional functional features like PID
controllers, sequential control, timers and counters, ease of programming, reliable controlling
capabilities and ease of hardware usage — this PLC is more than a special-purpose digital
computer in industries as well as in other control-system areas. Different types of PLCs from
vast number of manufacturers are available in today’s market”.[2]

The PLC when used in industry can automate complex procedures or practices and also
dramatically reduce the amount of physical relays and contactors needed in the circuit.[1]

3.1 Case Study

An example of a PLC used in Tata Steel is the Siemens S71500 shown in Figure 1.

Figure 1 Siemens S7 1500 PLC used on crane
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This PLC is used to control a hot metal crane in the Steel plant the crane picks up,
transports and charges 500T of molten iron into a vessel to be turned into Steel. The PLC
controls all the motions of the crane to enable it to hoist, cross travel and long travel. It also
controls all the safety programs

3.1.1 Profibus Network

This PLC communicates using a Profibus network it has different remote I/O’s from various
parts of the crane it also has position system from encoders and also signals from encoder
driven joysticks in the operator’s cabin so the driver can operate the crane. An example of this
network is shown in Figure 2.

Figure 2 Siemens S7 1500 PLC Profibus Network
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3.1.2 Profinet Network

The Profinet network is also used to communicate with the PLC using ethernet cable
connected to different locations of the crane an example of these Scalance switches can be
seen in Figure 3. Each ethernet switch has eight ports which can be connected an example of
one of the ports connected to the ABB drives can be seen in Figure 4.

Figure 4 Profinet Network - ABB Drives
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3.1.3 Supervisory Control and Data Acquisition (SCADA)

The PLC also communicates with the SCADA system this is a display situated within the
operator’s cabin and also in the E-Room an example of one of the screens can be seen in
figure 5. The operator can use this for real time monitoring of the crane, view the crane’s status
and if any alarms are active.

The maintenance team can use it to simplify fault finding, monitor certain status’, or change
over to spare drives etc. The SCADA system is set up so that most faults can be solved on
here without interrogating the PLC, this saves time and reduces downtime of the crane.
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3.2 PLC Scan Cycles

The PLC is constantly running a scan cycle once powered up the loop is continuous and the
order that the PLC completes these tasks is shown in the flow chart in figure 6. In industry
these programs can get extremely large and the scan time is effected by this causing the scan

time to increase.

Power On

v

Hardware
Check

Error

Diagnostics Processing

Scan Inputs

v

Execute
Program

v

Update Outputs

(4]

Figure 6 PLC Scan Cycles
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3.3 Different Types of PLC
3.3.1 Rack Mounted

“A rack mounted PLC is provided in the backplane of the circuit into which all the modules like
CPU and other I/O modules are plugged to the corresponding slots. This bus enables the
communication between CPU and /O modules to send or receive the data. This
communication is established by addressing the 1/O modules according to the location from
CPU module along the bus. Suppose, if the input module is located in the second slot, then
the address must be 12:1.0 (second slot first channel only as an example). Some buses
provide necessary power to I/O module circuitry, but they do not provide any power to sensors
and actuators connected to /O modules.”[2]

| =

=,

Figure 7 Rack Mounted PLC

(2]
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3.3.2 Advantages

Advantages Disadvantages
Flexible application Expensive
Easy to modify Large housing space required

High quantity of Inputs

High quantity of Outputs

Each component is easily changed if failure
occurs meaning it is more economical
compared to a unitary PLC where the whole
unit needs to be replaced.

Table 1 Advantages and Disadvantages Rack Mounted PLC

3.3.3 Application

Due to its large amount of input/output capability this PLC is designed to operate in large

manufacturing processes.
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3.3.4 Modular

Modular PLC's are constructed like the Allen Bradley Control Logix controller shown in figure
8. The term modular means that it is made up from different modular pieces so it can be

configured for the specific task it is designed for.

Figure 8 Allen Bradley Modular PLC
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3.3.5 Modular PLC components

Modular PLC's are made up of the following:

Module

Description

Power Supply

The supply voltage to the PLC is generated here for example 110V
AC will be converted to 24V DC so the PLC can function.

Central Processing
Unit (CPU)

This is the main component of the PLC where the memory is and
integrated circuits are situated. It is likened to a brain of the PLC,
where all the code is stored, input signals from the input module is
processed and output signals sent to the output modules to
integrate with plant. Some older PLC’s would have a battery back-
up but most new would have UPS connected.

Digital Input Cards

Communicates with the CPU and the digital input components
connected on plant. These would be on/off type devices like push
buttons or limit switches

Analogue Input
Cards

Communicates with the CPU and the analogue input components
connected on plant. These would be devices with 0-10V or 4-20mA
input signal such as temperature, flow, level or pressure
measurement where the signal is varied.

Digital Output Cards

Communicates with the CPU and the digital output components
connected on plant. Such as an indication lamp, relay or solenoid
valve where an on/off signal is required.

Analogue Output
Cards

Communicates with the CPU and the analogue output components
connected on plant. An example of these components would be a
controlled valve where it has multiple positions where flow can be
increased/decreased when needed.

Table 2 Description of Modular Components

TATA STEEL




X Prifysgol Cymru
%y Y Drindod Dewi Sant
. University of Wales
Trinity Saint David

3.3.6 Advantages

Advantages

Disadvantages

Extra inputs can be added

Expensive

Extra outputs can be added

Limited to how many cards can be added

Only change the part/module that has failed
which saves on the cost of replacing the
complete unit.

Flexibility of set up

Large memory

Table 3 Advantages and Disadvantages Modular PLC

3.3.7 Application

This type of PLC is generally used when lots of Inputs and Outputs are required. Also where

great flexibility is required to make modifications, such as a production line.
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3.3.8 Unitary

The unitary PLC is a small device which has a set amount of input and outputs and all the
other required components all in the same small housing.

Figure 9 MicroLogix 1400 Unitary PLC

(8]

3.3.9 Advantages

Advantages Disadvantages
Compact Limited function
Basic Limited program size
Flexible Limited memory size
Suits fixed type operations Fixed inputs
Simple to use Fixed outputs

Limited communication

Table 4 Advantages and Disadvantages Unitary PLC

3.3.10 Application

The Unitary PLC is best suited to small to medium types of application which are the fixed
type installation.
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4.0 Design Of Production Line In Factory /0O

Factory I/O computer software was used to design and produce a working production line
using the components stated in the design spec. Table 5 shows the total amount of

components used.

Item Minimum Needed | Total Used
Conveyors 4
Pushers 2 3

—_

Conveyor Scale

Diffuse Sensors 2 8
Emergency Stops 1 3
Buttons 2 2
Siren 1 1
Warning Lights 1 4
Stack Lights 2 3

Table 5 Total components used

The software allows the program developed in TIA Portal to be run and display to the user
how the factory would operate. The benefits of this are any errors in the program can be
modified in a safe environment and improvements can be made before the production line is
created in real life.
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4.1 Input/Output Addresses

The input and output addresses of all the components used in factory 1/O are shown in table
6 and figure 11. These are set up once the different components have been placed in the
location required to build the production line as shown in figure 10

Figure 10 Completed Factory IO Production Line

List of List of
Sensors Actuators

Input Output
Addresses Addresses

Figure 11 Factory I/O Component Input/Output Addresses Screen
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Sensors A::;:g; - &l:;:‘::s Actuators
Start Button 116.0 Q16.0 | Light Indicator (Green)
Stop Button | 116.1 Q16.1 | Light Indicator (Red)
Not Used 116.2 Q16.2 | Alarm Siren 0
Diffuse Sensor0 | 116.3 Q16.3 | Pusher 0
Diffuse Sensor 1 116.4 Q16.4 | Pusher 1
Diffuse Sensor 2 116.5 Q16.5 | Pusher?2
Diffuse Sensor 3 116.6 Q16.6 | Belt Conveyor (6m) 0
Diffuse Sensor 4 116.7 Q16.7 | Belt Conveyor (4m) 0
Diffuse Sensor 5 117.0 Q17.0 | Belt Conveyor (4m) 1
Diffuse Sensor 6 1171 Q171 Belt Conveyor (2m) 0
Diffuse Sensor 7 117.2 Q17.2 | Belt Conveyor (2m) 1
Safety Door 0 117.3 Q17.3 | Curved Belt Conveyor (4m) CW
Safety Door 1 117.4 Q17.4 | Curved Belt Conveyor (4m) CCW
Emergency Stop 0 117.5 Q17.5 | Belt Conveyor (2m) 2
Emergency Stop 1 117.6 Q17.6 | Belt Conveyor (2m) 3
Emergency Stop 2 7.7 Q17.7 | Stack Light 0 (Red)
Not Used | 118.0 Q18.0 | Conveyor Scale 0 (+)
Not Used 118.1 Q18.1 | Stack Light 0 (Green)
Not Used | 118.2 Q18.2 | Stack Light 0 (Yellow)
Not Used | 118.3 Q18.3 | Pop Up Wheel Sorter (+)
NotUsed | 118.4 Q18.4 | Pop Up Wheel Sorter (Left)
Not Used 118.5 Q18.5 | Pop Up Wheel Sorter (Right)
Not Used 118.6 Q18.6 | Warning Light 0
Not Used | 118.7 Q18.7 | Warning Light 1
Not Used | 119.0 Q19.0 | Warning Light 2
Not Used | 119.1 Q19.1 | Warning Light 3
Not Used | 119.2 Q19.2 | Stack Light 1 (Red)
Not Used 119.3 Q19.3 | Stack Light 1 (Green)
Not Used | 119.4 Q19.4 | Stack Light 1 (Yellow)
Not Used | 119.5 Q19.5 | Stack Light 2 (Red)
Not Used | 119.6 Q19.6 | Stack Light 2 (Green)
Not Used 119.7 Q19.7 | Stack Light 2 (Yellow)
Conveyor Scale 0 Weight (V) 1D30 QD30 | Digital Display 0

Table 6 Factory I/0 Component Input/Output Addresses
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4.2 Packages to Sort

The production line required
four different size packages to
be sorted, the large and
palletizing boxes were sorted
onto conveyors using diffuse
sensors set at different heights.
Whereas the small and medium
boxes were also sent to another
conveyor using a diffuse sensor
activated by height, they had an
additional level of sorting. This
was the weighing conveyor
where the boxes were
measured and sent left or right
depending on weight.

Small
boxes
removed

Palletizing
boxes
removed

Figure 12 Factory 1/0 Box Configuration

Medium
boxes
removed

boxes
removed

= 1 Start where 4
different box sizes
are emitted

The factory I/O program allowed you to set package emitters and removers as shown in figure

12 the emitter has settings to allow you to simulate the parts being manufactured in the factory

these are shown in figure 13.

Figure 13 Factory I/0O Package Emitter Settings
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4.3 Breakdown of Components used
4.3.1 Control Panel

The control panel was set up as shown in figure 14 with stack lights to indicate the status of
the operation, siren to warn the line is about to start up, emergency stop to stop operation,
start, stop buttons to start and stop the line locally and indication lamps to show when the line
is operational or not.

Emergency
Stop

Stop Push

Button
Start Push

Button

Stopped
Indication
Lamp

Running
Indication
Lamp

e\

Figure 14 Factory I/O Control Panel

~J
—
o
N
o
o
ro
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4.3.2 PUWER Compliant Safety Gate & Guards

The whole production line was made safe with guarding and safety gates which were
interlocked into the program to stop the operation if opened as shown in figure 15. These
guards and gates comply with the provision and use of work equipment regulations 1998
(PUWER) which prevents the employees from receiving injuries from the moving parts inside.
There is also an emergency stop and stack lights placed near both doors.

Safety
Door Limit

Emergency
Stop

Figure 15 Factory /O Safety Gates & Guards
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4.3.3 Diffuse Sensors & Pushers

The diffuse sensors have a light beam emitted from it and when the box breaks this by traveling
in front of it a signal is sent back to the PLC. The diffuse sensor shown in figure 16 activates
the pusher to transfer the box onto a different conveyor.

Diffuse 3 Pusher
Sensor

Figure 16 Factory I/0 Diffuse Sensor & Pusher
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4.3.4 Weighing of Small/Medium Boxes

The small and medium boxes are transferred to a weighing conveyor the diffuse sensor stops the
box for the reading to be taken. If the weight is greater or equal to 4.75KG then the box will be sent
right using the pop up conveyor and if the box is less than 4.25KG then the box will be sent left. The
different components used to send the boxes in the right direction can be seenin figure 17.

Left & Right [ . || i —

PopUp s 9”4 Conveyor
Conveyor - & .

Figure 17 Components Used for Sorting Small/Medium Boxes
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5.0 Ladder Logic Program

5.1 Flow Chart of Operation.

A flow chart of the intended program was created so that the operation would achieve what
was set out in the brief and if any improvements could be made this can be seen in figure 18.

@ No Stop —m| Red Light
N:

Green Light | Flashing Lights

Operate Yes
Pusher 1 Stop
v No

Count Back to Start

QOperate Yes
Pusher 2 S
v No

Count Weigh Box

Stop

Pop up
Conveyor Left

Pop up Operate Difluse

Conveyor Right Sensor 4

Y Y
Opesr::‘zsg:’f;l - Count

v v

Count Back to Start
17
Back to Start

Operate Yes

Diiffuse

sersor Pusher 3 @ Stop
No

v No

Count Back to Start

Figure 18 Flow Chart of Intended Program
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5.2PLC Tags

After all the components had been given addresses in Factory 1/O these inputs and outputs
were mirrored in TIA Portal as PLC tags and named so they could be called upon when
creating the program. These are shown in figure 19.

PLC tags
Name Data type Address Retain  Accessi- Writable Visiblein !
ble from from HMI engi-
HMI/OPC HMIOPC neering
UAWeb UAWeb
- Start Bumon Bool %1160 False True True True
@ stopBuien Baal O Falee True True True
@ Diffuse Sensor1 Boal 163 Faise True True True
@ Diffuse Sensor 2 Bool w64 False  [True True True
@  Greenlignt Baol Q6.0 False True True True
@ Fushent Boal Q163 False True True Trie
@ Pusher2 Baal %Q16.4 False True True True
lg@  Bent Conveyors sm Baol %016.6 False True [True True
@ oOpenate Baol EM100.0 False True True Trie
@ Red Light Bool wQiea False [True [True [True
@ o Baol lem100.1 False  [True True [True
@ Doz Baal heM100.2 Falee True True True
@ count1 Ulnt MW 150 False True [True True
| count2 Uint eMwis2 False  True True True
@ wamingo Baol eM200.0 False True True True
@  Warning 1 Baal REM200.1 False True True True
@  Warning 2 Baol R6M200.2 False True True True
@ Warning3 Baol EM200.3 False True [True True
@ Wwaminga Baal [®M200.4 False  [True True [True 1
@ wamings Bool [mz200.5 False  True True True
@ wamings Baol Jemz200.6 False  [True [True [True
@ Wwaming7 Baal EM200.7 False True True True
- warnings Byte emBz00 False [True True [True
@ Aermo Baol [wM201.0 False  [True True  [True
@ Alarmi Baal ReM201.1 False True True True
@ Aermz Boal EM201.2 False True True Teue
la  AMarm3 Bool eM201.3 False  |True True True
g  Aema Boal REM207.4 False True True True
@  Aerms |Baal [emz015 False [True True [True
@ Aems Bool [emz01.6 False  |True True True
@ Master Alarm Baol eM201.7 False True True True
g Alarms Byte ReMB201 False True True True
@ Warning flag Bool wMm100.4 False [True True [True
@ AMarmitiag Bool [%M100.5 False  [True True  [True
@ resetbution Baal ReM100.3 False True True True
g ma_dear Boal EM100.6 False True True True
@ Beit Conveyor A 4m Bool %Q16.7 False True True True
a Belt Conveyor C 4M |Baal Q170 False [True True [True
@ sien Boal ®Qi16.2 False  [True True [True
lga  Scale conveyor+ Bool wa1s.0 False [True True frrue
@ | genersl reset Baol eM100.7 False True True True
@ Pusher3 Boal %016.5 False  [True True True
@ Diffuse Sensor 3 Bool w165 False  |True True [True
@ Ben Conveyor b 2m Bool Q17,1 False  [True  [True  [True
l@  Bent Conveyor E 2M Baal Q7.2 False True True True
@ Curved Conveyor A Baal Q173 False True True True
a Curved Conveyor B Bool ®Q17.4 False [True [True [True
@ scale Real j%iD30 False  [True True [True
@ Display Real [wqD30 False  [True True [True
l@  Ditfuse sensor4 Boal Fe116.6 False True True True
l@ | Pop Up Conveyor + Baol Qe False True True True
a Pap Up Conveyor left Baal Q184 False [True True [True
@ | Pop Up Conveyor rignt Boal mQias False  [True True [True
- Weight |Real [eMmD300 False  [True [True [True
g Ready Baal REM101.0 False True True True
g | Beit Conveyor F am Baol %Q17.5 False True [True True

Figure 19 PLC Table of Tags
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5.3 PLC Program within TIA Portal

The Program was created within the folder called program blocks with the file name OB1. The
total program consisted of 22 networks where each network controls a different part of the
overall program these would be labelled to indicate what they control. This can be seen in
figure 20.
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Figure 20 TIA Software Screen
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5.4 Explanation of Program Networks

5.4.1 Network 1
The function block which enables the communication between TIA Portal and Factory I/O this

allows the program to be simulated in the Factory /O software.

Network 1:

HFCI000
“MHJ-PLC-Lab-Function-571200°

EN ENO

5.4.2 Network 2
The start of operations where the program begins. By pressing the start button M100.0 will

energise if there are no alarms and the stop button is healthy, because it is latched it will then
stay on until the stop button is pressed or an alarm occurs.

The emergency stops and safety doors are in series so if any are utilized then M101.1 or
M101.2 energise sending an alarm which will stop the operation.

Network 2: Start

Start Operations

w160 w81 %M 100.5 %M 100.0
*Start Button® “Stop Button® “Alarm flag” "Operate”
1} 1L 1
| | it 171 { —
%M100.0
“Operate”
w175 *N7.6 %17.7 %M101.1
“Emergency “Emergency “Ermargency “emergency
Stop 07 Stop 1" Stop stop alarm®
1L g 11
| | i F | | { —
%M101.1
*amargency %M201.4
stop alarm”™ “Alarm 47
| '
i/t { —
%M101.2
%173 %174 “door apen
“Safety door 0" “Safety door 1* alarm”
' 1L {
17 1F {1 —
RM101.2
“door open %M201.5
alarm® “Alarm 5°
/1 { F—
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5.4.3 Network 3

The reset shows how the general reset button

Network 3: Reset

General reset

®DA13

SIEC_Timer_0_
08_107
%q18.0
®M100.7 ™ “Scale conveyor
“general reset Tirme: +
— - e — 1 W—
BT ET
%A100.0
*Operate’
“M100.7 coNv
“genersl reset MOVE Oword to Real
F— | EN el
™ HMBA00 BMDAGO D300
@ ourt Scratch’ “Scratch’ (]

QUT — “weight”
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5.4.4 Network 4
Each conveyor starts up in sequence this reduces the overall start up current. A siren sounds

when the start button is pressed and each conveyor will start up incurring a 500ms delay from

the previous one.

Network 4: Conveyors

Start Conveyors

woune
EC_Tiemes_¢
Da_1*
w0 L s
“Operate” Time e
1t " Q { —
" L2}
i L]
1EC_Timas_D
oa v
Y
ToM bt Loy cn
Tume A
~ Q { b
L4 "
sout
WL _Timesr [
bax
bt b
Tom it Comryor
Time B
L {
" 3]
woa30
EC_Timwr |
Da_zs
ToM ¥
Time
L Q
L &

O

Rl LF. iy

Tuwes VT _Time, i

e o _a

»OIL0

ToN ™ eale (ORI

Tieme Tiewa: <
~ Q - Q {4 b——
LiJ L4} Led 4]
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%0819
“IEC_Timer_0
DB_16°
%0171
TON “Belt Comvayor
Time o
- Q { }—
) T ET
%0820
“IEC_Timer_0_
17
%Q17.2
TON “Belt Convayor
Time 3
N Q { —
T ET
%0821
“IEC_Timer_0_
D8_18"
- %Q17.3
TON “Curved
Time Cormeyar A"
— Q { —
o er— T

%Da22
“IFr_Fimes_n

Da_19*

- %Q17.4
TON "Curved
Time Conveyor B°

" Q {
T 3]
wwL?
"IEC Timer O
Da_24"
%0175
TON “Bolt Convayor
Time "
N Q { b—
T D T ET
%0823
"IEC_Tirther_0_
il (i
o %0183
TON *Pop Uip
Time Cormmyor +*
N Q { F—
T €T

5.4.5 Network 5
The green light will energise when the operate is made meaning whenever the production line

is running it will stay green. The red is opposite to this where the right light energises when
the production line is not running.

Network 5: Lights

Indication lights

M100.0 *016.0
Oper ain” "Green Light”
1L {
| | { b—
SM100.0 *Q18.1
“Operate” T Light”
{
—1 { J—a
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5.4.6 Network 6,7 & 8

These networks are identical albeit they operate different pushers. The certain size box will

activate the relevant diffuse sensor there is timer which allows the box to travel from sensor

to the middle of the pusher where it gets moved from the current conveyor to the next one.

The pusher arm is also timed before the signal is released and it returns to its home position.

Network 6: Pusher 1

Sensor pusher 1

RO "IEC_Timer, IEC_Timer_0
"IEC_Timer_0_DB" be_s" oe_7
%163 T0F TON L =063
‘Diffuse Sensor 1 Time Time Time *Pusher 1%
I ] Q ] Q N Q { —
Tee T ET PT ET T ET
Network 7: Pusher 2
Sensor pusher 2
%083 w08z uo84
"IEC_Timar 0, “IEC_Timar_0 IEC_Timear,
De_z" DE_1” DB_3"
w164 TOF TON d w164
“Diffuze Sensor I Tinne Time Time “Pusher °
[} ™ 9 ™ Q 9 { —
TRBSOMS T ET PT ET L ET
Network 8: Pusher 3
Sensor pusher 3
%DB1S %
*IEC_Timer_0_
DB_13" [
w165 Tor TON ™ ®O16S
“Diffuse Sensor I Tima Time Time “Pusher I
[} " N Q w Q { —
T T ET FT ET L ET

TATA STEEL




X Prifysgol Cymru
%y Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

5.4.7 Network 9
The total number of each size box is counted here for large and palletizing boxes these are

counted by every pusher movement. The medium and small boxes are counted when they

pass diffuse sensor 6 and 7 respectively, this is due to them using the same pusher.

The total number of boxes is also counted by placing the two pushers and two diffuse sensors
in parallel so a count is made whenever one of these activates.

Network 9: Counters

Box counters

e
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5.4.8 Network 10

If any warning is active from Byte MB200 it energises the warning flag coil M100.4. Also if an

alarm is active from Byte MB201 the this energises the master alarm M201.7 and alarm flag

M100.5.

Network 10: Warnings/alarms

check for warnings or alarms

5.4.9 Network 11

WMB200

; . %BM100.4
welmngla “Warning flag”
< { } .
I Byte | )

‘_i':IMH 201 %M201.7
armsl “Master Alarm®
< d ] "

Byte [ b
WM100.5
“Alarm flag”
{ —

The scale conveyor stops for the set time delay of 500ms when diffuse sensor 4 is made this

allows the box to be weighed before the left or right direction is selected depending on the

weight.

Network 11: Sacle Conveyor

Weighing conveyor

5.4.10 Network 12

Network 12: Weighing Display

Scale Weight display

*D824
FIEC_Times_0,

%0825

*IEC_Timer_0,
Da_21" b6_22"
wQ18.0 %Q180
WS “Scale comeyar Ton LD ™ e
Oiffuse sensor - Tima “deady® - o
I {R} L] Q { } N a (s}
T M5 — pT Er T ET .
“oade
“HC_Tiemar_O
. 2F
" »
& Time
k " Q - m‘“"‘ .
" e . 0 ¥ a0 00
e BOUTY  Wege Weght —m @OUTY — 'O
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5.4.11 Network 13
This network uses the weight measurement to separate the medium and small boxes after the

scale has measured them. It then sends the medium boxes right and the small boxes left.

Network 13: Pop up conveyor

Left and right direction of pop up conveyor

*Q184
“Pog Up
Conveyor left”

%MD300
“Waight"

o {5 —

%Q1858
“Pop Up
Conveyor right”

{fp—

*Q184
"Pop Up
Conveyor left”

Real | {Rb—

®MD300
"Weight"

=Q185
“Fop Up
Conveyor right”

{5 p—

5.4.12 Network 14
The large box error uses an up and down counter which gets its signals from pusher 1

operating when the large box is transferred to the different conveyor and diffuse sensor 5
being broken when it leaves for packaging if the box does not fall off the error will fluctuate
between 0 and 1. These error settings for the warning and alarm are set in the engineer's
page. For example if 2 was set as the warning and 4 for the alarm the system would indicate
a large box error warning if 2 boxes fall off and would issue an alarm and stop the production
line if 4 boxes fall off.

Network 14: Error counter

large box error counter

%DB28
“IEC_Courter
o_p8_2*

%Q16.3 cnin

*Pusher 1° Ulnt
it @ s

QD —

%167 SMW154
“Diffuse sensor 5° “Large box

—oy b——— Oy — error count”
%M100.7

*general reset’ — R
—io
]
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5.4.13 Network 15
M200.1 ‘Warning 1" and M201.1 ‘Alarm 1’ activates when the large box error count is greater

to or equal to either the warning or alarm pre-set values which have been added on the
engineer's screen. These will then be shown by indication lamps on the operators HMI screen.

Network 15: Error Warning/alarm

large box error warninglalarm

BMWI54
“Large box

2 %2001
error count

‘ “Warning 1°
»= {
_| Uint [ {

WMWS0
"LB warn val”

®MW154

“Large box —
error count” . -
Alarm1

»= | N
Uint | i}
RMWS2

*LB alarm val®

5.4.14 Network 16
The palletizing box error uses an up and down counter which gets its signals from pusher 2

operating when the palletizing box is transferred to the different conveyor and diffuse sensor
6 being broken when it leaves for packaging if the box does not fall off the error will fluctuate
between 0 and 1. These error settings for the warning and alarm are set in the engineer's
page. For example if 2 was set as the warning and 4 for the alarm the system would indicate
a large box error warning if 2 boxes fall off and would issue an alarm and stop the production
line if 4 boxes fall off.

Network 16: Error Counter

Paletizing box error counter

%DB29
“IEC_Counter
0_DB_3"

%0164 cTuD
“Pusher 2° Ulnt
{ (<1] Qu
QD —
%N7.0

i . HMWI56
Diffuse Sensor 6 “Paletizing box

— —— ov — ervar count”
=M100.7
"general resel” =g
-
P
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5.4.15 Network 17

M200.2 ‘Warning 2' and M201.2 ‘Alarm 2’ activates when the palletizing box error count is

greater to or equal to either the warning or alarm pre-set values which have been added on

the engineer’s screen. These will then be shown by indication lamps on the operators HMI

Screen.

Network 17: Error warning/alarm

Paletizing box warning/alarm

HMW 156
“Paletizing box
error count”

|
uint |

%M200.2
“Waming 2*

MW 54
"PB warn val®

HMW 156
*Paletizing box
error count”

{ —

w=M201.2
“Alarm ¥

= |
Uint |
%MWSE6

*Pa alarm val”

5.4.16 Network 18

{ }—

The medium/small box error uses an up and down counter which gets its signals from pusher

3 operating when the medium/small box is transferred to the different conveyor and diffuse

sensor 4 being broken when it leaves for packaging if the box does not fall off the error will

fluctuate between 0 and 1. These error settings for the waming and alarm are set in the

engineer's page. For example if 2 was set as the warning and 4 for the alarm the system would

indicate a large box error warning if 2 boxes fall off and would issue an alarm and stop the

production line if 4 boxes fall off.

Netwaork 18: Error counter

Medium/Small box error counter

RO16.S

*Pusher 3°

wDBEIZ

"IEC_Counter
o_pe_s

cTuo
Ulnt

%66
“Diffuse sansor 4%

%84100.7
"general reset”

w

—y p————cn

—R
—iD
L

Qu
oD —

WMWI62
“ rsmall
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5.4.17 Network 19
M200.3 ‘Warning 3’ and M201.3 ‘Alarm 3’ activates when the medium/small box error count is

greater to or equal to either the warning or alarm pre-set values which have been added on

the engineer’s screen. These will then be shown by indication lamps on the operators HMI
screen.

Network 19: Error Warning/alarm

Medium/Small box warninglalarm

HN 162
“Medium/Small
bg;::l?' %M200.3
| Warning ¥
= P
Iulnt I i}
%LMWSE
“WIS warn val*
=MW 162
“Medium/Small
oo mrror %M201.3
count . N
‘Alarm 3
»= | 4
Ulnt | i}
BMWE0
WIS alarm val®
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5.4.18 Network 20
When the system is not running with no alarms or warnings active the red stack light is on or

if a fault occurs when running it will also switch on due to belt conveyor A (Q16.7) normally
closed contact. When the production line is started the green and amber stack lights are on,
the green will stay on as long as the belt conveyor A (Q16.7) bit is active and the amber for
the same time that the siren (Q16.2) sounds. The amber will also switch back on when
production line is running if either the warning flag is activated or when the alarm flag is
activated. The alarm flag will stop the line and the red and amber stack lights will be

illuminated.

Network 20: Stack lights

Stack Lights Red, Yellow, Green

“Q16.7
“Belt Cormoeyor w177
A S
_V"
=019,
“Stack Light
Rea(1)"
{
{ }F——
wQ19s
*Stack Light
Red(2)*
i
{ P
016
*Beht Cornyor
A ane
_! !
r
“Qq19.8
Stack Light
Greer2)"
{ }—
Qa2
“Q182 “Stack Light
Siren® Yelkrw”
i
——— } { =
WAM1005 Qa4
M g “Stack Light
14 el 11
i} Yellow(1)
{
{ }_.
b1 00 4
Warning !
w197
11 .
1 Stack Light
Yellow(2)"
{
{ p——
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5.4.19 Network 21
There are four warning lights which are flashing beacons placed on each corner of the safety

guarding. These wamning lights are on when the production line is running indicting that there
is a working production line inside the guarding when these are on. The operate signal
(M100.0) is used to activate these four lights.

Network 21: Warning Lights

Flashing beacons on gaurding

%M100.0 #Q186
*Operate” *Warning Light 0°

I

{
1 ¥ 1

%Q18.7
“Warning Light 1*
{

[

%0Q19.0
"Warning Light 2°

{
1

[

%Q19.1
"Warning Light 4°
{

T

5.4.20 Network 22
Alarm 6 (M201.6) is activated when two or more boxes are present on the weighing conveyor.

This is done by monitoring the weight and if it is greater or equal to 7KG then the production
line stops, an indication is shown on the HMI and the boxes need to be removed before a
reset can occur.

Network 22: Error Weighing

Weigh scale conveyor error alarm

%MD3I00

: ! %M201.6
Weight

“Alarm &°

4
Real [ i} '
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6.0 Human-Machine Interface

The Human-Interface Machine (HMI) is the PLC program linked to screens which allows the
operator to contral the production line whilst also being able to access different feedback

values and see indication of warnings or faults present in real time.

The design of the HMI was also constructed in TIA portal, in total three screens were set up
which were, the home screen, the Alarm/warning screen and the engineer's screen. To be
able to create these screens a set of HMI tags was made which is shown in figure 77 this

shows details such as, the address and data type.

6.1 HMI Tag Table

Figure 21 shows the HMI tags created which allows the different bit addresses to be affiliated
with the HML.

Name Data type \Address Retain  Accessi- Writable Visible in
bble from from HMI engi-
HMUOPC HMUOPC neering

| API AP
@  Diffuse sensar s ool 6.7 False  True True True
@  targe box ewor count Wint MW154 False  True True True
@  LBwamual Wint HMWS0 True True True True
@ LB alarmval wint Jnaws2 True True True True
4@ Diffuse Sensor 6 ool 7o False  True Truse True
@  Paletizing box error count Wint WMW156 False  True True True
@  PBwamnal Wint HMWS4 True True True True
@ PBalarm val Wint [eMwse True True True True
@ ek Conveyor G M Bool w176 Faise True True True
@ coum3 Wint WMW158 False  True True True
Q counwa Wint HMW160 False  True True True
@  Oiffuse Sensor 7 ool [z Faise True True True
@  Diffuse Sensor 8 ool w172 False  True Truse True
@ Stack Light Red ool |wa17.7 False  True True True
@ StackLight Green Bool 0181 False  True True True
@ StackLight Yellow Boal w0182 False  True True True
@  MediumiSmall box error count  Uint WMW162 False Troe True True
@ Mswamal Wint HMWSE True True True True
@ WS alamm val Wint WMWED True True True True
@  Warning Lighto #ool Q186 False True True True
@ Warning Light 1 Bool wois7 False True True True
@ Warning Light 2 ool %Q19.0 False  True Truse Teue
- Warning Light 4 ool %019.1 False True Trse True
@  SafetydoorD Bool w73 False  True True True
@  Satetydoor 1 ool [w17.4 False  Troe Truse True
@ StackLight Red(1) ool Q19,2 False True True True
- Stack Light Green(1) Bool %019.3 False True True True
@ Stack Light Yellow(1) Boal w019.4 False  True True True
a Stack Light Red(2) foal [w@19.5 False True True True
@ Swcklight Green(2) Bool ECIEG False  True True True
@ Stack Light Yellow(2) Boal %019.7 False  True True True
- Emergency Stop 0 ool wn7s False True True True
@  Emergency Stop 1 Bool wn7.e False True True True
@ Emergency Stop2 Bool w177 False  True True True
<« counts Uint NMW164 False True True True
@ emergency stop alarm Bool [mr073 False  True True True
‘@  door open alarm ool WM101.2 False  Troe Truse True
= averwsight errar ool %M101.3 False True True True
@  Scratch DWord HMD400 False  True True True

Figure 21 HMI Tags
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6.2 The Home Screen

The Home screen is also known as the operators screen where there is multiple induction and
status values for the user to view. There is also commands such as start/stop buttons,
emergency stop and reset buttons. There is also button to navigate to different screens all
these functions are shown in figure 22.

Counters for Error Counters

different size boxes
Push button to stop Reset all counters General reset of all
operation counters

SIEMENS SIMATIC, HMI

Push button to start
A T - £ Ll
— : sensor activated
Stack Lights
= Indication of
r
HMI Emergency { ! ; \
Stop S Indication of Alarm

AL AL/ N~ A

~ :
Indication if any E Indication if any safety I Buttons to change
Stops are activated 8 doors are open screens
1 i

Figure 22 HMI Home Screen
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6.3 The Alarms/Warnings Screen

The warning/alarm screen displays in the event of a warning or failure which one is active by
switching from green when the system is healthy to red when there is an issue with that part
of the program the functions of this screen can be seen in figure 23.

If the master alarm activates by an alarm then the system would not start back up unless the
master reset is pressed on the engineer’s screen.

Move to home Move to Engineers
screen screen

S|EMENS SIMATIC F MI

. ; 5 ; :
Indication of warnings . . Indication of alarm

Figure 23 HM! Warning / Alarm Screen
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6.4 The Engineer’s Screen

The engineer’s screen is the final page this would allow the engineering team to access and
reset a master alarm if any of the seven alarms were activated. The line would not be able to
start back up until this has been pressed.

Also the variable error counts are set up on this page as shown in figure 24.

SIEMENS SIMATIC HMI

Button to move to
home screen
Variable values to Button to move to
added for box errors alarm/warning screen

Figure 24 HM! Engineer's Screen
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7.0 Warning Strategy

Table 7 shows the description of the waring how it occurs and how to reset.

] De DLIO ] 2
| Spare
Monitors the Occurs when the large | Remove boxes
amount of box diffuse sensor on from area and
boxes that may | end of conveyor has perform a
La have fallen of | counted less than the general reset on
rge Box -
Error conveyor diffuse sensor next to operator screen.
pusher the error counter
will then equal the
inputted error count
value
Monitors the Occurs when the Remove boxes
amount of palatizing box diffuse from area and
boxes that may | sensor on end of perform a
. have fallen of | conveyor has counted general reset on
Palletizing .
Box Error | cOnveyor less than the diffuse operator screen.
sensor next to pusher
the error counter will
then equal the inputted
error count value
Monitors the Occurs when the Remove boxes
amount of medium/small box from area and
boxes that may | diffuse sensor on end of | perform a
. have fallen of | conveyor has counted general reset on
Mlegét:{méfgfl conveyor less than the diffuse operator screen.
sensor next to pusher
the error counter will
then equal the inputted
error count value
: Spare
Spare
: Spare
Spare

Table 7 Warning Strategy
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8.0 Alarm Strategy

Table 8 shows the description of the alarm how it occurs and how to reset.

Description

Alarm activates

error count alarm
value is reached

Stops Operation in Qccurs when emergency stopis | De-press HMI
HMI an Emergency. pressed on HMI screen Emergency stop,
Emergency carry out master
Stop reset on engineers
screen
Monitors the Qccurs when the large box Remove boxes
amount of boxes diffuse sensor on end of from area and
that may have fallen | conveyor has counted less than | perform a general
Large Box of conveyor and the diffuse sensor next to reset on operator
Error stops operation if pusher the error counter will screen, then

then equal the inputted error
count value

perform a master
reset on engineers
screen.

Palletizing

Monitors the
amount of boxes
that may have fallen
of conveyor and

Occurs when the paletizing box
diffuse sensor on end of
conveyor has counted less than
the diffuse sensor next to

Remove boxes
from area and
perform a general
reset on operator

Scale Error

into error

Box Error stops operation if pusher the error counter will screen, then
error count alarm then equal the inputted error perform a master
value is reached count value reset on engineers
screen.
Monitors the Occurs when the medium/small | Remove boxes
amount of boxes box diffuse sensor on end of from area and
that may have fallen | conveyor has counted less than | perform a general
Medium/Small | of conveyor and the diffuse sensor next to reset on operator
Box Error stops operation if pusher the error counter will screen, then
error count alarm then equal the inputted error perform a master
value is reached count value reset on engineers
screen.
Stops Operation in Occurs when emergency stopis | De-press tripped
Emergency | an Emergency. pressed on control panel or Emergency stop,
Slop either access gate carry out master
Activated reset on engineers
screen
Stops Operation if Occurs if east or west gate is Close the safety
any safety gate is opened. gate, carry out
Gate Opened opened. master reset on
engineers screen
Stops operation if Qccurs if two or more boxes are | Remove boxes
Weighing weighing scale goes | on the weighing conveyor at from conveyor,

once.

then perform a
master reset on
engineers screen.

Master Alarm

Stops operations
restarting after any
alarm has been
activated

Qccurs if any alarm has been
activated

Remove the active
alarm then perform
master reset on the
engineers screen

Table 8 Alarm Strategy
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9.0 Analysis

Overall the production line worked very well with the program achieving beyond the minimum

specification in the brief and the factory I/O software managing the 4 different boxes correctly.

Some improvements which could be considered are to have less information on the home
screen so that the operator isn't overloaded with data, which can sometimes have a negative
effect and cause confusion. This could be achieved by having more than three screens on the
HMI, which would reduce the amount of information on the home screen by moving the pusher/

sensor lamps, emergency stops and opened gates to a different screen.

The program labelling could be improved this is due to the Factory I/O defaulting some sensors
to zero instead of 1. This meant that the labelling was one out on the TIA program i.e. diffuse
sensor 0 in Factory I/0O was diffuse sensor 1 TIA Portal etc. This would add time for engineers
when fault fining.

The amount of networks could have been reduced by combining networks 6,7 & 8, having

three lines of code in the one network this would have created a single network for all pushers.

There were 5 spare warnings which could have been added to improve the operation of the

line to reduce faults before they occur, this would result in less downtime.

One final improvement could be to password protect the engineer’s screen so that the operator

does not have access to this screen.
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GRADING FORM: SMU GENERIC_GJ

SHAUN GALSWORTHY 0

RESEARCH-INFORMED LITERATURE

(

y“‘ Very comprehensive literature review of PLCs on the market. 90%

KNOWLEDGE AND UNDERSTANDING

(

y"’ The factory looks good with all of the required components
included. Your factory operates well and demos very well except
your total box count should count boxes into the sorting process
not as they leave. 70%

ANALYSIS

(

y"’ Your ladder logic program is comprehensive and well documented
throughout with an alarm strategy. 85%



PRACTICAL APPLICATION AND DEP.

[ )

y‘ Your HMI screens are well laid out and informative for the operator
but the root screen is a little to busy and could be confusing
initially. 75%

SKILLS FOR PROFESSIONAL PRAC.

( )

y‘ The report is well presented with the network operations described
at each level. The illustrations are good and clear. A limited
selection of references. 80%




