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Introduction
This report details a control system which will manufacture two parts from raw material, a base and a lid. The Lid and Base will be manufactured in to one finished component and packed in a shipping box in quantities of two. The system will be controlled by a PLC with ladder logic being the language. Factory IO will simulate how it will run. Conveyors, Pneumatic and hydraulic systems will all be included within the Factory. 
Robotics, Fluid Power and how they impacted Industry
Robotics emerged with fluid power around 1960, driven by hydraulic or pneumatic systems. The manufacturing and automotive industries are strongly impacted by robotics and fluid power systems, and both sectors have seen a large increase in productivity as a result of the employment of such systems (Dr. Anand Nayyar 2020). 
Recently there has been widespread use of hydraulic systems in industries, this is due to the ability of fluid power systems to generate a high-power density, excellent dynamic performance and durability. Modern fluid power systems have a small size-to-power ratio and are highly automated, which lowers production costs and boosts efficiency (Nicolae Vasiliu 2018). 

Pneumatics, on the other hand, are frequently used for grippers when a vacuum is being created for robot end effectors. The pneumatic drives may quickly adapt to their resistance since they are elastic, light, flexible, and elastic. Therefore, they are used in line with the robotic manipulators in the industries on operations for pick and place, such as; loading and offloading machines, and putting the materials on the assembly lines (Nicolae Vasiliu 2018) similar to the ones included in this Factory. These drive units are commonly recognised for their pace, accuracy, and cost-effectiveness, which suggests a greater rate of productivity in the sector.
Factory Layout
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Figure 1 - Factory Layout
HMI Overview
[image: image3.png]Alarm Flag (will
light up when
any alarms are
active and stop
factory

Warning Flag
(will light up
when any
warnings are
active

Will direct user

Start Button ! Stop Button
to Activate to Stop
Factory Factory

to Alarm and
Warning Screen

Will direct user
to Engineer
screen

All real time

7 Counters :

counters

Lid Counte
‘ ity Emergency Stop

| Base Counter
Total units made

Units per shipping box Will reset Lid,
\ Base Total units
2 and complete

| Complete Shipping Boxes Shipping box

| ‘ s i counters

To be pressed in
emergency to
stop factory





Figure 2 - HMI Root Screen Overview
[image: image4.png]Warnings will

activate when
errors hit limit
setin
engineering

Return to
previous
screen

Returns to
Root Screen

screen. Factory
will continue
with active
alarms

Number of error
will show in real
time

Alarms will activate

Will direct to the
next screen

when errors hit
limit set in
engineering screen.
Factory stops upon
activation of any

ERROR COUNTS
tid eror count [ Lid errors

Base error count Base errors

Finished Part error coun

Finished Part errors
|
L s J

Wil activate

when emergency
stop is active

WARNINGS

m

Finished Alarm O

[ Alarm Master
Will activate

when any alarm
is active





Figure 3 - HMI Alarm and Warning Screen Overview
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Figure 4 - HMI Engineer Screen Overview
Operational Flow Chart
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Figure 5 - Operational Flow Chart
Alarm and Warning Strategy 
The user can set the factory's maximum alarm and warning limits on the engineer screen, which is depicted in Figure 6. Table 1 provides suggested limits. 
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Figure 6 - Engineer Screen HMI

If any of the errors are equal to or more than the specified value, the user will receive an alert. In addition to alerting the user on the root screen, these signals will appear on the Alarm and Warning screen as seen in Figure 3.
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Figure 7 - Alarm and Warning screen HMI

The quantity of bases, lids, and finished goods should be equal in the counters; if there is a discrepancy, the errors should then level the quantities. The user can determine if there are too many items being produced using the information on the HMI root screen, which is shown in Figure 2.
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Figure 8 - Root Screen HMI
Network 1, which is shown in figure 12, has an alarm master tag. If the signal state of the alarm master tag changes to "1," the output coil connected to "operate factory" will change to "0," resulting in the factory stopping. The ladder logic has the alarm master set to normally closed.
The "alarms" PLC tag is used to activate the alarm master. As seen in Figure 9, this tag is set as a byte and contains several alarms (bools) addressed within it. Figure 31 shows how the "alarms" PLC tag will activate the alarm master and shut down the factory if any alarm signal condition changes to "1" within the address. Any alarm that has been activated will appear on the warning screen, and an alarm will also be flagged on the HMI's root screen. The emergency stop on the root screen is also within the “alarms” PLC tag address.
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Figure 9 - Alarm addresses
The warnings are structured in the same method; a "warnings" tag is written as a byte, and the sequential warnings are contained within it. The HMI warning screen and the root screen will both alert the user when any of the warnings are activated. Each warning will also activate individually. The warning just serves as an alert to the user; the process will not stop for it.
	Suggested Limits for Alarms and Warnings

	Suggested Warning Limits
	3

	Suggested Alarm Limits
	5


Table 1 - Suggested Warning and Alarm Limits
Alarm and Warning Flow Charts 
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Figure 10 - Warning strategy Flow Chart
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Figure 11 - Alarm Strategy Flow Chart
Ladder Logic Overview
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Figure 12 - Network 1 in Ladder Logic
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Figure 13 - Network 2 in Ladder Logic
The factory's operation is started via Network 2, which is shown in Figure 13. If the input signal state "start button" changes to "1," the output coil, "Operate factory" will receive power. If either the "stop button" signal state or the "alarm master" signal state changes, the result of logic operation (RLO) would be "0," and the factory would shut down.
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Figure 14 - Network 3 in Ladder Logic
Network 3 is shown in Figure 14. The TP timer causes the siren to sound for two seconds when the signal condition for "operate factory" is "1."
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Figure 15 - Network 4 in Ladder Logic
Network 4, which is shown in Figure 15, activates both machine centres. When the PLC input "operate factory" is in the signal state of "1," power will enter both of the output coils labelled "machine centre a start" and "machine centre b start."
[image: image17.png]Network 5: Trigger emitters and conveyor

Network 5 controls the three e

*%16.4
“machine %Q16.0
center a busy” “emitter a"

%165
“machine %Q16.1
center b busy" “emitter b"

%Q18.7
%M100.0 “Roller conveyor
“operate factory” emitter”

——_—





Figure 16 - Network 5 in Ladder Logic
In Figure 16, Network 5 is depicted as controlling the three emitters. When the machine is busy, power will flow and RM will be emitted because the PLC tags "machine centre a busy" and "machine centre b busy" are normally closed contacts. When the PLC tag "operate" has a signal state of "1," shipping boxes will be emitted from the output coil "roller conveyor emitter."
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Figure 17 - Network 6 in Ladder Logic
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Figure 18 - Network 7 in Ladder Logic
Power will flow to all conveyors in network 7 when the signal state of the input “operate factory” is “1”. To lessen the pull on the electrical current, this network will start the conveyors sequentially by using TON timers, 2 seconds after the factory is started, which provides network 1's siren time to play for before the factory begins. Figure 18 depicts the network.
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Figure 19 - Network 8 in Ladder Logic
The two clamps are controlled by Network 8, which is depicted in Figure 19. When the "diffuse sensor 2 blue lid clamp" and "diffuse sensor 1 green base lid clamp" have a signal state of "1", the RLO will be both set coils are a signal state of “1” and they will clamp/set. 
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Figure 20 - Network 9 in Ladder Logic
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Figure 21 - Network 10 in Ladder Logic
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Figure 22 - Network 11 in Ladder Logic
When the set coil ("both clamped") signal condition from network 9 is "1" the initial pick and place process will be started by Network 11, which is seen in Figure 22. The "left position 1" clamp will rise when the blue lid has been picked and placed onto the green base, releasing the final product to move. Power will sequentially flow to each output in network 11 at intervals determined by the TON timers. When the pick and place is complete “both clamed” will reset.
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Figure 23 - Network 12 in Ladder Logic
Power will flow to the "roller conveyor" if the signal state of the "Diffuse sensor 4 shipment box alignment" is "0," but if it changes to "1," the contact will break, stopping it. The "components required per shipping box" must equal the number of finished units specified in the engineer screen in order to restart this conveyor. This conveyor will run again until the "Diffuse sensor 4 shipping box alignment" returns a signal state of "1”. The box input count will be reset in network 14. When “diffuse sensor 3 finished part stop” has a signal state of “1”, the conveyor will stop ready for the pick and place to insert the part in a shipping box.
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Figure 24 – Network 13 in Ladder Logic
The second pick is activated by network 13, which operates similarly to network 11 and is depicted in Figure 24. When "diffuse sensor 3"'s signal state is "1," the process is initiated. 
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Figure 25 - Network 14 in Ladder Logic
Network 14, shown in Figure 25, is activated when the signal state of “diffuse sensor 3” is “1”. The reset for this box count is achieved via “diffuse sensor 5”, as the shipping box passes it the counter resets. 
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Figure 26 - Network 15 in Ladder Logic
Network 15 is used to count the total number of completed parts, as shown in Figure 26. The "reset counters" button is located on the HMI and is seen in Figure 2. When "diffuse sensor 3" is enabled, the finished units will increase by 1. 
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Figure 27 - Network 16 in Ladder Logic
Network 16 is used to count the amount of complete shipment boxes, as seen in Figure 27. The HMI, which is depicted in Figure 2, has a "reset counts" button. When "diffuse sensor 5" is enabled, the shipping box count will rise by 1. 
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Figure 28 - Network 17 in Ladder Logic
The errors for the lids are calculated using Network 17, which is displayed in Figure 28. The count up will increase by 1 when "diffuse sensor 7" has a signal state of "1," and it will decrease by 1 when "diffuse sensor 2 blue lid clamp" also has a signal state of "1," resulting in a display of 0 errors. 
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Figure 29 - Network 18 in Ladder Logic
This network works the same as network 17, but for base errors
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Figure 30 -Network 19 in Ladder Logic
This network works the same as network 17, but for finished part errors.
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Figure 31 -Network 20 in Ladder Logic

The "alarms" tag in Figure 31 has all of the alarms within its address; should any of them become active, the zero will rise, changing the signal status of "alarm master" to "1," which will cause the factory to shut down. The alarm flag will also receive power flow when the alarm master is true, and the light on the HMI root screen will also turn on. 
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Figure 32 - Network 21 in Ladder Logic
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Figure 33 - Network 22 in Ladder Logic
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Figure 34 - Network 23 in Ladder Logic
Networks 21 to 23, in Figures 32, 33 and 34, are all to alert the user when the warning limit has reached the limit set in the engineer screen, any warning that has been energised will show on the alarm and warning screen which can be found in Figure 3.
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Figure 35 - Network 24 in Ladder Logic
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Figure 36 -Network 25 in Ladder Logic
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Figure 37 - Network 26 in Ladder Logic
Networks 24 to 26, shown in Figures 35, 36 and 37 are all to alert the user when the alarm limit has reached the limit set in the engineer screen, any alarm that has been energised will show on the alarm and warning screen that can be found in Figure 3. Any alarms that receive power flow will activate the “alarm master” in Figure 31, and in turn stop the factory.
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Figure 38 - Network 27 in Ladder Logic
Preventative Maintenance
The advantages of preventative maintenance for any equipment cannot be underestimated, it’s more cost effective for businesses. Campbell and Jardine suggest a general rule of thumb is that corrective maintenance is 50% more costly than preventative maintenance (John D. Campbell n.d.). 
The PLC’s, machining centres, pick and place and conveyors in the factory will likely require quarterly maintenance schedules, this is to be recommended by the OEM, however, recommended preventative maintenance checks can be found in Figure 1 (Siemens 2022), Figure 2 (Net 2013) and Figure 3 (SDC 2022). These recommendations will help limit downtime between maintenance, increase uptime and the life cycle of equipment.
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Figure 39 - PLC Preventative Maintenance Recommendations
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Figure 40 -Conveyor Preventative Maintenance Recommendations
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Figure 41 -Robots Preventative Maintenance Recommendations
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