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1.Research
There are several IEC languages available to PLC programmers. TIA portal uses their own

programming languages which correspond to IEC 61131-3 standards (Siemens, 2021), as can
be seen in the compatrison table below:

STEP 7(TIA portal) language IEC language 61131-3 correspondent
Ladder Logic (LAD) LD
Instruction List (STL) IL
Function Block Diagram (FBD) FBD
Structured Control Language (SCL) ST
S7 Graph SFC
Useful
Ladder logic information

Ladder logic is one of the most popular programming language, it involves dragging and
dropping elements to form networks. Jones states that “It is a graphical PLC programming
language which expresses logic operations with symbolic notation. Ladder logic is made out
of rungs of logic, forming what looks like a ladder (2017, p. 1). An example of ladder logic can
be seenin figure 1.

Instruction list
Instruction list(STL) is one of the less popular IEC programming language. Instruction list as

the name suggests provides a programme with a sequence of instructions. One line will
represent one operation, e.g. MUL will represent multiply, which will be followed by an
operand. This programming language has the ability to execute much faster and use less
memory compared to graphical programming languages such as LAD and FBD. However, IL
has no code structure making it harder to fault find (VISAYA, 2019). An example of IL can be
seen in figure 2.

Function Block Diagram
Function block diagram is another graphical programming language and is often used to mimic

a specific process. Romanov states that “function block diagrams in PLC programming allow
users to create a system that takes multiple inputs, sends them through various instruction
blocks and changes specified outputs” (2020, p. 1). In FBD, all functions are put into blocks.
You can then connect the output of one function block to an input of another, resulting in a

diagram of function blocks (Jones, 2017) An example of FBD can be seen in figure 3.




Structured Control Language
Structured Control Language(SCL) is a high level, text based language that corresponds to

Structured text(ST) in the IEC 61131-3. This programming language uses operators such as
NOT, AND, OR, equal to(=),greater/less than(<>) with a condition after the operator in order
to from a list of instructions. According to (Anton, 2019), common uses for SCL include math,
program flow and communication. Comments can be added to SCL networks in order to assist

with fault finding activities. This can be seen in figure 4.

GRAPH
GRAPH is a graphic programming languages that is used for creating sequential control. It

corresponds to the IEC language Sequential Flow Chart(SFC). Siemens states that “Within a
GRAPH function block you program your program in the form of sequence cascades; whereby
sequential processes can be quickly program in a clearly organized manner” (2021, p. 4). This
language is fairly simple to programme, and includes extending the cascades with elements
such as step, transition, jump, open alternative branch (OR branch) and end sequence. Graph
is very useful for sequential processes that have to be executed in a certain order. An example

of graph can be seen in figure 5.




2.Hardware design
The PLC used for this system is the $7-1214C. Additional analogue input (Al4X13BIT_1) and analogue

output (AQ4 (AG, 2021)X14BIT_1) were added to increase number of 0. The 10 list for this system can

be seen below:

Good
Input/Outputiist
Inputs Address

Start button 10.0

Reset button 10.1

Stop button 10.2

Factory |10 running DI 10.3

Level meter Al real ID30

Flow meter Al real ID34

Setpoint potentiometer ID38

Outputs

Start light Q0.0

Reset light Q0.1

Stop light Q0.2

Fill valve AQ real QD30

Drain valve AQ real QD34

Setpoint panel meter QD38

Process variable panel meter QD42

The start, stop and reset buttons are all digital inputs to the PLC. The level meter, flow meter
and setpoint potentiometers are analogue inputs. By looking at the factory IO programme we
can see that a capacitive level meter is used for level control and a differential pressure
transmitter is used for flow control. They both produce a 0-10V feedback signal in order to tell
the PLC what state the tank is in. For example, if the level meter is reading 10V then the level
of the tank is at maximum. The flow meter, level meter and setpoint potentiometer are then
manipulated in the network programme using functions such as MOVE,MUL,SUB etc. Using
these functions will then determine the CV for flow and level, which will then send a signal to
the drain valve/fill valve to open or close depending on the setpoint.




3.Programme design and explanation
This programme is made up of 3 programme blocks, the main network, flow control and level

contral. The HMI screens provide the engineer/operator with all necessary indications of what
the program is doing. This programme allows the user to fill and empty a tank using manual
and semi-automatic control. The semi-automatic control contains on/off control as well as PID
control. For the on/off control method, the deadband can be chosen by the engineer.
Meanwhile the engineer can also alter the tuning values for PID control method in order to
ensure the process is running smoothly and the system doesn’t overshoot/undershoot. It's
important that the programme can reach the setpoint effectively and accurately, which is why

this programme has the ability to tune the values.

The flow control and level control work together in this programme to maintain the setpoint.
For example, if the tank was full and the setpoint was changed to 100, then level control would
be stopped and the flow drain valve would be opened using semi-automatic flow control which
would see the level drop to the desired setpoint. The trend graphs on the HMI screen can
assist the engineer in choosing tuning values, making this programme suitable for the

customer. The 2 HMI screens can be seen below:

Auto Semi Auto Manual Fill valve level control

etpa = Drain valve flow control

Start
+000.00

Process variable -

Manual Drain valve

Open

Close

Figure 1-Drain valve flow control




Manual

Level Control

Start

Control methods
PID
ON-OFF

Manual fill valve

Open

Figure 2-Fill valve level control HMI screen

drain valve flow control

Fill valve Level Control




4.System testing

tons should have
pmented the valve

automatic flow
control. When the
tank is full,
change the
setpoint to 100

control is selected
and level control is
off, the drain valve
should open and
the water level
should drop to the
setpoint of 100

control was
selected. The water
level dropped down
to 100 as expected

Test description Expected result Actual result Pass/fail | Appendix
reference
Enter HMI fill | When in manual | Manually opening | pass Figure 9
valve level control | mode, the tank |the fill valve
screen and | should start filing | successfully filled
manually fill the | when “open” s the_ tank to the the open pind close bu
tank to 100 and presseq_and then | desired Ieve‘l‘ ancj incremented and decr
then close the |stop filing when | then when “close o
valve “close” is pressed | was pressed the fill position
valve closed
Enter HMI drain | When in manual | The drain valve was | pass Figure 10
valve level control | mode and “open” | operated
screen and | is pressed, the | successfully and the
manually drain | drain valve should | tank was emptied
the valve until | begin to open and | successfully
tank is empty the tank level
should drop
Enter HMI fill | When in semi- | The level of the tank | pass Figure 11
valve level control | automatic  mode | successfully filled to
screen and select | and in PID control | 200- no tuning was
“semi-automatic method, the tank | required
mode” . Choose a | level should rise to
setpoint of 200 | 200. Tuning might
and select PID | be required to
mode improve accuracy
Enter HMI fill | When in semi- | The level of the tank | pass Figure 12
valve level control | automatic  mode | reached the desired
screen and select | and “ON-OFF"” | setpoint in "“ON-
“ON-OFF”" mode. | control method, | OFF* mode. The
Increase setpoint | the level of the | dead band was also
to 280. tank should rise to | adjustable on the
the desired | HMI screen
setpoint. The
engineer should
also be able to
adjust the dead
band
Enter HMI drain | If the tank is full, | Level control was | pass Figure 13
valve level control | when semi- | switched off and
and select semi- | automatic flow | semi-automatic flow

Figure 3-Testing table

What about full auto mode?




5.Meeting customer needs and team working

Team working was done to ensure that the customers’ needs were achieved. This was
achieved by taking it in turns to share each other’s programme to firstly ensure it was working
properly, and secondly to suggest any improvements that could be done to ensure the
customers’ needs are met. The team working group consisted of Steffan Davies(author),
Jason Booth and Ethan Rigby. Monitor mode was used to discover a fault in the flow control
network of Jason booths programme. Each person took it in turns to share their programme
and HMI design. As a result of the team working discussions, it was recommended that the
buttons pressed on the HMI should change colour when pressed. This was to ensure the

user/customer have a clear indication of the current status of the system.

The maintenance and reliability was considered when designing the programme. In order to
ensure the reliability of the programme, trend graphs were added to the HMI screen so that
the operator can alter the tuning values for PID control. If the tank was feeding a critical
process then it's important that the PID control is working as efficiently and reliable as possible.
Maintenance of this system should be relatively easy in future because all networks have
network comments added to them explaining what each element of the network does. This
would very much help anyone who would need to carry out maintenance tasks or fault finding

procedures on the programme.

what about auto mode?




6.Conclusions and recommendations

The aims and objectives of this assignment was to design a system to control the level and
flow of a tank. This was done successfully by producing IO lists, drawings, and designing HMI
screens as well as the programme design. By looking at the testing table labelled figure 3, we
can see that the system has pnaosts%%t%lrlnt?\getests required. However, further work that could
be done to improve the system could be to add an entirely automatic mode to the system. This
would be done by using SCL to write a list of instructions so that when automatic mode is
selected, the tank will fill up to a certain level and then flow control should initiate and begin to
run to a setpoint rate. This would very much improve the efficiency of the system as the
operator wouldn’t have to press as many buttons on the HMI screens. However, the current

system still successfully controls flow and level and therefore satisfy the assessment criteria.

good observation
When testing the programme, the bar graphs on the HMI screen showed that PID control ran

smoother than on/off control which was overshooting the setpoint. As a result of this, it can be
concluded that PID control is more effective in a critical system where stable control is
required, while on/off control is suitable for simpler applications where accuracy isn't as vital.
PID control ensures there is no error between the process value and the setpoint, therefore

making it more effective than on/off control. (Elprocus, 2021)

When designing the HMI screens and the main programme, it's important to take into
consideration the requirements of the customer. By working in groups, everyone could
contribute ideas to make the system more efficient and more user friendly. One of the ideas
that came from the group working was to change the colour of the buttons on the HMI when

pressed. This helped in showing the customer the current status of all the devices.

Maintenance and reliability are also a very important factor when designing a programme. By
adding network comments to every network, any future maintenance/fault finding activities
would be much easier for the customer, therefore making this system more user friendly and
desirable for the customer. In addition, the graphs used for the HMI screen allows the engineer
to see how the system is behaving, and allows the user to alter the tuning values.

In order to improve this programme further, one idea would be to add an operator screen with
auto start/stop along with mimic graphs for flow and level. Furthermore, password protecting
the engineer screens could be a sensible idea in order to ensure that only the engineer can

tune the PID contral. If anyone can alter the tuning values then it could atfect the process.

these are good conclusions
and recommendations

10
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8.Appendix

Figure 4-LAD example

Network 30:

2 CALL &
AD_in
i 4D_e

n

8 AD_1

Scale_1
Scale_LL
Scale_UL
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Figure 5-IL example
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wWMI2 o FEEE]

FTRIGGER" L5
L -
MOVE
Nfi;‘j X “DE_Memory".
N E— —,I VAR
"DE_Memary’ =-|_eu|1 INTEGER{INDEX"]
Machine_VALUE — py =
ADD
nt
EN
L waneo
W20 OUT — "INDEX
*INDEX" — gz thh £niey —
=
nt
W0
“INDEX" — IN1 MOVE
Wi EN TVZO
9 OUTI — "INOEX"

Figure 6-FBD example

PU_1214C [CPL

Fe B L, EJAp s Al Y FOQd &7 D
Calculate_Volume
Name Deta type Defauit va.. Comment
1 @~ input ~
2 Q- Height Real E height eylindric tank in meter ‘;
i4ar- Diameter Real diameter cylindng tank in meter L
a Qe Filling_level Real filling level of bguid in meter
5 4@ v Ouput
6 @-» er Bool fault flag. Bault == true
7T @ Volume Real volume of liqued in the tank in liter w
<[ u Gl
e T
.. O R e saon
3
" §
[<] u ] 3| [100% = I e
example

Figure 7-SCL (Anton, 2019)
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Figure 8-GRAPH example

B a7 Sivastator

SIEMENS
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Figure 9

# |~ Basic instructions
™ Irame
A1~ ™| GRAPH FBD instructions
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- 3 Extended instructions
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(Siemens, 2021)
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SIEMENS

Fill vabee lewel contrel

.Drain valve Level Control

SIEMENS Siv
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== ¢ Fill valve Level Controll
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ON-OFF
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Figure 11
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SIEMENS

drain valve level contral_t

o Fill valve Level Controll

Manual fill vatve

Open

Figure 12
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Start

—— Drain valve flow

X
250170400 50
7 075600 50

Figure 13
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Programme main network

¥ Block title: "Main Program Sweep (Cycle)”

¥  Network 1: FactorylO PLC driver

Factory 10 PLC driver- contains SCL code to assist handshaking across the network

WC9000
"MHJ-PLC-Lab-Function-571200"

EN ENO

¥  Network 2: Move initial value for Level PID

w Providing the first scan contact is made, the purpose of this network is to move source values to a
destiantion location. The values entered on the IN part will be copied over to the the required
memory bit. For example, a value of 200.0 will be copied over to MD3000 (Level Setpoint)

%12000.0
“FirstScan” MOVE
{ | EN —— &
200.0—IN %MD3000
¥ oum "Level Setpoint”
MOVE
EN — —d
052—IN %MD3012
3 OUT1 — “Level Kp®
MOVE
EN — ENO ——
0.00055 — IN %WID3024
3 OUT “Level ki
MOVE
10— IN %MD3040
3 oum "Level Kd*
MOVE
EN — ENO ——t
10—IN %WMD3052
¥ oum “Level Deadband”

17
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Network 3: Move initial value for low PID

w Providing the first scan contact is made, the purpose of this netwerk is to move source values to a
destiantion location. The values entered on the IN part will be copied over to the the required
memory bit. For example, a value of 20.0 will be copied over to MD3200 (Flow Setpoint)

%WM2000.0
*FirstScan” MOVE
11 :
17T EN — EN
200 —IN %WD3200
i oum *Flow setpoint”
MOVE
EN — —
0.01 —IN %WMD3212
L 1)) ] "Flow Kp*
MOVE
EN — ENQ =i
0.000 IN %MD3216
i oum "Flow Ki*
MOVE
EN — —
0.0—IN %MD3220
¥ oun *Flow Kd*
Network 4: Setsemiautomatic mode

w The purpose of this network is to set the automatic mode on the HMI screen. When semi auto is
pressed on the HMI screen it will set the bit for semi auto mode. This network also resets the bit for
level PID control if other control method (ONIOFF) is selected or ifthe engineer presses manual mo...

%WM2000.0
"FirstScan”
11

@M2501.2
*Semiauto
mode”

{5 L "
Isl

WM2500.1
"Level PID
control®

18
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Level control network

¥  Network 1: Level ON-OFF control

w The purpese of this network is to set the bit for level controll providing the start button is pressed,
factory 10 is running and auto mode is off. Alternatively to the start button, the HM start level controll
can be used.

Level control will be reset when stop button is pressed on the HM
If level controll run is on, then start light Q0.0 will come on
If level controll run is off, then stop light Q0.1 will come on

0.3 WM2500.0
W0 0 *Factory 10 WM2501.1 “Level controll
"Start button” Running DI "Auto mode” RUN"
] | ] | | {5} "
10 17T |/= 15}
%W@M2500.3
"HM start level
control”
] |
10
W0 .3 @M2500.0
"Factory IO M2501.1 “Level controll
Running DI "Auto mode” RUN"

A i1 {R p—

W0 .2
*Stop button®

A

WM2500.4
"HM stop level
control*
1 L
1 T
WM2500.0
“Level controll Q0.0
RUN" *Start light”
] | { 1\ N
1T L}
WM2500.0
"Level controll %Q0.2
RUN" *Stop light”

1/ { }
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Network 2: Scale level setpeintand display

w This network works by scaling analogue input for the level setpoint from volts to millimeters by multiplying by 30 so that 10V=300cm.
The level setpoint will then be converted from real to Dint for the setpoint panelmeter

WM2501.1 MuL CONV
*Auto mode” Auto (Real) Real to Dint
—A & — EN
D38 “WD3000 WAD3000 %“0QD38
*Setpoint ouT — “Level Setpoint” “Level Setpoint” N *Setpoint
potentiometer” — yq OUT — panelmeter”
30.0 — N2 3%

Network 3: Scale level process variable and display

w Tells you how much water is in the tank (0-200mm) converting volts from analogue sensor. multiplying ID30 by 30 to get MD3004, cenverting
MD3004 in to a double int to get output QD42

MuL CONV
Auto (Real) Real to Dint
EN — EN EN
WD30 WMD3004 WMD3004 “wWDna2
*Level Meter Al “Level process “Level process "Process
Real" — g ou7 — variable® variable” — |y variable panel
200 — N2 # out — meter”

Network 4: Manual fill valve control

w This network Uses a pulse from HMI manual open fill valve to give the fill valve position. That fill valve position is then
copied straight over to MD3016(level CV)
The limit function is used to ensure that the fill valve position is greater than 0 and less than 10

WM2500.0 WM2500.5
“Level controll %WM2501.3 “HM manual ADD
RUN® *Manual mode” open fill valve" Auto (Real)
— | | | {r| EN — £H0) ——
@M2501.0
- WMD3064 WMD3064
HM manual Fill val “Fill val
close fill valve Hhvaive I valve
pulse” position N1 OUT — position
10— N2 3
M2500.6
“HM manual SuUB
close fill valve® Auto (Real)
:PI EN — [ () —
%WM2501.0
- %WMD3064 “WMD3064
HM manual “Eill val “Fill val
close fill valve Hvalve 1l valve
pulse’ position IN1 out position
1.0 — N2

20
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Network 5: ON-OFF control deadband

Real
EN — ENQ =i
0.0
S8 WD3064
YMD3064 'FiII_v_aIv_e
"Fill valve out position
position” — |y
10.0 — MX
MOVE
EN — ENOQ =
MD3064 ‘:WDl()'I&
*Fill valve 3 oum Level CV*
position® IN
MOVE
EN — ENO —t
MD3016 %W0D30
“Level V" —IN *Fill Valve AQ
* oum Real”
25000
"Level controll
RUN® MOVE
_M_EN — ENQ ——i
0.0
- QD30
"Fill valve AQ
3 poum — Real”
WM2500.0 WM2500.1
*Level controll %WM2501.3 “Level PID
RUN® *Manual mode® control® MOVE
{ | 4. { | EN — £ ——
WMD3016 WAD3064
“Level OV —IN *Fill valve
% oum position”

w This network works by adding the level setpoint(MD3000) and level deadband(MD3052) to form level maximum
deadband(MD3056) using the ADD function.
To from the level minimum deadband(MD3060), the level setpoint{MD3000) and level deadband(MD3052) are
subtracted from eachether using the SUB functien.

‘“MD3000
*Level Setpoint”

WMD3052
“Level Deadband®

ADD
Auto (Real)
EN — EN
N1
IN2 3 ouT

WMD3056
“Level
Maximum
deadband”

21

suB
Auto (Real)
EN — —_—
., _dap3000 “WAD3060
Level Setpoint’ INT “Level Minimum
%WMD3052 QuT — Deadband”
“Level Deadband” — |N2




Network 6: Level ON-OFF control with deadband

-
w Ifthe level process vanable(MD3004) is less than Level minimum deadband(MD3060) then a value of 10 will be copied over to Fill valve AQ
real(QD30)
Ifthe level process variable(MD3004) iz greater than Level maximum deadband(MD3056) then a value of 0 will be copied over to Fill valve AQ
real(QD30)
%WM2500.0 WM2500.2 . WD3004
“Level contrall %WM2501.3 *Level ON-OFF Level process
RUN® *Menual mode” control® ";"‘h"l T
<
':Il V‘l : l | Real | EN — ENO ——i
WD3060 = %0030
"Level Minimum “Fill Valve AQ
Deadband” * ouTi Real®
MD3004
“Level process
variable®
> |
| Real [ EN L ——
MD3056 0.0—3 “qQD30
“Level *Fill Valve AQ
Maximum o Real”
deadband” oun
¥  Network 7: Store the old error

This network copies the value of level error (MD3008) over to level old error(MD3036)

EN — EN

%MD3008

“Level Error® IN % oum

Network 8:

-

%WMD3036
“Level old error®

Level PID control- calculate errorand P part

w This network subtracts the level porcess variable(MD3004) from the level setpoint(MD3000) to determine the level
error(MD3008). This will only werk if level controll and PID control run are on and manual mode is off.

This network alse multiply's level error(MD3008) by level Kp(MD3012) to creat the level P part (MD 3020)

22

WM2500.0 WM2500.1
*Level controll %@12501.3 “Level PID suB
RUN® *Manual mode® control” Auto (Real)
{ | A { | EN — ENO ——
@MD3000 “D3008
“Level Setpoint” — N1 QuT — “Level Error”
WMD3004
“Level process
variable® — jq2
MuL
Auto (Real)
EN — ENQ =
WD3008 %WMD3020
“Level Error® — N1 QuT — “Level P part”
WMD3012
“Level Kp" — IN2 3%




¥  Network 9: Level FID controlcalculate the | part

w When level controll is running and level PID controll is on, if the drain valve AQ real is greater than 0.1, then it will ADD MD300&(level emror) to MD3028(Level integral accumulator).

However, if the drain vabve is |

switches | off if this theres no flow

< than 0.1 {(meaning there iz no flow) then a value of zero will be copied to MD3028-therefore switching | offif theres no flow.

Providing the level integral accumulator is between 01000, then MD3028 will be multiplied by MD3024 to create Level | part (MD3032)

¥  Network 10:

Level PID controlcalculate D part

WAZ500.0 WAZ500.1 . M0
*Level controll W2501.3 *Level PID Drain Valve ADD
RUN® “Manual mode” control* “I" ”"'I At (Real)
] L ] ] L >
1F 1/t 1F | Real | EN — —_—
0 WADI028 WD3028
"Levelintegral “Levelintegral
sccumulatar” — jyp Ut — sccumulator”
WAD3008
‘Level Error” — N2 ¥
w034
“Drain Valve
A0 Real®
o MOVE
<
—| el |7 EN — —_
oc
3 L WAD3028
*Level integral
% oum accumulator”
umm MuL
Real Auto (Real)
EN EN O
0= WADI028 WMD3028 ot
WADI078 “Level integral “Level integral ouT — “Level | pan”
“Level integral OUT — dccumulator” sccumulator” — g
accumulator® — g DI04
> — *Level ki* — g 3

w calculates the difference between the old error and the new error to produce MD3044(level difference). Multiplies |evel
difference by level Kd to get MD3048(Level D part). D is added to imporve the performance of |
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@M2500.0 @M2500.1
*Level controll %WM2501.3 “Level PID sue
r *Manual mode” control® Auto (Real)
i | % { | EN — i
“MD3008
“Level Error” — |N1 out
‘“MD3036
“Level old error” — |N2
MuUL
EN — EN
WMD3044
“Level diference” — N1 out
WMD3040
*Level kKd* IN2 3¢

—_—

WD3044
"Level diference”

—

“WMD3048
"Level D part’




*  Network 11: Level PD controll- Calculate CV

w This network works by adding MD3020,MD3032 snd MD3048 together to creat MD301 6(Level OV). The limit flunction is then used to ensure level OV value is gretaer than 0 and less

than 10. The value of Level OV will then be copied over to QD30I valve AQ Real)

mode off.

zing the MOVE function. Thiz will anly work if the level cantroll and PID control are on, and Manual

if level controll iz off then values from IN wall be copied over to QD30, MD3018, MD3064 and MD3028 using the move function

“Level controll
RUN"

“Level integral
% OUT) == accumulator”

—— EN
N
MOVE
EN
N
% oun
MOVE
EN
N
% oun
MOVE
EN
N
4 oum
WAZ501.3
“Manual mode” MOVE
—— ——en —
— - WADI028

AM2500.0 WA2500 .1
“Level controll WA2501.3 “Level PID ADD LT
“Manual mode” contral” Auto (Real) Real
1 F i { | EN EN I—
WADI020 WMDI016 0.0—mN WIDI016
“Level P part” — 1 ouT — “Level OV WADIO16 ouT — “Level CV°
WADI0I2 “Level OV — Ny
“Level | part” — N2 0.0 — K
WADI04E
"Level D part” — N3 &
MOVE
EN —_—
WADI016 wqpio
Level O — 1N “Fill Valve AQ
% gum — Real”
WAZ500.0

—_—
TWD3016
“Level OV

—
TMD3064
“Fill valve
position”

—_—
D3028

“Level integral
accumulator”
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Flow control network

¥  Network 1: Read analogue input for flow

The purpose of this network is to multiply ID34 to get the flow porcess variable (MD3204)

MUL
Auto (Real)
EN — EN
%ID34 %MD3204
“Flow Meter Al * Flow process
" INT ouT _vanable
7.142 IN2
¥  Network 2: Flow controll

w The purpose of this network is to set the bit for flow controll providing the HMI start flow
controll is pressed on the HM, factory 10 is running and auto mode is off.
flow control will be reset when stop button is pressed on the HM or when factory 10 is not

running
%M2501.5 %I0.3 %M2501.4
“HMI start flow " Factory 10 %M2501.1 * Flow control
control™ Running DI’ “Auto mode RUN"
1 1 1L | [5\
1T 11 /1 {5}
%I0.3 ®M2501.4
" Factory 10 %M2501.1 " Flow control
Running DI* * Auto mode’ RUN"
1 1 (R}
/1 /‘ {R}
%M2501.6
" HMI =top flow
control”
] L
1T
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-

Network 3: Manual drain valve controll

w This network Uses a pulse from HM manual open drain valve to give the drain valve position(MD3252). That
fill valve position is then copied straight over to MD3248(flow CV)
The limit function is used to ensure that the drain valve position is greater than 0 and less than 10

26

%M2501.7
%M2501.4 « M manual
* Flow control %M2501.3 open drain
RUN® *Manual mode” valve Au‘.m )
1 1 [ o L (h. -
” b 1° | EN — N0 —t
®M2502.1
" HMI manual %MD3252 wMD3252
open drain “Drain valve - Drain valve
valve pulze pozition N ouT pozition
O —IN2 @
%®M2502.0
"HMI manual
dozedrain
valve An‘w. )
=P: EN —— P et
%M2502.2
“HMI manual ®MD3252 %MD3252
doze m.: “Drain valve "Drain valve
valve pulse” position™ NY pesition”
7 IN2
LMt
Real
EN — , | I
. %MD3252
%MD3252 'Dl’l!l‘l \,;||~¢
“Drain valve OUT — Pesition
pozition” IN
0.0 MX
MOVE
EN —— ENO s——
%MD3252 %MD3248
*Drain valve 2 outt — “Flow Qv
pacsition” N
MOMVE
EN —— ENO s
TMD ”4? *0QD34
— IN " Drain Valve
% oun —AQFR=!
®M2501.4
" Flow control
RUN"
_Vl_EN S I—
o - %QD34
“Drain Valve
W% OUTY — AQ Resl
%M2501.4
* Flow contral %M2501.3
N “Manual mode” MOVE
I} y P
%MD3248 —
AR L “Drain valve
& OUTY — Position”




¥  Network 4: Store the old error to calculate D for PID controll
This network moves the flow error(MD3208) to flow old error(MD3224)
MOVE
EN —— ENC
%MD3208 %MD3224
“ Flow emror” IN 3 OUT1 * Flow Old emor”
¥  Network 5: Flow PID controllcalculate P part

w Providing flow contrell is on, the flow process variable(MD3204) will be subtracted from
the flow setpoint(MD3200) to determine the flow error (MD3208). The flow error will hten
be multiplied by flow Kp to dtermine the flow P part(MD3236)

%®M2501.4
* Flow control ®M2501.3 sus
RUN" *Manual mode’ Auto (Real)
11 | B
11 4 EN — ENC
%MD3200 %MD3208
" Flow setpoint” — N1 OUT — " Flow emor
%MD3204
" Flow process
variable IN2
MUL
Auto (Real)
EN —— FN0 e—
%MD3208 *MD3236
“Flow emor” — N1 OUT — " Flow P part”
%MD3212
“Flow Kp” —IN2
¥  Network 6: Flow PID controllcalculate | part

w this network calculates the | part of the PID controll. Fistly the flow error (MD3208) is subtracted from the flow integral accumulator providing you
are not in manual mode and flow contrell is running. The flow integral accumulator is multiplied by the flow Ki in order to determine the flow | part

%M2501.4 _ %ao34
* Flows contral wM2501.3 O suB
RUN" “Manual mode’ Auto (Resl)
11 1 | > | .
11 i/t | meat | EN —
o w“MD3228 wMD3228
“ Flow Inegral * Flow Intagral
accumulator INT ouT accumulator
®MD 3208
“Flow e N2
%0034
~Drain Valve
4Q Real”
“ | EN — En
Real | -
0 = %MD3228
* Flow Intagral
¥ ouT accumulator
umiT MuL
Feal Auto (Resl)
EN — EN — END —)
L MD3228 WMD3228 MD3240
- - . '
«MD1228 Flow |r|m:1;\ F|m|nm out o | o
- Flow Intagrsl QUT — Sccumula sczumula -
el wMD3216
00000.0 — MK “Flowki® — INZ i
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Network 7:

Flow PID controll-calculate D part

w This network subtracts flow old error(MD3224) from flow error{MD3208) to dtermine flow
difference (MD3232). The flow difference is then multiplied by flow Kd(MD3220) in order to
calculate the D part(MD3244)

®M2501.4
* Flow control %M2501.3 suB
RUN *Manual mode’ Auto (Real)
11 1A END ey
1T v EN =
%MD3208 ®MD3232
* Flow error” IN1 OUT — " Flow difference”
*=MD3224
* Flow Old emror” IN2
MUL
Auto (Real)
EN —— D ——
%MD3232 ®MD3244
" Flow difference’ — |N1 OUT — " Flow D part”
%MD3220
"Flow Kd" — N2 3%
Network B: Calculate CV

w This network works by adding MD3236,MD3240 and MD3244 together to creat MD3248(flow CV). The limit function is then used to ensure flow CV

value is gretaer than 0 and less than 10. The value of flow CV will then be copied over to QD34(drain valve AQ Real) using the MOVE function. This
will only work if the flow controll is running, PID contrel is on, and Manual mode off.

If flow controll is off then values from IN will be copied over to QD34, MD3228, MD3248 and MD3258 using the move function

¥ oum

wM2501 4
~Flow control WM2501.3 ADD umi
RUN *Manusl mods” Auto (Resl) Ranl
—— A o ™
%MD3236 wMD3248 Ul —MN wMD3248
“Flow P part — N1 OUT — "Flow O SMDI248 OUT — "Flow O
WMD 3240 “Flow Q" —IN
“Flow | part” IN2 oo MX
WMD3244
*Flow D part” IN3 w
MOVE
EN —— ENO e
*MD 3248 QD34
Flow Q" —IN * Drain Valve
& outt AQ Raal”
WM2501.3
*Manual mode” MOVE
11 EN — Eb
T s
- WMD3228
*Flow Integral
@ OUT] — Sccumulatr
wWM2501.4
“ Flow control
e MOVE
V‘I EN »
- L %034
* Drain Valve
% ouT) —AQRel
MOVE
et %MD1228
'Flmlnwll
W OuT1 — desumulator
MOVE
N "
0.0 —mn WMDI248
¥ OUT1 “Flow O
MOVE
EN — EN
vo—m *MD3I252
“Drain valve
pazition”




PLC tags

FactorylO

Tank Level Control

assignment 2 » PLC180-factorylO - Tank Level Controller
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PLC tags
Name Tag table
[ startbutton | FactorylO
Reset button Factory 10
Stop button Factory 10
Factory |0 Running DI Factory 10
Level Meter Al Real Factory 1O
Flow Meter Al Real Factory 10
Setpoint potentiometer Factory 1O
Startlight Factory 10
Reset light Factory 10
Stop light Factory 10
Fill Valve AQ Real Factory 10
Drain Valve AQ Real Factory 10
Setpoint panelmeter Factory IO
Process variable panel meter  Factory 10

System_Byte
FirstScan
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

Level controll RUN

Level PID control

Level ON-OFF control

HMI start level control

HMI stop level control

HM manual open fill valve
HM manual close fill valve

HM manual cpen fill valve pulse
HM manual close fill valve pulse

Auto mode

Semi auto mode

Manual mode

Flow control RUN

HM start flow control

HMI stop flow control

HM manual open drain valve

Standard-Variablen...
Standard-Variablen...
Standard-Variablen...
Standard-Varniablen...
Standard-Variablen...
Standard-Variablen...
Standard-Variablen...

Standard-Variablen...
Standard-Variablen...

Standard-Variablen...
Standard-Variablen...
Standard-Variablen...
Standard-Variablen...
Standard-Variablen...

My tags
My tags
My tags
My tags
Mytags
Mytags
My tags
My tags
My tags
My tags
My tags
My tags
Mytags
My tags
Mytags

My tags
29

Data type Address a R
Bool [ig)) %i0.0 v
Bool %I0.1

Bool %10.2

Bool %I0.3

Real %ID30
Real %ID34
Real %ID38
Bool %0Q0.0
Bool %0Q0.1
Bool %Q0.2
Real %QD30
Real %QD34
Dint %QD38
Dint %QD42
Byte %MB2000
Bool %M2000.0
Bool %M2000.1
Bool %M2000.2
Bool %M2000.3
Byte %MB2001
Bool %M2001.0
Bool %M2001.1
Bool %M2001.2
Bool %M2001.3
Bool %M2001.4
Bool %M2001.5
Bool %M2001.6
Bool %M2001.7
Bool %M2500.0
Bool %M2500.1
Bool %M2500.2
Bool %M2500.3
Bool %M2500.4
Bool %M2500.5
Bool %M2500.6
Bool %M2500.7
Bool %M2501.0
Bool %M2501.1
Bool %M2501.2
Bool %M2501.3
Bool %M2501.4
Bool %M2501.5
Bool %M2501.6
Bool %M2501.7




45
46
47

49
50
51
52
53
54
55
56
57
58
59

61
62
63

65
66
67

69
70
7
72
73
74
75
76
77
78

teddttebbbbbbonbtbbbbbtoabahttaang

HMI manual close drain valve
HMI manual open drain valve p..
HM manual close drain valve p..

Level Setpoint

Level process variable
Level Error

Level Kp

Level CV

Level P part

Level ki

Level integral accumulater
Level | part

Level old error

Level Kd

Level diference

Level D part

Level Deadband

Level Maximum deadband
Level Minimum Deadband
Fill valve position

Flow setpoint

Flow process varniable
Flow error

Flow Kp

Flow Ki

Flow Kd

Flow Old error

Flow Integral accumulator
Flow difference

Flow P part

Flow | part

Flow D part

Flow CV

Drain valve position

Mytags
Mytags
My tags
Mytags
Mytags
Mytags
Mytags
My tags
Mytags
Mytags
Mytags
Mytags
My tags
My tags
Mytags
Mytags
Mytags
My tags
My tags
Mytags
Mytags
Mytags
Mytags
My tags
Mytags
My tags
My tags
My tags
Mytags
Mytags
My tags
My tags
Mytags
My tags

30

Bool
Bool
Bool
Real

Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

%M2502.0
%M2502.1
%M2502.2
%MD3000
%MD3004
%MD3008
%MD3012
%MD3016
%MD3020
%MD3024
%MD3028
%MD3032
%MD3036
%MD3040
%MD3044
%MD3048
%MD3052
%MD3056
%MD3060
%MD3064
%MD3200
%MD3204
%MD3208
%MD3212
%MD3216
%MD3220
%MD3224
%MD3228
%MD3232
%MD3236
“%MD3240
%MD3244
%MD3248
%MD3252
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/oo

Instructor

PAGE 1

PAGE 2

PAGE 3

QM Correctly cited

Citation method conforms to Harvard standard, well done.

Text Comment. Useful information

QM Correctly cited

Citation method conforms to Harvard standard, well done.

QM Correctly cited

Citation method conforms to Harvard standard, well done.

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 Improper Citation
Improper citation:
Improperly cited material. Please use the link below to find links to information regarding
specific citation styles: http://www.plagiarism.org/plag_article_citation_styles.html




QM Correctly cited
Citation method conforms to Harvard standard, well done.
PAGE 5
Text Comment. Good information
PAGE 6
PAGE 7
PAGE 8
Text Comment. the open and close buttons should have incremented and decremented
the valve position
Text Comment. What about full auto mode?
PAGE 9
Text Comment. what about auto mode?
PAGE 10
Text Comment. not auto mode
Text Comment. good observation
QM Correctly cited
Citation method conforms to Harvard standard, well done.
Text Comment. these are good conclusions and recommendations
PAGE 11
Text Comment. A good range of source correctly listed
PAGE 12
PAGE 13
PAGE 14

Text Comment.

which mode are you in?



PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

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

Text Comment. the first two inputs should be drawn differently

Text Comment. as they are not potentiometers

PAGE 33

Text Comment. the analogue output module should look similar to the input module

GRADING FORM: NEW CSG-RUBRIC




STEFFAN DAVIES 70

1. ENGAGEMENT WITH LITERATURE

[

y"’ Engagement with a wide range of literature, 1 2
including sources retrieved independently.
Selection of relevant and credible sources.
Generally sound referencing, with no/very few
inaccuracies or inconsistencies. (12/20)

2. KNOWLEDGE AND UNDERSTANDING

[

y‘ Excellent knowledge and understanding of the 1 5
basic underlying concepts and principles of the
subject. (15/20)

3. COGNITIVE AND INTELLECTUAL

[

y“‘ Sound evaluation of the underlying concepts and 1 3
principles. Can interpret qualitative and
quantitative data accurately. Ability to devise
arguments using evidence to make mostly
appropriate and valid judgements. A good testing
table but you could have done more tests. Very
good assessment of user needs and conclusions
and recommendations. (13/20)

4. PRACTICAL APPLICATION

[




y‘ An advanced application of a range of taught, basic

methods, materials, tools and/or techniques. The
context of the application is well considered, and
insightful. Excellent evidence of different
approaches to problem-solving in particular
contexts and proposes appropriate solutions. A
well designed program though no auto mode
included. (15/20)

5. TRANSFERABLE SKILLS

15

[

y‘ Work is coherent, very fluent and is presented

professionally. Can work effectively independently
and/or as part of a team, with an excellent
contribution to group activities. Demonstrates
excellent skills for employment requiring the
exercise of some personal responsibility with an
appetite for further development. (15/20)

15



