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1. Research , ,
Your first sentence is an unnecessary use of

There are multiple tprQKfSPLCs to choose from when looking for the right one for the specific application.
Research was carried out of the Siemens Range of PLCs, specifically the S7 range closely, to identify which would

be best suited to the Pick and Place Robot. The three main types of PLCs are Unitary, modular and rack mounted.

5$7-300 = This PLC was one of the first with a unique modular design, which could be expanded through expansion
modules. This type is usually used for small to medium scale applications. It is the upgraded version from the S7-
200, with alarger number of I/O and a wok memory of 192KB. It is wall mounted. This typeis a robust PLC with

almost endless expandability. It is versatile and can be used for complex machines. (Areej, 2018)

FIGURE 1 . ) . . .
Put your citation before the full stop, otherwise it looks like

$7-400 - fifis PlaliRas R iR Hraer 8 aRMH KiBcess industry, fast paced. Compared to the $7-300, this
type is used for a much larger system and carries more power. It has more advanced features and purpose is for
large scale applications. If used for incorrect purpose, the PLC can seem expensive. (Areej, 2018) It is more type
specific and does not tend to be a popular choice. Since the new PLC’s have been created, the difference

between the two have become a lot smaller due to much better conditions/©
u
$7-1200 - This is a new version of the S7-200. It is a micro controller with gdimited function and expandability.

Its communication protocol is Modbus, and it is only used with TIA Portal/&bftware. This PLC type is ideal for
ha

automation tasks, with low to medium performance needs. It is simplistic,‘?eut precise. It is versatile in terms of

automation. Expansion modules can be added if more I/O’s are needed fornjc]rée application. If using CPU 1212C,

it only accepts two signal modules, whereas other CPU’s can have up to eight.

on
The §7-1214C is a compact CPU with a speed of 0.08m Seconds and a smg@r memory compared to the other

types. The main use of this type is for automation, perfect for the applicatioif &f a pick and place robot. (Siemens,
n.d.) rac

k

mo

nt
Which one is a unitary PLCZ d

FIGURE 2




§71500 — This is the latest PLC, based upon its previous types. It is designed to carry out shorter product life
cycles and fast market changes. This model has a display screen, meaning basic configuration can be carried out
without the use of an external screen. It can be used for all types of applications from small to large scale

industry, dependent on its CPU. (Siemens.AG, 2020)

A model of the §7-1500 PLC is the 57-1511C. This type is a high-performance PLC, with maximum user
friendliness. It allows for shorter reaction times which increases speed and precision. (Reichelt, n.d.) The main

advantage of this type over the earlier produced types, is its performance speed. (siemens, 2014)

Comparison Table

PLC Type Digital Memory | Expandability Processor Use Cost
number of | size Speed (average)
/o

$7-313C Modular 24 inputs 4MB Can be | 0.07m Small Scale | £1,500
16 outputs expanded. Seconds industry

S$7-412-4 Rack Almost 32MB Large 0.03m Large scale | £3,000

Mounted | Endless expandability. Seconds industry

§7-1214C | Modular 14 inputs 100KB Can be | 0.08m Automation £370
10 outputs expanded. Seconds Control

SYA531C | Modular | 16inputs 4MB Can be | 0.06m Automation £600
16 outputs expanded. Seconds Control

Most results were taken from data sheets from Parmley Graham wholesalers’ website, for ease of comparison.

After comparing the Siemens types of PLCs, the best options were the 57-1214C and the 57-1511C type. They
are both used for Automation Control, with benefits of both. Considering the Pick and Place only needs a small-
scale program to move the robot, the $7-1214C would be the best choice, itis cheaper and has enough memory

and speed for the intended purpose.
Good conclusion




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

The hardware used on the pick and place robot is as follows:
e Siemens 1214C PLC
s Robot Object Sensors and Solenoids
* 3 Pushbuttons
* 2 Rocker Switches
e Entry Chute
e Exit Chute

e Compressed air supplied to solenoid

The PLC is connected to the pick and place robot which will allow the robot to follow the commands sent by the
PLC. The object sensor detects the object entering at the entry chute and entering station 1. The solenoid is used
to move the robot arm to its desired location. Rocker switches and push buttons are found on the robot to

manually control the system. These switches should be in your drawing
and the I/0 list




Good drawing but not all inputs are shown
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The I/O table should actual | addresses not the M addresses to which they
are mapped. It should match up with the drawing

An Input/out list has been created as the basis of my tag table for my program in the form of a table.

Tag Name 1/0 Analogue/Digital Address
UP Sensor Input All signals are Digital as they | %MO0.0
Down Sensor Input have a binary output. For | %M0.1
Open Sensor Input example, their output is | %MO0.2
Closed Sensor Input either 1 or 0, meaning that | %M0.3
In Sensor Input they could be in and on or off | %pm0.4
Out Sensor Input state. %MO0.5
Right Sensor Input %MO0.6
Left Sensor Input %MO0.7
Object Sensor Input %M1.5
Down Solenoid Output %0Q0.0
Up Solenoid Output %0Q0.1
Closed Solenoid Output %00.2
Open Solenoid Output %0Q0.3
In Solenoid Output %Q0.4
Out Solenoid Output %00.5
Left Solenoid Output %0Q0.6
Right Solenoid Output %0Q0.7
FIGURE 5




3. Program Design and Explanation
& & P Don't waste word

The project was created in TIA portal, where the S?—lZld(Q‘iW@Q’ﬁ?%@B’o@én as theideal PLC. A tag table was

as m.
then able to be started from the ariginal I/0 list, listed in sectlon 5vwhere more tags were added in the process

of the program to suit its requirements. AUTO and Manual requests were added, as well as tags such as Start
and Pause, for the buttons on the HMI screens to perform actions. The memory tag addresses started from

%M2000.0. The full tag table can be found in the Annexe, figures 19-21.

BB Ui vLs s v [~
~ [l PLC 124 Pick and Place Robot [ ...
[If Device configuration
%/ Online & diagnostics
v | Program blocks
I Add new block
________________________ o
& Map INPUTS [FC1]
& Sequence SCL [FC2]
& Simulate INPUTS [FC3]

P = System blocks

FIGURE 6

Don't waste word giving a history of how it
A ‘Main’ program block was ggded; Ehisis the block where allthe commands were inputted, where the program

could either work in manual or auto. It consists of twelve networks all named for ease of read. Each network

contains comments about how each work, which can be shown through screenshots shown in the Annexe.

SGEE4DD4 A nt 1 » PLC 124 Pick and P, obot [CPU 1214C DC \I'Ju‘l']l] » Program blocks * Main [DB1]

Naass L ERspl@raraHEeCcaad i ad &7 6 =]
Main
] Narne Data type Default value Comment
1 @ nput [~]
o Y Initial Call Aol Initial call of this Of [»

HF A == -

» Block title: *Msin Program Sweep (Cycle)” A
MNetwork 1:  Simulate or manual mede

Network 2: Object detected process with an on set tme delay
Network 3:  Pause Button

Network 4:  Move UP with interdocks

Network 5:  Move DOWN with interlocks

Network 6:  Move LEFT

Network 7:  Move RIGHT

MNetwork B: Gripper OPEN

Network 9: Gripper CLOSED

Network 10:  Move 14

X

Network 11:  Move OUT
Network 12:  Object Counter

| = = = v v v v v v v v ¥

FIGURE 7

Networks 3-11 all contain a normally open ‘Auto’ contact in series with Auto Request contact, and then in parallel

to this, a normally closed ‘Auto’ contact in series with an HMI request. This is so that when the AUTO switch is




on, the automation requests can work. The manual requests will not work if the system is in Auto mode, only in

manual.

Within these networks, interlocks were used so that the robot did not break. When in the UP position, the robot
can only move left, right. This meant it only move in free space, not hitting any objects on the conveyor, whereas
it would if it were down. A normally open ‘UP’ contact was added to the left, right, in and out networks so that
when the buttons on the engineer screen are pressed, they would only be able t work if the robot were in the

UP position.
Don't waste word giving
It could also only move down over stations, for the samiergasé mdiisintedock was added to the down network.

The left and right sensor normally open contacts Jn-ﬂqﬁarallel together, as well as the in and out sensors, shown
in the below figure. This means that the robot must be either be at station one, two, three or four in order to

move down.

¥  Network 5: Move DOWN with interlocks

w This allows the Robot to move down in AUTO and by HM, as long as it is above a station. In order
to move, either the left or right sensor should be on and the out or in sensor. This shows itis at
a station.

%A2200.1 %=qn0
wM2201.0 “DOMN AUTO WAL 7 MO S %01 “Move DOWN
“Auts’ Rt "LEFT sensa” "IN sensor "DOWN sensor” wienad
1 1L | L ] L 1 Iy
— | 11 1 F L i/t { —
wAOHD. 1 “MOL6 ®MO 5
RN2201.0 “DONN HMI “RIGHT sznsar” “ouT sensar”
“Auts Reguest” |1 11
= 1| 11
J ] L
|/‘| 1T
FIGURE 8

The networks can be found in the Annexe, showing the full networks with comments.

‘Map inputs’ and ‘Simulate inputs’ program blocks were already in the program so that the commands within

the main block could work.

The ‘Sequence SCL’ is the Auto sequence block. A sequential Function chart was created in order to follow the

Automation Control Requirements. The Auto Sequence allows the robot to:

*  Automatically make its way to station 4 from any position when the auto sequence in switched on and
wait at the station. This is names ‘Step 0."

o \When a counteris added, a two second time delay should be present before it is added into the system.
It should be moved to station 2. The counter number should e incremented by 1.

e |fthere are already 2 counters in the machine, the objects should be moved to the next station before
the new one can be added to station 2. E.g., From station 3 to 4, and another counter from station 2
moved to station 3.

® \When an object reaches station 4, the counter value will be decremented.

This is a repetition of the brief, unncecessary use of words which has
increased your word count for which you have lost 5 marks

9




Object sensor?

—1— FSP

STEP O —MOVE upP
—1— UP

STEP 1 — MOVEIN

MOVE RIGHT

—out GRIPPER OPEN
—— RIGHT

——OPENED

—— START PB

STEP 2 L MOVE oUT
—t— ouT

STEP 3 +— MOVE DOWN
—1— DOWN

STEP 4 I— GRIPPER CLOSE
—r— CLOSED

STEP 5 —— MOVE UP
—1—uP

STEP 6 —— MOVE IN
—— 1IN

STEP 7 —— MOVE DOWN
—— DOWN

STEP 8 | GRIPPER OPEN
—1— OPENED

STEP 9 —— MOVE UP
—1—up

STEP 10 —— MOVE OUT
——out

10

—— out

STEP 11 }——MovE LEFT
—— LEFT

STEP 12 —— MOVE DOWN
—— DOWN

STEP 13 ——GRIPPER CLOSE
—{— CLOSED

STEP 14 - MOVE UP
—fup

STEP 15 L MOVE RIGHT
— RIGHT

STEP 16 L MOVE DOWN
—— DOWN

STEP 17 —— GRIPPER OPEN
—|— OPENED

STEP 18 L MOVE UP
——up

STEP 19 L MOVE LEFT
—LEFT

STEP 20 —— MOVE IN
——IN

STEP 21 - MOVE DOWN
—{— DOWN

STEP 22 —— GRIPPER CLOSE
—— CLOSED




A
—+— CLOSED START
STEP 23 L MOVE UP
good
—1—UP SFC
chart
STEP 24 +—— MOVE oUT
—— ouT
STEP 25 ——MOVE DOWN
—— DOWN
STEP 26 —— GRIPPER OPEN
—— OPENED
FIGURE 9 Again, you are wasting words telling your

reader the story of how you made the
From this sequential Cha%r&ﬁéﬁ?uence was written into the program block ‘Sequence SCL." The first part of

the SCL is shown in figure 10. This part allows the sequence to reset if the first scan pulse is equal to 1, the auto

is equal to 0, or the reset sequence button is pressed.

1 EIF | " =1) OR ("Ruto"=0) OR ("Reset Sequence"” =1) THEN
2 i= 0
3 _Step” := 0;
4 "LEFT AUIOC
5 "RIGHT AUIC Re
L
a4
W 10 | END_IF;
* N
FIGURE 10

The rest of the sequence follows the SFC. From step 0-26. With an added object counter function, which will
allow the sequence to start on a particular step, relating to a station, which is dependent on how many counters

are in the system.

» When there is one counter in the system, it will start at step 19. Moving from station 1 to 2.
s  Two counters, starts at step 10. Moving from station 2 to 3.

e Three counters, starts at step 2. Moving from station 3 to 4.
Comments are within the sequence, explaining when these steps are reached.

11




Wasted words telling a story
Two HMI screens were created, one for the purpose of the operator and the purpose of use for the engineer

The purpose of the operator screen was to allow the user to carry out basic commands. This is the root screen
when the HMI is simulated. The screen allows the user to see the step the auto sequence is in, number of
counters and an auto sequence light. The user can change the sequence to either Auto or manual, start and
pause the sequence and reset the number of counters in the system. The user should not be able to do anything

that could potentially break the robot. The screen is shown below.
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FIGURE 11

The purpose of the engineer's screen is to be able to move the robot safely in manual mode and test the
automation sequence. The screen allows the user to do everything the Operator screen can, as well as
performing tests within the specific modes. Light sensors were added to show the state of each sensor and
solenoid. It allows the engineer to use simulation mode, with a simulation switch, to enter commands such as
‘LEFT’. A reset step button was created on the engineer’s screen, so the sequence can be reset if putinto manual.

If the program interlocks are not set up correctly, the engineer could damage the robot.

12
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4. Simulation Testing

The PLC and HMI were loaded up into simulation mode. The program was tested to shows that all requirements
were met. To do this, the engineering screen was loaded up and a table was created to fully test every aspect of

the program.

SIEMENS

SIEMENS SIMATIC HMI

= o

Operator Screen

FIGURE 13

The first test was manual mode. In order to prevent damage to the robot, interlocks were put in place so that

the robot could not move in the down position, previously described in task 3. Figure 14 shows a table of all the

interlocks specified and whether they were met. A good table

Test | Description Expected Result Actual Result PASS/FAIL

no.

1 Move Left in UP position Free Movement Free Movement PASS

2 Move Left in DOWN | No Movement No Movement PASS
position

3 Move Right in UP position | Free Movement Free Movement | PASS

4 Move Right in DOWN | No Movement No Movement PASS
position

5 Move in in UP position Free Movement Free Movement PASS

6 Move in in DOWN position | No Movement No Movement PASS

7 Move out in UP position Free Movement Free Movement | PASS

8 Move outin DOWN position | No Movement No Movement PASS

you could have linked each test to the
evidence image iq ihe appendix




9 Move Down at Station 1 Free Movement Free Movement PASS
(LEFT and IN)

10 Move Down at Station 2 Free Movement Free Movement PASS
(LEFT and OUT)

11 Move Down at Station 3 Free Movement Free Movement PASS
(RIGHT and OUT)

12 Move Down at Station 4 Free Movement Free Movement PASS
(RIGHT and IN)

13 Move Down when the | No Movement No Movement PASS
robot is only left

14 Move Down when the | No Movement No Movement PASS
robot is only right

15 Move Down when the | No Movement No Movement PASS
robotis onlyin

16 Move Down when the | No Movement No Movement PASS
robot is only out

17 Move down when the robot | No Movement No Movement PASS
is only up (Central)

FIGURE 14

Monitor mode within the main block was opened in order to prove these interlocks. When trying to move down,
not over a station, network 5 showed the Move down solenoid was not able to be lit unless it was left or right,
and either in or out. Figure 15 shows when the down button is pressed, not over a station, it is unable to move.

Screenshots of evidence in monitor mode for other interlocks are shown in the Annexe.

15
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The Auto Sequence was also tested. Figure 16 shows the condition of each step relating to the Sequential
Function chat that was created. The SCL Sequence was written following the SFC, which should allow the actual

results in the below sequence to have the same result as the expected, showing on the HMI, when the program

|8 froperties  |"info | % Diagnastics

is in auto sequence mode and the start button is pressed.

| Call hierarchy
oo call path avaideble

Step no. Expected Result Actual Result PASS/FAIL
0 MOVE UP MOVE UP PASS
1 MOVE IN MOVE IN PASS

MOVE RIGHT MOVE RIGHT

GRIPPER OPEN GRIPPER OPEN
2 MOVE OUT MOVE OUT PASS
3 MOVE DOWN MOVE DOWN PASS
4 GRIPPER CLOSE GRIPPER CLOSE PASS
5 MOVE UP MOVE UP PASS
6 MOVE IN MOVE IN PASS
7 MOVE DOWN MOVE DOWN PASS
8 GRIPPER OPEN GRIPPER OPEN PASS
9 MOVE UP MOVE UP PASS
10 MOVE OUT MOVE OUT PASS
11 MOVE LEFT MOVE LEFT PASS
12 MOVE DOWN MOVE DOWN PASS
13 GRIPPER CLOSE GRIPPER CLOSE PASS

16




14 MOVE UP MOVE UP PASS
15 MOVE RIGHT MOVE RIGHT PASS
16 MOVE DOWN MOVE DOWN PASS
17 GRIPPER OPEN GRIPPER OPEN PASS
18 MOVE UP MOVE UP PASS
19 MOVE LEFT MOVE LEFT PASS
20 MOVE IN MOVE IN PASS
21 MOVE DOWN MOVE DOWN PASS
22 GRIPPER CLOSE GRIPPER CLOSE PASS
23 MOVE UP MOVE UP PASS
24 MOVE OUT MOVE OUT PASS
25 MOVE DOWN MOVE DOWN PASS
26 GRIPPER OPEN GRIPPER OPEN PASS
FIGURE 16

When a new counter is put into the system, the sequence should jump to the corresponding step number. It
was put in the program that there can be a maximum of 3 counters in the robot at any time. Once step 5 is

reached, the number of counters should go down from 3 to 2, indicating that one counter has left the area, as it

has made it to the end of the cycle. Evidence of this can be shown in the annexe.

Counter Number Expected Initial Step | Actual Initial Step PASS/FAIL

1 19 19 PASS

2 10 10 PASS

3 2 2 PASS
FIGURE 17
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5. Practical Testing and Team Working

Due to the Current pandemic, the practical work was unable to be carried out within the college. We were also
unable to connect onto the VPM and test remotely due to Rob needing access into the college. Instead, separate
groups of three were made where we each went through our programs to show the other group members and

gave each other a different perspective on how we could improve our programme.

We took it in turns to first go through the tag list, then into the main block to show each rung. Within these
rungs we went into detail on how we achieved the specification, creating interlocks and explaining how each
one worked. We also showed the Auto Sequence block. Although the sequences were slightly different, the
outputs of them all were the same, which did not matter if we proved they could work. For example, step 10

and 11 could have been switched. E.g., Out then left.

The HMI screen was the loaded up. It was interesting to see how other students laid out their HMI screen. We

allinterpreted the brief differently, mainly the way we presented our HMI buttons and sensors.

We then had to prove that these worked, by loading up the PLC. We compared results tables and methods to
create these, such as a table on the document or through excel. We decided to just make a quick list following
the brief in order to prove the results and we took it in turns to load our HMI up to show this. The interlocks
were tested first in simulation and manual mode, to ensure the robot could not be broken. | have included my
table from section 4, to show the tests that were carried out. Then we each showed our Auto Sequence. Allowing

the steps to count when a counter was added each time. The Auto Sequence testing can be shown in section 4,

figure 16.

Test | Description Expected Result Actual Result PASS/FAIL

no.

1 Move Left in UP position Free Movement Free Movement PASS

2 Move Left in DOWN | No Movement No Movement PASS
position

3 Move Right in UP position Free Movement Free Movement PASS

4 Move Right in DOWN | No Movement No Movement PASS
position

5 Move in in UP position Free Movement Free Movement PASS

6 Move in in DOWN position | No Movement No Movement PASS

7 Move out in UP position Free Movement Free Movement PASS

8 Move outin DOWN position | No Movement No Movement PASS

9 Move Down at Station 1 Free Movement Free Movement PASS
(LEFT and IN)

10 Move Down at Station 2 Free Movement Free Movement PASS

18




(LEFT and OUT)

is only up (Central)

11 Move Down at Station 3 Free Movement Free Movement PASS
(RIGHT and OUT)

12 Move Down at Station 4 Free Movement Free Movement PASS
(RIGHT and IN)

13 Move Down when the | No Movement No Movement PASS
robot is only left

14 Move Down when the | No Movement No Movement PASS
robot is only right

15 Move Down when the | No Movement No Movement PASS
robot is onlyin

16 Move Down when the | No Movement No Movement PASS
robot is only out

17 Move down when the robot | No Movement No Movement PASS

FIGURE 18

Individuals tasks could not be given out for this section any longer due to the current situation. Instead, we all
participated in every aspect and explained extensively about our program to make sure that we each fully

understood it and could ask questions if we were unsure. At the end of the testing, a group discussion was held

where recommendations were made.

19




6. Discussion, Conclusions and Recommendations

Due to the current pandemic, the program was unable to be run and tested fully on the Pick and Place robot
within the college. The aim was to download the best program to one of the PLC’s at college, which could then

connect to the system and the full manual and automation sequences could be tested.

Instead of the practical task, breakout rooms were held online where we were able to share our screens and

show our programs in depth working in simulation and monitor mode on TIA portal.

In Relation to the specification, the program achieved everything that it needed to in terms of simulation
meeting all the customer and user needs. All manual tests, such as the interlocks, program, and automation
tests passed their requirements, shown in figures 14, 16 and 17, with evidence in the Annexe of the working

HMI screen.

All tags were added and addressed appropriately relating to an input or output. Within each program block,
comments were added to explain each network and how the interlocks work. The comments also explain what
to expect from the Pick and place Robot at that step. For example, at step 19, the robot should be moving the
object from station 1 over to station 2. Two HMI screens were also created, one operator and one engineer,
where modes could be switched from auto and manual. All sensor and solenoid information were visible through

LED lights on the engineer screen.

Although it was not practical tested, the simulation was confidently working with no errors found after extensive

testing.

At the end of the group task, we had a team discussion comparing each of our programmes. We came to an
agreement that all our programmes had met the brief, although presented differently. Recommendations were

made to improve each program. Some recommendations made were:

® Laying out buttons in different format to improve ease of use.

e Laying out sensor lights next to each button for ease of read.

» Add more comments to each rung so that users can understand exactly the purpose of each.
e Create testing table within the word document.

®  Whether the step reset button fulfils its purpose.

We decided that had we have gone into the college to carry out the practical testing, that Ben’s program would

be used due to in.detail comments.and ease of use of the HMI screen.

Recommendations | would give myself are to add more extensive comments to all the networks and auto
sequence. Even though the comments are made, first time users could be more considered when writing them.
Also, comments for the HMI screen should be considered. There could be explanations on the buttons and each

of their uses, for example the purpose of the reset sequence counter could be made clearer.

Currently, the user can access all part of the HMI screens, the operator screen and the Engineers screen. Adding

password protection to engineer screen would make the program a lot safer for the user. This would only allow

20




access for the intended purpose, as only the Engineer should know the screen password. Access would be denied
to the those who did not have the authority.
The layout of the program is easy to read and navigate and the intended user should not have any problems

using it.
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8. Annexe
d Place Robot [CPU 1214C D DC] » PLCtags
|4:|1 Tags |E User constants i,_ESystem constants [
F T 2 TH S -
PLC tags
Name Tag table Data type Address Retain  Acces.. Writa_. |Visibl. | Comment

1 a UPsensar Simulation Tags Boal "h0.0 =] =] ] i

2 41  DOWNsensor Simulation Tags Bool %MO.1 =] [ = Il

< -a OPEN sensor Simulation Tags Boaol %M0_2 g B B

4 -a CLOSED sensor Simulation Tags Bool 6MO.3 =] ] = =

5 -a IN sensor Simulation Tags Bool %eh0.4 B B B

[ <a OUT sensor Simulation Tags Bool %LMO.5 =] = =l

7 4  RIGHTsensor Simulaticn Tags Bool %MO.6 =l = =

8 -<a LEFT sensar Simulation Tags Boal %M0.7 Q B g

9 -a %10 Pushbutton Simulation Tags Bool LM1.0 [ e 1~

10 @  x11 Pushbutten Simulation Tags Bool i1 =l = ™

11 a %12 Pushbutton Simulation Tags Bool M2 8 B E

12 4  X13 toggle switch Simulation Tags Bool %M1 3 =l ™ =

13 <@  X14 toggle switch Simulation Tags Bool LN 4 = ™ ]

14 4@ OBJECT sensor Simulation Tags Bool LM1.5 =] [~ 1~

15 <@ simulate Assignment tag table Bool %N2000.0 = ™ ™

16 @ PLC Base Unit input byte 0 Assignment tag table Byte %IBO [ [ =l

17 4a PLC Base Unit mapped input by_ Assignmenttag table Byte %MBO g B E

18 @  PLCBase Unitinputbyte 1 Assignment tag table Byte %1 [~ ™ ™~

19 4@  PLCBase Unit mapped inputby. Assignmenttag table Byte %MB1 =l = =

20 4@ System_Byte Systern Tags Byte %NB2100 = ™ ™

21 @ rsP System Tags Bool %LM2100.0 [+ =~ [

22 a DiagStatusUpdate System Tags Bool %M2100.1 g Q E

23 @  AlwayTRUE Systern Tags Bool LM2100.2 [ [~ =l 13

0 — — - = - — — ] B
FIGURE 19
aine ioy e o ype AUUIcss Rewgin ALLES Wi VIMUIL.  Lurnneri

24 @  AlwaysFALSE System Tags Bool %LM2100.3 = [~} = v
25 @ Clock Byte System Tags Byte %MB2101 ™ ™ ™

26 @ Clock_10Hz System Tags Bool %M2101.0 = =] =

27 @ Clock_5Hz System Tags Bool %M2101.1 M ~ =]

28 @ Clock_2.5Hz System Tags Bool %M2101.2 ] ™l =]

28 @ Clock 2Hz System Tags Bool %M2101.3 = =) =

30 4@ Clock_1.25Hz System Tags Bool %M2101.4 = 7 v B
ERRNE | Clock_1Hz System Tags Bool ®BM2101.5 E Q E

32 @ Clock 0.625Hz System Tags Bool ®BM2101.6 = =) = 1
33 4@  Clock 05Hz System Tags Bool %M2101.7 ! ™ ~ :
ELSNE T | Move UP solencid Assignmenttag table Bool %0Q0.1 B g E

s 4@ Move DOWN colenoid Accignmenttag table Boel %Q0.0 E E g =
3 @ Move LEFT solenoid Assignmenttag table Bool %Q0.6 = = =

7 a Move RIGHT solencid Assignmenttag table Bool %Q0.7 B E B

B @ Move IN solenoid Assignmenttag table Bool %Q0.5 E E E

3 @ Move OUT solenoid Assignmenttag table Bool %004 = =] ™

40 <@ Gripper OPEN sclenoid Assignmenttag table Bool %Q0.3 Q E Q

41 @ Gripper CLOSE solencid Assignmenttag table Bocl %®Q0.2 E B B

42 @ step Assignmenttag table Ulnt BAW2010 = =) =

43 @ Next_Step Assignmenttag table Uint %hMW2012 M =] ™

44 @  UPAUTO Request Assignmenttag table Bool %M2200.0 I~ Il =]

45 4@ DOWN AUTO Reguest Assignment tag table Bool %M2200.1 B E E

46 4@  LEFTAUTO Request Assignmenttag table Bool %M2200.2 M 73] ™ [+

T .... ] N

FIGURE 20
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46 4@  LEFTAUTO Request Assignment tag table Bool %M2200.2 = ~ =]
47 <@  RIGHTAUTO Request Assignment tag table Bool %M2200.3 = ™~ ™
48 @ IN AUTD Request Assignment tag table Bool %M2200.4 =] =l vl
45 @ OUTAUTO Request Assignment tag table Bool %M2200.5 g B g
50 4@  OPENAUTO Request Assignment tag table Bool %M2200.6 = ™~ =]
51 4@  CLOSE AUTO Request Assignment tag table Bool %M2200.7 =] 1= v
52 @ Auto Assignment tag table Bool %M2201.0 E E Q
53 <@ Start pb Assignment tag table Bool %M2201.1 g E B
54 @ UP HM Request Assignmenttag table Bool %M2202 .0 = ~ =]
55 <@  DOWNHM Request Assignment tag table Bool %M2202.1 =] =) v
56 4@  LEFTHMI Request Assignment tag table Bool %M2202.2 =] I~ )]
57 <@ RIGHTHM Request Assignment tag table Bool %M2202.3 E E E
58 4@ IN HM Request Assignmenttag table Bool %M2202.4 = ~ =]
52 @ OUT HMI Request Assignment tag table Bool %M2202.5 Q 8 Q
60 4@  OPENHM Request Assignment tag table Bool %M2202.6 =] W )]
61 4@  CLOSE HMIRequest Assignment tag table Bool %M2202.7 = =] ™
62 @ Pause pb Assignment tag table Bool %M2201.2 ™ ~ =]
62 4@ Reset Sequence Assignment tag table Bool %M2201.3 Q Q Q
64 <@ Object Detected Assignment tag table Bool ®M2201.4 B E Q
65 <@  ObjectReady Assignment tag table Bool %M2201.5 = =] ™
66 4@ Start Sequence Assignment tag table Bool %M2201.6 g E B
67 <@ ResetObject counter Assignment tag table Bool ®M2201.7 Q Q Q
68 <Add news
e m

FIGURE 21

* N k1: Simulate or | mode

w This rung allows the opticn of simulation to test the HM screen. Whe the
simulation tag is on, the HMI screen can be controlled by the engineer, which
will show simulated movements, lighting sensors when the robotis not actually

g. When not in simulation mode, the robot will physically moved, where
the Map inputs will be used to do this.

RAR000.0 PREER
“Smulate” “Map INPUTS
—1/————n ENC
SALO00 PO
Hmulate “simulatelNPUTS
— { ——m ENC ———1
FIGURE 22
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v Network 2: Object detected process with an on settime delay
w The object will either be deteted if the object sensor picks up an object, or the
start pb is pressed, as long as the auto sequence step is less than 2. When the
object is detected, an onset time delay of two seconds occurs, which will then
start the sequence. A cne second delay will occur after this, once the sequence
has started.
%M1.5 %M2201 4
"OBJECT sensor” “Cbject Datected”
i | {*}
%h2201.1 e
“ctartpb” Tep
11 | < |
1T juint |
%DA2
“Object Timer"
WM2201 4 TON %M2201.6
“Chbject Datected” Time “Statt Sequence
- ——m < { )
te2: —F§ ET —T#0ms
%DB3
“Object finizhed”
%M2201.6 TON %WM2201.4
“Start Sequence” Time “Cbject Detactad”
] —n < (%)
t= 13 PT ET T# 0ms
FIGURE 23

w  Network 3: Pause Button

w The pause pb is tagged to the pause button on the HMI screen. This is a
normally closed contact. When the button is not pressed, the Aute sequence
will continue. When the button is pressed, the auto sequence will ‘stop” until
the pause button is released.

wh2201 2 %FC2
“Pausepb” “sequencesCL”
p———=n ENC
FIGURE 24
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v Network 4: Move UP with interlocks

w This rung allows the Robot to move up when either in AUTO mode or the HMI UP
button is pressed. The Robot must be in the UP positon in erder for the Robot to

move left or right, or in or out.

——

GMO.4 %MD.5
“IN senzor” “OUT sensor”
it A
FIGURE 25

¥  Network 5: Move DOWN with interlocks

M2200.0 001

%WM2201.0 Ur AUTO LMD “Move UP

"Autd’ Request "UP sensor” solencid”

11 11 | P

11 LI /1 1 7
hN2201.0 Sh2202.0

“Autg’ “UP HM Request”

] ] L

|/: 10

M7 %LMOL6
“LEFT sensor "RIGHT sensor”

w This allows the Robot to move down in AUTO and by HMI, as long as it is above a station. In order
to move, either the left or right sensor should be on and the out orin senser. This shows it is at

a station.
LNR200.1 %000
LN2201.0 “DOMN AUTO =MD.7 %MO4 %MD “Miove DOWN
Aute Request’ “LEFT sensor” “IN sensor” “DOWN sensor” wdenad
1 | 11 | 11 ]
1T 17T 1T 17T 1/t { —
AR 1 =MLE %NS
w2010 “BONN HMI “RIGHT sen a0 “QUT sensar
s e X ¥

FIGURE 26
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¥  Network 6:

w This rung allows the Robot to Move left in the AUTO or HMI condition. The UP
sensor is placed into the rung so that this condition can only take place when
the robot is UP. The normally closed contact ‘left senser’ makes sure the sensor
hs not already come in.

Move LEFT

®M2200.2 %006
WM2201.0 "LEFT AUTO ®MLO ®RhMOLT “MOVe LEFT
“AUtT Request’ "Ur sensar "LEFT sensor wienoid”
11 1L |1 ] \
1T 11 1T i/} { }
SM22HD 2
SM2201 .0 "LEFT HMI
"Autd” Request”
] ] L
i/} 11
¥  Network 7: Move RIGHT

w [This rung allows the Robot te Move Right in the AUTO or HMI condition. The UP
sensor is placed into the rung so that this condition can only take place when
the robot is UP. The nermally closed contact ‘right sensor’ makes sure the
sensor has not alreadycome in.

%M22003 w@7
=M2201.0 "RIGHT AUTO %MLO %MLE6 “Move RIGHT
“Autd Request” "UP sensa” “RIGHT sensor” wenag”
— | i | i | i1 { }
RM2202.3
WM2201.0 “RIGHT HMI
“Autd” Request’
] ] L
|/: 11
FIGURE 27

¥  Network 8: Gripper OPEN

w [this rung allows the Robot to Open the Gripper in the AUTO or HMI condition. The
normally closed Open sensor contact is placed into the rung so that this
condition can only take place ifits not open already. The gripper can open atany

stage.
Sh2200.6 %003
%Wh2201.0 “OPEN AUTO ®hOL2 "Gripper OPEN
“Autd Request” “CPEN mnzr” wlenad”
11 11 | )
L) L] /“I :
eM2202.6
Wh2201.0 “OPEN HM
“Aute” Request”
1 ] L
i/t 1T
FIGURE 28
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¥  Network 9: Gripper CLOSED

w [This rung allows the Robot to Close the Gripper in the AUTO or HMI condition. The
normally closed ‘Closed sensor’ contact is placed into the rung so that this
condition can cnlytake place ifits not already in this conditon. The gripper can

close atanystage in the system.

*WM2200.7 002
SWh2201 .0 “CLOGE AUTO %MDL3 “Gripper QLOCE
“Autd Request” "QLOSED sensor” wlenad”
X i} 7 &
w=h2202.7
Swh2201.0 “QLOGE HAE
“Autg Request’
1 ] L
I/: 1F
FIGURE 29

¥  Network 10: Move IN

w In this condition, the Robot to Move IN in the AUTO or HMI condition. The UP
sensoris placed into the rung so that this condition can only take place when

the robotis UP. The normally closed IN sensor contactis used so this request
only hapened if the robot is notin this position already

=h22004 w005
wh220M.0 “IN AUTO MDD %MD 4 “Move N
“Auts Requert” "UP s=nsor” "IN sensor” solenald”
] | ] L ] 1 ] A J 1
L | L | LI | wi 1 !
%M2201.0 RNR202.4
“Autd’ “IN HMI Request”
[ ] L
l/: 1T
FIGURE 30
¥  Network 11: Move OUT

w This rung allows the Robot to Move Out in the AUTO or HMI condition. The UP
sensoris placed into the rung so that this condition can only take place when
the robot is UP. The normally closed contact OUT sensor is used so the
commmand is not performed again.

LM2200.5 %004
SWN220M .0 “OUT AUTO ShMDLO %MD S “Move OUT
“Autd’ Requext’ "UP sensor” "OUT senzar” wlenad
11 1L 1 L 11 Y
| I L | L i 1 !
LM2202.5
%h2201.0 "QUT HMI
“autd Request”
1 1L
/1 i |
FIGURE 31
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¥  Network 12: Object Counter
w When an object is detected in the system, the object counter value will go up by
1.This happens atstep 5, where the couter reaches station 1. The reset object
counter is linked to the FSP, when this button is pressed the Object count will
reset, and the Auto Sequence will reset.
D81
“Object Counter”
%M2201.4 crup
“0Object Detected” Int
!
— | v
@ —ifz=
o 0
ShA201 0
“step”
=1 .
Juint |
Wh2201.7
“Resst Objact
counter
1 |
11 =
e —IfB
%M2100.0 PV
pnie
11
LI
FIGURE 32
1 HIF ("FSP" =1) OR ("Ruto"=0) OR ("Reset Seguence™ = THEN
4 FT AUTO Request™ := 0;
5 "RIGHT AUTCO Reguest™ := 0;
€ "IN AUTC Hequest™ ;
7 "OUT AUTO Request™ :
"OPEN AUTO Request™
: -] "CLOSE AUTQ Request™ := 0;
H 10 | END_IF;
i L
| 11
b 12 FICASE “Step” OF
13 0: //mowve 1
//This is the start of the auto sequence
"UP AUTC Reguest™ = l;
IF "UP sensor" = 1 THEN
17 "UP RUTO Reguest™ := 0;
18 "HNext_Step" := 1;
20 1:- =
21 SN stage the robot will be above station 4 and wait until a counter is added.
| i I <lme92  Aoin e (ans
FIGURE 33
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s

MmN s W
{1}
L

[ ]

1:

//move home

//At this stage the robot will be above station

"IN RUIC Regquest™ := 1;

"QTCHT AUTO Request™ := 1;

"QPEN AUTC Reguest" = 1;

IF ("IN semnsor™ = 1) AND
("RIGHT sensor™ = 1) AND
({"OPEN senscr"™ = 1) RND
{"Start Seguence™ 1) THEN
"IN AUTO Regquest™ := 0;
"RIGHT AUTC Request” := 0;
"OPEN AUTO Recquest™ := 0;

4 and wait until a counter is added.

IF ("Cbject Counter™.CV = 1) THEN
"Next_Step™ := 19%;
END_IF;
IF ("Cbject Counter" CV = 2) THEN
"Hext_Step" := 10;
37 | END_IF;
3@ IF ("Object Counter” CV = 3) THEN
3s "Next_Step" = I;
40 END IF;
U PR LT LT L |
FIGURE 34
4z 2: //move cbject from station 3 to 4 E
43 //The sequence will start on this step if the ocbject counter is equal to 3.
44 /#It will mowe the first object from station 3 to station 4 so there is a max 2 counters in the system.
45 /fmove out
4€ "QUT RUTC Request™ := 1;
4768 IF "OUT sensor” = 1 THEN IE
48 "OUT AUTO Request™ := 0;
43 "Hext_Step” := 3;
50 END_IF;
51 3: //move dowm
52 “DOWN AUTO Reguest" := 1;
53 IF “DOWMN sensor" = L THEN
54 *DOWN AUTO Request™ := 0;
55 "Hext_Step” = 4;
56 | END_IF;
57 4: //gripper close
58 "CLOSE AUTO Regquest™ = 1;
58 H IrF ED sensor™ = 1 THEN
Ed "CLOSE AUTO Request" = 0;
€L “Hext Step®” := 5;
£2 END IE; E
] »|Ln:23  Cl:35 INS [g0% ;l

FIGURE 35
LTI ENU_LE;
€3 5: //move up
€4 "UF AUTC Request" := 1;
€5 EH IF "UP sensor" = L THEN
(1 "UP AUTC Reguest™ := 0;
€7 "Next_Step" := &;
€8 | END_IF;
€9 €: //move in
70 "IN AUTO Request™ := 1;
71 H IF "IN sensor™ = 1 THENW
72 "IN AUTO Request™ := 0;
73 "Next_Step” := 7;
74| END_IF;
ki1 7: //move down
"DOWN AUTC Request™ := 1;
IF "DOWN sensor™ = 1 THEN
"DOWN AUTO Regquest™ := 0;
"Next_Step" := &;
| END IF;
a1 8: //gripper open
az “OPEN AUTC Regquest™ = 1;
a L Meliens  re3e wme (mam T =
FIGURE 36
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101
102
103
104 B
108
1lo0e&
107
log

11:

[~
1

IF "OFEN sensox” = 1 THEN
"OFEN AUTC Reguest™ := 07
"Next_Step"” := 3;

END_IF;

f/move up

"UP AUTO Reguest™ = 1;
IF "UP sensor” = 1 THEN

"UP RUTO Regquest™
10;

= 0;
"Next_Step” :=
END_IF;

e from station 2 to 3

//The sequence will start cn this

/71t will move the origin

//move out

"OUT AUIO Reguest™ = 1;

IF "OUT senscr™ = 1 THEN
"OUT AUTO Regquest™ := 0

11;

"Next_Step" :=
END_IF;
//move left
FI AUIC Request™ := l;
"LEFT sensor"™ = 1 THEN
"LEFT AUTO Reguest™ := 0;
1z;

"Next_Step" :=
END_IF;

1l counter

step if the cbject counter is equal to 2.

from station 2 to 3 before the second counter can be added.

FIGURE 37

110 B

FIGURE 38

13:

la:

//move down

J fmove down

"DOWN RAUTC Reguest™ = l;

IF "DOWN sensoz"
"DOWN AUTIO Request" := 0;

13;

"Next_Step™ ==

END_IF;

//gripper close

"CLOSE AUTO Request™ := 1;

IF "CLOSED sensor" = | THEN
"CLOSE RUTO Regquest”
"Next_Step™ = 14;

END_IF;

//move up

"UP AUTO Regquest™ := l;

IF "UF sensoz™ = 1 THEN
"UP RUIC Reguest™ :
"Next_Step™ :=

END_IF;

//move right

"RIGHT AUTO Request” := 1;

IF "RIGHT sensor" = 1 THEN
"RIGHT AUTC Reguest" = 0;

1€;

"Next_Step"” :=
END_IF;
//move down

"DOWN AUTO Request™
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132 1€: //move down
133 "DOWN AUTO Regquest™ := 1;
134 & IF "DOWN sensor™ = 1 THENW
135 "DOWN AUTO Regquest™ = 0;
13€ "Hext_Step” = 177
137 END_IF;
138 17: //gripper open
135 "OPEN AUTC Request" := 1;
1403 IF "OPEN sensor™ = 1 THEN
141 "OPEN AUTO Reguest™ = 0;
142 "Mext_Step" := 18;
143 | END_IF;
144 18: //move up
1 145 "UP AUTO Request™ = 1;
lae ™ IF "UP sensor™ = 1 THEN
147 "UP AUTO Request™ := 0;
148 "Next_Step" := 15;
145 END_IF;
150 15: //This moves the from station 1 to 2.
181 //The sequence will start on this step if the cbject counter is equal to 1.
182 f/move left
153 "LEFT AUTC Regquest™ := 1;
154 & IF "LEFT sensor™ = 1 THEN
pE-1-7 "LEFT AUTO Reguest™ -
15& "Wext_Step" := 20;
157 | END_IF;
c » —. = —r—————————————————————————
FIGURE 39
157 ERD_IF;
158 | move in
15% "IN AUTO Request™ = 1;
160 IF "IN sensor" = 1 THEN
161 "IN AUTO Request"™
162 "Next_Step" := 21;
163 END_IF;
leq [ 21l: //move down
165 "DOWN AUTO Reguest™ = 1;
166 B) IF "DOWN sensor” = 1 THEN
167 "DOWH RUTO Reguest™ -= 07
le8 "Next_Step” := IZ;
169 | END_IF;
170 22: //fgripper close
171 "CLOSE AUTC Reguest" := 1;
172 0 IF "CLOSED sensor™ = 1 THEN
173 "CLOSE AUTO Request”™ := 0;
174 "Next_Step" = 23;
175 END_IF;
7e | 23: //move up
177 "UP AUTO Request™ := 1;
178 B IF "UF sensozr” = 1 THEN
175 "UP RUTC Request™ : V
180 "Hext_Step” = 24§
181 | END_IF;
182 24: //move cut
FIGURE 40
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EY-r - S TRIOVE UUdL
183 "QUT AUTO Request™ := 1;
184 H IF "OUT sensor™ = 1 THEN
185 "OUT AUTO Reguest" := 0;
18€ "Next_Step" := 25;
187 | END_IF;
las 25: //move down
1as "DOWN RUTO Reguest™ := 1;
150 & IF "DOWN sensor™ = 1 THEN
151 "DOWN AUTO Reguest™ := 0;
192 "Next_Step" := 2&;
153 | END_IF;
194 2€: //gripper open
1385 "QOPEN RUTO Reguest™ := 1;
15€ & IF "OPEN sensor™ = 1 THEN
157 "OPEN AUTO Request”™ := 0;
158 "Next_Step" := 0;
193 | END_IF;
200
201
202 | END_CASE;
203 "Step” := "Next_Step”;
2na

FIGURE 41

BB 7 simulator

FIGURE 42
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2024423

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. Your first sentence is an unnecessary use of words

QM Correctly cited
Citation method conforms to Harvard standard, well done.
Text Comment. Put your citation before the full stop, otherwise it looks like the citation belongs
to the next sentence.

QM Correctly cited
Citation method conforms to Harvard standard, well done.
Text Comment. You could have mentioned it is rack mounted

QM Correctly cited

Citation method conforms to Harvard standard, well done.
Text Comment. Which one is a unitary PLC?

PAGE 4




QM Correctly cited

Citation method conforms to Harvard standard, well done.

QM Correctly cited

Citation method conforms to Harvard standard, well done.

QM Incorrectly cited, this is not the Harvard Method

Text Comment. Good conclusion

PAGE 5
Text Comment. These switches should be in your drawing and the 1/0 list
PAGE 6
Text Comment. Good drawing but not all inputs are shown
Text Comment. incorrect symbol for proximity switch
Text Comment. inputs missing
PAGE 7
Text Comment. The I/O table should actual | addresses not the M addresses to which they are
mapped. It should match up with the drawing
PAGE 8
Text Comment. Don't waste word giving a history of how it was made
Text Comment. Don't waste word giving a history of how it was made
PAGE 9

Text Comment. Don't waste word giving a history of how it was made

Text Comment. This is a repetition of the brief, unncecessary use of words which has
increased your word count for which you have lost 5 marks

PAGE 10




Text Comment. Object sensor?

PAGE 11
Text Comment. good SFC chart
Text Comment. Again, you are wasting words telling your reader the story of how you made the
program
PAGE 12
Text Comment. Wasted words telling a story
PAGE 13
PAGE 14
Text Comment. A good table
Text Comment. you could have linked each test to the evidence image in the appendix
PAGE 15
PAGE 16
PAGE 17
PAGE 18
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.
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.
QM Use the third Person

QM

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

Use the third Person

- . . -



You are referring to 1irst or second persons (I, we, you, us etc) whereas you should use the third
person thus depersonalising it.

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.
PAGE 19
PAGE 20
QM Grocer's apostrophe
If you meant this as a plural word, don't use an apostrophe. This also applies to acronyms.
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.
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.
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.
PAGE 21
PAGE 22
QM Good range of sources
You have demonstrated reading from a good range of sources shown by your list below
QM Correct method of listing.
You have listed your sources correctly according to the Harvard method.
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

PAGE 46

PAGE 47

PAGE 48

PAGE 49




GRADING FORM: NEW CSG-RUBRIC

TAYLOR HOSKINS

68

1. ENGAGEMENT WITH LITERATURE

[

y‘ There is very good evidence of research and reading
from a wide range of source correct cited and listed
using the Harvard method. However, you have not
identified a unitary PLC (15/20)

2. KNOWLEDGE AND UNDERSTANDING

15

[

y‘ Very good evidence of knowledge and understand in
your system and program explanations. (15/20)

3. COGNITIVE AND INTELLECTUAL

15

[

y‘ Clear evidence of analytical skills through testing and
discussion, conclusions and recommendations.
(14/20)

4. PRACTICAL APPLICATION

14

[

y“ A well designed program, good comments within.
Test results are well presented but could be linked to
evidence in appendix. Drawing has some

14




components missing. (14/20)

5. TRANSFERABLE SKILLS

[

y‘ Well structured and presented. Generally well
written, good evidence of team working. However,
word count exceeded (-5 mark penalty applied)
because you are wasting precious word telling your
reader a story oh how you made the program which
is unnecessary. (10/20)

10
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