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3. Abstract

This report covers the design and programming of a PLC controlled box sorting process. The process was
simulated in Factory 10, which is a factory simulation software, and programmed using Siemens TIA S7-PLCSIM
V16 which is a PLC programming software. Siemens TIA STEP 7 V16 used ladder logic for programming PLCs,
and this was used to program the process for simulation. The simulated process and the ladder logic is shown
and explained in this report.

The process required the following functions:

Must sort boxes by size and weight.

Process controls on a panel and a HMI.

HMI for controlling the process, viewing alarms, and setting the counters.
Emergency stop buttons.

Box counters and a reset count function.

Stack lights in the process and the HMI

Warning and alarm indicators for fault identification.

Conveyors for directing the boxes through the process.

O NN WM R

The process in Factory 10 included all of these functions, and they performed as required. The Siemens TIA
V16 PLC ladder logic program controlled the process correctly, and the HMI as well as the control panel
allowed operators to control the process and view alarms. The boxes were sorted by size and weight, and
separated into different removers to simulate successful packing.




4. Intfroduction

The purpose of this task was to produce a PLC controlled factory, being simulated in Factory 10, [1] [2] and
programmed via Siemens TIA V16 PLC logic software as shown in figure 2. [3] The factory must sort 4 different
variations of packaging depending on size and weight as shown in figure 1. The system also required a HMI
(human-machine interface) which allowed a user to operate the system and monitor warning and alarm
indicators, as well as reset them as required. There was a requirement for counters to count lost boxes, with
these alarming once settable counts were exceeded. This report describes the Factory 10 process design, and
the PLC ladder logic programming design, as well as the simulation results.

[4] Figure 2 - Siemens Programming Software Connected to a Simulated Process on Factory 10




5. Research

5.1. What are PLCs?

PLCs are microcontroller based industrial control devices which are designed to receive a number of electrical
inputs and switch a number of outputs, depending on the programmed logic stored in the PLC. [5] Figure 3
illustrates how the inputs enter the PLC, how the user program makes decisions based upon the program’s
logic, then provides the required outputs for process control. PLCs are composed of five components,
including the CPU, memory, power supply, I/0 interfacing, and the communications module. [6]
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[7] Figure 3 - Components of a Programmable Logic Controller

PLCs replace the old logic circuitry that was required to control automated systems, before the introduction of
PLCs. A great advantage of PLCs, is that the program can be quickly modified at any time to change how a
process is controlled, or to accommodate additional equipment being added to a process.

Figure 5 shows a Siemens PLC CPU. This is the Siemens SIMATIC $7-1200, which is modular and can be
expanded with numerous communications and 1/0 modules as shown in figure 6. [8] These modules are
simply attached to the CPU The program is stored in this CPU, and a programming pc can be connected to this
module to make changes to the program.

Programming device
'

A
Input Output ——
Input : User : Qutput
de\:i)ces b 'mage d program image > dEVIEES
table table
Data storage PLC

[5] Figure 4 - Architecture of a PLC




[10] Figure 6 - SIMATIC S7-1200 Signal modules Connected to the CPU

Figure 7 shows a Siemens LOGO! 8 unitary PLC, which has a fixed |/O quantity (8 x inputs & 4 x outputs), fixed
communications interfaces, fixed memory, and cannot be expanded. [11]

[12] Figure 7 - Siemens LOGO! 8 Logic Module Unitary PLC
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6.2. Control Panel

A control panel was designed and implemented into the process to allow an operator to manually interface
with the process. The panel has control for starting and stopping the process. There is a green light to show
that the process is running healthily, as well as a red light to show that the process has stopped. An
emergency stop button has been implemented into the panel to allow an operator to quickly stop the process
in an emergency. The process can then only be started again once the reset button on the panel has been
pressed. There are indicator lights to display whether a warning or an alarm is present in the process.
Mounted to the top of the panel are a warning light to light up when an alarm is active, and a stack light to
show the green run and red stop lights, as well as an amber light for when there is a warning or alarm active.

_— -?i_

Figure 21 - View of the Control Panel - Factory 10




6.3. Pushers

Three pushers have been implemented to separate the different boxes based on their heights as they traverse
along the first two conveyors. Each pusher has its own laser diffuse sensor for detecting the boxes. The
sensors are placed at heights from the conveyors which decrease for each pusher as you look across the
process. First pusher separates the large boxes, second pusher separates the medium and small boxes, and
the third pushes the smallest pallet boxes. The large and pallet boxes are now separated and sorted, however
the medium and small boxes are the same height. These must be sorted by measuring their weights. This
process is shown in figure 22.

Figure 22 - Three Pushers - Factory 10




6.4. Conveyor Scale

To separate the medium and small boxes once they have traversed across the conveyor from the
pusher, their weights must be measured. The weights are measured using a conveyor scale. The
medium box weighs 5kg, whereas the small box weighs 4kg. The scales can then signal to the
simulated PLC program, which box is currently being processed. This is shown in figure 23.

Figure 23 - Conveyor Scale - Factory 10

16




17
6.5. Pop Up Wheel Sorter

Once the weight has been determined via the conveyor scale, the pop up wheel sorter sends the box either to
the right or left conveyor to sort the medium and small boxes by weight. Medium 5kg boxes go left (looking at

figure 24), and small 4kg boxes go right.

Figure 24 - Pop Up Wheel Sorter - Factory 10
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6.7. PLC Inputs & Outputs

In Factory 10, the simulated PLCs inputs and outputs must be named so that the PLC programming software
can be linked via PLC tags in the Siemens TIA programming software. This simulated how a real PLC’s input
and output modules would be connected to various contactors, relays, and motor drives to control the
process. The inputs are on the left side, and the outputs are on the right. Each input and output has the
connected part of the process named next to it. Figure 26 shows the PLC I/O connections

Figure 26 - Factory 10 PLC Inputs & Outpu




/. Ladder Logic Program — Siemens TIA
Portal V16

The program for the simulated PLC was produced in Siemens TIAV16. This was produced in ladder logic form,
with each various process function being separated in networks or rungs.

7.1. Breakdown of the Process’s PLC Ladder Logic Programming
Network 1
This shows what type of PLC is being simulated, being a Siemens S7 1200.

v Network 1:

%FC9000
“MHJ-PLC-Lab-Function-$71200"

— EN ENO 1

Figure 27 - Ladder Logic Network 1

Network 2

Start operations are located here with the NO start and stop inputs, and an ‘operate’ tag to retain the on
request. Next are the NC alarm and e-stop flags to switch the ‘operate’ output off.

v Network 2:

START OPERATIONS
%16.0 %16.1 %M100.5 %M101.1 %M100.0
"START BUTTON"  “STOPBUTTON" *Alarm flag® "E-stop flag” "OPERATE"
{ | { | V1 Vi { F—
%M100.0
"OPERATE"
] 1
| I |

Figure 28 - Ladder Logic Network 2




21
Network 3
This rung includes the reset button for resetting the e-stop flag, and a flag .

- Network 3:

Reset Button

1003

W18.1 “reset button
*reset button® flag"
] 1 ! 1\
11 1 F

Figure 29 - Ladder Logic Network 3
Network 4
This rung contains all of the e-stops in the process and HMI, as well as the reset button flag. The e-stops will

set the output, and the reset button will reset the output to turn it off. This ensures the process cannot start
up until the reset has been pressed to remove the warning.

st Network 4:

E-Stops

Figure 30 - Ladder Logic Network




Network 5

Network 5 uses a pulse timer to reset the scale conveyor reading either when the reset error count button is
pressed on the HMI, or when the process is stopped.

hd

Network 5: ..
%DB15
*IEC_Timer_0_
DB_12"
“M100.7 - “Q18.0
“reseterror LLd "scale conveyor
count” Time +
] 1 IR\
1 F IN Q iR}
T#5MS PT ET— T&C
“M100.0
“OPERATE"
l
/1

Figure 31 - Ladder Logic Network 5




Network 6

Network 6 includes TON timers to delay the startup of all conveyors to prevent pulling too much current on
start up. ATP provides briefly activates the siren on start up to notify people that the process is starting.

*  Network 6:
BT CoMveyon
Tima S
] —
" L)
{ —
| { —
o o
0w
B
Tow smue
Tima ——
] J—
" L)
]
o o
R
i F—
Ton e
Time T
" L] {F
o L
] —
o L3
.
] —
" C
] —
o o
w7
] —
" o
—
-
T { —
- =
q i —

Figure 32 - Ladder Logic Network &6
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Network 7
This rung controls the green run light and red stopped light, depending on the operate tag from network 2.

¥  Network 7:

Lights
%WM100.0 %Q16.0
"OPERATE" “GREEN LIGHT

= | { F—

WM100.0 161
“OPERATE" "RED LIGHT

1 { }

Figure 33 - Ladder Logic Network 7

Networks 8, 9, & 10

These networks contain timing operations for each pusher. The box will pass the diffuse sensor, then the TON
and TP will provide a delayed output to the pusher to centrally connect with the box in order to move it. The

TOF will then switch the signal off, ready for the next box. NC flags are for the E-stops to prevent the pushers
from operating.

¥ Network 8:
Pallet Box Pusher Timing

wOBs
DE1 Timer o
mer B_S"
TOF ™ whA@m.
[ Time Eatop flag”
L} < L] q N g 171
PT ET T ET o T ET
¥  Network 9:
Large Box Pusher Timing
wDB2 wDBY ol
“IEC_Timer g “IEC_Timer_Q_ “IEC_Timer_0_
oe_1” DB_2" [
TOF TON ™ whAm. w63
Time Time Time “estop flag” PUSHER T
L] < N q U] 5 171 { +—
T er—T= = 30N —PT. Tz T2 300ME — T 1=

¥  Network 10:

Medium & Small Box Pusher Timing

oe_i+
%165 TON T whIM %MES
Thu e sensor Time Time “Estep flag” “pusher3”
; N < N < 1] < 11 { —
X B50M PT ET ¥ = 630MD PT ET ¥ Tz 30002 FT ET *

Figure 34 - Ladder Logic Networks 8, 9, & 10




Network 11

This rung includes counters for the production output of each type of box as well as for total production
output. The inputs are from diffuse sensors located at the ends of the final conveyors, which are contacted
once each box is sorted. There is an input from an HMI button for resetting the production counts, which links
to the ‘R’ inputs on all counters to reset them.

¥  Network 11:

Box packed counts (Large - Medium & Small - Pallet)

Q—
WAV 64

Figure 35 - Ladder Logic Network 11




Network 12

This rung includes a CTUD counter for counting total boxes in process which counts up with the input from the
diffuse sensor mounted near the box emitter. The counter then counts down with each diffuse sensor,
mounted at the ends of each final sorted conveyor. This is resetted via a signal from the HMI’s ‘reset error
count’ button.

¥  Network 12:

Global Counter

WB39
*IEC_Counter_
0_DE_g"
W7 cup
“diffuse sensor 6° uint
{ | w qu
QD—t
i W67 LAWIGE
diffuse sensor 5 *Global box
: : co oy — error count”
WA00.7
wrz “reseterror
“diffuse sensor 7" count” — g
| | false = LD
500 — py

W73
“diffuse sensor 8"
] |
1T

W70
"diffuse sensor0”

Figure 36 - Ladder logic Network 12

Network 13

This rung generates the flags for warnings, master alarm, and the alarm flag. A <> comparator set to ‘byte’ has
been used to receive inputs from all warning and alarm signals.

¥  Network 13: check for wamings or alarms

Flags for Warnings and Alarms

. NBf‘D{J. WM100.4
warnings *warning flag”
| <= | [ 3
 Byte | 1 7
o
fu".m.’o‘l' %WM201.7
Alarms "master alarm®
| <= | [
 oyte [ 1 7
o
WM100.5
*Alarm flag®
{ }
17

Figure 37 - Ladder Logic Network 13




16 @ warning 0 Default tag table Bool %M200.0
17 4@ warning 1 Default tag table Bool %M200.1
18 @ Warning 2 Default tag table Bool %M200.2
19 @ warning 3 Default tag table Bool %M200.3
20 <@ warning 4 Default tag table Bool %M200.4
21 @ warning 5 Default tag table Bool %M200.5
22 4@ warning 6 Default tag table Bool %M200.6
23 4@ warning 7 Default tag table Bool %M200.7
I 24 4@ warnings Default tag table Byte %MB200 I

Figure 38 - Warning PLC Tags & Warning Byte Tag

Network 14

This rung utilizes a TON timer switched by the scales box sensor to pause the conveyor once a box is on the
conveyor, helping to take an accurate weight reading. The TP timer then sets the conveyor output on to
switch the conveyor back on. The R (reset) scale output stops the conveyor, and the S (set) starts the
conveyor back up. The ‘ready’ output tells the conveyor to provide a weight output for the PLC to read.

¥  Network 14:

Scale Conveyor Pause

%We24 %DB25
*IEC_Timer_0_ *IEC_Timer_0_
21" 22"
%Q18.0 DB_ DB_. %18.0
W16.6 “scale conveyor TON W101.0 L “scale conveyor
"difuse sensor 4" +* Time “ready’ Time +*
1} N Q 5 ] N —s—
- : : T20r

FT ET *l

Figure 39 - Ladder Logic Network 14




Network 15

This network takes the ‘ready’ signal from network 14, and moves the conveyor scale’s weight to the three
displays on the conveyor, panel, and the HMI.

*  Network 15:

conveyor scale

MOVE

— ——m Q EN
T& 2h PT ET WD30 WAD300 WD300
“scale® — gy s QUTI — "weight' “weight"

MD3I0

“weight”
MOVE
EN —_—
WD3 w038
“weight' — N % OuUTI — "penel display’

Figure 40 - Ladder Logic Network 15

Network 16

Network 16 controls whether the box is directed right or left, depending on the weight being Skg or 4kg.
Comparator inputs direct the weight signal to the pop up outputs for either left or right, with resets to prevent
the opposite direction.

- Network 16:

Pop Up Wheel Sorter Control

MD300 %18 4
“weight” “pop_up left"
| <= l {s }
| Real | v
%185
“pop_up right”
{R}
D300 wWE .4
weight *pop_up left"
| > | n i
| Real | T
%0185
“pop_up right”
{s}

Figure 41 - Ladder Logic Network 16
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Network 17

This is for including a count for boxes lost from the process, so that the process can stop automatically once a
threshold has been met. Comparators for detecting when the box count increases above the amount set on
the HMII, for either a warning or an alarm output.

*  Network 17:

large box error warninglalarm

MW 54

*large box WM200.1
error count” *waming 1"

-“=| { }
Ulnt | L

WAW1 70
*Ilb warn val®

MW 54
*large box
errer count”

“Ib alarm val”

Figure 42 - Ladder Logic Network 17

Network 18

Identical to network 17, but for medium boxes.

*  Network 18:

Medium box error alarm

MW 58
“medium box

. WM2002
ermror count

“Warning 2°
| == I }
| uint | v f
W74

*medium box

warn setting”

W58
*medium box
error count”
| == |
Juint | LI
MW 76
"medium box
alarm setting”

Figure 43 - Ladder Logic Network 18




Network 19

Identical to networks 17 and 18, but for the pallet boxes.

*  Network 19:

Pallet box error alarm

MW 56

“pallet box
error count”

*warning 3"
= I { }
Uint I v i

W1 78
“pallet box
warn setting”

WM200.3

W1 56

"pallet box
errer count”

*alarm 3"
’=l { }
Uln|| v
W1 B0

“pallet box
alarm setting”

Figure 44 - Ladder Logic Network 19

Network 20

Identical to networks 17, 18, and 19, but for boxes lost within the whole process.

*  Network 20:

Total Boxes Lost

WMWI68
‘Globalbcnl %WM200 .4
eror count “warning 4”
| == | { }
{uint | v
Wi g4
“global box
warn setting”
W68
“Global bcn. WM201.4
error count “alarm 4°
| == { }
Juin | v
WMW190
“global box
alarm setting”

Figure 45 - Ladder Logic Network 20




Network 21

This counts the pallet boxes in progress from the pusher sensor to the remover sensor, and signals to the

comparator to monitor the count.

*  Network 21:

Pallet Box Error Count

Network 22

%We29
"IEC_Counter_
0_DB_3"
W63
*DIFUSE c1uo
SENSOR 1" Uint
— ———w Qu
QD —
o Wi7.0 i W1 56
diffuse sensor 0 “pallet box
—— ——o v — error count”
WM100.7
“reseterror
count” — g
10000 PV

Figure 46 - Ladder Logic Network 21

Identical to network 21 but for large boxes.

¥  Network 22:

Large Box Count

‘“B28
"IEC_Counter_
0_DB_2"
“0N16.3 cuo
"PUSHER 1" Ulnt
— ——w Qu
QD—"
W67 AW 54
"difuse sensor 5° *large box
— ———o v — error count”
1007
“reset error
count” — R
alse =D
00 w

Figure 47 - Ladder Logic Network 22
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Network 23

Identical to networks 21 and 22 but for counting the medium and small boxes, so two diffuse sensor inputs.

¥  Network 23:

Medium & Small Box Count

Network 24

This shows the outputs for the red and green stack lights. The signal from the first conveyor is used with

either a NO or NC input.

¥  Network 24:

DB 30
"IEC_Counter_
0_DB_4"
W16.5 CTuD
“difuse sensor 3" Uint
{ | w Qu
QD —ifalze
. “W17.2 . LWAWI 58
diffuse sensor 7 *medium box
| | cD ov — error count”
WM100.7
w73 “reset error
“diffuse sensor 8" count” — R
| | —1D
0000 PV

Figure 48 - Ladder Logic Network 23

green and red stack lights

W67
“conveyor A"

w77
“red stack light 0°
i}

i

%0191
“red stack light 1*
{ }

w1822
“red stack light
flag”
{ }

%0182
"green stack
light 0

L

0193
“green stack
light 1*

{ 1

Figure 49 - Ladder Logic Network 24
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Network 25

This rung controls the amber stack lights. This light will operate with either the siren flag, or the flashing
amber stack light flag from network 27.

- Network 25:

amber stack light

%181
W16.2 "amber stack
“Siren” light 0*
1 1 I .
110 L
1821 %Q19.2
*amberstack "amber stack
light lag” light 1*
1 1 ;1\
17 1 7 1

Figure 50 - Ladder logic Network 25




Network 26

This rung controls the panel warning lights and external red warning lights. The alarm flag and e-stop flag
switch the panel alarm light, external warning lights, and the siren. The warning flag switches the panel

warning light.

Network 26:

Warning and Alarm Panel Lights

WM100.5
“Alarm flag”
] 1

%Q18.7
“panel alarm
light®
| i

W101.1
"E-stop flag"
] |

LI

%WQ19.0

“Warning Light 0"

i

L

%196

“Warning light 1*

LI

%162
“Siren”

WM100 .4
“warning flag”
] 1

%186
“panel warning
light
{ }

Figure 51

L

Ladder Logic Network 26
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Network 27

This network introduces a blinking output to the amber stack lights when an alarm or warning flag is active.
Two TON timers with inversely linked NO and NC inputs connected to the IN connections, allow them to
alternate every 0.5 seconds, to switch the bottom NO contact and amber light flag on and off.

¥  Network 27:

Amber Blink Control

%B33
“IEC_Timer_0_
Dpe_25"
%M100.5 *IEC_Timer_0_ TON
“Alarm flag” DB_27".Q Time
{ | 4 IN Q
#0.55 — PT ET #
%WM100.4
“warning flag” . .
11 . DB 35
i IEC_Timer_0_
DB_27"
"IEC_Timer_0_ TON
DB_25".Q Time
— —m Q——
T%0.55 PT ET #
WM182.1
"IEC_Timer_0_ "amber stack
DB_25".Q light flag™
] 1 { 1\
1T LI

Figure 52 - Ladder Logic Network 27
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9. Alarm & Warning Strategy

The process is protected by a number of warnings and alarms for each type of box, which are programmed
into the PLC. The warnings will cause the amber stack light and panel warning light to light up to warn
operators of an issue. The alarms will stop the process, then cause the siren to sound, light up the red stack
lights, light up the alarm light on the control panel, as well as light up the larger warning lights.

Pressing an e-stop will cause an alarm to operate and the process will stop. The process will then only restart
once the reset button is pressed on the root screen.

The engineering screen features the maximum box error settings functions. These allow an engineer to set
the maximum permittable values of lost boxes for warnings and alarms. Once the warning setting is
exceeded, the warning light will operate to notify the operator, but the process will continue. Once the alarm
setting is exceeded, the process will stop and the alarm signal will be shown. An engineer must be called to
access the engineer screen, and press the ‘master reset’ button, which is shown in figure 56. The current
count is shown in the ‘in prog’ box in figure 57.

Loss of Boxes Error Count Settings

Figure 57 - Close-up View of Warming/Alarm Settings

All boxes are added as they enter the process, and subtracted once they exit as required. If a box is lost, the
number will not subtract and will increase towards the numbers set. Therefore, the maximum permittable
box settings will result in a warning or alarm is adjustable via the boxes on the left of figure 57. Figure 58
illustrates the box counting process.

[+1] Box
added to
Number will count
not subtract if
a box falls off.
Once 5 boxes Large box’s

(for example) path through

have been the process
lost, the

number will

count over the [-1] Box
set limitand a subtracted
warning will from both
operate. counts

Figure 58 - lllustration of Lost Box Monitoring System




SIMATIC HMI

Warning
settings

Alarm

Settings

Live Counts

A | p—
Master Reset Reset Count n
b

Figure 59 — Illustration of Different Settings on the HMI Engineering Screen

Figure 59 shows where the different settings are located with the live counts next to them.
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11. Conclusion

To conclude, the factory process that was produced in Factory 10, effectively sorted all four variations
of boxes that were emitted into the process for them to be removed individually. Figure 61 shows the
completed process.

The following aspects of the process functioned successfully:

Pushers and sensors detected the box dimensions to send them to separate conveyors. This split the
boxes into three groups, large, medium/small, and pallet boxes.

Medium and small boxes were separated by measuring their weight and splitting them via a pop up
wheel sorter.

Any boxes lost from the process were detected by the warning and alarm counter system, with the
count being set by an operator/engineer.

E-stops were easily accessible and halted the process.

Process could be controlled via the panel buttons, or the HMI.

Stack lights in the process and the HMI displayed the current status of the process.

Conveyors drove the boxes around the process in a neat manner.

Figure 61 - Completed Box Sorting Process - Factory 10
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