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For a direct quotation, you must say - Siemens states that " ........ " (2020, page ?).
This is done by suppressing the author and including the page number.
1. Research

Siemens offer a wide range of PLC modules; each have a different specification and fit
different use cases. The main branch of their PLC’s is the S7 range, there isthe $7-1200
and S7-1500 range. The 1200 range is.a basic range controller that is the “smart choice
for compact automation systems”(Siemens, 2020). The 1500 range is more advanced
and powerful and is capable of “automating whole plants and other applications that
require better performance, flexibility and networking” (Siemens, 2020):: They.also
have distributed controller options which perform the same as the other PLC’s but do
soina compact form factor that are able to be situated away from the process, should
it be in a hazardous area.

Both the 1200 and 1500 range of PLC's have different models that are able to perform
at different levels, the main difference between the PLC models is how many inputs
and outputs the CPU can handle. The most basic 1200 series CPU, the ‘1211C’, is
capable of operating 6 digital inputs and 4 digital outputs without needing an
expansion card, whereas the most basic 1500 series CPU ‘1511-1PN’ requires separate
I/0 modules to be purchased with it, the smallest digital input module can handle 16
inputs and the smallest output module can handle 8 digital outputs. There are
different modules for analogue 1/O and fail safe 1/0. Due to the size of the pick and
place robot and how many inputs and outputs there are, the S7-1500 range can be
ruled out as the optimal PLC as it is too advanced and due to the fact the input and
output modules have to be purchased separately it means it would not be cost
effective for this application. The cost for a ‘starter pack’ for a $7-1500 system using
the basic 1511-1PN CPU is £1461 (Parmley Graham, 2020). This includes all of the
required add-ons to make the system the work, such as the CPU, the mounting DIN
rail, the front connectors, the power supply and a 4MB SIMATIC memory card.
Comparatively a ‘starter pack’ using the 1212C costs £413 (Parmley Graham, 2020).
For these reasons, only the $7-1200 range will be investigated further.

The 1200 range has 5 different CPU options, these are: 1211C, 1212C, 1214C, 1215C
and the 1217C. Each of these CPU’s other than the 1217C come in 3 variations:
DC/DC/DC, DC/DC/RLY and, AC/DC/RLY, the 1217C is only available in a DC/DC/DC
configuration. The first section of each type describes the power supply for the CPU
(24V DC or 120/230V AC), the middle section describes the operating voltage of the
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onboard inputs (24V DC) and the last section describes what type of digital out put it

supports (DC = 24V DC, RLY = up to 30V DC or 250V AC with relay) (Berger, 2013). The

main differences between the CPU’s are how many integrated I/O there are, the

memory size and how many expansion modules they are compatible with. Below is a

table showing some of the differences between the CPUs.

CPU 1211C | CPU 1212C CPU 1214C CPU 1215C CPU 1217C
User memory
Internal load memory | 1MB 2MB 4MB 4MB 4MB
Work memory 50KB 75KB 100KB 125KB 150KB
Integrated 1/Os
Digital inputs (DI) | 6 DI, 24V DC | 8 DI, 24V DC 14 DI, 24V DC | 14 DI, 24V DC | 14 DI, 24V DC
Digital outputs (DO) 4 DO, 24V |6 DO, 24V DC | 10DO, 24V DC | 10DO, 24V DC | 10DO, 24V DC
DC orrelay or relay or relay or relay orrelay
Analog inputs (Al) | N/A 2 Al (10 bit) 2 Al (10 bit) 2 Al (10 bit) 2 Al (10 bit)
Analog outputs (AQ) N/A N/A N/A 2 AO (10 bit) | 2 AO (10 bit)
Counters
3 fast | 4 fast (3 w/ |6 fast (3 w/ |6 fast (3 w/ |6 fast(1Mhz)
(100kHz) 100kHz, 1 w/ | 100kHz, 3 w/ | 100kHz, 3 w/
30kHz) 30kHz) 30kHz)
Expansion with
Aboard (SB, CB, BB*) |1 1 1 1 1
Signal Modules (SM) None 2 8 8 8
Communication
modules (CM) None 3 3 3 3

*(SB = signal board, CB = Communication board, BB = battery board) (Siemens, 2020)

All of the CPU’s have some degree of expansion, this can be through signal boards,

communication boards, battery boards, signal modules and communication modules. The

signal boards, communication boards and battery boards are modules that add tothe PLC

without changing the dimensions of the board, these are useful in cases where space is

limited. Whereas the modules are separate modules that are mounted alongside the CPU.

Both the signal board and the signal modules are used to add I/0 to the CPU, they can add




DI, Al, DO, AO, or a combination of DI/DO. The main difference between them is how
much 1/0 they can add. The signal boards offer less expandability as they are smaller. The
communication board expands the communication connections of the CPU whereas the
module supports the CPU with communication tasks. The module will become responsible
for data transport, establishing connections, and providing the necessary communication
services for the CPU and program. The battery board is used to extend the run time of the
real-time clock (Berger, 2013). Now the CPU’s can be compared, the pick and place robot
being worked on has 14 digital inputs and 6 digital outputs. Straight away the 1211C and
1212C can be ruled out as they cannot handle this much I/O without the use of an
expansion card. If a 1214C or above CPU were to be used this would allow some expansion

in the future, all of the CPU’s can handle the same amount of I/O without requiring an
You could have put the costs in the table and not

expansion card. Jhed higherend LB’ all have very similar specifications, the differences

are only in the memory and speed of the counters. Due to this fact the cost will be the
deciding factor between the CPU’s, the 1214C CPU can bought for £369, the 1215C for
£556 and the 1217C for £803. Also, a 1212C costs £244, although it does not have enough
integrated 1/0, an 1/0 signal module with 8 DI and 8 DO can be purchased for £170, this
brings the total to £414, this configuration would give you slightly more 1/O than any of

the other CPU’s at a lower cost.
You have not

From looking at the technical data and the %M‘?ﬂ?&%’@ns, the 1214C appears to be the
400 series rack

best CPU for this application, it has the correabameui afintegrated I/O without the need

for an expansion card and is the best value for this instance. While the 1212C with the

added signal module is a viable and cost-effective option, it would only be best if the

system were to be expanded slightly. The higher end 1215C and 1217C CPU’s are too

powerful and have features that are not required for this application. These are better

suited to a different application rather than the pick and place robot.

Correct conclusion




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

The PLC used for this project was the S7 1214C (DC/DC/DC), this PLC can handle all the 1/0
without any expansion. This was linked to a 7 inch HMI screen; this was used to control the
robot. There are 2 screens within the HMI, one for the operator and one for the engineer.
These have buttons on screen that control the robot and lights that indicate the status of the

sensors.

The robot system consists of multiple inputs and outputs, all of the I/0 used are digital. The
majority of the inputs are limit switches, specifically reed switches. Reed switches are
switches that close when a magnetic force acts upon them. These were used as the limit
switches to alert the PLC when the robot has moved as far as required. A reed switch is made
up of 2 small, magnetic, springy wires, these 2 wires will come together when a magnetic
force is applied. This will make the contact and complete the circuit. When the magnetic force
is removed, the springy wires will return to their original shape and the circuit will be broken.
Anoctherinput used was an inductive proximity switch. This was used to detect when an object
rolls down the chute into the system. Inductive sensors work by detecting changes in the
magnetic field produced by the sensor, caused by a metallic object passing in front of them.

There were also 5 physical switches connected to the PLC, although these were not used.

The outputs for the robot system are memory solenoids, responsible for moving the robot.
They are pneumatically operated solenoids, the term ‘memory’ denotes that the solenoids
will remain in the same position once the air supply is removed. The solenoids act in 2
directions, the movement depends upon what inlet the air is sent. Each solenoid was

responsible for each movement axis and control of the gripper, resulting in a total of 4.

The 1/0 list for this system is below:

Inputs Outputs
Component PLC Address Component PLC Address
UP sensor %I10.0 DOWN solenoid %Q0.0
DOWN sensor %10.1 UP solenoid %Q0.1
OPEN sensor %10.2 CLOSE gripper %Q0.2
solenoid




CLOSED sensor %10.3 OPEN gripper %Q0.3
solenoid

IN senor %I10.4 OUT solenoid %Q0.4

OUT sensor %I10.5 IN solenoid %Q0.5

RIGHT sensor %10.6 LEFT solenoid %Q0.6

LEFT sensor %I10.7 RIGHT solenoid %Q0.7
Object sensor %I1.0
X10 push button %I1.1
X11 push button %I1.2
X12 push button %I11.3
X13 toggle switch %I11.4
X14 toggle switch %I1.5

Address of last 6 inputs are incorrect

The wiring diagram for the PLC is in the annexe.




3. Program Design and Explanation

Now the hardware has been identified, and an 1/0 list created, the program can be written. A
‘skeleton’ program was provided, this contained function calls that are responsible for
mapping the physical inputs to memory bits within the PLC (FC1), and for simulating the inputs
and outputs (FC3). Memory bits are internal connections within the PLC software that do not

require wiring.

The first step was to create the full tag list required for the system. This included the memory
bits that were used for the on-screen buttons on the HMI, the step and object counters and
move requests. The move requests are used instead of the solenoid outputs to ensure the
robot does not move when it is not meant to. Each move request has an auto and manual
variant. Memory bits were created that were responsible for deciding between real or
simulated inputs and for choosing between auto and manual modes. The full tag list can be

seen in the annexe.

Now the manual controls can be programmed. The manual program was written in the main
organisational block (OB1) and was programmed in ladder. Each network was responsible for
a single direction of movement; therefore, the manual controls consist of 8 networks. The
brief gives safety instructions that must be incorporated to the program. These were
implemented through the use of interlocks. The interlocks ensure a signal is only sent to the
solenoid when the conditions are safe. The interlocks programmed here will work for both
the manual controls and the auto sequence. Once the manual program had been written, the
engineers HMI screen could be made. This screen has buttons that are linked with the move
requests and lights that indicate if the solenoid is in use and when the limits have been met.
OB1 has been documented fully and can be seen in the annexe alongside the HMI screens.
The selection between simulated/real inputs and auto/manual mode, the logic for object
detection and the object counter are also located within OB1. The start push button on the

HMI screen will be used to simulate an object rolling down the chute.

Next the auto sequence had to be designed, the first step of this process was to read the brief
and create a flow chart that contained every step required. The flow chart showed that 26
steps were required to be able to move the object between all 4 stations. The flow chart is
structured so that the command is linked with a step, and then the criteria for the next step

to start is linked between the steps. The auto sequence was written in a function call (FC2)

8




and was programmed in SCL, this is a text based programming language. The auto sequence
contains many IF statements, these ensure that commands are only given when the described
criteria is met. Initially the reset conditions were written, these were used to reset any move
requests and step numbers whenever the program is switched from auto, the reset button is
pressed, or the first scan pulse occurs. Next the auto sequence was written. The first step,
step ‘0" ensures that the robot is in the UP position, this is done so that the robot cannot
collide with anything before it moves to the home position. At the end of each step the
associated move request(s) are reset. Step 1 is responsible for moving the robot to the home
position, this being: UP, IN, RIGHT, grippers OPEN. The robot will remain in this step until all
of the corresponding limits are made, and the start button on the HMI is pressed. Once these
criteria have been met, the program will identify how many objects are within the system. It
will then jump to the correct step required. The auto sequence will run after a 2 second delay

from when an object is detected.




4. Simulation Testing

Once the program had been built, simulation testing was carried out. Firstly, the interlocks
were tested and then the auto sequence was tested. To test that the interlocks are
functioning correctly, a test table was produced, this described the tests required and what
results are expected. All tests were performed through the engineer’s HMI screen. The test

table for the first set of interlock testing is below.

Interlock safety testing

Machine should not be able to move left, right, in or out unless the robot is in the up position

TEST NUMBER TEST DESCRIPTION EXPECTED RESULT | ACTUAL RESULT PASS/FAIL

Attempt to move left while arm is down No movement No movement Pass
2 Attempt to move right while arm is No movement No movement Pass

down
3 Attempt to move in while arm is down No movement No movement Pass
4 Attempt to move out while arm is down No movement No movement Pass
5 Attempt to move left while arm is up Free movement Free movement Pass
6 Attempt to move right while arm is up Free movement Free movement Pass
7 Attempt to move in while arm is up Free movement Free movement Pass
8 Attempt to move out while arm is up Free movement Free movement Pass

Figure 1 - Manual Interfock Test Table 1

A good testing table but you could have linked to the image evidence

of the results
This table shows that the interlocks that stop the robot from moving while the arm is down

are functioning as required. The results for the next set of interlock testing is below.

Interlock safety testing

Machine should not be able to move down unless it is above one of the stations

TEST NUMBER TEST DESCRIPTION EXPECTED RESULT | ACTUAL RESULT 'ASS/FAIL

1 Attempt to move down over station 1 Free movement Free movement Pass

2 Attempt to move down over station 2 Free movement Free movement Pass

3 Attempt to move down over station 3 Free movement Free movement Pass

4 Attempt to move down over station 4 Free movement Free movement Pass

& Attempt to move down when robot is No movement No movement Pass
nat all the way left

6 Attempt to move down when robot is No movement No movement Pass
not all the way right

7 Attempt to move down when robot is No movement No movement Pass
not all the way in

8 Attempt to move down when robot is No movement No movement Pass

not all the way out

Figure 2 - Manual Interlock Test Table 2
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These 2 sets of tests prove that the interlocks are providing the necessary protection. This

concluded the testing in manual mode, next the auto sequence was tested.

To test the auto sequence, the sequence was started and at each step the program was
paused, and the robot position was recorded. The results were compared to the flow chart to
ensure the robot is in the correct position for each step. The screenshots of these tests are in
the annexe. The testing also checks that the program jumps to the correct step, depending
on how may objects are in the system. The testing showed that the robot worked exactly as
it should. The robot was in the correct position for each step, as according to the flow chart.

The test results have been tabulated below.

Auto Sequence Test Table

Step Number Expected Position Actual Position Pass/Fail
0 ue up Pase

1 UP, IN, RIGHT, OPEN UP, IN, RIGHT, OPEN Pass
] UP, OUT, RIGHT, OPEN UP, QUT, RIGHT, OPEN Pass
3 DOWN, OUT, RIGHT, OPEN DOWN, OUT, RIGHT, OPEN Pass
4 DOWN, QUT, RIGHT, CLOSED DOWN, OUT, RIGHT, CLOSED Pass
5 UP, OUT, RIGHT, CLOSED UP, OUT, RIGHT, CLOSED Pass
6 UP, IN, RIGHT, CLOSED UP, IN, RIGHT, CLOSED Pass
7 DOWN, IN, RIGHT, CLOSED DOWN, IN, RIGHT, CLOSED Pase
i DOWN, IN, RIGHT, OPEN DOWN, IN, RIGHT, OPEN Pass
9 UP, IN, RIGHT, OPEN UP, IN, RIGHT, OPEN Pass
10 UP, OUT, RIGHT, OPEN UP, OUT, RIGHT, OPEN Pass
11 UP, OUT, LEFT, OPEN UP, OUT, LEFT, OPEN Pass
12 DOWN, OUT, LEFT, OPEN DOWN, OUT, LEFT, OPEN Pass
13 DOWN, OUT, LEFT, CLOSED DOWN, OUT, LEFT, CLOSED Pass
14 UP, OUT, LEFT, CLOSED UP, OUT, LEFT, CLOSED Pass
15 UP, OUT, RIGHT, CLOSED UP, OUT, RIGHT, CLOSED Pass
15 DOWN, OUT, RIGHT, CLOSED DOWN, OUT, RIGHT, CLOSED Pass
17 DOWN, OUT, RIGHT, OPEN DOWN, OUT, RIGHT, OPEN Pass
18 UP, OUT, RIGHT, OPEN UP, QUT, RIGHT, OPEN Pass
19 UP, IN, LEFT, OPEN UP, IN, LEFT, OPEN Pass
0 UP, IN, LEFT, OPEN UP, IN, LEFT, OPEN Pase
n DOWN, IN, LEFT, OPEN DOWN, IN, LEFT, OPEN Pass
n DOWN, IN, LEFT, CLOSED DOWN, IN, LEFT, CLOSED Pass
3 UR, IN, LEFT, CLOSED UP, IN, LEFT, CLOSED Pass
24 UP, OUT, LEFT, CLOSED UP, OUT, LEFT, CLOSED Pass
b1 DOWN, OUT, LEFT, CLOSED DOWN, OUT, LEFT, CLOSED Pass
% DOWN, OUT, LEFT, OPEN DOWN, OUT, LEFT, OPEN Pass

Figure 3 - Auto Sequence Test Table
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5. Practical Testing and Team Working
Unfortunately, due to Covid-19 restrictions practical testing couldn’t be conducted. Instead

the methods for simulation testing were discussed within a group. The group discussed the
testing criteria and the methods of testing. By comparing programs and test tables, the group
confirmed that they used similar methods of testing. All members agreed that the basis of
their tests were derived from the criteria in the brief. The group also took time to review the
designs of their HMI screens, they commented on the intuitiveness of their designs and also
how easy to understand the button/light layout was. Through peer reviewing, a member of
the group was able to fix an issue regarding the object counter failing to count down once the

object had been released at station 4.
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6. Discussion, Conclusions and Recommendations

To conclude, through rigorous testing the pick and place program was found to work exactly
to the specification, and in an efficient manner. The auto testing sequence showed that the
robot followed the flow chart design, and that the object(s) were moved between stations
efficiently. The program has been internally documented thoroughly. This means that if the
user ever needed to perform testing or maintenance, they would easily be able to find the
corresponding network(s). The HMI screens also contain the tools to stop the machine as it
works, so that maintenance can occur. Throughout the design process the program was run
many times, and any faults found during these tests were rectified. This resulted in a robust
program that should not fail. The PLC chosen was better suited to this task than the
alternatives, it had the correct amount of integrated 1/0 and offered good value for money.
If this this project was to be undertaken again, it would be best to make the engineer’s HMI
screen password protected. This would prevent someone who is untrained from controlling
the robot when it is not safe to do so, for example, if workwas being carried out in the vicinity
of the robot. Improper use could also damage it. Although, this scenario should be prevented

through the protection provided by the interlocks.
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Engineer Screen

STARI

PAUSE
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Operator screen




START

- -
RESET RESET PAUSE

Move UP Move LEFT Move IN

Move DOWN Move RIGHT Move OUT Grip OPEN

Network 1: Selector between simulated inputs or the real inputs, also has selector between auto mode or manual.

M2000.0 is a memory bit that will determine whether the inputs of the system are to be simulated or if the physical inputs are to be used. This bit will be tagged to a
switch on the HMI screen so that the user can decide which mode they want. M2302.2 is used to pause the auto sequence if there is an issue, or testing needs to be done.

WA2000D ol
“Simulate” Map INPUTS"
e END

skl WO
“Gmulate”

— ——=

END —

“Simulats INPUTS
WM23022 WC2
“Pause P& AutD SequEnCE

Network 2: Object sensor logic and timer for the start delay

‘When an object rolls down the chute a memory bit will be set to show that an object has been decteted, this can also be done by pressing the start button, as long as the
auto sequence has not gone past step 3. Once the object has been detected a 2s ON delay timer will start, this will aliow the sequence to start. 15 after the sequence has
started the object sensor memory bit will be reset.

a5 wM23024

"ORIECT sensor” “Object desected”
i |} T w—
w01 ez

— |—|u.:,,‘

wDB1
“Sequence start
delay”

NMI302.4 TON ®M23025
“Dbyect detected” Time “Start sepasnce®
1t 1}

Tozs — BT BT — Tooms
]
“Oitypect sermor
twiet lime"
0.5 ToN WAII02A
“Shart aquanes® Time [ sr—
i {R }—st
T —pp o — Te0ms
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Network 3: Move down controls with interlocks

This netwerk controls the down movement of the robot. First the robot must be in auto or manual, then there must be a move request sent. Next are the safety interocks
that prevent the robot from moving down unless it is all the way OUT/ IN or all the way LEFT | RIGHT. The normally closed contact for the down sensor will stop the robot
moving down once it has reached the limit.

Mz 900
whI0 “DOWK mave ) wam s w1 TOWH mave
Mot roquet auls” o
—F i b { —
z3on1
w00 "DOWN mave
Mo e —

Netwaork 4: Move up controls with interlocks

This network controls the up movement of the robot. The 4 rungs of the program act as OR logic, this means that for the robot to move UP it must reach 1 of 4 criteria.
These are, 1) in AUTO and UP move request, 2) in MANUAL and UP move request, 3) The robot is NOT all the way LEFT or RIGHT, 4) The rabot is NOT all the way IN or OUT.
The UP sensor is used to stop the robot moving UP once it has reached the limit.

3001 w001

wMzE010 U move w00 “UP move
AuTE" ragquest iag” P s sl
it i ) { —
23012

M0 U move
AT et manusl”

—— —

w7 ]
UF o "RIGHT s
4 S
Ly ~OUT e
1t it

Network 5: Close gripper

This network controls when the grippers CLOSE, for them to close the closed sensor must NOT be made, the program must alsa be in AUTO or MANUAL with the carre-
sponding request sent

w0z
"CLOSE giipper
enaid

{ —

WAL
Ao

M3
w2300 "CLOSE gripper
requet sl

Network 6: Open gripper

This network controls when the grippers OPEN, for them to open the OPEN sensor must NOT be made, the program must also be in AUTO or MANUAL with the corre-
sponding request sent.

23003 wo03
Mz "OPEN gripper k] “DPEN gripper
“mTe reqUESTAUI  “DPEN semor solenoid”
k i} 4 { —
014
AMZI0LD "OPEN gripper

request manual”

Network 7: Move out

This network contrals the OUT movement of the robot. First the robot must be in AUTO or MANUAL and the corresponding request must be sent. Then the robot will move
QUT only if the robot is in the UP position, the OUT sensor will stop the robot moving once the limit has been reached.

BFI00.4 04

wwzamo g e w05 “OUT move

AT request suta” “UP sensor® “OUT sensor® salenoid
L

W03
=M23000 “0UT mowe
“aTe request manual®
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Network 8: Move in

This network controls the IN movement of the robot. First the robot must be in AUTO or MANUAL and the corresponding request must be sent. Then the robot will move
IN anly if the robot is in the UP position, the IN sensor will stop the rebot moving once the limit has been reached.

w005

23010 0o “IN e

“mot WP semar® sl
k i { —

"z

wMZIND

“IN e
o request mamal®

Network 9: Move left

This netwaork controls the LEFT movement of the robot. First the robot must be in AUTO or MANUAL and the corresponding request must be sent. Then the robot will
move LEFT only if the robot is in the UP position, the LEFT sensor will stop the rabot moving once the limit has been reached.

Totally integrated
Automation Portal

W06 woan
23010 “LEFT mave ww0n sy LEFT meres
e reguestauts” UP swrier” “LEFT sansa” solenoid
— F i} i 1t { F—
w017
23010 “LET mave
“amo —-——
—

Network 10: Move right

This network controls the RIGHT movement of the robot. First the robot must be in AUTO ar MANUAL and the corresponding request must be sent. Then the robat will
move RIGHT only if the robot is in the UP pasition, the RIGHT sensor will stop the robot moving once the limit has been reached.

WAI300.T 0.7
wT e wos o o
request aut” “RIGHT sams” sabenaict

| 1} A {

WAII020
2S00 MIGHT meve
T reuest marwal

—t—

Network 11: Object Counter

This network is responsible for keeping count of how many objects are within the robot system. A count upldown counter is used for this task. The counter will count up
either when the object decects an object rolling past or whenever the M bit for 'object detected’ is set. The counter will count dewn whenever the step number equals 8,
this i the step that the object is removed from the system. The counter will be reset whenever the "ohject counter reset’ button is pressed or whenever the program
carries out a first scan pulse.

“Cejmct Conrver”
W15 o
"DRNCT yarrice” nt
— F w o
oo —
wmza024 o
“Ceject detoced"
-
AMW2200
“suap”

wMZI0LE
Rusat object
counter”
— (il
—uw
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F

("FSE" = 1) OR ("RUTO" = 0) OR ("Reset PB" = 1) THEM

=07

t= 07

"DOWN move request auto”
"UP move request auto®
"CLOSE gripper requeat auto™ := 0;
“OPEN gripper request auto™ := 0;
"OUT move request auto™ := 0;
"IN move reguest auto”

"LEFT move request auto®
"RIGHT move reguest auto”
"Step” := 0;

"Next Step” :=

= 02

0;

END_IF:

“AUTO™ = 1 THEN
CASE “Step” OF
0://the first step ensures the robot is Ul
"UP mowe request auto® i= L;
IF "UP sensor™ = 1 THEN
"UP move request auto” i=
“Hext Step® := 1;
END_IF;
1://move home
"IN move request auto”
"RIGHT move request auto” :=
"OPEN gripper request auto”

o:

= 1z
1
= 1z

IF ("IN sensor™ AND "RIGHT sensor™ RND

"IN move requeat auto™ = 0

"RIGHT move request auto”™ := 0;

"OFEN gripper request auto™ := 0;

IF (“Object Counter=.CV = 1) THEN
“Hext Step™ := 18;

END_IF;

Good comments

//these are the inital conditions for

//the auto sequence, it will reset all

//the move requests and the step whensver

//the F5P occurs, the auto sequence isn®t selected or
//the reset button is pressed

when

P before any other movements occur.

this step moves the robot to ita home position

“OPEN sensor™ AND "Start sequence™) = 1 THEN

//Once the limits are made for each direction, the robot will atop moving

{//these 3 IF statements decide what station the robot will move to

f/initially, the station depends how many cbjects are in the system.

IF ("Object Counter™.CV = 2} THEW
“Hext Step”™ = §;
END_IF;
IF ("Object Counter”.CV = 3) THEN
“Hext Step” :i= 2.'|
END_IF;
END_IE;
2://move object from station 3 to station 4
//move out
"OUT move request auto”™ := l; //if there are 3 objects in the system, this will be the first set of movements

IF "OUT sensor™ = 1 THEN
"0UT move request auto” := 0;
"Next Step™ := 3;
END_IF;
3://move down
“DOWN move request auto” = 17

IF "DOWN sensor™ = 1 THEN

“DOWN move request auto™ i= 0;
"Next Step™ := 4;
END_IF;
4://close gripper
"CLOSE gripper regquest auto" := 1;

IF "CLOSED sensor® = 1 THEN
"CLOSE gripper request auto”
"Next Step” -H
END_IF;
S://move up
"UP move reguest auto™ :
IF "UP aensor”™ = 1 THEN
"UF move request auto™ = 0F
“Hext Step™ :i= &;
END_IE;
6://move in
"IN move request auto™ :
IF "IN sensor™ = 1 THEN
=IN move request auto™ = 0F
“Next Step”
END_IF;

1;

1;

= 7;

f/to move the object from station 3 to 4

iH
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1/ /move down
“DOWN move request auto™ := 1
IF "DOWN sensor™ = 1 THEN

"DOWN move request aute” := 0;
"Hext Step” := 8;
END_IF;
//open gripper
“"OPEN gripper request auto™ := 1;
IF "OPEN sensor™ = 1 THEN
"OPEN gripper request auto” :i= 0;
"Next Step” := §;
END_IF;

e object from stati

up

"UF move reque

@

//at this point an object has been removed from the aystem.

2 to station 3

t auto” = 1; //if there are 2 objects in the system, this will be the first set of

IF "UP sensor™ = 1 THEN //to move the object from station 2 to 3

"UP move regquest auto™ := 0;
"Hext Step™ := 10:

END_IF;

10://move out

"0UT move request auto” = 1;

IF "OUT sensor™ = 1 THEN
"OUT move request auto” := 0;
“Hext Step” := 11;

"LEFT move request auto” := 1;

IF "LEFT sensor™ = 1 THEN
"LEFT move request auto™ := 0;
"NHext Step” := 12;

END_IF;

= 1 THEH
"DOWN move request auto®
“Hext Step™ := 13;

END_IF;

f/close gripper

" SE gripper request auto” := 1}

IF "CLOSED sensor” = 1 THEN
"CLOSE grip
"Next Step”

END_IF:

//move up

"UP move reguest auto™ := 1;

IF "UP sensor™ = 1 THEN

move request auto” = 0F

"Next Step” i= 15;

END_IF;

15://move right

IGHT move reguest auto™ := 1;

IF “RIGI = 1 THEN
“RIGHT move reguest auto™ ;= 0;F
“Hext Step” = 1l&;

END_IF;

request auto™ = 07

14:

[ re down

*DOWM move request auto® ie 1

IF “DOWN sensor®™ = 1 THEN
“DOWN move request auto® = 0;
“Hext Step® := 177

END_IF;

21
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17://open gripper
"OPEN gripper request auto™ := 1: //
IF "OPEN sensor”™ = 1 THEN
"OPEN gripper request auto” := O
"Next Step”™ := 18;

is now at station 3

END_IF;
18://move object from station 1 to station 2

//move up

"UP move reguest auto” := 1; /7if there is 1 object in the aystem, this will be the first set of movements

IF "UF sensor™ = ] THEN move the object from station 1 to 2
143 "UP move request auto” := 0;
144 "Next Step” := 19;
145 END_IF;
146
147 "LEFT move reguest auto” := 1;
142 0 IF "LEFT sensor™ = 1 THEN
145 "LEFT move regqueat auto® := 07
150 "Next Step” := 20;
151 END_IF;
152 re in
153 "IN move reguest auto” := 1;
1S4 E IF "IN sensor”™ = ] THEN

"IN move request auto” = 0;

156 "Next Step” := 21;
157 END_IF:

/move down

"DOWN move request auto®™ := 1:

IF "DOWN sensor® = 1 THEN
"DOWN move request auto” := 07
"Next Step” := 22;

END_IF:

1//close gripper

b
t

"CLOSE gripper request auto” i= 1
IF "CLOSED sensor™ = 1 THEN
O5E gripper request auto™ := 0
“Next Step™ := 23;
END_IF;
23://move up
“UF move request auto” = 1;
IF "UP sensor™ = 1 THEN
"UP move request auto” =
"Next Step™ := 24;
END_IF,

24://move out

1 "0UT mowve quest auto” := l;
IF "0UI sensor™ = 1 THEN
“0UT move requeat auto™ := 0}
"Hext Step” := 25;
END_IF;
25://move down
"DOWN move regquest auto®™ := 1;
IF "DOWN sensor® = 1 THEN
"DOWN move request auto” := 0;
"Hext Step" := 26;
END_IF;:

pen gripper
“OPEN gripper request auto” := 1; //at this point the cbject is at station 2
IF "OPEN sensor™ = 1 THEN
"OPEN gripper request auto” := 07
"Hext Step” := 0;
END_IF;

END_CASE;
"Step™ := "Next Step”;
END_IF;
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Each image should be numbered so they
could be linked to the testing tables

RESET RESET

Move UP / Move IN

Move DOWN A0 Move OUT

Move UP Move LEFT Move IN

Move DOWN Move RIGHT Move OUT
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START

PAUSE

Grip CLOSE

Grip OPEN

START

PAUSI

Grip OPEN




PAUSE

Move UP Move LEFT

Move DOWN Move RIGHT Move OUT Grip OPEN

LSE

RESET RESET

Move UP Move LEFT Move IN Grip CLOSE

Move DOWMN Move RIGHT Move OUT Grip OPEN
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Move UP Move LEFT Move IN

Move DOWN Move RIGHT Move OUT

RESET RESET

Move UP Move LEFT Move IN

Move DOWN Move RIGHT Move OUT

25

START

PAUSE

—

Grip CLOSE

Grip OPEN

START

PAUSE

Grip CLOSE

Grip OPEN




Move DOWN

Move UP

Move DOWN

RESET

Move LEFT

Move RIGHT Move OUT

Move LEFT Move IN

Move RIGHT Move OUT
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START

PAUSE

Grip CLOSE

Grip OPEN

START

PAUSE

Grip CLOSE

Grip OPEN




Move UP

e DOWN

Move UP

Move DOWN

Move LEFT

Move RIGHT

Move LEFT

Move RIGHT
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START

PAUSE

Move IN Grip CLOSE

Move OUT Grip OPEN

START

PAUSE

Move IN Grip CLOSE

Move OQUT Grip OPEN
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RESET

S RESET

Move LEFT

Move DOWN Move RIGHT Move OUT

RESET RESET

Move LEFT Move IN Grip CLOSE

Move DOWN Move RIGHT Move OUT Grip OPEN
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Move UP

Move DOWN

Move UP

Move DOWN

Move LEFT Move IN

Move RIGHT Mowve OUT

Move LEFT Move IN

Move RIGHT Move OUT
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START

PAUSE

Grip OPEN

START
PAUSE

—

Grip CLOSE

Grip OPEN




PAUSE

Move UP Move LEFT love Grip CLOSE

Move DOWN Move RIGHT Move OUT Grip OPEN

PAUSI

RESET RESET

Move UP Move LEFT Move IN Grip CLOSE

Move DOWN Move RIGHT Move OUT Grip OPEN
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PAUSE

RESET RESET

Move UP Move LEFT Move IN Grip CLOSE

Move DOWN Move RIGHT Move OUT Grip OPEN

PAUSE

RESET RESET

Move UP Move LEFT Move IN Grip CLOSE

Move DOWN Move RIGHT Move OUT Grip OPEN
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Move UP

Move DOWN

Move UP

Move DOWN

PAUSI

Move LEFT viove Grip CLOSE

Move RIGHT Move OUT Grip OPEN

RESET RESET

Move LEFT Move IN Grip CLOSE

Move RIGHT Move OUT Grip OPEN
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Move UP

Move DOWN

Move UP

Move DOWN

YALIS
RESET PAUSE

Move LEFT Move IN Grip CLOSE

Move RIGHT Move OUT Grip OPEN

RESET RESET

Move LEFT Move IN Grip CLOSE

Move RIGHT Move OUT Grip OPEN
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RESET ESET

Move UP Move LEFT Move IN

—

Move DOWN Move RIGHT Move OUT

Move UP Move LEFT Move IN

Move DOWN Move RIGHT

34

START

PAUSE

—

Grip CLOSE

Grip OPEN

START

PAUSE

Grip CLOSI

Grip OPEN




Move UP

Move DOWN

Move UP

Move DOWN

Move LEFT

Move RIGHT

Move LEFT

Move RIGHT
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Move IN

Move OUT

RESET

Move IN

Move OUT

START

PAUSE

Grip CLOSE

Grip OPEN

START

PAUSE

Grip OPEN
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Name Tag table
UF sensor | simulation Tags E Bool
DOWN sensor Simulation Tags Bool
OPEN senzor Simulation Tags Bool
CLOSED senser Simulation Tags Bool
INsensor Simulation Tags Bool
OUTsensor Simulation Tags Bool
RIGHT zenzor Simulation Tags Beel
LEFTsenzor Simulation Tags Bool
¥10 Pushbutton Simulation Tags Bool
%11 Pushbutten Simulation Tags Bool
X12 Pushbutton Simulation Tags Bool
X13 toggle switch Simulation Tags Bool
X14 toggle switch Simulation Tags Bool
OBJECT sensor Simulation Tags Beel
Simulate Assignment tag table Bool

A
(8

PLC Baze Unitinput byte 0

PLC Base Unit mapped input by.

PLC Base Unit input byte 1

PLC Base Unit mapped input by..

System_Eyte
FSP
DiagStatus Update
AlwaysTRUE
AlwaysFALSE
Clock_Byte
Clock_10Hz
Clock_SHz
Clock_2.5Hz
Clock_2Hz
Clock_1.25Hz

Clock_1Hz

Clock_0.625Hz

Clock_0.5Hz

UP move solenoid

DOWN move solenoid

LEFT move solencid

RIGHT move solencid

IN move solenoid

OUT move solencid

OPEN gripper selenaid
CLOSE gripper solenoid

Step

Next Step

DOWN move request auto
UP move request auto
CLOSE gripper request auto
OPEN gripper request auto
OUT maove request auto

IN move request auto

LEFT move request auto
RIGHT move request suto
AUTO

DOWN move request manual
UP maove request manual
CLOSE gripper request manual
OPEN gripper request manual
OUT move request manual
IN move request manual
LEFT move request manual
RIGHT move request manual

StartP

Pause PR

RezetPB

Object detected
Start sequence
Rezet object counter

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

System Tags Byte
System Tags Bool
System Tags Beol
System Tags Bool
System Tags Bool
System Tags Byte
System Tags Bool
System Tags Bool
System Tags Eool
System Tags Bocl
System Tags Beol
Taq table

Systemn Tags Boal
System Tags Boal
System Tags Boal

Assignment tag table Bool
Assignment tag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignment tag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Azsignmenttag table Uint
Assignment tag table Uint
Assignment tag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Azsignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignment tag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignmenttag table Bool
Assignment tag table Bool
Azsignmenttag table Bool

Assignment tag table Bool
Assignment tag table Bool
Azsignment tag table Bool
Assignment tag table Bool
Assignment tag table Bool
Assignment tag table Bool

Deta type

Dats type

%®MB2100

%®M2100.0
%®h2100.1

%*=h2100.2
%=M21003
%MB2101

%h2101.0
®h2101.1
®h2101.2
=M2101.3
=A2101.4

Address
®M2101.5
=M2101.6
%=M2101.7
®Q0.1
®Qo0.0
%Q0.6
®Q0.7
%®Q0.5
%®Q0.4
%Q0.3
%00.2
HMW2200
®MW2202
®h2300.0
%&=M2300.1
®M2300.2
®M2300.3
®BM2300.4
%M2300.5
%M2300.6
%M2300.7
®M2301.0
%h2301.1
®M2301.2
®M2301.3
®M2301.4
%®M2301.5
®M2301.6
=M2301.7
®M2302.0

®h2302.1
®A2302.2
®A2302.3
®M2302.4
®M2302.5
®M2302.6
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24VDC

ovDC
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a good drawing but the symbol
for the proximity switch is not

correct

X1

X14 switch %I1.5
—® &

15

| @ @ luswith %l1.4

14

_ T _ xupe %I1.3

—®
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_ T _ xues %ll1.2
. ‘0

®
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__ T _ X10PB %I11.1

Object

sensor #11.0

1.0

’_’./ LEFTUMIT %]0.7
o———
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__./ RIGHT LIMIT %10.6
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0.6
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————

04
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24VDC DIGITAL INPUTS

INPUTS

24VDC

24VDC

ANALOGUE

ouT

IN

24VDC DIGITAL OUTPUTS

Siemens S71214C - DC/DC/DC

1.1

] RIGHT solenoid
%Q0.7
; LEFT solenoid
%Q0.6 :
«©
= IN solenoid
%Q0.5 ’
- 0!
= OUT solenoid
%Q0.4
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[
OPEN solenoid
_ | %003 ‘
=
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1702304

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Instructor

PAGE 1

PAGE 2

QM Good Structure

Report is structured exactly as stated in the assignment brief.

PAGE 3
Text Comment. For a direct quotation, you must say - Siemens states that " ........ " (2020, page
?). This is done by suppressing the author and including the page number.
QM Incorrectly cited, this is not the Harvard Method
QM Grocer's apostrophe
If you meant this as a plural word, don't use an apostrophe. This also applies to acronyms.
QM Grocer's apostrophe
If you meant this as a plural word, don't use an apostrophe. This also applies to acronyms.
QM Correctly cited
Citation method conforms to Harvard standard, well done.
PAGE 4
QM Correctly cited

Citation method conforms to Harvard standard, well done.

PAGE 5



QM Correctly cited

Citation method conforms to Harvard standard, well done.
Text Comment. You could have put the costs in the table and not wasted precious words here
Text Comment. You have not considered the 400 series rack mounted PLCs

Text Comment. Correct conclusion

PAGE 6
PAGE 7
Text Comment. Address of last 6 inputs are incorrect
PAGE 8
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.
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.
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.
PAGE 9
PAGE 10
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. A good testing table but you could have linked to the image evidence of the
results



PAGE 11

PAGE 12

PAGE 13

PAGE 14

QM

QM

PAGE 15

Correct method of listing.

You have listed your sources correctly according to the Harvard method.

Good range of sources

You have demonstrated reading from a good range of sources shown by your list below

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

Text Comment. You could have included the object sensor here

PAGE 21

Text Comment. Good comments

PAGE 22

PAGE 23

PAGE 24

Text Comment. Each image should be numbered so they could be linked to the testing tables

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

Text Comment. a good drawing but the symbol for the proximity switch is not correct

GRADING FORM: NEW CSG-RUBRIC

BENJAMIN MORGAN

72

1. ENGAGEMENT WITH LITERATURE

[

y“ Good evidence of research from a wide range of
sources with both correct method of citation and
listing applied. Correct conclusion to research but
you did not consider the 400 series rack mounted
PLC. (14/20)

2. KNOWLEDGE AND UNDERSTANDING

14

(




y‘ Clear evidence provided for knowledge and
understanding, program is well explained. (15/20)

3. COGNITIVE AND INTELLECTUAL

15

[

y‘ Very good evidence of analysis through testing with
good discussion, conclusion and recommendations.
(15/20)

4. PRACTICAL APPLICATION

15

(

y"’ A well designed and documented system. However,
test results could have been linked with table. (13/20)

5. TRANSFERABLE SKILLS

13

(

y"’ A well structured and presented report. Generally
well written with good images. (15/20)

15
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