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1. Abstract

The purpose of this report was to show a system designed and controlled to sort out four separate
types of packages that would be based on its size and weight. The system was controlled using a
Human Machine Interface (HMI) and included manual resets if an alarm or warning was activated.
These warnings and alarms were shown via both physical stack lights, with one situated at the start
of the conveyor belt, with the other located diagonally opposite, at the furthest point of the layout,
to enable the shop floor team to monitor the system running without any issues.

Figure 1 Factory Layout




2. Introduction

Programmable Logic Controller or PLCs are used in all types of industry to allow control and process.
They are a vast component used in this sector, with all different types used.

Due to its ease of programming for such functions as counting, timing and control sequentially,
many manufacturing companies use this form of process control. They are also highly robust. So can
withstand varying environmental conditions. [1]

Figure 2 PLC controlled machinery for process [2]
When considering the type of PLC to use, several factors are considered: -

Inputs and outputs required

Programme used will define the size of memory

Serial or network communication, this will allow the PLC to communicate with other PLCs.
Modules required — Analog or digital 1/0. A higher number would be required for a bigger
footprint of location, such as a plant would require more modules then compared to a small

Ll

unit.

5. Scan Time — Shorter scan time for a large program. The cost is higher when the scan time is
short.

6. Software — Programming and debugging is made easier when to correct software is chosen.
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21.1 Fixed Type
As shown in Table 1, there three types of PLV available for automation in industries. In general, for
a less complicated application with smaller capacity, a Fixed PLC is used.

Input Interface

Controller (CPU), L
Memory & Communication

Power Supply Interface

Output Interface

Figure 3 Fixed Type PLC Architecture [6]

As shown in figure 2, the fixed PLC’'s components are embedded in the unit.

Manufacturer Type

Allen Bradley

Micro 820 PLC

7]

Omron

. CP1E Compact
(8]

Siemens

LOGO! Basic PLC

[9]

ES2 Standard PLC Series

Direct LOGIC DL105 Brick PLC

Table 2 Example of Fixed PLC types




213 Modular Type
The Modular PLC's modules are separate for the hardware. This type of PLC can be modified to be

specific to its application.

Memory
Interface
Interface

Input / Output
Interface
Input / Output
Interface
Input / Output
Interface
Input / Output
Interface

=
=)
a
-
7]
®
2
o
o

Controller (CPU) &

Communication
Communication

Figure 4 modular Type PLC Architecture [6]

Modular PLC are used for when a high number of I/0 is required. Also, a greater level of complexity
is required for its operation.

Manufacturer Type
Allen Bradley
B ao T . .
[U‘: Compact Logix 5370 L3 Series
— -
= :
s
[12]
Omron
M CJ Series
[13]
Siemens
m 57-300 Series
z [14]
Delta
Compact Modular Mid-Range AS Series
[15]
Koyo
! Micro Modular — DL205 Series
[16]

Table 3 Example of Modular PLC types
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21.3 Distributed (Rack Mounted)
A distributed PLC includes modular architecture and are capable of connecting to hardware in
separate location through high-speed comms. These systems house a high number of modules on a
racking system.

PLC & IO Remote I/0 PLC & I/O Remote /0 Remote |/O

Figure 5 Architecture of a Distributed PLC Type [6]

/

Due to distributed PLC’s not being limited to the location, they are found in plants and other large
factories. With large processors and memoaries, then handle high levels of 1/0, utilizing more

complex processes.

Manufacturer Type
Allen Bradley
m Control Logix 1756 Series
.
[17]
Omron

CS1 Series

.

L EH L A

Siemens

SIMATIC - ET 200SP

AH Series

Koyo

Micro Modular — DL205 Series

[21]

Table 4 Example of Distribution PLC types
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TYPE FIXED MODULAR DISTRIBUTED
CPU PERFORMANCE Low MED TO HIGH HIGH
MEMORY SMALL MED TO LARGE LARGE
POWER SUPPLY EMBEDDED MODULE MODULE
1/O INTERFACE EMBEDDED MODULES MODULES
COMMS. INTERFACE EMBEDDED MODULES MODULES
MOUNTING SYSTEM SINGLE UNIT RACK, RAIL OR RACK, RAIL OR
CHASSIS CHASSIS

SIZE SMALL MED TO LARGE MED TO LARGE
COST Low MED HIGH

Table 5 Technical Comparison table for PLC's

For the PLC controlled factory system, the following was required as a minimum incorporated in the

overall design:

2 Stack Lights

1 Siren

1 Warning Light

1 Emergency Stop
2 Diffuse sensors
1 Conveyor Scale
2 Pushers

4 Conveyor Belts

In addition, an HMI (Human Manual Interface), was required for the operator and engineer to use
for control and fault find. The following was required to be included on the HMI:

Stack light replication
Counters

Counter reset button
Emergency Stop
Start/Stop buttons
Warning/Alarm indicators

A fault screen was required to show that warnings were surpassed for the counters. An engineering

screen was also required to be able to set the warning and alarm count.

12




3. System design

The factory simulation was created using Factory 10 simulation software [22], with Ladder Logic
system created using Siemens TIA [23]. This was also used to simulate HMI controllers.

3.1Box type

Four different types of boxes were to be sorted and produced through the factory, with an individual
and overall count for completed boxes produced. These boxes were sorted by either height or
weight or a combination of both.

311 Large Box

Figure 6 Large Box for sorting

As shown in figure 6, the large box type to be sorted.

13




3.1.2 Pallet Box

Figure 7 Pallet Box for sorting
As shown in figure 7, the pallet box type to be sorted.

3.1.3 Small Box

Figure 8 Small Box for sorting

As shown in figure 8, the small box type to be sorted.

14




3.1.4 Medium Box

AR

Figure 9 Medium Box for sorting

As shown in figure 9, the medium box type to be sorted.

15




3.2Conveyors
For the start of the process, two conveyors were placed in series to allow space for three branched
lines at right angles to be added for the different size boxes. At the start of the main conveyor, a
package emitter was added to add randomly size boxes onto the belt every couple of seconds.

Figure 10 Box sorting layout. 1- Pallet box remover. 2- Pallet box conveyor.3 — Small/Medium box conveyor. 4 - Large
box remover. 5 — Large box conveyor. 6 — Main conveyor. 7 — Random box emitter.

As shown in figure 10, the main conveyor with a box emitter at the start. This fed random size boxes
ontothe conveyor to be sorted onto the individual conveyors, pallet, small/medium and large. At
the end of each of the individual conveyor’s, emitters were placed to remove the boxes.

To put the different size boxes onto their corresponding conveys, diffuse sensors were placed on the
main conveyor, and these were linked to pushers to push the box onto the correct conveyor.

16




3.3Sensors for box type

The four different type boxes were required to be sorted and packaged separately. This was
performed by placing diffuse sensors at the required height for each box. For example, to
acknowledge the presence of a large box. [24]

Figure 11 Diffuse sensor for large box

As shown in figure 11, a diffuse sensor was placed at a height that would capture the large boxes
presence but allow the other size boxes through as their height was lower and not trigger the
sensor. The sensor was linked to a pusher that would push the box onto the individual conveyor.

Figure 12 Diffuse sensor for pallet box

As shown in figure 12, a diffuse sensor for the pallet box was placed at a much lower height than the
large box. This was placed at the end of the main conveyor as it was the smallest size and would pick
up all sizes, as the previous diffuse sensors picked up large boxes by having the sensor high,

small/medium boxes were acknowledged by having the sensor medium height. This was to allow the
pallet boxes through.

17




3.4Pushers
Three pushers were situated on the main conveyor, spaced out to allow space for the induvial size
boxes to be pushed onto their respective conveyors for production. [25] The pushers and its
associated diffuse sensor were in close proximity of one another to work in conjunction. When the
size box triggered the sensor, the pusher was triggered to pulse and push the respective box onto
the conveyor. An example of this is shown in figure 13.

Figure 13 Pusher pulsing following diffuse sensor triggered to push box onto separate conveyor

Figure 14 Location of pushers

18




3.5Weight Scaler
In order to sort small and medium boxes a weight scaler was added as these were defined by weight.
Both small and medium would be sorted onto the middle conveyor, branched off from the main
conveyor. [26]

Figure 15 Small/Medium boxes travelling down middle conveyor to be weighed to differentiate size

As shown in figure 15, both small and medium boxes were funneled down this middle conveyor as
they would pass the first sensor for large boxes as their height was lower.

When boxes reached the weight scaler the scaler would stop and weigh the box. If the box was less
or equal to 4.25Kg it would then trigger the pop-up wheeled sorter and push the box associated with
that weight to travel right. If the next box was more than or equal to 4.75Kg it would turn the pop-up
wheeled sorter the opposite way and push that weighed box left.

Figure 16 Small/Medium boxes post weigh triggering diffuse sensor for completion

As shown in figure 11, when the boxes have been weighed and pushed the corresponding direction
they were then travelled along their own small and curved conveyors. A diffuse sensor was |located
at the end of each line to count and acknowledge a successful box completed.

19




3.6 Main Control Box

3.6.1 Control Buttons

To stop and start the conveyor, a Power Box was added at the start of the main conveyor. To start

the conveyor, the operator would simply push the start button, which would illuminate to show
power was active.

Figure 17 Power box for conveyors. Including Start/Stop and EMO, Siren, alarm light and stack lights

As shown in figure 17, the main power box included Start and Stop buttons that would illuminate an
indicator light to show if power was running or stopped. These were green for Start and red for Stop

respectively. An Emergency stop button was also included incase an accident had occurred, and the
conveyor was required to immediately stop.

20




3.6.2 Alarms
On startup, a siren would sound to acknowledge to the factory floor occupants that the system was
starting and operable. This would be a quick sharp burst that would last only a few seconds.

The stack lights were an indication to operators and engineers that:
Green — Operating with no warnings

Yellow — Operating, but a warning has been triggered

Red - Alarm has been triggered and the conveyor has stopped

When an alarm had been triggered an alarm light would flash to draw more attention to the
shopfloor attendees to rectify the issue.

3.6.2.1 Green Light

Figure 18 Stack lights green light illuminated to indicate operating with no alarms

As shown in figure 18, stack light showed that the conveyor was operational as the green light was
illuminated. This indicated that there were no warnings triggered. A second stack light was located
at the opposite corner to the one located on the power box. This was added to allow show floor
attendees to have visual acknowledgement wherever they were located.

21




3.6.2.2 Yellow Light

Figure 19 Yellow alarm illuminated due to box fallen off conveyor, affecting counter that triggered alarm

As shown in figure 19, due to a number of boxes had fallen off the conveyor and affected the
counter between sensors, the alarm function was activated. This is turn has activated the yellow
light on the stack lights. This would not stop the conveyor as it was only an alarm and just an
indication that the error count for a warning had been reached.

22




3.6.2.3  Red Light

Figure 20 Warmning light and alarm light illuminated due to an increase of boxes unaccounted for on the conveyors

As shown in figure 20, if an increase of boxes fell off the conveyor between sensors, the illuminated
warning light on the stack light was joined by the warning red light becoming activated. When the

red light was triggered on, the whole conveyor system stopped. This also triggered the separate
rotating alarm on the power box.

23




3.7HMI
An HMI (Human Machine Interface) is used heavily in manufacturing allowing the operator to
interface with the machine controlled by it. [27] It can give several variables set by the engineer to
measure run rates and KPI's. It can also monitor inputs, outputs, and components within incase
there is an issue with the system. The Interface is the first point for the engineer to fault find.

3.7.1 Root Screen

SIEMENS SIMATIC HM

Main Reset

N\
E--_--
B Y T Y AT

Figure 21 Root screen clear with no alarms

Engineers

As shown in figure 21, the HMI Root screen. The screen was accessible to the operator, as they
would be the primary user. The Start/Stop and emergency stop was linked to the power box and was
a simulation of these functions. Counters for all size boxes were displayed to show successful
process of said sizes. A total count of combined completed boxes processed was also included. The
stack light notification was replicated to show the operator the current process situation. The main
reset button would reset the counters back to zero. Alarm and engineer button would direct the
user to those respective screens. Only an engineer would have access to the engineer screen.

24




3.7.2 Alarm Screen

SIEMENS SIMATIC HMI

Figure 22 Alarm screen showing warmning and alarm triggered

As shown in figure 22, the warning screen displayed all warnings and alarms. These were triggered if
the error count was reached due to boxes falling off the conveyor. When an alarm was triggered, the
Master Alarm was triggered and would stop the conveyor. This was reset by an engineer pressing
the Master Reset button on the Root Screen.

25




3.7.3 Engineer Screen

SIEMENS SIMATIC HMI

Master Rset

L0 B N

Figure 23 Engineer Screen showing waming and alarm count

As shown in figure 23, the engineer screen was only accessible to the engineer. The engineer would
set the number of warnings and alarms in each size counter. When this number was reached, the
applicable notification was illuminated to highlight an issue on the line. Each pusher and sensor were
also illuminated when activated. This was to show the engineer that all functions were operable.
This was to aid in fault finding. A total online count showed real-time monitoring of active boxes in
production. The Master Reset would reset all total counters.
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3.8Ladder Logic
To control the PLC, Siemens TIA software was used to build a Ladder Logic program. The following
was a description of each line individually with a brief explanation of the operation of the respective
line:

3.8.1 Line 1 — Start Operations
%116.0 %116.1 %M100.5 %M100.0
"START BUTTON" "STOP BUTTON" "Alarm flag™ "OPERATE"

— | | i { —

%M100.0
"OPERATE"

_||_

Figure 24 Ladder Logic Line 1 - Start operations

Figure 24 shows the start operations line. NOC for the Start button will close when button is pressed
and energize the line and the output (Operate), is a memory. A latch is produced by including the
OPERATE function as a NOC. The Alarm activated when stopped.

3.8.2 Line 2 — Scale Conveyor Reset
%DB15
"IEC_Timer_0_
DB_12"
%Q18.0
%M100.7 TP “scale conveyor
“general reset” Time +
— | IN Q {Rp—s
T#5MS — pT ET— T#0ms
%M100.0
"OPERATE"

Figure 25 Ladder Logic Line 2 — Scale Conveyor Reset

Figure 25 shows NOC — General Reset is a memory state, that when closed, resets the output scale
conveyor. This included a pulse time of 5ms.
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3.8.3 Line 3 — Start Conveyors
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Figure 26 Ladder Logic Line 3 — Start Conveyors

Figure 26 shows that when memory state OPERATE was active, all conveyors and pop-up sorters
started up. The Pulse time on each conveyor was spaced out by 1s. This was to avoid a large current
draw at the initial startup. The siren also started up with the first conveyor.
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3.8.4 Line 4 — Start/Stop Buttons & Stack Lights

&M100.0 %0Q16.0
"OPERATE" "GREEN LIGHT"
] L I 1
1T \ I
&M100.0 ®0Q16.1
"OPERATE" "RED LIGHT"
1 i 1
Vi { }
®Q6.7 %0181
“conveyor A" “red stack light”
]
i/t { }
%Q19.0
“red stack light1"
i 1
L
“%®018.2
%®Q16.7 “green stack
“conveyor A" light"
] L i !
LI ) LI
%Q19.1
“green stack
light1"
[ 1
\ !
%Q18.6
%*Q16.2 “yellow stack
"siren” light”
1L [

LI | A i
%M1005 %Q19.2
"Alarm flag™ "yellow stack
f—{ }— light1”

d "
A I
®=M100.4
“warning flag™
] L

Figure 27 Ladder Logic Line 4 —Start/Stop Buttons & Stack Lights

Figure 27 shows that when memory state OPERATE, closed and active, the green light on the power
box activated. Transversely, when the conveyor stopped, and when OPERATE NCC opened, the red
light on the power box was active. Both red stack lights activated when this took place. If the
conveyor was active the green stack lights were illuminated. When the alarm or warning flags were

activated, both yellow stack lights were activated.
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3.8.5 Pallet Box Line

®DB1
e IEC_Timer_0_Da'
“DIFUSE TOF TON i %Q16.4
SENSOR 1 Time Tirne Time "PUSHER 2
Q IN o N = }—
ET M5 = BT ET #300MS = BT ET

Figure 28 Ladder Logic Line 5 — Pallet Box Line

Figure 28 shows when Diffuse Sensor for the Pallet box was activated, pusher 2 activated. Timer on

and off stop and started to retract the pusher.

3.8.6 Large Box Line

*®DBZ

“IEC_Timer_0_
T 1
16,4
“DIFUSE ToF e 4216.3
SENSOR 2° Time Time PUSHER 1
p—m Q N Q i L — T —
$B50MS — PT ET THE50MS — PT ET T#300MS — P ET—71

Figure 29 Ladder Logic Line 6 — Large Box Line

Figure 29 shows when Diffuse Sensor for the Large box was activated, pusher 1 activated. Timer on

and off stop and started to retract the pusher.

3.8.7 Small/Medium Box Line
%DB16 “DB17 De1s
"IEC_Timer_0, "IEC_Timer_0, *IEC_Timer_0.
DB_13" DB_14° DB_15°
W®l16.5 TOF TON L4 %Q16.5
“difuse sensor 3* Time Time Time *pusher 3"
| ——_] 0 IN Q [ () —]{ ——t
#850MS — pT 3] #650MS— P, ET #300MS — pT ET

Figure 30 Ladder Logic Line 7 — Small/Medium Box Line

Figure 30 shows when Diffuse Sensor for the small/medium box was activated, pusher 3 activated.

Timer on and off stop and started to retract the pusher.
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Large Box / Pallet Box/ Sm-Md Box Count Line

3.8.8
%DB7
“IEC_Counter_
0_DB"
%0Q16.3 cTu
*PUSHER 1* Ulnt
— —w Q
%M100.3 BMW150
"resetbutton” == R cv “countl”
1000 == py
%DB8
*IEC_Counter_
0_DB_1"
%Q16.4 CcTu
"PUSHER 2° Ulnt
_| I—cu () et
%M100.3 HMW162
"resetbutton” = R cv “count 4"
PV
%DB29
"IEC_Counter_
0_DB_3"
%116.2 cruy
*difuse sensor 0 Ulint
—— ——a Foy—
%M100.3 eMW156
“resetbutton” == R cv “count3”
1000 — py
%DB33
“IEC_Counter_
0_DB_6"
%I17.3 CcTu
*difuse sensor 6° Ulnt
—— —a
%M100.3 BMW152
“resetbutton” === R CV — “count2"
1000 = py

Figure 31 Ladder Logic Line 8 — Large Box / Pallet Box/ Sm-Md Box Count Line

Figure 31 shows that when Pusher 1 activated, the large box total counted up. When Pusher 2
activated, the small box total counted up. When diffuse sensor O activated, the medium total
counted up, when diffuse sensor was activated, the small box count total counted up. All totals reset

when the reset button was activated after 1s.
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3.8.9 Warning & Alarm Check
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Figure 32 Ladder Logic Line 9 — Warning & Alarm Check Line

Figure 32 shows when the memory warnings were active, the output warning flag was activated.
This output was linked to activating the yellow stack light on line 4. When the memaory alarms were
active, the master alarm and alarm flag was activated. When the alarm flag was activated, the

warning light illuminated.

3.8.10 Weighing Scale Sort
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Figure 33 Ladder Logic Line 10 — Weighing Scale Sort Line

Figure 33 shows when diffuse sensor, located before the scale conveyor, was activated, the scale
conveyor reset from the previous box. TON was activated to start the conveyor back up aftera TP
set the weight of the next box weighed.
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3.8.11 Conveyor Scale
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Figure 34 Ladder Logic Line 11 — Conveyor Scale Line

Figure 34 shows when memory ready was active, a timer pulsed for 2ms. The box on the scale was
measured and recorded the weight and displayed it.

3.8.12 Weight Sort for Small / Medium

IN &3 0UT1 “display”

Figure 35 Ladder Logic Line 12 — Weight Sort for Small / Medium Line

As shown in figure 35, when memory weight was less or equal to 4.25Kg, the pop up right reset and
pop up left set to allow the box to travel left. When memory weight was more than or equal to
4.75Kg, pop up left reset and pop up right set to send the box right.
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3.8.13 Large Box/Pallet Box/Sm-Med Error Count Monitor
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Figure 36 Ladder Logic

Figure 36 shows when Pusher 1 a

Line 13 - Large Box/Pallet Box/Sm-Med Error Count Monitor Line

ctivated, the large box error counted up. When diffuse sensor 5

activated, located at the end of the line, counted down. When pusher 2 activated, the pallet box
error counted up. When diffuse sensor 7 activated, located at the end of the line, counted down. For

the small/medium boxes, pusher
the left-hand side and right-hand

3 activated counted the error box count up, the sensors located on
side, sensors 0 and 6, counted down when activated. All counts

reset with General Reset button activated after 1s.

34




3.8.14 Large Box Error Count Warning/Alarm
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Figure 37 Ladder Logic Line 14 - Large Box Error Count Warning/Alarm Line

Figure 37 shows that when the large box error count equaled or was greater than the number set,
warning 1, which was on the alarm screen activated. Alarm 1 was also activated this way.

3.8.15 Pallet Box Error Count Warning /Alarm
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Figure 38 Ladder Logic Line 15 - Pallet Box Error Count Warning/Alarm Line

Figure 38 shows the same set up as for the large box error count. Warning and Alarm 2 were
activated when set number was reached or exceeded.
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3.8.16 Small/Medium Box Error Count Warning/Alarm
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Figure 39 Ladder Logic Line 16 — Small/Medium Box Error Count Warning/Alarm Line

Figure 39 shows the same set up as for the large and pallet box error count. Warning and Alarm 3
were activated when set number was reached or exceeded.

3.8.17 Total Online Counter
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Figure 40 Ladder Logic Line 17 — Total Online Counter

Figure 40 shows diffuse sensor 8, which was located at the start of the conveyor, counted up when
activated by a box. The other sensors,0, 5, 6 and 7 were located at the end of their respective lines.
These counted down. The reset button would reset the Total Count in 1s.
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3.8.18 Total Process Count
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Figure 41 Ladder Logic Line 18 — Total Process Counter

Figure 41 shows that when diffuse sensors 5, 6, 0 and 7 are triggered the count up was activated to
add all completed boxes. The total process count was reset when the reset button was pressed after
1s.

3.8.19 Emergency Stop Button
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Figure 42 Ladder Logic Line 19 — Emergency Stop Button

Figure 42 shows that when NOC emergency stop was pressed, the operate output deactivated. This
stopped the conveyor from running.
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4. Results
4.1Alarm /Warning Strategy

41.1 Warnings

SIEMENS SIMATIC HMI

Master Rset

Ja R B M R W A N

Figure 44 Engineer Screen with warning and alarm counters set. A total error count was also included

Figure 44 shows the engineering screen, which only the engineer had access to. They set a maximum
number on all warnings and alarms. When reached, the respective notification alerted the engineer.

A Total Count notified the engineer when the set limit was reached.

Figure 45 Large box passed through first sensor to count up error. The second sensor at the end of the line counts error

down
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Figure 45 shows when the large box triggered its first sensor the error count on the engineer screen
counted up, as shown on figure 46. The count went down when the second sensor was triggered.
This was to show that the box had completed its process, and not fallen off the belt.

SIMATIC HMI

SIEMENS

Master Rset

Il 0

Figure 46 Engineer screen showing 1 box has not been completed successfully. The total would only count back down to
zero if the same box triggered the end of line sensor.

If boxes were continuing to hit the first sensor to trigger the error count, but then not reaching the
second sensor to clear the error by the box falling off, the warning light on the Root screen and
Warning screen was illuminated. This was to inform both operator and engineer that there is a fault

in the process.

SIEMENS SIMATIC HMI

0 )

Figure 47 Warning screen showing a large box error count due. This activated due to the box triggering the first sensor,
but the second sensor has not been triggered. Either due to the box having not reached the end sensor, or the box has
fallen off the belt.
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Figure 48 Showing four boxes had fallen off the conveyor. Due the fact that they all triggered the first sensor and the
error count increased when they never reached the second sensor, the alarm light illuminated on the stack light.

Figure 48 shows four boxes on the shop floor. They had initially triggered the first sensor when
passing through. This started the error count. But because they never reached the second sensor,
the error count continued to rise until it reached the number set by the engineer before production.
This in turn illuminated all warning lights.
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4.1.2 Alarms
If the warning count continued to rise due to boxes falling off the belt, and the total error count
reached that of the engineer’s limit, the alarm was triggered. This also activated a rotating alarm
light to notify the shop floor. In addition, the conveyor ceased to run. This was to illuminate further
misprocesses of the product line.

Figure 49 Showing five boxes on the shop floor. The sixth box had triggered the first sensor to take the total error count
for the large box to six. This triggered the alarm and halted the conveyor.

Figure 49 shows that more boxes had fallen onto the floor. Following the warning set by four boxes
not hitting the last sensor and accumulating the error count, the continued rise in error count by
way of the following boxes falling off finally triggered the maximum limit set by the engineer of six
and activated the alarm.

SIEMENS SIMATIC HMI

Master Rset
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Figure 50 Shows the engineering screen and the number set by the engineer for warning and alarm maximums was
reached for the large box

Figure 50 shows the engineering screen and that the total error count for the alarm had been
triggered.
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SIEMENS SIMATIC HMI

0 e e

Figure 51 Warning screen showing both warning and alarm triggered for the large box error count

Figure 51 shows the warning screen with both warning and alarms illuminated due to maximum
limits reached for both respectively. The Master alarm was also triggered. This could only be reset by
the engineer on the engineering screen.

SIEMENS SIMATIC HMI
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Figure 52 Root screen showing warning and alarm activated. The stack light on the HMI mimicked the physical one on
the power box

As shown in figure 52, the root screen when both alarms and warnings have been activated due to
error counts reached.

When the engineer and shop floor staff had removed the boxes on the floor, the engineer would
then go into the engineering screen and reset the master reset which would clear all warnings and

alarms on the warnings screen. The stack lights and HMI stack lights reset and was ready to restart
the process again.
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5. Conclusion
Four different types of boxes were sorted through a combination of height, with the large boxes
triggered from a sensor located at the highest point to capture presence, the small and medium
boxes were first triggered by the medium height sensor. Due to two different weights of this size, a
weight scaler measured the weight of the boxes, and a pop-up sorter branched the medium boxes
left or right depending on the weight. The pallet boxes, which was the smallest in size, were
recognized by a sensor positioned at the lowest point possible.

All individual size boxes were counted, with the display located on the Root screen. A sensor at the
end of its mating line recorded this count as a completed process.

An overall count for all boxes completed combined was also on display on the Root Screen.

To eliminate mass production errors an engineer set a warning count to 4 and an alarm count to 6. If
the warning maximum was reached, the stack light would illuminate with a yellow warning light to
indicate to the shop floor that there were errors in the production line.

If the alarm maximum was reached, the stack light would illuminate with a red warning light to
indicate more boxes were not reaching the end of line. The line also stopped when this occurred.

When all alarms and warnings were reset by the engineer, the production line was in a position to
proceed with the manufacturing process.

Figure 53 Bird eye view of factory layout
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