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1 - Work Plan for Lifelong Learning

Assignment Approach:

The assignment will first be approached by carrying out research. Different types of PLCs Wia"/Pe%dy orcts
compared with each other and determined which is most suitable for robot control. A pick and

place PLC controlled robot will then be designed and developed in a team. The hardware will then

be investigated, distinguishing between inputs and outputs. A program will then be created for the
Siemens S7-1214 PLC and an HMI for operator control and engineer control. Manual operation

of the robot will be introduced, including safety interlocks. A program will then be written for an
automatic sequence. Simulation testing will also be done to acquire test results for each mode.

Finally, a practical test will be conducted on the robot itself in a group after discussing the optimum

program to use.
This is a good plan

What has been learned?Nice idea, but not required here

Overall, a lot was learned on how user interfaces and ease of program navigation makes it easier
for an engineer to do maintenance on the robot and fault find if need be. It also gave an
understanding of how testing is conducted to ensure the system meets the need of the customer
whilst also being reliable. An understanding was also built on making the HMI for the operator
simple to use and observe whilst not overcomplicating it. Research played an important part for
obtaining knowledge on different PLCs and their specifications. In an engineering workplace,
different PLCs would need to be compared to find which is the most cost effective and which is

the most suitable for a certain task.




2 - Research

Allen Bradley Programmable Logic Controller, MicroLogix DIN Rail Mount, 120 to 240V AC Supply

Voltage — 1766-L32BWA:

Allen Bradley states that " ........
The PLC model stated above “provides fast prooessff;g speeds and a large storage capacily for
ear

efficient coordination of your industrial machinery”. This would be ideal for robot control in the
manufacturing industry, due to the demand of fast processing speeds and expansion modules

can also be purchased to increase the number of inputs and output ports to 144 (RS Components
Ltd., n.d.yv/y no date?

It also features 20 inputs, and 12 relay outputs. This is enough for the robot being used in this
assignment and would be ideal in this case. The power supply is also embedded in the controller

itself (Rockwell Automation, Inc., 2008, p. 2)°/1v include page numbers for direct quotes

The MicroLogix series are designed for smaller tasks (Automation IT, 2022).

This PLC is also easy to mount, with the use of DIN rail. This controller uses the RS Logix 500

software which doesn’t support SFC programming (Rockwell Automation, Inc, 2008, p. 1).
only include page numbers for direct quotes

L

Figure 1 Allen Bradley Programmable Logic Controller MicroLogix, DIN Rail
Mount, 120 to 240V AC Supply Voltage - 1766-L32BWA (RS Components
Ltd., n.d.)




Allen Bradley - CompactLogix 5380 Controller, 600KB, 8 I/Os, 16 nodes, Standard - 5069-

L306ER:
quotes should start sooner
Rockwell Automation. Inc state the CompactLogix 5380 controllers offer “higher performance and

increased capacity”. They also say they are ideal for small and large applications where low axis
motion and 1/0 point counts are required (2022) 208e number should be given with direct quotes

The CompactLogix processors are used where cost is a big consideration and are used in smaller

processes (Automation IT, 2022).

High speed 1/0O can also be enabled. They also have enhanced diagnostics and troubleshooting
with fault status and controller display. This is ideal where a robot goes into fault conditions,
making it easier to fault find. The power supply is also integrated. Unlike the MicroLogix series
controllers, the CompactLogix series do not have I/O embedded into the controller, so expansion
modules must be purchased along with it. This makes it less cost effective. The 5069-L306ER
model has a maximum expansion module capability of 8 modules. The controller itself along with

the expansion modules are mounted with DIN rail (Rockwell Automation Ltd., 2022).

The Compact Logix series controllers also offers Studio Logix 5000 software, according to
(Rockwell Automation, Inc., 2019, p. 3). This software supports Sequential Function Chart (SFC)
programming, which is ideal for the robot, due to containing an automatic sequence (Rockwell

Automation Publication 1756-PM018I-EN-P, 2022, p. 12). )
page numbers are for direct quotes

N . ]
. ‘{’ E“I‘HI'NOMP' E
Mo e -

L

Figure 2 CompaciLogix 5380 Controller, 600KB, 8 I/Os, 16 nodes,
Standard (Rockwell Automation Ltd., 2022)




Allen Bradley - CompactLogix™ 5370 L2 Programmable Automation Controllers - 1769-L24ER-
QB1B:

The 1769-L24ER-QB1B model of the CompactLogix 5370 series controllers are said to be perfect
for small and mid-size applications. The PLC also has 16 digital inputs and 16 digital outputs
embedded, with the availability of adding 4 extra modules (Routeco Limited, 2022).

This particular model is ideal for small, stand-alone applications and higher performance
applications. Rockwell Automation, Inc states it includes “assembly machines, hoisting systems,
process skids, indexing tables, and packaging”. They also say that is has a small form factor,

which would be ideal as an alternative to the current PLC being used for the robot (2019, p.17).

This model has the power supply built in. This makes it more cost effective (Rockwell Automation,
Inc., 2019, p. 18).

The controller is also simply mounted with DIN rail (Routeco Limited, 2022).

This PLC also supports SFC programming due to containing Studio Logix 5000 software
(Rockwell Automation Publication 1756-PM018I-EN-P, 2022, p. 12).

Figure 3 Allen Bradley - CompaciLogix™ 5370 L2
Programmable Automation Controllers - 1769-L24ER-QB1B
(Routeco Limited, 2022)




Comparison table:

Table 1 PLC Comparison

part numbers are confusing, stick with the model number

PLC MicroLogix 1766 — L32BWA | CompactLogix — 5069-L306ER CompactLogix - 1769-L24ER-
QB1B
Digital I/0 20 inputs and 12 relay None 16 digital inputs and 16 digital
outputs. you should consider explansion |0 instgad outputs
Analogue /O None None None
Expandability Up to 7 I/O modules Up to 8 I/0 modules Up to 4 modules
Memory 10KB 600KB 750KB
Mounting DIN Rail DIN rail Din Rail
Cost £952.82 £1333.19 £1681.80
SFC Language No Yes Yes
Power Supply Built in 120V/240V AC Builtin 24V DC Built in 24V DC
Advantages Comes with embedded I/O Power supply is built in and Includes embedded I/0 and the

with a built-in power supply
and has a good amount of
expandability. It's also the
most cost effective out of
the three.

contains an adequate amount of
user memory. This PLC has the
most expandability out of the
three, due to being expandable
up to 8 modules. It also supports
SFC programming.

power supply is built in. This PLC
also contains the most amount of
user memory out of the three,
making more room for the
program and memory data. It also
supports SFC programming.

Disadvantages

Contains the least amount
of user memory out of the
three which means there is
less space for the program
and memory data.
Analogue 1/0 expansion
modules will need to be
purchased separately. It
also does not support SFC
language.

Does not include embedded 1/0O,
making it less cost effective.
Expansion modules will need
purchasing with the controller

itself. Analogue 1/O expansion
modules will also need to be
purchased separately.

This PLC is the least cost
effective out of the three and has
the least amount of expandability,
only being able to expand up to 4

modules. There are also no
embedded analogue modules.

(Rockwell Automation, Inc., 2008, p. 2)

(Rockwell Automation, Inc., 2008, p. 1)
(RS Components Ltd., n.d.)

(Rockwell Automation, Inc., 2009)

(Rockwell Automation Ltd., 2022) (Rockwell Automation, Inc., 2019)

(Routeco Limited, 2022)
(Rockwell Automation, Inc., 2022)
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Best Allen Bradley PLC alternative for the robot:

From the comparison table, the best Allen Bradley alternative would be the MicroLogix — L32BWA.
This is because it includes an adequate amount of I/0, contains the most cost effective out of the
three and has enough user memory to execute the program due to it being a small program.

There is also a respectable amount of expandability, if need be, with up to 7 modules.

The CompactLogix - 1769-L24ER-QB1B is also a good option if costisn't an issue, as it contains

more user memory, some expandability and the ability to program in SFC language.

Goodwin states that “An oversized controller allows for more flexibility within the cell long-term,
thus accommodating any changes”, meaning it is still okay to have an oversized module for a

small system (2021). Page number?

The CompactLogix — 5069-L306ER may be the least cost effective simply due to not having any
embedded I/0, however it does offer the best amount of expandability for long term changes to

the system and offers SFC programming language.
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3 - Hardware Investigation and Input-Output List

Various pieces of hardware were used throughout this task. The PLC itself is a Siemens S7-1214
DC/DC/DC. There is also an HMI on the robot door which was used to control the robot movement
manually and automatically. The robot axis is powered with pneumatic pistons that are controlled
with solenoid valves. These also control the robot grippers. The robot also features sensors that
dictate the position of the robot. There is also a proximity switch that indicates where an object is
from the entry chute. This is used to trigger a sequence. There are also 2 rocker switches and 3
pushbuttons that are connected to the PLC, shown in figure 5.

Figure 4 PLC Controlled Robot Hardware Figure 5 Pushbuttons and Rocker Switches

12




Inputs and outputs from the robot are integrated in the software with tag tables in order for the

robot to be PLC controlled. The inputs and outputs with their addresses and descriptions are as

follows:

Robot Input Addresses Description
%I0.0 UP Sensor
%I0.1 DOWN Sensor
%I0.2 Gripper Open Sensor
%I0.3 Gripper Closed Sensor
%I0.4 IN Sensor
%I0.5 OUT Sensor
%I0.6 RIGHT Sensor
%I1.7 LEFT Sensor
%I11.0 Pushbutton X10
%I1.1 Pushbutton X11
%I1.2 Pushbutton X12
%I11.3 Pushbutton X13
%I1.4 Pushbutton X14
%I1.5 Object Sensor

13

Robot Output Addresses

Description

%Q0.0 Move DOWN Solenoid
%QO0.1 Move UP Solenoid
%Q0.2 Close Gripper Solenoid
%Q0.3 Open Gripper Solenoid
%Q0.4 Move OUT Solenoid
%Q0.5 Move IN Solenoid
%Q0.6 Move LEFT Solenoid
%Q0.7 Move Right Solenoid

excellent information




4 - Program Design and Explanation

Main Program Block:

The program created in TIA portal contains a main program block and an auto sequence program
block. The main program block contains addresses programmed in ladder logic and features
addresses for manual control and automatic control, such as memory, input and output
addresses. These addresses are written in ‘PLC Tags’. The main program contains a set of rungs
and a bit, which is used to change between simulation and actual inputs. Most rungs feature a
control for a specific movement. It also contains automatic control and manual control with various
interlocks in place to detect the position of the robot. This is true from network 2 to 9 which are all
the position controls. Each of these (except network 8&9) contain an up-sensor interlock which
doesn’t allow the robot to move in certain directions unless the robot is in the UP position. Network
3, down control contains a combination of safety interlocks only allowing the robot to move down
unless located over a station. Network 10 contains the automatic sequence written in SCL code

in the main block in order for the sequence to function correctly.

Networks 11 and 12 contain a delay sequence where the sequence will start after a 2 second

delay from the object sensor detecting an object.

Network 13 contains an up and down counter and simply counts the number of objects in the

Good explanation given

machine.

(See Appendix C, page 33 for network comments)
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Automatic Sequence Block:

The 'auto sequence’ program block contains a sequence the robot will operate for picking and
placing the objects. It is written in SCL code in which a lot of robots use in industry today. It is
placed in the main program block. When ‘auto mode’ is selected, it triggers a step sequence which
sends the robot to the home position. Once it is in the home position, the object sensor will start
the sequence or the ‘start sequence’ button is pressed on the HMI by the engineer. The automatic
pick and place sequence the robot follows is shown in the Sequential Function Chart (see

Operator’'s Screen:

The operator’s screen was made to be user friendly and simple to use. ‘Manual’ and ‘Auto’ buttons
were added to allow the operator switch between manual and automatic control. Manual control
was also added via various buttons. The operator can also see the number of objects in the
machine from the counter display and know the robot position from the sensor indicators. They
can also see the step number from the automatic sequence (see Appendix A, page 26).

Good explanation given

Engineer’s Screen:

The engineer’s screen contains the same elements as the operator's screen, however there are
a few additional elements, such as the ‘simulate inputs’ button which allows the engineer to
simulate the robot in operation. The screen also contains solenoid indication which indicate s when
the solenoid valves are in operation. They can also simulate the object sensor sequence delay
via the use of the ‘start sequence’ and observing the timer display. They can also pause and
continue the sequence via the ‘pause’ and ‘continue’ buttons. This would be used especially for

fault rectification to see which inputs and outputs are active and inactive (see Appendix A, page

27).
Good explanation given

15




5 - Simulation Testing

From the results seen in the appendix, all tests conducted in simulation mode have passed. The
HMI was observed to determine the test results, along with observing the program in monitor
mode which showed which contacts were closed, which coils were energised, the state of the
counter efc. The actual results were compared with the expected results, then each test was also
determined if they passed or failed (see Appendix D, page 40).

16




6 - Practical testing

Once the simulation testing was complete, a discussion was made on which program to practically
test. There were two programs to choose from. Program structure and ease of navigation were
assessed and the program in this assignment was chosen. The same tests as the simulation were
conducted and all passed except test 8. This was due to a last-minute change on the robot being
tested on. Initially, the robot ending with IP address ‘125’ was going to be used, however the robot
being tested on ended up ending with the IP address ‘126’. These robots were slightly different
due to their object sensor locations. The first robot would have the object stop on the sensor which
would keep the normally open contact in the software energised, hence staring the sequence.
The robot being tested on had the object sensor in a location where the object would simply roll
past it, not giving the delay timer enough time to initiate the automatic sequence. Therefore, it
couldn't be tested. The software would have required alteration in order for the object sensor to

work correctly (see Appendix E, page 56).

The brief asked for aa 2 second delay and you should have design the program to start with either robot

You should have used a memorise bit as the object rolls past the sensor

17




7 - Discussion, Conclusions and Recommendations

Discussion:

Maintenance and reliability of the system was considered by first adding network titles and
comments within the main program block. This made it easier for an engineer to understand how
the networks operate and how different input, outputs and memory bits interact with each other.
It also gave an understanding on how the various interlocks work. An HMI screen was also created
for the engineer to assist in fault finding. Being able to pause the sequence to see what inputs
and outputs are active at a certain step makes it easier for the engineer to fault find in this case.
Having manual control also gave the engineer the ability to test the positional controls after doing
maintenance on the robot. The HMI also satisfies the user's needs by displaying how many
objects are in the machine and what the step the robot is on for the automatic sequence. The
system was also reliable for the operator with the HMI screen. From all the information added to
this, the operator should be able to communicate with the engineer stating what the faut is. E.g.,
the robot does not go into the home position which could be due to a faulty position sensor. The
system could've been more secure by adding authentication to enter the program and make any

changes, as anyone could access it. S
Good explanation given

Conclusion:

Overall, the creation and testing of the program went well, with only one failed test. The program
was able to execute all tasks effectively within the simulation along with the robot itself. There
were no major problems ran into. The position interlocks worked as they should, closing the
solenoid until the robot couldn’t reach any further. The operator screen was also made simplistic
and easy to use. The engineer screen was made to be easy to fault find on. The program itself
was also easy to navigate and the networks were easy to interpret, with the comments making it
easier to understand how the inputs and outputs were interacting with each other. The only
problem with testing was being unable to test the object sensor timer delay on the robot itself due
to the two robots being slightly different. Adequate research was also completed to understand

the technical implications of the PLC along with cost. :

18




Recommendations:

One recommendation that can be made for the reliability of the system is to add a ‘maintenance
mode’. This would be to add a counter and after a certain number of automatic sequence cycles,
the counter will open normally closed memory bit from a comparison block which stops the
sequence from starting and can be indicated on the HMI stating maintenance is required. This
will make the robot more reliable in that preventative planned maintenance can be completed,
such as safety checks, compressor maintenance, solenoid valve maintenance etc. The engineer
will then need authorisation to reset the maintenance mode switch once it is complete and the
robot can be returned to operation. Another recommendation that can be made is to use a PLC
that supports SFC programming, such as the Compact Logix series controllers discussed in the
research part of the assignment. This would have been ideal for the automatic sequence.

excellent ideas presented

The Siemens S7-1511 would also allow use of SFC

19




8 - Team Working

Working in a team allowed different methods of robot control to be discussed. There were many
ways to approach writing the program and being able to see how different people completed this
give ideas on how to improve, as they may have used a simpler solution to control the robot. This
had the possibility of making the program easier to understand, which is required in engineering.
Not only with programs, but with engineering as a whole, it is better to have different approaches.
Discussing which program to use enabled the ability to find advantages and disadvantages in the
software, regarding navigation, usability and ease of control. Working as a team also gave
everyone a chance to have an impact on the task, which is good practice for when this needs to

be applied in the engineering industry and ensures everyone obtains an equal opportunity.
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10 - Appendices

Appendix A: - Program Design

Zeeshan's Pick and Place Robot - Zeeshan » Devices & networks

|5"’ Topology view |!§n Netwo
Fx Metwork L Connections |50 connection & 2T @ s 1

PLC 124 Pick an... HMI 125 Pick a...

CPU 1214C KTP700 Basic PN D
|

|
PNJIE_1

< ||| '3 [100%

S Properties

General I 10 tags ” System constants J Texts

» General
w PROFINET Interface [X1]
General Interface networked with
} Advanced options Subnet: | PHIE_1

Information |

Ethemet addresses

Internet protocol version 4 (IPvd)

v

o &) Set IP address in the project
IPaddress: |10 .13 .90 . 125
Subnetmask: | 255 .0 .0 .0
mUse router

Router address 0 0 0 0

() IP address is set directly at the device

Figure 6 Ethernet Address Configuration
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PLC tags

Name Tag table Data type Address :Rﬂain Acces.. Writa.. Visibl...

1 <a UP sensor 10 tags Bool %I0.0 Q Q E
2 |40 DOWNsensor 10 tags Bool %10.1 W) W

3 40 OPENsensor 10 tags Bool %I0.2 W W ¥
4 4l  CLOSEDsensor 10 tags Bool %0.3 2 ™ 2
5 a IN sensor 10 tags Bool %l0.4 =] =3 =
6 < OUTsensor 10 tags Bool %10.5 Q E E
7 40 RIGHTsensor 10 tags Bool %I0.6 W) W =2
8 40 LEFTsensor 10 tags Bool %I0.7 W) W ¥
9 |40 X10Pushbutton 10 tags Bool %11.0 W) v ™2
10 @@  X11Pushbutton 10 tags Bool %I1.1 W W &
11 4@ x12Pushbutton 10 tags Bool %01.2 2 ™ =]
12 4@  X13toggle switch 10 tags Bool %113 72l W =2
13 4@ %14 toggle switch 10 tags Bool %I1.4 g g E
14 |40 OBJECT:sensor 10 tags Bool %5 ] ] =]
15 4@  DOWNsolenoid 10 tags Bool %Q0.0 W W ¥
& @ UP solenoid 10 tags Bool %0Q0.1 = =] =
17 4@  CLOSE solenocid 10 tags Bool %Q0.2 W W =
18 4@  OPENsolenoid 10 tags Bool %Q0.3 =] =] [~
19 41 OUTsolenocid 10 tags Bool %Q0.4 W) =2 =2
20 4@  INsolenoid 10 tags Bool %Q0.5 W) W ¥
21 40 LEFT:clencid 10 tags Bool %Q0.6 v v =2
22 4@ RIGHTsolencid 10 tags Bool %Q0.7 = =3 =
23 @ System_Byte System Tags Byte %LMBO 2 =] =]
24 @ FirstScan System Tags Bool %MO0.0 72 W =2
25 @ DiagStatusUpdate System Tags Bool %MO.1 g g E
36 4@  AlwaysTRUE System Tags Bool %MD.2 =2 =] =
27 4@  AlwaysFALSE System Tags Bool %MO.3 W W ¥
28 4@  Clock_Byte System Tags Byte %MB1 =l =] =
29 |q@ Clock_10Hz System Tags Bool %M1.0 W W =2
30 @ Clock_5Hz System Tags Bool %M1.1 g E g
31 @ Clock 25Hz System Tags Bool %12 ] ] =]
32 4@  Clock_2Hz System Tags Bool %M1.3 W) W [V
33 40 Clock_1.25Hz System Tags Bool %M1 4 v =2 =2
34 @ Clock_1Hz System Tags Bool %M1.5 W W ¥
35 4@  Clock_0.625Hz System Tags Bool %M1.6 =] ™ 2
36 4@ Clock_05Hz System Tags Bool %17 W W =2
37 @  UPHM Reguest My Tags Bool %M100.0 =] =] ™
38 |40  DOWN HM Request My Tags Bool %M100.1 W) =2 =2
39 @ simulate My Tags Bool %M100.2 v =3 ¥
40 @ INHM Request My Tags Bool %M100.3 2 ™ 2

Figure 7 PLC Tag List 1 - 40
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Figure 8 PLC Tag List 41 - 59
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OUTHMI Request
LEFTHM Request
RIGHTHMI Request
OPEN HMI Request
CLOSE HM Request
Auto Mode

UP Auto Request
DOWN Auto Request
IN Auto Request
OUT Auto Request
LEFT Auto Request
RIGHT Auto Request
OPEN Auto Request
CLOSE Auto Request
Start Sequence
Step

Next Step

Start Memory
Pause

My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags
My Tags

Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Ulint
Uint
Bool
Bool
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%M100.4
%M100.5
%M100.6
%M100.7
%M101.0
%M110.0
%M110.1
%M1102
%M110.3
%M110.4
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%M110.6
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®M111.0
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Operator’s Screen

Number of Objects In The Machine n

m Robot Position
'RHT Request Gripper Position

s | wan |

CLS Request

Figure 9 Operator's Screen
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Engineer's Screen

Simulate

OF :
E V  Sensor Aannal | .

Timer Delay (s)  Object Counter

L0
OPN Request .

CLS Request . m

Figure 10 Engineer's Screen
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Appendix B: - Program Design, Automatic Control

STEP 1

LEFT Sensor

OUT Sensor

S mm{
Start Sequence

STEP2

e {

STEP3

e {

STEF 4

S {

STER S

o 4_1_

STEP S

INmr{
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e {

STEPS

.

Move UP

Move LEFT
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Grpper OPEN

Move RIGHT
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Gripper Close

ove UP
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e {

STEP 12

e {
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STEP 18

o 4_!_
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[ O

Figure 11 Automatic Sequential Function Chart
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1 BIF ("Auto Mode™ = 0) OR (“"FiratScan® = 1) THEN // Autc Mode or FirstScan engages the autcmatic seguence.

2 "Step™ := 0; // Sers step to '0°.

3 “Hext Step” := 0; // Enables next step.

4 |mwp_1E:

5
€ EICASE "Step™ OF

7 0:

g “UF Ruto Request™ := 1; // Requests the robot to move up, before allowing it to navigate to the home position.

s IF "UF sensor” = 1 THEN // Up sensor engages.

10 "Next Step® := 1; // Step 1 begina.

11 “UF Autoc Request™ := 0; // Resecs the automatic UP request.

12 END_IF;

13

14 1:

15 “LEFT Ruto Request” 1; // Requests the robot to move left.

16 =0UT Auto Requestc® : // Requests the robot to move out.

17 “OPEN Muto Request® := 1; // Requests robot grippers to open. Once this is complete, the robot is succesfully in the home position.

85 IF ("LEFT sensor™ = 1) AND (“OUT sensor™ = 1) AND (“OPEN senscr™ = 1) AND ("Start Sequence™ = 1) AND "IEC Counter 0_DB=.CV = 2 AND "Delay Timer~.Q = 1 THENW
15 "Next Step” := 2; // Step 2 begins if the out sensor, in sensor, open sensor, start sequence and delay timer ocutput are 'l' and the counter reads "2', as seen above.
20 "LEFT Ruto Request” := 0; // Resets the automatic LEFT request.

21 “0UT Auto Reguest™ 0; // Resets the automatic OUT request.

22 “OPEN Autc Request™ := 0; // Resets the automatic OPEN request.

23 END_IF;:

248 IF ("LEFT sensor™ = 1} AND ("OUT sensor”™ = 1) AND (“OPEN sensor™ = 1) AND ("Start Sequence™ = 1) AND "IEC Counter 0 _DB".CV = 1 AND "Delay Timer" .Q = 1 THEW
25 "Hext Step” := 12; // Step 12 begins if the cut sensor, in sensor, open sensor, start sequence and delay timer output are 'l' and the counter reads 'l', as seen above.
26 “LEFT Auto Regquestc® 7 // BResets the automatic LEFT request.

27 "OUT Auto Request™ // Resets the autcmatic OUT requesc.

28 "OFEN Auto Regquest™ // Resets the automatic OPEN request.

29 END_IF;

30 IF ("LEFT sensor™ = 1) AND ("OUT sensor™ = 1) AND ("OPEN sensor™ = 1) AND ("Start Sequence" = 1) AND "IEC Counter 0_DB®.CV = 0 JAND “"Delay Timer® .Q = 1 THEN
11 [|] “Next Step® :« l¥: // Step 1% begins if the cut sensor. in sensor. open senscr, start seguance and delav timer output are 'l° and the counter reads '0'., as seen above.
12 "LEFT Ruto Request® 0; // Resets the automatic LEFT request.

i3 “OUT Auto Request® := 07 // Resets the automatic OUT request.

&2 "OPEN Auto Request® 0z // Resets the automatic OPEN request.

s | END_IF;

k1

1 2:

38 “RIGHT Auto Request”™ := 1; // Sequence begins, starting with the RIGHT automatic requuest.

1= | IF "RIGHT sensor™ = 1 THEN // Once the RIGHT sensor engages, it will move onto the next step.

40 “Hext Step” := 3; // Requests next step.

4l “RIGHT Auto Request™ := 07 // Resets RIGHT autcmatic request. Case number.

4z | END_IF;

43

4 3:

45 "DOWH Ruto Request™ := l; // Reguests the robot to move down.

468 IF "DOWN sensor® = 1 THEN

47 “Next Step® := 4; // Next step initiates cnce the DOWN semsor is engaged.

48 "DOWN Auto Request™ := 0 // Resets the DOWN request.

45 | EKD_IF;

50

51 LH

52 “CLOSE Ruto Bequest®™ := l; // Requests robot to close its grippers.

S3H IF “CLOSED sensor” = 1 THEN

54 “Next Step® i= S; // Next step iniviates once the CLOSED semsor is engaged.

55 "CLOSE Ruto Request™ := 0; // Resets the CLOSE request.

56 | END_IF;

57

58 5:

59 "UF Autc Requeat” := 1; // Requests rcbot to move

[1:]=] IF “UP sensor* = 1 THEN

Figure 12 Automatic Sequence SCL Code
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"Hext Step” := €; // Next step initiates cnce the UP sensor engages.
"UF Ruto Request®™ := 0; // Resets the UP request.
END_IE;
61
"IN Autc Request™ := 1; // Reguests robot to move in.
IF "IN sensor™ = 1 THEN
"Hext Step” := 7; // Next step initiates once the IN sensor is engaged.
“IN Auto Regquest® := O; // Besets the IN requestc.
END_IE;
71
"DOWN Rutc Request™ := l; // Request the robot to move down.
IF "DOWH sensor™ = 1 THEW
"Hext Step” := 8; // Next step initiates once the DOWN sensor is engaged.
“DOWN Autc Request® := 0; // Resets the DOWN request.
END_IF;
"OFEN Autc Requeat®™ : /f Reguests the robot to open its grippers.
IF “CPEN sensor® = 1 THEN
“Hext Step” := §; // Next step initiates once the OPEN sensor is engaged.
“OPEN Autc Regquest® := 0; // Resets the OPEN request
END_IF:
8:
"UF Auto Request®™ := 1; // Regquests robot to move up.

IF “UP sensor™ = 1 THEN
"Next Step” := 10; // NHext step initiates once the UP sensor engages.
"UP Auto Reguest™ := 0: // Resers the UP reguest.

END_IF;

“LEFT Auto Regquest™ := 17 // Requests the robot to move left,

IF "LEFT sensor"™ = 1 THEN
*Hext Step® := 117 Mext step initiates cnce the LEFT sensor is engaged.
"LEFT Auto Reguest™ := 0; // Resets the LEFT request.

END_IF;

“OUT Auto Request® := 1; // Requests the rcbot to move OUT.

IF "OUT sensor™ = 1 THEW
"Next Step® := 12; Hext step initiates once the OUT sensor is engaged.
*OUT Autc Request™ := 0; // Resets the OUT request.

END_IF;

“"DOWN Auto Request™ := 1;
IF "DOWN sensor™ = | THEM
“Hext Step”™ := 13; // Next step initiates cnce the DOWN sensor is engaged.
“DOWN Auto Requeat” := 0; // Resets the DOWN request.
END_IF;

Request the robot to move down.

“CLOSE Ruto Request™ := 1; // Requests robot to close its grippers.

1168 IF "CLOSED sensor® = 1 THEN

117 “Next Step™ := 14; // Next step initiates cnce the CLOSED sensor is engaged.
18 "CLOSE Ruto Request™ := 0; Reseta the CLOSE request.

END_IF;

Figure 13 Continued SCL Code
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18:

18:

20:

21:

22:

23:

24:

25:

26:

“UP Auto Request®™ := 1; // Requests robot to move up.

IF "UF sensor™ = 1 THEN
"Next Step” := 15; // Next step initiates once the UP sensor engages.
~UP Auto Regquest® 0; // Reseca the UP request.

END_IF;

“RIGHT Autc Request® := 1; // Requests the rboot to move right.

IF "RIGHT sensor™ = 1 THEN
"Hext Step” := l€; // Next step initiates once the RIGHT sensor is engaged.
“RIGHT Auto Regquest® := 0; // Resets the RIGHT request.

END_IF;

“"DOWN huto Request™ := 1; // Request the robot to move down.

IF “DOWN sensor” = 1 THENW
“Hext Step” := 17; // Next step initiates once the DOWN senscr is engaged.
"DOWN Autc Reguest™ := 0; // Resets the DOWN request.

END_IF;

“OPEN Rutc Request™ := l; // Requests the robot to open ita grippers.

IF “OFEN sensor” = 1 THENW
“"Hext Step™ := 18; // Next step initiates once the COPEN sensor is engaged.
“OFEN Autoc Request™ := 0; // Resets the OPEN request.

END_IF;

“"UPF Auto Request® := 1; // Requests robot to move up.

IF "UP sensor” = 1 THEN
"Hext Step”™ := 1§; // Next step initiates once the UP sensor engages.
“UF Auto Request®™ := 0; // Reseta the UP request.

END_IF;

“IN Auto Request™ := 1: // Requests robot to move in.

IF "IN sensor” = 1 THEN
“Hext Step® := 20; // Next step initiates once the IN sensor is engaged.
“IN Auto Request®™ := 0; // Resers the IN request.

END_IF;

“LEFT Auto Reguest® 1; // Requests the robot to move left.

IF "LEFT sensor”™ = 1 THENW
“Hext Step™ := 21; // Next step initiates once the LEFT sensor is engaged.
“LEFT Ruto Requeat® := 0; // Resets the LEFT request.

END_IF;

“DOWN Auto Request® := 1; // Request the robot to move down.

IF "DOWH sensor™ = 1 THEN
“Hext Step® := 22; // Next step initiates once the DOWN sensor is engaged.
“DOWN Auto Request™ := 0; // Resets the DOWN request.

END_IF;

"CLOSE Auto Request™ := l; // Requests robot to close its grippers.

IF “CLOSED sensor™ = 1 THEN
"Hext Step” := 23; // Hext step initiates once the CLOSED sensor is engaged.
"CLOSE Auto Request” := 0; // Resets the CLOSE request.

END_IF;

"UF Auto Request” := 1: // Requests robot to move up.

IF "UP sensor™ = 1 THEN
“Hext Step” := 24; // Mext step initiates once the UP sensor engages.
"UP Auto Request® : // Resets the UP request.

END_IF:

"OUT Rutoc Request®™ := l; // Reguests the robot to move OUT.

IF =QUT sensor® = 1 THEN
“Next Step® := 25; // Mext step initiates once the OUT sensor is engaged.
"0UT Auto Bequest™ := 0; // Resets the OUT request.

END_IF;

“DOWN Auto Request® := 1; // Request the robot to move down.

IF =DOWNH sensor® = 1 THEN
"Next Step” := 26: // Next step initiates once the DOWN sensor is engaged.
"DOWN Autc Request™ := 0; // Resets the DOWH request.

END_IF;

“OPEN Auto Request™ := 1; // Requests the robot to open its grippers.

IF =OPEN sensor™ = 1 THEN
"Next Step” := 27; // Next step initiates once the OPEN sensor is engaged.
"OPEN Auto Recquest™ := 0: // Resets the OPEN recuest.

31




Fiqure 14 Completed SCL Code
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Appendix C: - Program Design, Networks, Including Manual Control and Interlocks

[Main Program Block]

¥ Block title: “Main Program Sweep (Cycle)”
Comment
¥  Network 1: Switch between simulation and actual inputs

w Using the simuate bit, when itis off, the |10 are read into memory bits. When the simulate bitis cn, the inputs
are simualted by the supplied function call.

%M100.2 %FC3
"Simulate” "Simulate INPUTS"
{ | EN ENO .

v Network 2: UFP Control

w Manual and auto control for moving the robot up. The UP solencid will disengage once the UP sensoris made.
The other sensors ensure the robot stays up ifit moves in two directions at once. When autc mode engages, it
disenages manual mode to save interferance of the automatic sequence by cpening the normally cosed
contact M111.0.

%M110.0
"Auto Mode"

%M100.0 %0.0 %Q0.1
“UP HMI Request” “UP sensor” “UP solenoid”

Figure 15 Networks 1 & 2

/1

%M110.0 %M110.1
"Auto Mode” “UP Auto Request”
] | 1 L
U | 11
%l0.7 %l0.6
“LEFT sensor” “RIGHT sensor”

/1

%l0.4
“IN sensor”

V1

%I0.5
“OUT sensor”

:/:

V1

Vi { —
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¥  Network 3: DOWN Control

w Manual and auto control for moving the robot down. When auto mode engages, it disenages manual mode to save interferance of
the automatic sequence by opening the normally cosed contact M111.0. The DOWN solencid will disengage once the DOWN sensor is
made. Each of the other sensors in parallel indicate that the robot is at a station. Only when the robot is located over a station can it

%M110.0
“Auto Mode”

- Network 4: IN Control

w Manual and auto control for moving the robot IN. The IN solencid will disengage once the IN sensor is made.
The UP sensor works as an interlock as the robot can only move in when it is in the UP position. When auto
mede engages, it disenages manual mode to save interferance of the automatic sequence by opening the
normally cosed contact M111.0.

%M100.3
*IN HMI Request”
1 |

%l0.4
“IN sensor”

Vi

move down.
%M100.1
%M110.0 "DOWN HMI %l0.1 %l0.7 %l0.5 %Q0.0
"Auto Mode” Request’ "DOWN sensor” "LEFT sensor” "OUT sensor” "DOWN solenoid”
V1 { | 4 { | { | { }
%M110.2 %l0.7 %l0.4
%M110.0 *DOWN Auto "LEFT sensor” "IN sensor”
“Auto Mode” Request” | | | }
| L ] 1
| I | L |
%l0.6 %l0.5
"RIGHT sensor” "OUT sensor”
[ | ] 1
L | 1
%l0.6 %l0.4
"RIGHT sensor” "IN sensor”

%l0.0
"UP sensor”
1 1L

%Q0.5

“IN solenoid”

{ F—

V=

Figure 16 Networks 3 & 4

%M110.0 %M110.3
"Auto Mode" "IN Auto Request”
1 1 1 ]
11 1 1
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¥  Network 5: OUTCentrol

w Manual and aute control for moving the robot out. The OUT solencid will disengage once the OUTsensor is
made. The UP sensor works as an interlock as the robot can only move ocut when it is in the UP position. When
auto mode engages, it disenages manual mode to save interferance of the automatic sequence by opening
the normally cosed contact M111.0.

%M100.4
%M110.0 "OUT HMI %0.5 %I0.0 %Q0.4
"Auto Mode" Request’ "OUT sensor” "UP sensor” "OUT solenoid”

V1 i | Vi | | { }

%M110.4

%M110.0 "OUT Auto
“Auto Mode” Request”
] 1 ] L
11 1T

¥  Network 6: LEFTControl

w Manual and aute control for moving the robot left. The LEFT solencid will disengage once the LEFTsensoris
made. The UP sensor works as an interlock as the robot can only move left when itis in the UP pesition. When
auto mode engages, it disenages manual mode to save interferance of the automatic sequence by opening
the normally cosed contact M111.0.

%M100.5
%M110.0 "LEFT HMI %l0.7 %I0.0 %Q0.6
"Auto Mode” Request’ "LEFT sensor” "UP sensor” "LEFT solenoid”

V1 i | Vi | | { }

%M110.5

%M110.0 "LEFT Auto

*Auto Mode” Request”
11 11
1T 1T

Figure 17 Networks 5 & 6
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¥  Network 7: RIGHT Control

w» Manual and auto control for moving the robot right. The RIGT solenoid will disengage once the RIGHT sensor is
made. The UP sensor works as an interlock as the robot can only move right when itis in the UP position. When
auto mode engages, itdisenages manual mode to save interferance of the automatic sequence by cpening
the normally cosed contact M111.0.

%M100.6
%M110.0 "RIGHT HMI %l0.6 %I0.0 %Q0.7
"Auto Mode” Request’ "RIGHT sensor” "UP sensor” "RIGHT solenoid”

/1 | Vi | { }

%M110.6
%M110.0 “RIGHT Auto
"Auto Mode" Request”
11 11
11 11

¥  Network 8: OPEN Jaws Control

w Manual and auto control for opening the robot jaws. The OPEN solenoid will disengage once the OPEN sensor
is made. When auto mode engages, it disenages manual mode to save interferance of the automatic
sequence by opening the normally cosed contact M111.0.

%M100.7
%M110.0 "OPEN HMI %0.2 %Q0.3
"Auto Mode” Request” "OPEN sensor” "OPEN solenoid”

V1 | Vi { }

%M110.7
%M110.0 "OPEN Auto
"Auto Mode" Request”
1 L ] 1

Figure 18 Networks 7 & 8
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v Network 9: Close Jaws Control

w Manual and auto control for closing the robot jaws. The CLOSE solenoid will disengage once the CLOSED
sensoris made. When auto mode engages, it disenages manual mode to save interferance of the automatic
sequence by opening the normally cosed contact M111.0.

%M101.0
%M110.0 "CLOSE HMI %l0.3 %Q0.2
"Auto Mode” Request” "CLOSED sensor” "CLOSE solenoid”

Vi I | Vi { }

%M111.0
%M110.0 "CLOSE Auto
“Auto Mode”® Request”
1 1 I 1
1T 1T

¥  Network 10: Pick and Place Automatic Robot Sequence

Contains the SCL program for the automatic pick and place sequence

%M250.0 %FC2
"Pause” “Auto Sequence”
/1 EN ENO

Figure 19 Networks 9 & 10
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¥  Network 11: StartSequence Delay
w The object sensor or start sequence memory address outputs a start memory output that engages start

memory M200.0 in network 12.

%M150.0 %M200.0
"Start Sequence” “Start Memory”

] | /5 }
LI | Isl

%I1.5
"OBJECT sensor”

¥  Network 12: StartSequence Delay

w Start Memory M200.0 starts a timer of 25 which will then start the sequence, which also resets the start
memoery bit when complete.

%DB3
“Delay Timer"
%M200.0 TON %M150.0
"Start Memory” Time “Start Sequence”
] L | 1
11| IN Q {5}
T#2s PT ET T#0ms
%M200.0
“Start Memory”
| i
L} R I

Figure 20 Networks 11 & 12
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¥  Network 13: Object Counter

w The counter simply decrements at step 26 when an object is placed at station 4. It also increments when an
object is placed at station 2.

%DB4
“IEC_Counter_0_
DB"
MW200 CTUD
“Step” Int
juint | cu QU— 1
26 QD —ifalse
cv D
MW200
"Step”
Juint | _ <o
8 false = R
TalSe = LD
%MBO
"System_Byte" PV

Figure 21 Network 13
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Appendix D: - Simulation Testing Results and Evidence

Table 2 Simulation Testing and Results

Test Description

Expected Result

Actual Result

Pass or fail

Reference

1 - All manual controls must be
fully functional. All sensors are
to work correctly by closing the
solenoid valves once the
sensor is made. The solenoid
valve indicators must illuminate
when in operation.

Each sensor normally
closed contact should
break, stopping the
solenoid from opening.
The ‘SOV’ indicators on
the HMI should
illuminate when the
solenoid is operating.

The solenoids for each
manual control stopped
when the indication lamps
came on, meaning the
sensors were working
correctly as interlocks.

Pass

Figure 22

2 - The robot must not move
left, right, in or out unless in the
up position and must not move
down unless located over a
station.

When in manual control,
if the robot is not in the
up position,  there
should be no movement
when the manual
buttons are pressed,
which will be seen on
the HMI.

There was no movement in
the robot when pressing
each manual control
except the grippers. No
activity with the SOV lamps
proved this. The evidence
for this shown was for the
down position. The

Pass

Figures 23, 24,
25 & 26

3 - The robot must move to the
home position when auto mode
is selected, and the HMI should
display step ‘1.

The robot must locate
over station 1
regardless of any
position the robot is
currently in.

The solenoid valves
operated automatically and
the up, out, left and open
sensor lamps illuminated,
and the step display
showed step ‘1’, indicating
the robot was in the home
position.

Pass

Figures 27 & 28

4 - When there are 2 objects in
the machine, the sequence
must start at step ‘2’ and go up
until step ‘27’, correctly moving
the object at station 3 to 4 and
moving the object at station 2to
3 before moving the new object
to station 2. The step must be
reset to step ‘1.

The HMI must display
the step incrementing
from 2 — 27 without it
skipping steps.

The step display on the
HMI correctly cycled
through steps 2 - 27
without skipping any steps
and ended at step 1.

Pass

Figures 29, 30 &
31

5 - When there is 1 object in the
machine, the sequence must
start at step 12" and go up until
step ‘27°, correctly moving the
object at station 2 to 3 before
moving the new object to
station 2. The step must be
reset to step ‘1"

The HMI must display
the step incrementing
from 12 — 27 without it
skipping steps

The step display on the
HMI correctly cycled
through steps 12 - 27
without skipping any steps
and ended at step 1.

Pass

Figures 32, 33 &
34
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6 - When there are 0 objects in
the machine, the sequence
must start at step *19" and go up
until step ‘27’, correctly moving
the new object to station 2 The
robot must be reset to step ‘1.

The HMI must display
the step incrementing
from 19 — 27 without it
skipping steps.

The step display on the
HMI correctly cycled
through steps 19 - 27
without skipping any steps
and ended at step 1.

Pass

Figures 35, 36 &
37

7 - The sequence must be able
to be paused and continued at
any step.

The step display on the
HMI should stop
incrementing and there
should be indication that
the sequence is
stopped from the
sensors and the
solenoid valves should
not be in operation.

The sequence safely
paused with the number on
the step display being
constant and there was no
solenoid movement. The
sensor indicators correctly
illuminated their position.

Pass

Figures 38 & 39

8 - There must be a 2 second
delay after the sequence is
triggered by the object sensor.

The timer display on the
HMI should display a 2
second delay and the
steps should start
incrementing.

The timer display correctly
displayed 2 seconds until
the sequence begun.

Pass

Figure 40

9 - The counter must be
incremented at step ‘26’ and
decremented at step ‘8’.

The counter display on
the HMI should
increment at step ‘26’
and decrement at step
‘8.

The counter display on the
HMI correctly incremented
at step ‘26’ and correctly
decremented at step ‘8’.

Pass

Figures 41, 42 &
43
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Appendix E: - Practical Testing Results and Evidence
Table 3 Practical Testing and Results

Test Description Expected Result Actual Result Pass or fail Reference
1 - All manual controls must be | Each sensor normally | The position sensors on
fully functional. All sensors are | closed contact should | the robot did not allow it to
to work correctly by closing the | break, stopping the | move any further when the
solenoid valves once the | solenoid from opening. | sensor detected its
sensor is made. The solenoid | The ‘SOV' indicators on | position, whilst still Pass Figures 44
valve indicators must illuminate | the HMI should | pressing the  manual
when in operation. illuminate when the | requests. The evidence
solenoid is operating. shown was for the down
position. This was also true
for every other manual
request.
2 - The robot must not move | When in manual control, | The robot did not move in
left, right, in or out unless in the | if the robot is not in the | the positions stated in the
up position and must not move | up position,  there | test description when still
down unless located over a | should be no movement | pressing the HMI manual
station. when the manual | requests, which means the
buttons are pressed, |up sensor was working Pass Figures 45
which will be seen on | correctly. The evidence
the HMI. sown demonstrates

attempting to move the
robot right when the robot
is down, however the UP
sensor prevented this.

3 - The robot must move to the | The robot must locate | The robot moved to the

home position when auto mode | over station 1 | home position when the
is selected, and the HMI should | regardless of any | ‘auto’ mode was pressed, Pass Figures 46 & 47
display step ‘1. position the robot is | which means the
currently in. automatic control was
working correctly.
4 - When there are 2 objects in | The robot must | The robot completed the

the machine, the sequence | complete the full | full sequence with the
must start at step ‘2’ and go up | sequence from step 2 — | maximum  number  of

until step ‘27°, correctly moving | 27. There should | objects in the machine and Pass Figures 48 & 49
the object at station 3 to 4 and | remain 2 objects in the | picked and placed the

moving the object at station 2to | machine. objects in their correct

3 before moving the new object locations. The robot also

to station 2. The step must be retumed to its home

reset to step ‘1. position.
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5 - When there is 1 object in the
machine, the sequence must
start at step 12" and go up until
step ‘27°, correctly moving the

The robot must
complete the full
sequence from step 12
— 27. There should

The robot completed the
sequence from step 12 -27
correctly placing the
objects in their assigned

object at station 2 to 3 before | remain 2 objects in the | locations and returned to Pass Figures 50 & 51
moving the new object to | machine. its home position.
station 2. The step must be
reset to step ‘1"
6 - When there are 0 objects in | The robot must | The robot completed the
the machine, the sequence | complete the full | sequence from step 19 —
must start at step ‘19’ and go up | sequence from step 19 | 27 correctly placing the
until step 27°, correctly moving | — 27. There should | object in its assigned Pass Figures 52 & 53
the new object to station 2 The | remain 1 object in the | location and returned to its
robot must be reset to step ‘1’. | machine. home position.
7 - The sequence must be able | The step display on the | The robot stopped in the
to be paused and continued at | HMI should stop | sequence once the ‘pause’
any step. incrementing and there | button was pressed and
should be indication that | continued once the
the sequence is | ‘continue’  button was
stopped  from the | pressed. Pass Figures 54 & 55
sensors and the
solenoid valves should
not be in operation.
Hence the robot should
stop in its current
position.
8 - There must be a 2 second | The timer display on the | The only way the obtain a
delay after the sequence is | HMI should display a 2 | two second delay was to
triggered by the object sensor. | second delay and the | manually start the
steps  should start | sequence from the HMI
incrementing. screen. The robot being
tested had the sensor in a Fail Figure 56
different location where the
object would simply roll
past the sensor. This
means the delay triggered
by the sensor could not be
fully tested.
9 - The counter must be | The counter display on | The counter correctly
incremented at step ‘26’ and | the HMI should | incremented and
decremented at step ‘8’. increment at step ‘26’ | decremented at the Pass Figures 57, 58 &

and decrement at step
‘8.

assigned steps and the
robot had the correct
number of objects in the
machine.
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[Test 1]

Figure 44 Test 1— Testing Down Sensor Interlock
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[Test 2]
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Figure 45 Test 2 - Right Manual Request
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[Test 3]

Figure 46 Test 3 - Robot Away from Home Position and in Manual Mode
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Figure 47 Test 3 - Robot in The Home Position After Pressing ‘Auto’
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[Test 4]
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Figure 48 Test 4 - 2 Objects in The Machine Pre-Sequence
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Figure 49 Test 4 - 2 Objects in The Machine Post-Sequence
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[Test 5]
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Figure 50 Test 5 - 1 Object in The Machine Pre-Sequence
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Figure 51 Test 5 - Two Objects in The Machine Post-Sequence
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[Test 6]

Engineer's Screen

Figure 52 Test 6 - No Objects in The Machine Pre-Sequence
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Figure 53 Test 6 - 1 Object in The Machine Post-Sequence
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[Test 7]

Figure 54 Test 7 - Sequence Paused After Pressing ‘Pause’ Button
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Engineer's Screen

Figure 55 Test 7 - Sequence Continued After Pressing 'Continue' Button
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[Test 8]
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Figure 56 Test 8 - Timer Delay with HMI Displaying Timer
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[Test 9]

Figure 57 Test 9 - Object Counter Reading 2 Objects Before Step 8
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Figure 58 Test 9 - Object Counter Decremented After Step 8
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Figure 59 Test 9 - Object Counter Incremented After Step 26
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