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1. Research

According to Khaled Kamel, a programmable logic controller, also known as a PLC, is a micro-
processor-based computer unit that can be used to perform many control instructions. They also go

on to say that they are commonly used today in robotic and different control systems. (Kamel, 2014)

There are three main varieties of PLCs, which are Unitary, Modular and Rack Mounted. A Unitary PLC
is considered to be the simplest of all three as it contains all of its components (including inputs and
outputs) in one unit and is generally found attached to the equipment being controlled. A Modular
PLCisslightly different to a Unitary PLCas itis capable of combining several input and outputs together
to create a specialized type. Due to this personal trait, it makes the PLC easy to be customised. Rack
Mounted PLCs can be compared to Modular PLC types because they share a similar trait in that they
can be adapted to have more digital inputs and outputs, however with a Rack Mounted PLC they are
not combined modules they are single modules, resulting in any extra modules required being added
via a network. They are also organised on a “rack” hence the name and can be removed and added as

required (Aries, 2021).

Siemens produce a variety of PLCs in the formats of Unitary, Modular and Rack Mounted. Some

examples of each of these types of Siemens PLCs can be represented in a comparison table.

Type of PLC | Cost Speed per | Memory | Number of | Net weight | Program
(E) 1K m/s (kiloByte) | 1/O (kg) Memory
(KB)
§7-1211 Unitary 182 0.08 50.00 6 0.38 50
§7-1212 Modular 224 0.08 75.00 16 0.39 75
S7-1214 Modular 369 0.08 100.00 26 0.49 100
§7-1217 Modular 803 0.08 150.00 28 0.50 150
$7-1500 Modular 3851 0.03 512.00 32 0.94 512
S7-400 Rack 14691 | 0.01 64000.00 | »32 1.06 64000
Mounted

(PG, 2021)




Hans Berger states that the Siemens $7-1200 series is the modular micro-system, with a central
processing unit which can be said to be power failure-proof. They go on to say that this means in the
event of a power failure, tags which are saved are stored in the retentive memory for safety (Berger,

2013).

Within the research task | am also set a question to decide whether the PLC used for the Pickand Place
robot is the most suitable; the PLC used for this was the Siemens 57-1214. As we can see in the
comparison table above itis a modular PLC. This identifies straight away that a Unitary PLC like the 57-

1211 would be inadequate because of its ability not to expand signal modules.

From looking at the comparison table a trend is starting to develop in that as the speed per 1K m/s of
the PLC increases so does the cost. Therefore, purely down to financial reasons the rack mounted S7-

400 would also be inadequate as its too expensive.

After explaining why, the $7-1211 and the S7-400 would be inappropriate, it is now possible to say
that the Modular PLC was the right type to be selected. It is also possible to say that the $7-1214 was
the correct PLC to be used because of the number of input and outputs required for the Pick and Place
robot. The robot required a total of 22 inputs and outputs, meaning the S7-1212 would not have
enough. Therefore, as the 57-1214 is the correct option as it can withhold a total of 26 inputs and
outputs which is within the required amount and offers room for some expansion. However, if greater

expansion were required then the $7- 1217 would be a better option.

Good conclusion but
space is a limitation




2. Hardware Investigation, Circuit Diagram, and 1/O List

Throughout the pick and place robot there has been numerous different types of hardware used which
can be shown on the drawing of the PLC below in figure 71. The hardware within the pick and place
robot consists of push buttons to start and stop the robot, pneumatic pistons, solenoids, reed switch

sensors and also proximity sensors. The hardware used can be identified as either being an input or

an output as shown in the table below. You
shoul
Input / Qutput Explanation of"operation PLC
have
(1/0) given addresses
UP sensor | Indicates when the robo¥i8 the “up” position. |  %MO0.0
addre
SS
DOWN sensor Indicates when the rdisue is the “down” %MO0.1
- not
position. the M
addre
OPEN sensor Indicates when the griBBer of the robot is %MO0.2
h‘openﬂ-
CLOSED sensor Indicates when the gripper of the robot is %MO0.3
“Closed”.
IN sensor This sensor indicates when the robot has %MO0.4
moved “in”, but only when in the “up”
position.
OUT sensor This sensor identifies when the robot has %MO0.5
moved “out”, but only when in the “up”
position.
RIGHT sensor Indicates that the robot has moved “right” %MO0.6
whenin the “up” position.
LEFT sensor Indicates the robot has moved “left” but only %MO0.7
when in the “up” position.
OBIJECT sensor Indicates when the robot has detected an %M1.5
“object” in the chute.




Move UP solenoid Controls the movement when the robot %0Q0.1
needs to move “up”.
Move DOWN Controls the movement when the robot %0Q0.0
solenoid needs to move “down”.
Move LEFT Controls the movement when the robot %Q0.6
solenoid needs to move “left”.
Move RIGHT Controls the movement when the robot %00.7
solenoid needs to move “right”.
Move IN solenoid Controls the movement when the robot %0Q0.5
needs to move “in”.
Move OUT Controls the movement when the robot %0Q0.4
solenoid needs to move “out”.
Gripper OPEN Controls the movement when the gripper %Q0.3
solenoid needs to “open”.
Gripper CLOSE Controls the movement when the gripper %Q0.2
solenoid needs to “close”.




3. Program Design and Explanation
Unnecessary

The next stage of this assignment was to use the SiemeasTdAPortabto design the pick and place robot
project. The project had to be able to run in both manual and automatic modes which would be shown
on 2 HMl screens (Operator and Engineer screens). The screens created can be shown below in figures

1and2.

It was essential that the robot had interlocks created for when in manual mode otherwise there is a
potential to break the robot. For example, if an object was in station 2 and the robot was moving to
the station whilst going down there is a potential for it to crash. The interlocks prevent this by only
allowing the robot to move to a position until the reed switch (sensor) is made. From looking at figures
3-9, it is possible to see the interlocks in place. Additional descriptive comments are written in the
program to help with possible fault finding. From looking at the figures mentioned the sensors can be
seen to be normally closed; this is because once the solenoid has moved the robot to a station or new
position there is no need for it to run which as a result preserves energy from being wasted. As a

result, the solenoids switch off once the sensor is made.

The specification of this assignment required an HMI screen for the operator with a step and object
counter which can be shown in figure 1. A pause and start sequence buttons were also added to help
the operator along with reset buttons for both counters. A further and final addition to the HMI screen
was a lamp that indicates when the sequence is running in automatic mode. Similarly, the HMI of the
engineers screen also required a pause and start button to control the sequence along with other

essential controls to help with potential maintenance or fault finding as shown in figure 2.

When the robot was running in automatic mode an SFC (Sequential Function Chart) was created to
aid with the designing of the program, the SFC can be seen below. This chart helped break down the
programming as it breaks down each step into a simpler form. From the SFC chart it is possible to see

that before the robot starts any form of sequence it must be up before moving in any direction.




don't use boxes for labels, switch off the outline next time

you label a drawing using a text box

FSP —

i

P

Step0 | —

Step 1

H

RIGHT

OPEN —

START

Move UP

Move IN
Move RIGHT
Gripper OPEN

Start P/B

you could have included the object sensor as an alternative

event
Step2 |—{ Move OUT
ouT
Step3 || Move DOWN
DOWN
Step 4 Gripper
- CLOSE
CLOSE |——
Move UP
Step 5

v |-

Start P/B is not a sequence action, it is an
event




Step 6 Move IN
Step7 |—1 Move DOWN
DOWN
Step 8 Gripper
OPEN
OPEN
Step 9 | Move UP
Step10 || Move LEFT
LEFT
Step 11 || Move OUT
ouT
Step12 || Move Down
DOWN




Step 13 Gripper

CLOSE
CLOSE —
Step14 | | Move UP
.
Step15 || Move RIGHT
RIGHT
Step 16 Move DOWN
DOWN
Step17 || Gripper
OPEN
OPEN
Step18 | Move UP
Step19 || MoveIN
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Step20 | | Move LEFT

LEFT

Step21 || Move DOWN
DOWN
Step22 || Gripper
CLOSE

CLOSE —

Step23 || MoveUP

Step24 || Move OUT

ouT

Step25 || Move DOWN

Step26 [ Gripper OPEN

Loven |

return to
step 0




Within figures 14-25 there are additional comments to help understand the SCL auto sequence code.
The SFC chart above helped write this code as it forms a step-to-step guide in a simpler form. The way
the code works is by the following (take figure 15), when the robot is started the first thing is does is
move up because of the safety lock already stated. The robot has requested this movement, so when
the “up sensor” is met, the move up request =0 as the instruction is made, therefore it can progress

to the next step which is 1.

In order to write the program in the form of networks and also the SCL code there had to be PLC tags.
The tags were helped formed by use of the I/O list in task 2, with the memory elements starting from
M2000.0 as seen below. The tags of the PLC are shown in figures 26-29, and they are tagged to both
the engineer and operator HMI screens where it was appropriate to do so, see figures 1 and 2 for the

tags onthe HMI screens.

The sequence of the robot works after a delay of 2s at the object sensor, in order for it to detect the
object in the entry chute. After detecting the object, the robot moves home and then progresses to
the entry chute via the automatic sequence. However, if the robot detects there are more objects in
the system by use of the object counter then it must move them; accordingly, if an object is at station
3 then it must be moved to the exit chute station 4, a so if there is an object at station 2 it must then

be moved to station 3 to allow the robot to bring in an object to station 2.

12




This table should contain five columns: (1) description of test, (2)
expected result (3) actual result (4) pass-fail decision (5) reference to

evidence as image in the appendix. Some are included.
4. Simulation Testing

Auto(A) /Manual What is the test? Pass(P)/ Fail(F) Figure
(M) reference
M Testing “up” interlock P 30
M Testing “down” interlock P 31
M Testing “right” interlock P 32
M Testing “left” interlock P 33
M Testing “in” interlock P 34
M Testing “out” interlock P 35
A Testing step 1 — counter 1 P 36
A Testing step 20 — counter 1 P 37
A Testing step 21 — counter 1 P 38
A Testing step 22 — counter 1 P 39
A Testing step 23 — counter 1 P 40
A Testing step 24 - counter 1 P 41
A Testing step 25 — counter 1 P 42
A Testing step 26 — counter 1 P 43
A Testing step 0 —counter 2 P 44
A Testing step 1 —counter 2 P 45
A Testing step 10 - counter 2 P 46
A Testing step 11 — counter 2 P 47
A Testing step 12 - counter 2 P 48
A Testing step 13 — counter 2 P 49
A Testing step 14 — counter 2 P 50
A Testing step 15 — counter 2 P 51
A Testing step 16 — counter 2 P 52
A Testing step 17 - counter 2 P 53
A Testing step 18 — counter 2 P 54
A Testing step 19 — counter 2 P 55
A Testing step 20 — counter 2 P 56
A Testing step 21 — counter 2 P 57
A Testing step 22 - counter 2 P 58
A Testing step 23 — counter 2 P 59

13




A Testing step 24 — counter 2 60
A Testing step 25 — counter 2 61
A Testing step 26 — counter 2 62
A Testing step 0 — counter 3 63
A Testing step 1 —counter 3 64
A Testing step 2 —counter 3 65
A Testing step 3 —counter 3 66
A Testing step 4 —counter 3 67
A Testing step 5 —counter 3 68
A Testing step 6 — counter 3 69
A Testing step 7 — counter 3 70

After this step, the counter reverts back to step 8 counter 2 and continues for the rest of the sequence

in this manner completing the testing results.

14




5. Practical Testing and Team Working

This section was a group task, consisting of 3 people to practically test the program on the PLC pick
and place robot, however due to COVID-19 lockdown restrictions this was not possible and as a result

had to be done on a video call.

The program tested worked well and passed all the required tests in order to do so. The group was
responsible for observing and recording any necessary results however to do this the group was split
up into individual roles. As the program within this report was used to be tested the other two
members of the group were responsible for recording the manual and automatic results, which can

also be found within the assignment in relevant sections (see section 4 for tabulated results).

15




6. Discussion, Conclusions and Recommendations

As previously stated, due to COVID 19 lockdown restrictions the program was unable to be tested
physically on the PLC pick and place robot. However, as a group in section 5 the program was able to
be tested via the simulation methods available on TIA portal. As a recommendation for the future a

practical test where lockdown restrictions are no longer an issue would be advisable.

With the results obtained from the testing of the program, its is possible to say that the consumer
needs were met as the specification was met. The robot had to move up before being allowed to move
in any other direction and in order to move down it had to be located over a station which the results
are showing with the safety locks in place. When the program was run in the auto sequence it was

possible to witness that the safety interlocks were in place via the engineer’s screen.

Maintenance efficiency needs have been met when the program was written in the main block
networks. For example, as stated already when the solenoid has moved after being energised it turns
off when it hits the sensor which makes it energy saving as it is not running. It is possible to say that
by it not running it is prolonging its life expectancy as a component since it is not energised and

working all the time.

With the overall testing of the program done on TIA portal it was possible to obtain results of the
program working efficiently, however something that was noticed was with network 8 (figure 10) in
that it does not have a safety interlock to prevent the gripper opening when it is not down. It would
therefore be recommended that an interlock is to be put in this network which would only allow the
gripper to open when down on a station. This would prevent any harm to the user and of course the

object itself.

Furthermore, it is possible to conclude that with a practical test to visually see the robot moving
efficiently and accurately, along with an additional safety interlock on network 8 the open gripper

solenoid, that this would greatly improve the design of the pick and place robot.

16
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Appendix

start—

pause ‘Step: Counter: :: .............

Auto —

step—————

object counter———~

reset — ———— &

Reset OBJECT counter |—

Figure 2: Image of Engineers screen, with indication of PLC tags.
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Good comments, well explained. The problem with putting the network number in
the comment is that if you were to insert a network (which is often the case), you
would have to edit all the comments as they would not match up with the actual

network number anymore.
¥  Network 1: Simulation and actual input switch, with paused auto sequence

inputs and outputs work off memory bits.
When the pause button is pressed on auto the sequence stops until re-started.

w When the simulate bit is on the inputs work off a function call, whereas when the simulation is offthe

%M2000.0 w1
“Simulate” "Map INPUTS"
/1 EN ENO
%M2000.0 W
*Simulate” “Simulate INPUTS"™
{ | EN ENO ——
%M2202.2 WFCa
“pause” “Auto Sequence”
1/ EN ENQ =t

Figure 3: Inputs and poused sequence.

v Network 2: Move UP solenoid

w Interlocks are in place to make the robot go up before doing anyother commands. If the robot
becomes stuck between stations manual controls can be used to move the robot safelyas shown in

the rungs.
%WM2200.0 %o
WM2201.0 “Move UP M0 .0 *Move UP
"Auto” Request” "UP sensor” solenoid”
{ | { | /1 { }
%M2201.3
%WM2201.0 *HM Manual
"Auto” move UP"
| ] |
|/= 11
@04 MO 5
"IN sensor® "OUTsensor”
] ]
/1 i
why are these bits added?
o7 MO0 .6
"LEFTsensor” "RIGHT sensor”
| |
/1 A

Figure 4: Safety interlocks for moving "up ™ with additional comments.
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*  Network 3: Move DOWN solencid
w Safetyinterlocks are in place to prevent the robot moving down unless it is over a station. It must be left - out, right - in,
left - in, or right - out, to be able to bring on the down solenoid.

N

Figure 5: Safety interlocks for moving "down" with additional comments.

¥  Network 4: Move LEFTsolenoid
w Safetyinterlocks are in place on this network to prevent the robet moving left unless the robot is up.

If its in auto it will be requested to move left after moving up, however in manual it will be
commanded tc move up before being allowed to move left.

F%M22001 Q0.0
M2201.0 *Move DOWN WMo.7 EMO0.5 M0 *Move DOWN
"Aute” Request” "LEFTsensor” "OUTsensor" "DOWN sensor” solenocid”
11 11 1 1 1 1 | "
11 11 11 1T |/‘| { } 1
%2201 2 M0.6 WM0 4
%W12201.0 *HM Manual “RIGHTzenzor” *IN sensor”
“Auto” move DOWN' | } | }

/1

Figure 6: Safety interlocks for moving "left" with additional comments.

20

922002 0.6
%@2201.0 "Move LEFT @00 o7 "Move LEFT
"Auto” Request’ "UP sensor” "LEFT sensor” solencid”
] | ] | ] L ]
1T 11 1T i/ { F—
%WM22014
%9M2201.0 "HMI Manual
*Auto”® move LEFT
] 1




¥  Network 5: Move RIGHT solenoid

w Network 5 has safetyinterlocks to prevent the robot from moving right unless the robotis up. When
in manual it must move up before being allowed to move right, wheras in auto it will be requested

for the robot to move up before being able to move right.

Figure 7: Safety interlocks for moving "right" with additional comments.

> Network 6: Move IN solenoid

%WM2200 3 %Q0.7
%WM2201.0 “Move RIGHT %M0.0 WMO0 6 “Move RIGHT
*Auto® Request” *UP sensor” *RIGHT sensor” solenoid”
| | { | { | /1 { }
aM22015
%WM2201.0 "HMI Manual
*Auto® move RIGHT
] 1 L
|/= 11

w Network 6 has safetyinterlocks to prevent the robot moving in unless it is in the up position. The
robot when in auto will be requested to move up before moving in to enable the solenocid, whereas
when in manual the robot will be commanded to move up beofre being able to energise the

solenoid.
%WM2200 4 %Q0.5
WM2201.0 "Move IN MO0 WMo 4 “Move IN
"Auto” Request” "UP senser” “INsensor® solenoid”
] 1 ] L 1 1 1
1T 11 1 T |A : :
922016
WM2201.0 “HMI Manual
"Auto” move IN*
| 1 1
|/} 11T

Figure 8: Safety interlocks for moving "in" with additional comments.
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w  Network 7: Move OUTsolenoid

w Network 7 has safetyinterlocks to prevent the robot moving out unless it is in the up position. For
the solenoid to energise the up sensor must be met before the auto out request can be allowed,
and when in manual the up sensor must be met before the out solenoid can be energised.

%WM22005 %00 .4
WM2201.0 “Move OUT WMo 0 WMo s “Move OUT
"Auto” Request’ *UP sensor” *OUTsensor” solenoid®

] | ] L ] 1 | { 1
1T 1 | 1T u/l 1 J

WM2201.7
“M2201.0 “HMI Manual
"Auto” move OUT

/1 i |

Figure 9: Safety interlocks for moving "out" with additional comments.

*  Network 8: Gripper OPEN solencid

w When in auto the gripper will be requested to open when itis atits turn of the sequence, whereas in
manual itis commanded to open by energising the solenoid. This is because ifits stuck in auto itcan
be manually overidden.

W@M2200.6 %Q0.3
22010 *Gripper OPEN WMo 2 “Gripper OPEN
*Auto” Request” “*OPEN sensor® solenoid”

|1 | | 1 | { 1
17T 1T I/‘ LI |

%WM2202.0
"HM Manual
@M2201.0 move Gripper
*Auto” OPEN"

A I

Figure 10: Network rungs for "gripper open" with additional comments.
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-

Network 9: Gripper CLOSE solenoid

w The gripper close solencid will be requested to close in aute when it arrives at a station ready to

rmoved up, whereas in manual the gripper close solenoid will be energised when the manual control
{ pushbutton is activated.

%M2200.7 %002
M2201.0 "Gripper CLOSE %Mo .3 "Gripper CLOSE
“Auto” Request” *CLOSED sensor” solenoid”
11 1 1 I
11 1T |/: { } 1
%M22021
“"HMI Manual
M2201.0 move Gripper
*Aute” CLOSE®
4 { |

Figure 11: Network rungs for "gripper close” with additional comments.

Network 10: Object Counter

w Network 10 is designed to count the objects being detected by the object

sensor within the robotic sequence. It ensures thatifthere is an cbeject at
station 3, then it must be moved to sation 4 before another object can enter the
sequence]

%DB1
“Object Counter”
%2205 ] =
"CRUECT cTuD
detected” int
I L
I @ @
@ ==
o
%LNA2D1 O
“ctep”
|uint | @
g
%M222.6
“Resst QBJECT
counte”
] L
1T ®
:—1p
%M2100.0 XL —rv

Figure 12: Object counter network with additional comments.
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Network 11:

w Network 11 is responsible for the object timer. It must delay
movement of the robot by 2 seconds when an cbjectis first rolled in.
Once it has counted 2 seconds of detecting the object, the sequen...

Object Timer

wM2202.5
%M1.5 "ORIECT
“QAECT enza’ defected™
{ | {5 —
®MW2010
WM2201.1
R Ih |
<
{ | Uit |
%082
%M2202.5 R X oy
“OaECT TON ®M2202.4
detacted” Time “start quencs’
| ——m [ { }
*2:__F§ BT T20m:
%083
Ehyac ekt %M2202.5
wM2202.4 TON “ORUECT
"start sequence’ Time deacted”
—o ——N Q {R} 4
=l _py m—T50m:
Figure 13: Object timer network with additional comments.
1 [EHIF ("FSP"™ = 1) OR ("Auto™ = 0) OR ("reset™ = 1) THEN
2 "Step" = 0;
3 "Next_Step” := 0;
4 "Move IN Request™ := 0;
5 "Move OUT Reguest" := 0;
€ "Move LEFT Request”™
7 "Move RIGHT Regquest" := 0;
3 "Gripper OPEN Request" := 0;
=] "Gripper CLOSE Request™ := 0;
10 | END_IF;
11

Figure 14: SCL Auto sequence program FSP.

13 EICASE "Step™ OF

14 0: I p indicates the robot ving up becasue of the safety interlock
5 =17

16 P sens = 1 THEN

17 "Move UP Requestc™ := 0;

8 "Hext_ Step” := 1; //Hext step is 1

18 END_IF;

Figure 15: SCL Auto sequence step 0 - move UP with additional comments.
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20 1 ffmove home

ove IN Request”™ :=
22 "Move RIGHT Request®
"Gripper OFEN Request™ :
IF "IN sensor™ = 1 AND
“RIGHT sens 1 MD
EN sensor” 1 AND
art sequence” = 1 THEN
“Move IN Request™ := O
we RIGHT Request”™

END_.

= 2 THEN

3 THEN

//Indication of the robot moving to its home postion

J/If the cbject counter is at station 1 them move to step 20

//1f the cbject counter is at station 2 then move to atep 10

//1f the cbject counter is at station 3 then move to atep 2

Figure 16: SCL Auto sequence step 1 - with additional comments.

4l 2: object from statlon 3 to St
42 [ fmove OUT

43 "Move OUT Hequesc™ @

44 H IF "0UT sensor™ = 1

45 "Move OUT Request™ = 03

4€ "Hext_Step” i= 37

a7 END_IF;

48 3: ove DOWH

45 "Move DOWH Reques = 17

08 IF "DOWN sensor® = 1 THEN

51 "Move DOWN Request™ := 0;

52 “Hext_Step® = 47

53 | END_IF;

54 d: [/gripper CLOSE

55 "Gripper CLOSE Request™ := 1;
SeEH IF "CLOSED sensor™ = 1 THEN

37 ripper C =0
58 "Next_Step™ :

58 | END IF;

f/This step shows the object moving o

Hext step is 3

//This step indiac

obot 13 moving down

//Mext step is 4

//The gripper closes on the object

//Hext step is 5§

Figure 17: SCL Auto sequence step 2, 3 & 4 — with additional comments.

&0 5: / e UF
&1 "] UP Request™ := 17
€21 IF "UP sensor™ = 1 THEN
€3 "Move UPF Request™ := 0f
€4 "Next_Step” [H

EMD_IF;

€: [/move IN
"Move IN Request™ ;= l;7

F "IN sensor™ = 1 THEN
"Move IN Request™ := 07

o "Next_Step” := 7;

71 END_IF;

DOWN

73 "Move DOWN Request” := 1;
T4 IF "DOWN senscor™ = 1 THEN
75 "Move DOWN Request™
76 "Next_Step" := 8;

77 | END_IF;

//The gripper is now moving into the up postion

//Wext step is €

//The gripper is moving

f/Next step is

//The gripper moving down to station 4

//Hext step is &

Figure 18: SCL Auto sequence steps 5,6 & 7 - with additional comments.
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8: //qripper OPEN
“Gripper OPEN Request® := L:
IF "OPEN sensor® = 1 THEN

ah

/The gripper cpening to release the f'b]ECEI

“Gripper OPEN Request” := O;
"Next_Step" := O: //Next step is §
1F;
9: e UP //After releasing the object the gripper moves up
"Move UP Request® := 1
IF "UP sensor™ = 1 THEN
“Move UP Request™ := 07
“Nexc_Step” := 10; //Hext step is 10
END_IF;
10: //move object from station 2 to station 3 //The robot will move left,moving an object from station 2 ©o 3
//move LEFT
"Move LEFT Request” := 1;
IF "LEFT sensor® = 1 THEN
EL “Move LEFT Request® := 0;
95 “Hext_Step” := 11; //Hext step is 11
96 | END_IF;

Figure 19: SCL Auto sequence steps 8, 9 & 10 - with additional comments.

a7 11: //move OUT //The robot is moving out
o8 "Move OUT Request™ := 1;
5 IF "OUT sensor” = 1 THEN
"Move OUT Request™ := 07
"Next_Step™ := 12; f/Hext step is 12
END IF:
12: //move DOWM //The robot has moved out and is now moving down
"Move DOWN Request™ := l;7

IF "DOWN sensor™ = 1 THEN

“Move DOWN Request” := 07

“Next_Step™ := 13; //Next step is 13
108 | END_IF;
10% 13: //gripper CLOSE //Once moved down, the gripper closss on the object
110 "Gripper CLOSE Regquest" := 1;
111 8 IF "CLOSED sensor™ = 1 THEN
112 "Gripper CLOSE Reguest™ := 0;
113 “Next_Step"™ := 14: f/Next step is 14
114 | END_IF;

Figure 20: SCL Auto sequence steps 11, 12 & 13 - with additional comments.

115 14: // move UP closing the robot moves to its up postion
116 "Move UP Request™ := 1;
117 H IF "UP sensor™ = 1 THEN
118 "Move UP Request™ := 0;
118 "Next Scep™ := 15; //Hext step is 15
120 | END_IF:
121 15: //move RIGHT //Robot moving right to station 3
122 "Move RIGHT Request™ := 1
123 01 IF “RIGHT sensor® = 1 THEN
124 "Move RIGHT Request™ := 07
125 "Hext_Step™ := 1&; //Hext step is 1€
126 | END_IF;
127 16: //move DOWN //0nce right the robot moves down
128 "Move DOWN Reguest™ := 1;
IF "DOWN sensor” = 1 THEN
3 "Move DOWN Request"
3 "Next_Step™ := 17; //Next step is 17
132 | END_IF:

Figure 21: SCL Auto sequence steps 14, 15 & 16 - with additional comments.
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ripper OPEN

133 17

134 Gripper OPEN Request®™ := 1;
135 G IF "OPEN sensor™ = 1 THEN
136 “Gripper OPEN Request”™ := 0;
137 “Next_Step” := 18;

13g | END IF}

139 18: //move UP

40 "Move UP Request” := 1;

141 @ IF "OP sensor™ = 1 THEN

42 "Move UP Request”™ := 0;
143 "Next_Step” := 19;

144 | END IF:

145 19: //move IN

l4¢ "Move IN Request” := 1:
4T IF "IN sensor™ = 1 THEN

142 "Move IN Request™ := 07
l4g "Next_Step® := 20;

150 END IF:

//Cnce down the gripper opens rsleasing the object

f/Bext step is 18

//Robot moving into the up position

//Next step i3 19

//Robot moving from the out porstion to the in position

//Bext step is 20

Figure 22: SCL Auto sequence steps 17, 18 & 19 - with additional comments.

151 20: //move object from station 1 to statiom 2
152 //move LEFT

153 "Move LEFT Requeat”™ := 1;

154 & IF "LEFT sensor™ = 1 THEN

155 "Move LEFT Request® := 0
156 "Hext_ Step”

157 END_IE:

158 21: //move DOWN

158 "Move DOWN Request" :=

160 & IF "DOWM sensor™ = 1 THEN

1el "Move DOWN Request™ := 07
162 "Next_ Step™ := 22;

163 | END_IE;

164 22: f/gripper CLOSE

165 "Gripper CLOSE Reguest™ := 1}

lee IF "CLOSED sensor™ = 1 THEN

187 "Gripper CLOSE Recquest™ := 07
lgg "Next_Step™ := 23;

169 | END_IF;

ffMoving object from station 1 to 2 after moving left

//Mext step is 21

//0nce left the gripper goes down

//Hext scep is 22

f/Gripper closes on the object

//Next step is 23

Figure 23: SCL Auto sequence steps 20, 21 & 22 - with additional comments.

170 23: //move UP

171 "Move UP Request”™ := 1;
1720 IF "UF sensor” = 1 THEN

173 "Move UP Reguest™ := 07
174 "Next_Step™ = 24;

175 | END_IF;

176 24: //move OUT

177 "Move OUT Request™ := 1;

178 & IF "0UT sensor™ = 1 THEN
174 "Move OUT Request”™ := 0;
180 "Next_Step" := 25:

181 | END_IF:

182 25: //move DOWN

183 "Move DOWN Reguest™ := 1;
184 @ IF "DOWN sensor™ = 1 THEN
185 "Move DOWM Request™ := ()
186 "Next_Step™ :i= 26;

187 END_IF:

//Gripper moves into the up postion

//Hext step is 24

//Once up the gripper moves out

//Hext step is 25

//Gripper moves into the down postion

//Hext step is 26

Figure 24: SCL Auto sequence steps 23, 24 & 25 - with additional comments.

lgs 26&: f/gripper OPEN

189 "Gripper OPEN Request™ := 1;

150 3 IF "OPEN sensor® = 1 THEN

191 "Gripper OPEN Request™ := 0:
152 “Next_Step” := 0;

153 END_IF;

1594

185 END_CASE:

196 "Step” := "Next_Step";

//Gripper opens releasing the object

//Hext step is 0

/fIndicates the gripper returns to next step which is home

Figure 25: SCL Auto sequence step 26 with additional comments.
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UP sensor

| simulation Tags

DOWN sensor
OPEN sensor
CLOSED sensor
IN sensor
OUTsensor
RIGHTsensor
LEFTsensor

X10 Pushbutton
X11 Pushbutton
X12 Pushbutton
X13 toggle switch
X14 toggle switch
OBJECTsensor
Simulate

PLC Base Unitinput byte 0
PLC Base Unit mapped input by..
PLC Base Unit input byte 1
PLC Base Unit mapped input by..

Figure 26: PLC tag table.

20
21
22
3
24
25
26
27
28
29
30
3N
32
33
34
35
36
37
38

NN NN RN

System_Byte
FSP

DiagStatusUpdate

AlwaysTRUE
AlwaysFALSE
Clock_Byte
Clock_10Hz
Clock_5Hz
Clock_2.5Hz
Clock_2Hz
Clock_1.25Hz
Clock_1Hz
Clock_0.625Hz
Clock_0.5Hz
Move UP solenoid

Move DOWN scolencid
Move LEFT sclencid
Move RIGHT solencid

Move IN solenoid

Figure 27: PLC tag table

Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags
Simulation Tags

Assignment tag table Bool
Assignment tag table Byte

Assignment tag table Byte
Assignment tag table Byte
Assignment tag table Byte

System Tags
System Tags
System Tags
System Tags
System Tags
System Tags
System Tags
System Tags
System Tags
System Tags
Systerm Tags
System Tags
System Tags
System Tags

Byte
Bool
Bool
Bool
Bool
Byte
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Assignment tag table Bool

Assignment tag table Bool
Assignment tag table Bool
Assignment tag table Bool
Assignment tag table Bool
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%MD.0

“eMO.1
%MO0.2
%003
%M0.4
%MO.5
%MO0.6
%MO0.7
%M1.0
FeM1.1
%N1.2
%M1.3
%M1 .4
%M1.5
%M2000.0
%IBO
%MBO
%IB1
%MB 1

%MB2100
%M2100.0
%M2100.1
%M2100.2
%M2100.3
%MB2101
%M2101.0
%M2101.1
%M2101.2
%M2101.3
%M2101.4
%M2101.5
%M2101.6
%M2101.7
%Q0.1
%Q0.0
%Q0.6
%Q0.7
%Q0.5




39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

57
58
59
60
61
62
63
64
65
66

- NN RN

CH-N-N-N-N-R-N RN

Move OUT solenoid
Gripper OPEN solenoid
Gripper CLOSE solenoid
Step

Next_Step

Move UP Request

Move DOWN Request
Move LEFT Request
Move RIGHT Request
Move IN Request

Move OUT Request
Gripper OPEN Request
Gripper CLOSE Request
Auto

start

HM Manual move DOWN
HMI Manual move UP
HM Manual move LEFT
HM Manual move RIGHT

Figure 28: PLC tag table

HM Manual move RIGHT
HM Manual move IN
HMI Manual move OUT

HMI Manual move Gripper OPEN
HM Manual move Gripper CLO...

pause
reset

start sequence
OBJECT detected
Reset OBJECT counter

Figure 29: PLC tag table.

Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table

ssignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
Assignment tag table
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Bool
Bool
Bool
Ulnt
Uint
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

%Q0.4
%Q0.3

%Q0.2

%AMW2010
%MW2012
%M2200.0
%M2200.1
%M2200.2
%M2200.3
%M2200.4
%M2200.5
%M2200.6
%M2200.7
%M2201.0
%M2201.1
%M2201.2
%M2201.3
%M2201.4
%M2201.5

%M2201.5
%M2201.6
%M2201.7
%M2202.0
%M2202.1
%M2202.2
%M2202.3
%M2202.4
%M2202.5
%M2202.6




. Move Up Solenoid

UP sensor LEFT sensor
HMI Manual UP HMI Manual LEFT

Move Right Solenoid

. Move Down Solenoid

D DOWN sensor
HMI Manual Down

Move In Solenoid

RIGHT sensor

.Move Out Solenoid

IN sensor OUT sensor

HMI Manual IN HMI Manual OUT

Figure 30: Engineer screen up interlock.

. Move Left Solenoid

Step  Object Counter
+0
SET

ESET
Mode Select .
simulate

Gripper Closed Solenoid

RESE

lH

CLOSED sensor

HMI Manual Gripper CLOSED

.Gripper Open Solenoid
DOPEN sensor

HMI Manual Gripper OPEN

- Move Up Solenoid

DUP sensor LEFT sensor
HMI Manual UP HMI Manual LEFT

. Move Down Solenoid . Move Right Solenoid

D DOWN sensor
HMI Manual Down

Move In Solenoid

- Move Left Solenoid

RIGHT sensor

.Move Out Solenoid

OUT sensor

HMI Manual OUT

IN sensor
HMI Manual IN

Figure 31: Testing down interlock.
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Step  Object Counter

Pause 0 + 0

Mode Select MANUAL .
Simulate

Gripper Closed Solenoid

CLOSED sensor

HMI Manual Gripper CLOSED

.Gripper Open Solenoid

DOPEN sensor
HMI Manual Gripper OPEN




Step  Object Counter

. Move Up Solenoid . Move Left Solenoid RESET RESET

D UP sensor MANUN_ .
HMI Manual UP HMI Manual LEFT

Move Down Solenoid

EFT sensor

Mode Select

Simulate

Move Right Solenoid Gripper Closed Solenoid

DOWN sensor CLOSED sensor
HMI Manual Down HMI Manual Right HMI Manual Gripper CLOSED

Move In Solenoid .Move Out Solenoid .Grlpper Open Solenoid
IN sensor D OUT sensor DDPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 32: Testing right interlock.

Operator H Pause

1 +0
.Move Up Solenoid . Move Left Solenoid RESET RESET

UP sensor LEFT sensor Mode Select .
HMI Manual UP HMI M al LEFT
[ HMI Manual UP | i

Move Down Solenoid . .
- Move Right Solenoid 5 Gripper Closed Solenoid

RIGHT sensor

Step  Object Counter

DOWN sensor CLOSED sensor

HMI Manual Down HMI Manual Gripper CLOSED

Move In Solenoid .Mo\re Out Solenoid .Gripoel Open Solenoid

IN sensor D 0OUT sensor OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 33: Testing left interlock.

RIGHT sensor
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Step  Object Counter
Start | pause

1 +0

- Move Up Solenoid . Move Left Solenoid RESET RESET
L

|:] UP sensor }EFT sensor Mode Select MANUA .
HMI Manual UP HMI Manual LEFT
[ HMI Manual UP | —

. o Loy Move Right Solenoid Gripper Closed Solenoid

D DOWN sensor CLOSED sensor
HMI Manual Down HMI Manual Gripper CLOSED

. Mave In Solenoid .ane Out Solenoid .ﬁripper Open Solenoid

[:l IN sensor OUT sensor DOPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 34: Testing in interlock.

1 +0
. Move Up Solenoid . Move Left Solenoid RESET RESET

|:|up — E— e ®
HMI Manual LEFT Sinulate

TR Kby Mokl Move Right Solenoid Gripper Closed Solenoid

RIGHT sensor

HMI Manual Right

Step  Object Counter

DOWN sensor RIGHT sensor CLOSED sensor

HMI Manual Down HMI Manual Right HMI Manual Gripper CLOSED
Move In Solenoid .""""‘e Out Solenoid .Grilmer Open Solenoid

IN sensor OUT sensor OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 35: Testing out interlock.
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Step  Object Counter

e [l

. Move Up Solenoid - Move Left Solenoid

I:I UP sensor DEFT sensor Mode Select AUTO .
HMI Manual UP HMI Manual LEFT
[ N Manual UP | Simulate

. Move Down Solenoid . Move Right Solenoid . Gripper Closed Solenoid

D DOWN sensor RIGHT sensor D CLOSED sensor

HMI Manual Down HMI Manual Gripper CLOSED
Move In Solenoid ."""“’e Out Solencld .Griuner Open Solenoid

IN sensor D OUT sensor |:| OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 36: Testing auto sequence step 1 — counter 1.

Operator E

. Mowve Up Solenoid
I:l UP sensor
HMI Manual UP
. Move Down Solenoid
D DOWN sensor
HMI Manual Down HMI Manual Gripper CLOSED
Maove In Solenoid -Mo\m Out Solenoid .Gll-lllﬂ' Open Solenoid

IN sensor D OUT sensor [:l OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 37: Testing auto sequence step 20 - counter 1.

Step  Object Counter

20 ]| | +1 |

RESET RESET

Mode Select [ AUTO .
MI Manua
HMI Manual LEFT Skmulabe E-

Move Right Solenoid

Gripper Closed Solenoid

CLOSED sensor

RIGHT sensor
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Step  Object Counter

w

. Maove Up Solenoid . Move Left Solenoid

s [ Jor e Mode Select @
AL M . 3> I Manus
FMI Manual UP HMI Manual LEFT Simulate

. Move Down Solenoid Viove Rlght Solenold arnper Closed Solenoid

I:l DOWN sensor RIGHT sensor CLOSED sensor
HMI Manual Down HMI Manual Right HMI Manual Gripper CLOSED

Move In Sclenoid ."""“ Out Solenoid .ﬁﬂaner Open Solenoid

IN sensor D OUT sensor
HMI Manual IN HMI Manual OUT

Figure 38: Testing auto sequence step 21 - counter 1.

Step  Object Counter

RESET

. Move Up Solenoid . Move Left Solenoid
D UP sensor D EFT sensor Mode Select AUTO .

HMI Manual UP HMI Manual LEFT

= Simulate

. Move Down Solenoid . Move Right Solenoid . Gripper Closed Solenoid
I:l DOWN sensor D RIGHT sensor I:l CLOSED sensor

HMI Manual Down HMI Manual Right HMI Manual Gripper CLOSED

Move In Solenoid .MD“ Out Solenckd .i ipper Open Solenoid

IN sensor D OUT sensor DDPEN sensor
HMIL Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 39: Testing auto sequence step 22 - counter 1.
Step  Object Counter

o = @
. Maove Up Solenoid . Move Left Solenoid RESET

I:l UP sensor DE' sensor Mode Select .
Simulate

. Move Down Solenoid . Move Right Solenold Gripper Closed Solenoid

D DOWN sensor

RIGHT sensor CLOSED sensor

HMI Manual Down HMI Manual Gripper CLOSED

. Move In Solenoid .""""’e Out Solenowd 'ﬂnner Open Solenold

[].Nm, |:| T sensor [ oo s
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 40: Testing auto sequence step 23 - counter 1.
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Step  Object Counter

Start Pause

Move Up Solenoid . Move Left Solenoid RESET RESET

LEFT sensor
[ ] Mode elec @
smutate [0V [
. Move Right Solenoid . Gripper Closed Solenoid
‘:l CLOSED sensor
HMI Manual Gripper CLOSED
.Hove Out Solenoid .Gﬂwer Open Solenoid

IN sensor D OPEN sensor
HMI Manual IN HMI Manual Gripper OPEN

Figure 41: Testing auto sequence step 24 - counter 1.
Step  Object Counter

. Mave Up Solenoid . Move Left Solenoid

N ode setect (2070 I @
HMI Manual UP HMI Manual LEFT Simulabe

. Have Down Solencid . Meve Right Solenoid . Gripper Closed Solenoid

I:l DOWN sensor RIGHT sensor D CLOSED seqnsor

HMT Manual Down HMI Manual Gripper CLOSED
. Move In Solenoid .""":""Ie Out Solenold .ﬂIJDer Open Solenoid

| e [ oorsee [
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 42: Testing auto sequence step 25 - counter 1.

UP sensor

.Mwe Down Solenoid
D DOWN sensor

RIGHT sensor

HMI Manual Down

Move In Solenoid

OUT sensor

HMI Manual OUT

Step  Object Counter

Mode Select €]
HMI Manual UP
= EECREIEE Simulate

Move Down Solenokd

Maove Right Solenoid Gripper Closed Solenoid

DOWN sensor

HMI Manual Down

Mave In Solenoid .Move Out Solenoid .iiuw Open Solenoid

N sensor D OUT sensor I:I OPEN sensor
HMI Manual IN HMI Manual OUT L Ma Gripper OPEN

Figure 43: Testing auto sequence step 26 - counter 1.

RIGHT sensor CLOSED sensor

HMI Manual Gripper C
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Step  Object Counter

-Mwe Up Solenoid

DUP Sensor
HMI Manual UP

Maove Down Solenokd
DOWN sensor

Mowve Right Solenoid Gripper Closed Solenokd

RIGHT sensor CLOSED sensor

HMI Manual Down wal Gripper CLOSED

Mowve In Solenoid ."““" Out Solenaid .Em:pa Open Solencid

IN sensor D OUT sensor DOPEN sensor
HMT Manual TN HMI Manual OUT HMI Manual Gripper OPEN

Figure 44: Testing auto sequence step 0 - counter 2.

Step  Object Counter

. Move Left Solenoid RESET

DEFT sensor Mode Select | AUTO .
HMI Manual LEFT ) (o~
Simulate

Move Down Solenoid

Pause

Move Right Solenoid Gripper Closed Solenoid

DOWN sensor
HMI Manual Down

Move In Solenoid .""‘M‘ out Solencid .:Alppﬂ Open Solenold

IN sensor D OUT sensor D OPEN sensor
HMI Manual IN HMI Manual OUT MI Manual Gripper OPEN

Figure 45: Testing auto sequence step 1 - counter 2.

. Maove Up Solenold . Move Left Solenaid

[ s [ b e Mode seiect (7070 T @
HMI Marwal UP
HMI Manual LEFT simutate o7 N

Maove Down Solenoid

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

Step  Object Counter

Move Right Solenoid Gripper Closed Solenoid

DOWN sensor RIGHT sensor CLOSED sensor

HMI Manual Down HMI Manual Gripper CLOSED

Move Tn Solenaid .""" Qut Solencid .nlmw Open Solenoid

W sensor D ouT seneor [ ove s
HMI Manual TN HMI Manual OUT HMI Manual Gripper OPEN

Figure 46: Testing auto sequence step 10 - counter 2.
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Step  Object Counter

= Pause
. Move Up Solenoid . Move Left Solenoid

l:' P sensor DE” senser Mode Select .

. Move Down Solencid . Move Right Solenaid E Gripper Closed Solenaid

D DOWN sensor RIGHT sensor CLOSED sensor
HMI Manual Down HMI Manual Gripper

Move In Solenoid ."m Out Solenoid .Sn'wur Open Solenoid

TN sensor |:| OUT sensor DGPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 47: Testing auto sequence step 11 - counter 2.

Operator Pause

[ SRR W —

Du’ Sensor Din SENSOF Mode Select | AUTO .
HMI Manual UP HMI Manual LEFT
[ FMI Mancal UP | ra simutate o8

. Mave Down Solencid . Move Right Solenoid E Gripper Dlosed Solencld

CLOSED sensor

Step  Object Counter

DOWN sensor RIGHT sensor
HMI Manual Down HMI Manual Gripper CLOSED

Mave In Solenoid .Hﬂu Dut Solenoid .Iilpuu Open Solenoid

sersor | o [ v
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 48: Testing auto sequence step 12 - counter 2.

. Maove Up Solenoid . Move Left Solenoid

DUD semser BEFI sensor Mode Select
HMI Manual UP HMI Manual LEFT
Simutate [ OV

. Move Down Solenoid

Object Counter

Move Right Solenoid Gripper Closed Solenoid

DOWN sersor
HMI Manual Down

Move In Solenoid .’"’" Out Solencid .d'lpl)ﬂ' Open Solenoid

N sensor |:| OUT sensor DO"EN sensor
HMI Manual TN HMI Manual OUT HMI Manual Gripper OPEN

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

Figure 49: Testing auto sequence step 13 - counter 2.
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Step  Object Counter

Pause

. Move Up Solenoid . Move Left Solenoid

[ Jwowmn [ e Mode seect 070 [N @)
HMI Manual LEFT Simulate

Move Down Solenoid

Mave Right Solenaid Gripper Closed Solenoid

DOWN sensor

HMI Manual Down

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

Move In Solenoid ."“’"‘ Out Solenoid .il::m Open Solenoid

IN sensor

OUT sensor DUP{N sensor
HMI Manual TN HMI Manual OUT HMI Manual Gripper OPEN

Figure 50: Testing auto sequence step 14 - counter 2.

2
. Move Up Solenoid . Move Left Solenoid

Step  Object Counter

VT Mol P
aruia Simulate

. I . Move Right Solenoid 5 Gripper Closed Solenaid
H

CLOSED sensor

D DOWN sereor RIGHT sensor
al Down

Move In Solenoid

.lkhpel Open Solenoid
I:]npm sensor

HMI Manual Gripper OPEN

N sensor

HMI Manual N HMI Manual OUT

Figure 51: Testing auto sequence step 15 - counter 2.

Step  Object Counter

. Move Left Saleroid

[ e Mode setect (2010 T @)
HMI M, al LEFT
Semalate

Move Right Solenoid

HMT Manual UP

Move Down Solenoid

Gripper Closed Solenoid

DOWN sensor
HMI Manual Down

Mawe In Solenoid .Mnue Out Solenold l"m" Open Solenoid

IN sensor D OUT sensar D OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 52: Testing auto sequence step 16 - counter 2.

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED
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Step  Object Counter

. Maove Left Solenoid
DEFT Sensor

Mode Select [ AUTO .
HMI Manual UP HMI
Lt Simulate

Gripper Closed Solenoid

. Move Right Solenoid
D RIGHT sensor CLOSED sensor

DOWMN sensor

HMI Manual Down

Mowe In Solencid

IN sensor

HMI Manual IN

Figure 53: Testing auto sequence step 17 - counter 2.

. Move Up Solenoid . Move Lelt Solenoid

D . Dm e Mode Select | AUTO .
HMI Manual LEFT Serralabe

Move Down Solenoid . Move Right Solenaid E Grpper O solenoid

DOWN sensor RIGHT sensor
HMI Manual Down

Move In Solenald .""‘m Out Solenoid .."Ippgr Open Solenold

IN sensor D OUT sensor \:I OPEN sensor
HMVIL Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Step  Object Counter

CLOSED sensor

Figure 54: Testing auto sequence step 18 - counter 2.

Step  Object Counter
e

T
D o Mode Select | AUTO .
simatate [N [N

Move Right Solenaid Gripper Closed Solenoid

HMI Manual UP

Mave Down Solenoid

RIGHT sensor CLOSED sensor

HMI Manual Down

HMI Manual Gripper CLOSED

Move In Solencid

.l'lmw Out Solenoid .:.'“,u Open Solenoid

D OUT sensor [:I OPEN sensor
HMI Manual OuT Al Manual Gripper OPEN

Figure 55: Testing auto sequence step 19 - counter 2.

N sensor

HMI Manual TN

39




Step  Object Counter

start || Pouse
R S——

Dmsmmr DEFTsensor Mode Sele:t.
HMT Manual UP Simulate
.M"“ Down Solencid . Move Right Solenoid Gripper Closed Solenoid
D DOWN sensor
Move In Solenoid .Mcme Duit Solenocid .&ippﬂ Open Solenoid

N sensor D OUT sensor DOPEN sensor
HMI Manual IN HMI Manual OUT

Figure 56: Testing auto sequence step 20 - counter 2.

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

Step  Object Counter

e DH o Mode Select | AUTO .
HMI Manual LEFT Simulate _

Maove Down Solenoid
DOWN sensor
HMI Manual Down

Move In Solenoid .Mnue Out Solenoid .ﬁlppﬂ' Open Solenoid

IN sensor D OUT sensor I:I OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 57: Testing auto sequence step 21 - counter 2.

Maove Up Solenoid

m |

Move Right Solenoid Gripper Closed Solenoid

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

N

Step  Object Counter

Move Up Solenoid . Move Left Solenoid

UP sensor D‘"“"’” Mode Select | AUTO .
arv HM Vel LEFT smatate [0 [

Mave Down Solenoid

i

Pause

II:II

Move Right Solensid Gripper Clased Solenoid

DOWN sensor RIGHT sensor CLOSED sensor

. |

HMI Manual Down

HMI Marwial Gripper CLOSED

Move In Solenoid .Mm ‘Gut; Solenold .ilnuer Open Solenoid

IN sensor

U sensor Dmu\ sensor
HMIL Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 58: Testing auto sequence step 22 - counter 2.
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Step  Object Counter

Pause E
. Move Up Solenoid . Move Left Solenoid RESET

e woseseece 0 I @
HMI Manual U TN al LEFT
-

Move Down Solenoid i i
. Mave Right Solenoid Gripper Closed Solenoid

DOWH sensor RIGHT sensor I:' CLOSED sensor
HMI Manual Down HMI Manual Gripper CLOSED
Mave In Solencid .”"“ Out Solenoid .Gli)uﬂr Open Solenoid

N sensor D OUT sensor DUPEN SENSOr
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 59: Testing auto sequence step 23 - counter 2.

Step  Object Counter

. Move Left Solenoid RESET

EFT

D e Mode Select .
HMI Manual LEFT

[ HVI Monal LFFT | simulate

Move Right Solenoid Gripper Closed Solenaid

Move Down Solenoid

DOWN sensor
HMI Manual Down

Move In Solenoid .M‘WE Out Solenoid .‘m’wu Open Solenoid

I sensor D ouT sensor [ ser
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 60: Testing auto sequence step 24 - counter 2.

Step  Object Counter

DLI’ Fenwor DF” ' Mode Select .
HMI Manual UP HMI Manual LEFT . [E-
Simulate

. Move Down Solenoid . Move Right Solenoid E Gripper Closed Solenoid

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

D DOWN sansar RIGHT sensor
HMIT Manual Down HMI Manual Gripper CLOSED
Move In Salenoid .M"‘"'I Out Solnoid .muner Open Solenoid

I sensor |:| ouT sensor DBPGN sensar
HMI Marwal IN HMI Manual OUT HMI Manual Gripper OPEN

CLOSED sensor

Figure 61: Testing auto sequence step 25 - counter 2.
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—

. Move Left Solenoid

DEH Sensor

Move Right Solenoid

. Maove Up Solenaid

D UP sensor
HMI Manual UP

Maove Down Solenoid

DOWN sensor

RIGHT sensor

HMI M_\nsul Down

Move In Solenoid

IN sensor

HMI Manual IN

I] OUT sensor

HMI Manwal QUT

Figure 62: Testing auto sequence step 26 -

. Move Left Solencid

D_[n sensor
HMI Manual LEFT

Move Right Solenoid

HMI Manual UP

Move Down Solenoid

DOWN sensor

RIGHT sensor

.Mwe Dut Solenoid

D oUT sensor
HMI Manual OUT

HMI Manual Down

Move In Solenoid

N sensor

HMI Manual TN

Step

Object Counter

Pause

Mode Select

Gripper Closed Solenoid

Simulate

CLOSED servsor

HMI Manual Grippes

.Mr.wz Out Solenoid .mw Open Solenaid
I:I OPEN sensor

HMI Manual Gripper OPEN

counter 2.

Step

Mode Select .
Simulate

Gripper Clased Solenaid

Object Counter

CLOSED sensor

HMI Manual Gripper CLOSED

T
[:I OPEN sensor

HMI Manual Gripper OPEN

Figure 63: Testing auto sequence step 0 - counter 3.

. Mave Up Sobenoid
|:| P sensor [ e somer
HMT Manual UP HMI Manual LEFT

Meve Down Solenoid . Move RIght Solenoid

RIGHT sensor

Move out Solenoid

IN sensor D OUT sensor
HMI Manual IN HMI Manual OUT

Figure 64: Testing auto sequence step 1 -

. Move Left Solenosd

DOWHN sensor

HMI Manual Down

Move In Solenoid

Step  Object Counter

Mode Select

Simulate

Gripper Closed Solenoid

CLOSED sensor

u

HMI Manual Gripper CLOSED

lr‘wur Open Solenoid
|:| OPEN sensor

HMI Mane

DPEN

counter 3.
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Step  Object Counter

. Move Up Solenoid . Maove Left Solenoid

Duv sensor D‘" sensor Mode select 20 [N @
M1 Manual UP [ VT Manual LEFT |
HMI Manual UP HV | LEFT Simulate E-

Move Down Solencld . Move Right Solenoid EG"’“' osed Solenoid

DOWN sensor RIGHT sensor CLOSED sensor

HMI Manual Down HMI Manual Gripper CLOSED

Move In Solenoid ."""" Out Solenoid .iiuw Open Solenoid

IN sensor OUT sensor l:l OPEN sensor
HMI Manual OUT HMI Manual Gripper OPEN

Figure 65: Testing auto sequence step 2 - counter 3.

Step  Object Counter
.Mm o Solenold . Mave Left Solenaid

DUP sensor DE" senmer Mode Select m .
HMT Manual UP HMI Manual LEFT
Simulate

.MM Down Solenoid . Move Right Solenaid Gripper Closed Solenoid

I:I DOWN sensar RIGHT sensor

HMI Manual Down HMI Manual Gripper CLOSED
Mave In Solenoid .M"" Out Solenoid .iiune' Open Solenoid

IN sensor |:| OUT sensor D OPEN sensor
HMI Manual TN HMI Manual OUT HMI Manual Gripper OPEN

CLOSED sensor

Figure 66: Testing auto sequence step 3 - counter 3.

. Move Up Sclsnoid . Move Lt Solencid

DLI’ SENSOr DEFI sensor Mode Select AUTO
Simulae

Move Down Solenoid

Step  Object Counter

Move Right Solenoid Gripper Closed Solenoid

DOWN sensor

HMI Manual Down

Move In Solenoid .MM Out Solenoid .iiDDel Open Solenoid

N sensor |:| OUT sensor D OPEN sensor
HMI Manual TN HMI Manual OUT HMI Manual Gripper OPEN

RIGHT semsor CLOSED sensor

HMI Manual Gripper CLOSED

Figure 67: Testing auto sequence step 4 - counter 3.
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Step  Object Counter

mzmm B

.Mm Up Solenoid . Maove Leflt Solenoid

l:lup sensor D—E” sensor Mode Select .
NI Manal UP
HVII Manual LEFT Simulate

Mowve Down Solenosd

Move Right Sobenoid Gripper Closed Solenoid

DOWN sensor
HMI Manual Down

Move In Solenold .m“ Out Bolencid 'mmr Open Solenokd

IN sensor |:| OUT sensor D OPEN sensor
HMI Manual IN HMI Manual OUT HMI Manual Gripper OPEN

Figure 68: Testing auto sequence step 5 - counter 3.

RIGHT sensor CLOSED sensor

HMI Manual Gripper CLOSED

Step  Object Counter

.Mure Up Solenosd . Move Left Solenoid SE
HMI Manual UP HMI Manual LEFT simuate | o~

.Muv! Down Solenid . Move Right Salenoid 5 Gripper Closed Solenoid

D DOWN sensor RIGHT sensor CLOSED sensor
HMI Manual Down HMI Manual Gripper CLOSED

Move In Solenokd .""“"’e Out Golenotd .mnpet Open Solenaid

TN sensor D OUT sensor DMN sansor
HMT Manual TN HMI Manual OUT HMI Manual Gripper OPEN

Figure 69: Testing auto sequence step 6 - counter 3.

Step  Object Counter
Operator Start Pause
-Muw Up Solenoid . Move Left Solenoid m
UP sensor EFT
] [ Moda Salect ®
HMI Manual UP HMI Manual LEFT
| FMl Marial 0P| o Simulate
.HnueDownSolelmld .r| Right Solenoid Srlopar Gased Solanoid
[ v —
HMI Manual Down HMI Manual Gripper CLOSED
Mave In Salenaid .MU" Out Solenoid .iiuwr Open Solencid
IN sensar D OUT sensor DDDEN sensor

I ouT HMI Manual Gripper OPEN

HMI Manual IN HMI Ma

Figure 70: Testing auto sequence step 7 - counter 3.

]

CLOSED sensor
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Figure 71: PLC drawing




2017198

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

62/100

Instructor

PAGE 1
PAGE 2
QM Good Structure
Report is structured exactly as stated in the assignment brief.
PAGE 3
QM Suppress the author's name if you have already stated it.
You don't need the author's name since your sentence began with it, just suppress it to satisfy the
fully Harvard method
QM Correctly cited
Citation method conforms to Harvard standard, well done.
QM Correctly cited
Citation method conforms to Harvard standard, well done.
PAGE 4
QM Suppress the author's name if you have already stated it.
You don't need the author's name since your sentence began with it, just suppress it to satisfy the
fully Harvard method
QM Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the third
person thus depersonalising it.



Text Comment. Good conclusion but space is a limitation

PAGE 5
Text Comment. You should have given the | address here not the M address

PAGE 6

PAGE 7

QM Explain the system or design, don't tell a story of how it was made

You are wasting words telling your reader a story of how you made the system or program. Focus
instead the finished system and explain that instead.
Text Comment. Unnecessary waste of words

PAGE 8
Text Comment. don't use boxes for labels, switch off the outline next time you label a drawing
using a text box
Text Comment. Start P/B is not a sequence action, it is an event
Text Comment. you could have included the object sensor as an alternative event

PAGE 9

PAGE 10

PAGE 11
Text Comment. return to step 0

PAGE 12

PAGE 13
Text Comment. This table should contain five columns: (1) description of test, (2) expected
result (3) actual result (4) pass-fail decision (5) reference to evidence as image in the appendix.
Some are included.

QM Testing Table could be better

This table should contain five columns: (1) description of test, (2) expected result (3) actual result (4)



pass-fail decision (5) reference to evidence as image in the appendix.

PAGE 14

PAGE 15

PAGE 16

PAGE 17

QM Correct method of listing.

You have listed your sources correctly according to the Harvard method.
Text Comment. A small range of source given. For more marks, you need a lot more sources
than this to show evidence of wide reading.

PAGE 18

PAGE 19
Text Comment. Good comments, well explained. The problem with putting the network number
in the comment is that if you were to insert a network (which is often the case), you would have to
edit all the comments as they would not match up with the actual network number anymore.
Text Comment. why are these bits added?

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30



PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

Text Comment. inputs missing and incorrect symbol used for the proximity switch

Text Comment. a good drawing

GRADING FORM: NEW CSG-RUBRIC

RYAN
JAMES

62




1. ENGAGEMENT WITH LITERATURE

[

y“ Evidence provided of research from a small range of
sources listed but not always cited correctly using the
Harvard method. (8/20)

2. KNOWLEDGE AND UNDERSTANDING

8

[

y‘ Good evidence of knowledge and understanding
provided through system explanation and program
comments. (15/20)

3. COGNITIVE AND INTELLECTUAL

15

(

y"’ Clear evidence of these skills displayed in testing,
discussion , conclusions and recommendations.
(15/20)

4. PRACTICAL APPLICATION

15

(

y‘ A well designed program, well comments. However,
see my comments on your SFC and drawing. Well
presented results but see my comments on your
table. (14/20)

5. TRANSFERABLE SKILLS

14

(

y‘ Use the third person, never refer to |, we, you in your
report. Instead of "l did this" say, "this was done".
Well structured but word count exceeded though not

10



declared so. (10/20)
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