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1. Research

PLCs (programmable logic controllers) have been the most widely used implementation medium for
control algorithms in industrial-applications-for-many decades. After their introduction, multiple
companies developed PLCs with a various run-time environments, operating systems, and
programming languages; thus, to minimise complexity for the users of PLCs, the International

Electrotechnical Commission (IEC) implemented the standard IEC 61131.
This standard specifies five PLC programming languages. These are;

e Function block diagram (FBD)
e Sequential function chart (SFC)
e Structured text (ST)

e ladder diagrams (LAD)

e Instruction list (IL)
(Palensky, 2009)

FBD, ST, and LAD are available on TIA portal, the software being used for the project. These languages

will be used in the designing stage.

1.1 Function block diagram (FBD)
FBD is a language that is often used for process control systems as they allow for the implementation
of continuous control loops. The language consists of a collection of blocks with input and output ports
that form a network. Every block performs a function on the input data and outputs the results. Data,
which can be of any rudimentary data type, is passed from one block to another via connections from

output to input ports and can also be exchanged with sensors and actuators. (Gruner, 2012)

In principle, the blocks’ functions are to perform continuously, allowing for the application of different

equations, for example. In practice, the function blocks are executed sequentially at a given time rate.

An example of FBD is shown in appendices 8.1.

Advantages

Disadvantages

Being that it is graphical, it isn’t necessary for
system designers to have extensive training to
understand the language.

FBDs are typically unable to integrate natively
with IT systems, whereas text-based languages
have that capability.

Debugging is easy as system designers can
follow the wire connections between functions
and function blocks.

Aren’t ideal for solving sequencing problems
due to their left to right continuous behaviour
when executing.

Table 1

(Veeramani, 2007)
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1.2. Sequential function chart (SFC)
Sequential function chart is a graphical language that displays the sequential behaviour of a program.
One of the most significant features of SFC is that it displays the system’s key states, as well as all

potential state changes and the reasons for those specific changes.
(Bruggink, 1999) States that a SFC consists of:

e Steps — These are depicted by rectangular boxes and each of these represents a particular
state of the system being controlled. The beginning step is depicted by a rectangular box with
vertical bars on each side.

e Transitions — These are the lines between the steps, forming the connection. A condition is
assigned to each transition. When a condition following an active step becomes true, the next
step is activated and the active step becomes deactivated.

e Actions —Each step is associated with some action, performed while the step is active. Actions

can be described by any of the five languages defined by IEC.

An example of SFC is shown in appendices 8.2.

Advantages Disadvantages
Allows for code to be divided into small parts, | Doesn’t always fit every application.
enabling users to create large, complex systems.
Programs can be monitored online, allowing the | Simple tasks can require a complex sequence.
engineer to progress through the live system

when troubleshooting.
Table 2

(Nilsson, 2001) (Dixon, 2018)

1.3. Structured text (ST)

Structured text is a programming language that is very similar to the Pascal programming language.
Programs are made up of statements that are divided by semicolons. The statements use predefined
statements and subroutines, which are specified values, internally stored values, or inputs and

outputs. (Bolton, 2015)
Complex statements and nested instructions are supported:

e lteration loops (REPEAT-UNTIL; WHILE-DO)
e Conditional execution (IF-THEN-ELSE; CASE)
e Functions (SQRT(), SIN())
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(Roos, 2007) states that the elementary data types provided by the standard are the following:

* Integers

* Floating point numbers

e Data types that represent time
e Strings

e  Bit strings

An example of ST is shown in appendices 8.3.

Advantages

Disadvantages

Similar to English vocabulary so it is simple to
understand and learn.

High level languages have to be translated into
machine language by translator which costs
time.

It is a high-level language; therefore, it can be
run on any computer.

When changes occur in data types, the
corresponding change must be made to every
location that acts on those data types within the
program.

Table 3

(Shukla, 2017)

1.4. Ladder diagrams (LAD)

Ladder is a graphics-based programming language that resembles electrical schematic drawings. The

diagrams consist of vertical lines named “rails”, and between them, are horizontal lines containing

control logic called “rungs”. The logic itself closely mimics relay logic and that is a reason why they can

be favoured over text-based programming languages. Complete diagrams closely resemble actual

ladders, hence the name of the language. (Bolton, 2006)

An example of LAD is shown in appendices 8.4.

Advantages

Disadvantages

The rungs allow the system to be organised and
easy to follow.

Being that it is so similar to relay logic, it is
limited to programming more complex systems.

Having a background knowledge in relay logic
limits the amount of training needed.

Building multi-rate applications is difficult due to
the language operating in a left-to-right and top-
to-bottom fashion; this costs time depending on
how the PLC scans and operates.

Table 4

(Dixon, 2018) (Walter, 2007)
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1.5. Instruction list (IL)

Instruction list is a low-level text-based programming language. They mostly resemble assembly

language programming as the program is a series of instructions. Typical operations are mathematical

such as adding, subtracting, multiplying, and dividing values. Other operations include jumping to a

program label as well as returning from separate functions. (Budimir, 2017)

An example of ILis shown in appendices 8.5.

Advantages

Disadvantages

Valuable for applications that need code that is
compact and time critical.

It has weak semantics and no code structure.
This means if someone were to write code in an
untidy manner, it would be difficult for others to
read.

Low in memory compared to other languages.

Due to its lack of visual structure, it can be
difficult to tell what the program does.

Table 5

(Visaya, 2019) (Dixon, 2018) (Budimir, 2017)
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2. Hardware Design

The hardware of the machine consists of the tank, a control panel, and a modular PLC with two

analogue modules. The control panel has a green light start button, a yellow light reset button, a red

light stop button, a potentiometer, a setpoint meter, and a process variable meter.

I/0 involving the tank includes a level meter, flow meter, a fill valve, discharge valve and a setpoint.

To simplify, this information is populated in tables below;

Digital inputs;
Address Tag Name Device Comment
%I10.0 Start Pressing this will begin the sequence.
%I10.1 Reset Pressing this will reset the sequence.
%10.2 Stop Pressing this will stop the sequence.
%I10.3 Factory 1/O (Running) This tells the PLC that the machine is on.
Table 6
Digital outputs;
Address Tag Name Device Comment
%Q0.0 Start light When the start button is pressed, the start light
turns on.
%Q0.1 Reset light When the reset button is pressed, the reset
light turns on.
%Q0.2 Stop light When the stop button is pressed, the stop
button turns on.
Table 7
Analogue inputs;
Address Tag Name Device Comment
%ID30 Level meter This reads the level of the tank.
%ID34 Flow meter This reads the flow of the tank.
%ID38 Setpoint This is the potentiometer that when adjusted,
controls the level of the tank.
Table 8
Analogue outputs;
Address Tag Name Device Comment
%QD30 Fill valve This fills the tank at any given rate.
%QD34 Discharge valve This drains the tank at any given rate.
%QD38 SP This displays the setpoint value.
%QD42 PV This displays the process variable value.
Table 9

The 1/0 of the PLC is put into the PLC tags section of the program, from there, they can be referenced

within the program blocks. Check appendices 8.6.1. and 8.6.2. for electrical drawing of PLC. The factory

I/O addresses can be found in appendices 8.7.
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3. Program Design and Explanation

3.1 PLC Tags

Factory |0 Tags are presented in appendices 8.8.1.

System Operating Mode tags are presented in appendices 8.8.2.

Buttons for Fill Valve Level Control HMI screen tags are presented in appendices 8.8.3.
Displays for Fill Valve Level Control HMI screen tags are presented in appendices 8.8.4.
Buttons for Drain Valve Flow Control HMI screen tags are presented in appendices 8.8.5.
Displays for Drain Valve Flow Control HMI screen tags are presented in 8.8.6.

3.2. Program blocks

Refer to appendices 8.9.1. for main control blocks.
Refer to appendices 8.9.2. for level control blocks.
Refer to appendices 8.9.3. for flow control blocks.

3.3. HMI Screens

The buttons of the HMI screens have the following operations:

e Auto - Start automatic sequence.

* Semi auto — Gives operator method controls i.e., PID and ON-OFF.

* Manual — Give operator manual controls i.e., open and close valves.

e Start — Commences filling or draining of tank depending on the screen.
e Stop — Stops filling or draining of tank depending on the screen.

* PID —Enables the operator to tune values when filling tank.

e ON-OFF — Allows the operator to choose a dead-band when filling tank.
e Open-— Opens valve.

e Close —Closes valve.

The buttons located on the bottom corner of the screen allow the user to switch between both fill and

drain control screens.

The graph shows a live line graph of the setpoint and process variable values; the setpoint being the
tuned value, and the process variable being the tank level. The error display is the difference between

the two. Both HMI screens can be found in appendices’ 8.10.1. and 8.10.2.
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4. System Testing

Table of results below;

Description of Test

Expected Results

Actual Results

Pass or Fail Decision

Reference to

evidence in appendix

In PID control, the By going into PID The setpoint Pass Appendices 8.11.
engineer can choose | control, and displayed on the HMI
tuning values to fill adjusting the read 154.706 and the
tank. setpoint to 155 by process variable
using the reached 155.619.
potentiometer, the This left an error of -
process variable 0.914.
should reach 155.
In ON-OFF control, In ON-OFF control, The setpoint stayed Pass Appendices 8.12.
the engineer can with the setpoint the same and the
choose dead-band. remaining at process variable
154.706, the dead- increased to 179.482.
band is set to avalue | This was also
of +20. The tank visualised on the
should fill to around | graph.
175.
In semi auto, the Pressing semi auto The setpoint could be | Fail N/A
engineer can choose | and adjusting the adjusted and the
tuning values to potentiometerto a semi auto control
drain tank. lower value and then | could be enabled,
pressing start should | but on pressing start,
cause the tank to the tank did not
drain to that level. drain.
The engineer can When on the fill Pressing the open Pass Appendices 8.13.

manually open the

fill valve.

valve level control
screen and going into
manual mode,

pressing the open

button did open the
valve and the tank
began to fill ata

steady rate. This was
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button should open

displayed on the

the valve to fill tank. | graph.
The engineer can When on the fill Pressing the close Pass Appendices 8.14.
manually close the valve level control button did close the
fill valve. screen and going into | fill valve thus
manual mode, stopping the water
pressing the close filling the tank. This
button should close was displayed on the
the valve to stop graph, showing the
filling the tank. line at a constant.
The engineer can When on the drain Pressing the open Pass Appendices 8.15.
manually open the valve flow control button did open the
drain valve. screen and going into | drain valve and the
manual mode, tank began to drain
pressing the open at a steady rate. This
button should open was displayed on the
the valve to drain graph.
tank.
The engineer can When on the drain Pressing the close Pass Appendices 8.16.

manually close the

valve flow control

button did close the

drain valve. screen and going into | drain valve thus
manual mode, stopping the water
pressing the close from draining. This
button should close was displayed on the
the valve to stop the | graph, showingthe
draining of the tank. | line at a constant.
Table 10
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5. Meeting the Customer Needs and Team Working

A program was presented to a group of individuals including myself to ensure that the project meets
the customer needs. One suggestion that was highlighted, was to add labels to the axis of the graph,
as well as legends that tell the user what line is what. This was valid point because the graph itself

looked bare.

Another suggestion was to organise the screen in a more user-friendly setting. As it was, the displays

were considerably close together and the buttons varied in size; this was quite an unappealing look.

Other than those two aesthetic based recommendations, the program worked swiftly in manual and

semi-auto mode. However, it did lack the automatic running function.
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6. Conclusions and Recommendations

The testing was performed using the simulation software ‘Factory I/Q’ as an alternative to it being
tested on a physical level and flow control system. The testing showed that the program met the
criteria on some of the customer needs. Each test was performed several times to ensure that it was
working correctly, eliminating any anomalies. One failure occurred when testing of the draining of the
tank in semi-auto mode. Although this was something that wasn’t resolved, a lot was still overcome

through learning and researching into the PLC programming languages.

Ladder diagrams were used heavily throughout the project, therefore, this language of the five
developed an understanding the most. There was an opportunity to use the language structured text
for programming the automatic sequence, but this proved to be too difficult to do. The use of ladder
diagrams wouldn’t suffice for an automatic sequence as the language doesn’t really operate

sequentially.

Therefore, a future recommendation would be to implement a program that can run automatically in
both filling and draining the tank by using structured text. Another recommendation could be to have
asingle screen controlling both the filling and draining of the tank, eliminating the process of switching
between screens to control either or; this suggestion would be more efficient and less time

consuming.
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8. Appendix

8.1. Example of FBD
>=1 &
—4IN1 OUT IN1 OUT =
—i IN2 IN2
d>= 1
=i IN1 OUT
— IN2
8.2. Example of SFC
Start Initial step in which the system

is held ready to start

—1— Transition condition

State/step Output

— Transition condition

Stop Final step
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8.3. Example of ST

12 EICASE "STEP" OF

13 0: //move up
14 "Ruto_move_up" := 1;
15H IF "UP_sensor™ = 1 THEN
1€ "Ruto_move_up” := 0;
17 "next_ STEP" := 1;
s | END_IF;
19
8.4. Example of LAD
%Q0.1
%WM2501.0 %M2501.2 M0 .0 “move_up_
"Auto” “Auto_move_up” "UP_sensor” solenoid”
| { | A { }
%M2501.0 %2500.0
“Auto” "HMI_move_up”
A { |
8.5. Example of IL
l. LD Stazrt ;Bit Instructions
2, ©O Flag
3. A Stop
4. A BLK
L — Flag
6. L Time ;Byte Instruction
7. SD Timer ;Byte-Bit Instr.
8. LD Timer
S, = Start Up ;Bit Instruction
10. LD Start Up ;Bit Instruction
11. L SP_cur ;Byte Instructions
12. L SP_nom
13. A>=I ;Byte-Bit Instr.
14, = Out sBit Instructions
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87. Factory I/O addresses

Start

Reset

Stop
FACTORY I/O (Running)

Level meter
Flow meter

Setpoint

%10.0
%10.1
%10.2
%10.3
%ID30 (REAL)
%ID34 (REAL)
%ID38 (REAL)

%Q0.0
%Q0.1
%Q0.2
(REAL) %QD30
(REAL) %QD34
(DINT) %QD38
(DINT) %QD42

Start light
Reset light

Stop light

Fill valve
Discharge valve
SP

PV
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8.8.1. Factory I/O Tags

Name
1 L1 | Start_Button
2 20 Reset_Button
3 a Stop_Button
4 S0l | Factory_IO_Running_D!I
5 Soui | Level_Meter_Al_Real
6 0l | Flow_Meter_Al_Real
7 i | Fill_valve_AQ_Resl
8 o) Drain_Valve_AQ_Real
9 < Setpoint_Potentiometer
10 4@  Start_Light
11 a Reset_Light
12 @ Stop_Light
12 4 Setpoint_Panel_Meter
14 4@ Process_Variable _Panel_Meter

8.8.2. System Operating Mode tags

15 4@ Auto_Mode
16 4@ Semi_Auto_Mode
17 4@ Manual_Mode

Data type
Bool

Bool
Bool
Bool
Real
Real
Real
Real
Real
Bool
Bool
Bool
Dint
Dint

Bool
Bool
Bool

8.8.3. Buttons for Fill Valve Level Control HMI screen tags

9 a HMI_Start_Level_Control

0 4@ HMI_Stop_Level_Control

11 a HMI_Manual_Open_Fill_valve

12 4@ HMI_Manual_Close_Fill_Valve

12 4 HMI_Manual_Open_Fill_Valve_...
14 4 HMI_Ma nual_Close_Fill_Valve_...

Bool
Bool
Bool
Bool
Bool
Bool

Address
%I0.0
%I0.1
%I0.2
%I0.3
%ID30
%ID34
%QD30
%QD34
%ID38
%Q0.0
%Q0.1
%Q0.2
%QD38
%QD42

%M2550.0
%M2550.1
%M2550.2

%M2500.4
%M2500.5
%M2500.6
%M2500.7
%M2501.0
%M2501.1
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8.8.4. Displays for Fill Valve Level Control HMI screen tags

1 < Level_Control_RUN Bool
2 S | Level_ON-OFF_Control Bool
3 < Level_Setpoint Real
4 o | Level_Process_Variable Real
5 < Level_Error Real
6 tonl | Level_Kp Real
7 a Level_Cv Real
8 o | Level_PID_Centrol Bool

8.8.5. Buttons for Drain Valve Flow Control HMI screen tags

19 4 HMI_Start_Flow_Control Bool
20 4@ HMI_Stop_Flow_Control Bool
21 Q@ HMI_Manual_Open_Drain_Valve Bool
2 4a HMI_Manual_Close_Drain_Valve Bool
23 4a HMI_Manual_Open_Drain_Valv... Bool
24 4@ HMI_Manual_Close_Drain_Valv... Bool

8.8.6. Displays for Drain Valve Flow Control HMI screen tags

18 4 Flow_Control_RUN Bool
37 4@ Flow_Setpoint Real
3B 4 Flow_Process_Variable Real
39 4@ Flow_Error Real
40 41 Flow_Kp Real
41 < Flow_Ki Real
42 @  Flow_kd Real

%M2500.0
%M2500.2
%MD3000
%MD3004
%MD3008
%MD3012
%MD3016
%M2500.1

%M2600.2
%M2600.3
%M2600.4
%M2600.5
%M2600.6
%M2600.7

%M2600.0

%MD3200
%MD3204
%MD3208
%MD3212
%MD3216
%MD3220
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8.9.1. Main Control Blocks

¥  Network 1: PLCLab Functions

%WFC9000
"MHJ-PLC-Lab-Function-$71200"

EN ENO

- Network 2: Move initial values for level PID

%M2000.0
*First_Scan" MOVE
{ | EN —

2000 IN

* OUT

MOVE
EN —
IN

o
un

tJ

3 OUm

MOVE
EN —

0.00055 — |N

3 oum

MOVE
EN —
IN

# 0oum

MOVE
EN
1.0 IN

¥ oum

“MD3000

“Level_Setpoint”

—

%MD3012
“Level_Kp©

—

MD3024
"Level_Ki®

—

SMD3040
"Level_Kd"

—_—

%WMD3052
“Level_
Deadband”
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- Network 3:

ent

%“M2000.0
"First_Scan”
11

¥  Network 4:

%&M2000.0
“First_Scan”
] 1

o
20.0

Initial mode on first boot up

Move initial values for flow FID

MOVE
EN —

¥ OUT

MOVE
EN

* oum

MOVE
EN —
IN
# oum

MOVE
EN —
IN
3 0oUm

%MD3200
*Flow_Setpoint”

—

%MD3212
"Flow_Kp~

—_—

“MD3216
“Flow_Ki*

—_—

%MD3220
*Flow_Kd"

M2550.1
*Semi_Auto_
Mode”

{5 p——

25001
“Level_PID_
Control”

{5}
\SI
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8.9.2. Level Control Blocks

¥  Network 1:

Level Control

w When pressing the start butten on the panel or pressing the HMI start button, the level control will

run.

When level control is running, the start light turns on.
When level control is not running, the stop light turns on.

%o .3 %WM2500.0
W0 0 "Factory_lO_ "Level_Control_
"Start_Button® Running_DI" RUN®
1 1 1 1
1 T 1T {s}
%M2500.4
"HM_Start_
Level_Control®
| L
1T
0.3 %2500.0
"Factory_lO_ W2550 .0 "Level_Control_
Running_DI* *Auto_Mode” RUN®
i i/ {R }—
W0 .2
"Stop_Button®
|
/1
WM2500.5
"HMI_Stop_
Level_Control®
1 1
1T
WMM2500.0
"Level_Control_ 0.0
RUN" "Start_Light”
1 1 [ 1
1 I 17
%M2500.0
“Level_Control_ %Q0 .2
RUN® “Stop_Light®
] | 1\
|/1| L 1
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¥  Network 2: Scale Level Setpoint and Display

w The 10V potentiometer is multiplied by 30 to match the tank level of 300,
When the potentiometer is adjusted, the |level setpoint adjusts with it.

The level is then displayed on the setpoint panel meter by converting it from a real data type to a Dint.

¥  Network 3: Scale Level Process Variable and Display
w The 10V level meteris multiplied by 30 to match the tank level of 300.

MUL CONV
Auto (Real) Real to Dint
EN — EN
WD38 D3000 WID3000 QD18
“Setpoint_ out Level_Setpoint Level_Setpoint’ IN “Setpaint.
Potentiometer” N1 QuT — Panel_Meter"
30.0— N2 3

The level meter detects what level the fluid is at and displays it on the process variable panel meter by converting it fram a real data type to 8

Dint.
MUL CONV
Auto (Real) Real to Dint
EN — EN
WD30 WMD3004 WMD3004 wWDaz
“Level_Meter_ “Level_Proces:_ "Level_Process_ *Process
Al_Real” N1 ouT — Variable® variable® N Variable
300 — N2 3+ out — Panel_Meter”
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Network 4: Manual Fill Valve Control

w Pressing the manual butten will enable the user to operate manual controls.
The cpenlclose fill valve has a tolerance of 1 hence them being added and subtracted by 1.

The fill valve position has a minimum of 0 and maximum of 10.

WM2500.6
%WM2500.0 "HMI_Manual_
*Level_Control_ %WM2550 2 Open_Fill_ ADD
RUN" "Manual_Meode" Valve* Auto (Real)
| | | ! en
L [
28010 %WMD3064 %MD3064
HM_Manual_ i MD3!
Open_Fill Fill_valve_ Fill_Valve_
Valve_Pulse” Position IN1 out — Position
1.0~ N2 3¢
WM2500.7
“*HMI_Manual_
Cloze_Fill_ SuB
Valve® Auto (Real)
{r} EN — S—
e WMD3064 %WMD3064
"HMI_Manual_ - s
Close_Fill Fill_valve_ Fill_Valve_
Valve_Pulse” Position IN1 out — Position
0 IN2
LIMIT
Real
EN —
0.0
et “eMD3064
%WMD3064 “Fill_valve_
“Fill_valve_ out — Positien
Position™ — |y
10.0 w
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MOVE

EN — —_—
%MD3064 “D3016
*Fill_Valve_ 3 oum Level_CV
Position” — |y
MOVE
EN — e
%WMD3016 %QD30
“Level OV —iN "Fill_Valve_AQ_
3 OUTI Real”
%M2500.0
"Level_Control_
RUN® MOVE
1/t EN — 1)t
0.0
N %WQD30
"Fill_Valve_AQ_
3¢ ouTl — Real’
%M2500.0 %M2500.1
“Level_Control_ WM2550 2 “Level_PID_
RUN" "Manual_Mode” Control” MOVE
{ | /1 { | EN — £ho ——
%WMD3016 “MD3064
“Level QV—IN “Fill_valve_
3 OUT Position®
Network 5: ON-OFF Contrel Deadband

w To work out the maximum deadband, it adds the setpoint level to the deadband.
To work out the minimum deadband, it subtracts the deadband level from the setpoint.

%WMD3000
"Level_Setpoint”

WMD3052
"Level_
Deadband®

ADD SuUB
Auto (Real) Auto (Real)
EN — ¢ EN — ENQ =———)
oy,
HWMD3056 'Leve|?:?3:iﬁ3 %MD3060
IN1 “Level_ - 1 “Level_
Maximum a Minimum
= MD3052 -
out — Deadband” “Level out — Deadband”
IN2 3¢ Deadband" N2

27 |Page




Network 6: Level ON-OFF Control with Deadband

w The ON-OFF contrals can be operated

When the level process variable is less than the minimum deadband, the tank fills by 10.
When the level proces: variable is greater than the maximum deadband, the tank stops filling

W2500.0
“Level_Control_ %M 2550.2
RUN" “Manual_Meode™

ith deadband when manual meode is off

‘WD3004
“Level_Process_
Vanable®

WM2500.2
“Level _OM-
OFF_Control

11 | < |

i | s

L) | Real |
WMD3060
“Level_
Minimum_
Deadband”

WD3004
"Level_Process_
Variable®

| = |

| Real |
WD3056

“Level_
Maximum_

Deadband”

MOVE
EN —

# 0UTl

MOVE
EN

# 0um

 —
QD30

*Fill_Valve_AQ_
Real"

 ——
%0030

“Fill_Valve_AQ_
Real"
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Network 7: Store the Old Error

Stores the error

MOVE
EN — ¢

“MD3008 “MD3036
“Level_Error” IN % OUT1 “Level_Old_Error”

Network 8: Level PID Control - Calculate the Error and the P Part

w The PID control can be operated when out of manual mede.
Level erroris calculated by subtracting the level process variable from the level setpoint.
The level P partis worked out by multiplying the level error with the level Kp.

¥%M2500.0 W2500.1
“Level_Control_ W2550.2 “Level_PID_ suB

RUN® *Manual_Mode® Control* Auto (Real)

] | ] ] 1 —

1T |A 1 I EN —_—
‘“aD3000 ‘“@D3008

*Level_Setpoint® IN1 ouT — “Level_Error"

%eMD3004

“Level_Process_
Variable” — q2

MUL
Auto (Real)
EN —— ENQ =
WD3008 WD3020
“Level_Error” IN1 OuUT — "Level_P_Part”

%MD3012
“Level_Kp© IN2 3%

Network 9: Level PID Control - Calculate the | Part

~w When the drain valve is greater than 0.1, the level integral accumulator will add to the level errer.
When the drain valve is less than 0.1, the level integral accumulator remains the same.

W2500.0 WM2500.1 . QD34
“Level_Control_ WA2550.2 “Level_PID_ D;ﬂ'”-"ﬂ‘l‘jf- ADD
RUN *Manual_Mode® Control” IQ-”“'I Auto (Real)
11 ] ] | > — ENO
1T 1T |H.ea|| EN MO =—t
0 WMD3028 “MD3028
"Level_Integral_ "Level_Integral_
Accumulator® — g Ut — Accumulator®
WMD3008
“Level_Error* INZ 3¢
QD34
"Drain_Valve_
AQ_Real*
I MOVE
<
—_—
—| Real | EN 1
0.0
0 N wWAD3028
“Level_Integral_
3 QUT1 — Accumulator”
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Network 10:

Level PID Control - Calculate the D Part

w The level difference is calculated by subtracting the old error level from the level error.
The D part is calculated by multiplying the level difference by the level Kd.

M2500.0 WMM2500.1
“Level_Control_ %WM2550.2 "Level _PID_ suB
RUN" "Manual_Mode” Control* Auto (Real)
] L ] ] L
11 A 1F EN —
o
WD3008 YID3044
Level_Error IN1 “Level_
YMD3036 out — Difference”
“Level_Old_Errer IN2
MuL
EN —— | —
WAD3044 “MD3048
"Level out — “Level_D_Part"
Difference” IN1
aMD3040
“Level_Kd* IN2 3¢
Network 11:  Level PID Contrel - Caleulate the OV
w The CV iz celculated by edding the level P part. | part, and D pert together.
The limit of the CVis the CV plus 10.
W2500 O EM2500.1
“Level_Contrel_ WAZ550.2 “Level_FID_ ADD Limim
RUN® "Manus_Mede" Contral* Auto (Real) Real
| | 11 { | EN EN —
HMD3020 FMDI016 OO WMD3016
“Level_P_Part” — |1 oUT — "Level OV WDI016 ouT — "Level oV
WID3032 “Level O — 1y
“Level | _Fan” N2 100 [r'%
MD3048
“Level_D_Part® — N3 =
MOVE
EN — —_—
."~MI'.!191E 40030
Level OV — in *Fill_Valve_AQ_
& gum — Real”
WA2500 0
"Level_Centrol_
RLN" MOVE
i1 EN — —_—
L D30
“Fill_Valve_AQ_
% OUT Real”
MOVE
EN — £ et
IN WAD3016
W QuUT “Level_CV*
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MOVE
EN
0.0 IN
3 oum
MOVE
EN
0.0 IN
3 oumn
WM2550.2
“Manual_Mode” MOVE
—— ———en —
N “MD3028

“Level_Integral_

% oun Accumulator®

 —

WD3I064
“Fill_Valve_
Position®

—_—

WD3028
"Level_Integral_
Accumulator®
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8.9.3. Flow Control Blocks

¥  Network 1: Read in Analogue Input for Flow

Multiplies the flow metervalue by 7.142 and displays the answer on the process variable.

MUL
Auto (Real)
EN — d
WD34 WMD3204
“Flow_Meter_ *Flow_Process_
Al_Real” N1 out — Variable®
7042 — N2 3¥

¥  Network 2: Flow Control

w Pressing the start button on the flow control HM screen will begin the flow control.
Pressing the stop button on the flow control HMI screen will end the flow control.

WM2600.2 9o .3 @M2600.0
"HMI_Start_ "Factory_lO_ @M2550.0 "Flow_Control_
Flow_Contral” Running_DI® *Auto_Mode” RUN®

1 | 11 i {5} N

LI | 1T 1/‘! \Sl

%0 3 @M2600.0
*Factory_lO_ WM2550.0 "Flow_Contrel_
Running_DI" *Auto_Mode”® RUN®

1 A {R}

@N2600 3
"HMI_Stop_
Flow_Control®
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Network 3: Manual Drain Valve Control

w Pressing the manual button will enable the user to operate manual controls.
The openiclose drain valve has a tolerance of 1 hence them being added and subtracted by 1.
The drain valve position has a minimum of 0 and maximum of 10.

WM2600.4
WM2600.0 "HMI_Manual_
*Flow_Control_ %M2550.2 Open_Drain_ ADD
RUN® "Manual_Mode” Valve® Auto (Real)
I L {e | e —
-Hmﬁonoqi %MD3252 %WMD3252
Ope|-1 Drain- "Drain_Valve_ "Drain_Valve_
\«‘al\.fe:PulseT Position” N1 out Position®
10— N2
M2600.5
“HMI_Manual_
Close_Drain_ SuUB
Valve® Auto (Real)
e} EN _
WM2600.7
“HMI_Manual MD3252 %MD3252
Close Drain “Drain_Valve_ “Drain_Valve_
Valve_Pulse” Fosition” — N1 ouT — Position”
1.0 N2
LIMIT
Real
EN —_—
: s %MD3252
%WMD3252 “Drain_Valve_
*Drain_Valve_ ouT — Position
Pesition® IN
10.0 N
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MOVE
EN — —
SMD3252 %WMD3248
*Drain_Valve_ * oum “Flow_ov
Position® IN
MOVE
EN et
%MD3248 %QD34
Flow_CV IN "Drain_Valve_
3¢ OUT1 — AQ_Real’
@2600.0
"Flow_Control_
RUN® MOVE
i/t EN — fno——
OO0—IN %0D34
"Drain_Valve_
1 oumn AQ_REE"
W2600.0
*Flow_Contrel_ 25502
RUN® “Manual_Mode” MOVE
| | I/ EN —
WMD3248 %WMD3252
*Flow_CVv* IN *Drain_Valve_
3¢ QuT1 — Position”

34|Page




Network 4: Store the Old Error

Stores the old error.

MOVE
EN —
“MD3208 %WMD3224
“Flow_Error” IN % OuT1 *Flow_Old_Error”

Network 5: Flow PID Control - Calculate the Error and the P Part

w Flow Error is calculated by subtracting the flow process variable from the flow setpoint.
The flow P part is worked out by multiplying flow error with flow Kp.

@M2600.0
*Flow_Control_ 25502 SuBe
RUN* "Manual_Mode” Auto (Real)
{ | i/ EN — £ ——————————
WMD3200 “MD3208
*Flow_Setpaoint” IN1 out "Flow_Error”
WMD3204

"Flow_Process_

Variable® — y2

MUL
Auto (Real)
EN — —_—l
WMD3208 WMD3236
*Flow_Error* N1 out *Flow_P_Part"

WMD3212
*Flow_Kp* IN2 3%
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Network 6: Flow FID Control - Calculate the | Part

w When the drain valve is greater than 0.1, the flow integral accumulator will add to the flow error.
When the drain valve is less than 0.1, the flow integral accumulator remains the same
The flow | part is calculated by multiplying the flow integral accumulator with the flow Ki.

W12600.0 . YqD34
*Flow_Control_ %M2550.2 Drain_Valve_ ADD
3 *Manual_Mode” AQ_Real Auto (Real)
{ A e} N — F1i0——
0.1 WMD3228 WAD3228
“Flow_Integral_ “Flow_Integral_
Accumulater’ — g ouT — Accumulator”
“MD3208
“Flow_Error® IN2 %
%0034
“Drain_Valve_
AQ_Real® MOVE
n;ail —
0.1 00—IN WAD3228
“Flow_Integral_
3 pum Accumulator®
LMir MUL
Real Auto (Real)
EN — EN — ENQ ———
00 M UMD3228 WD3228 w3
WAD3228 "Flow_Integral_ “Flow_Integral_ OuT — "Flow_I_Part’
“Flow_Integral_ out — Accumulater” Accumulator” — yp
Accumulator” — |y “MD3I216
100000.0 — MX "Flow_Ki" N2 5
Network 7: Flow PID Control -Calculate the D Part
w Flow difference is calculated by subtracting flow old error from flow error.
The flow D partis the product of the flow difference and flow Kd.
“@M2600.0
"Flow_Control_ “@M2550 2 SuUB
RUN" *Manual_Mode” Auto (Real)
] 1 ]
11 i/t EN S —
%WMD3208 %eMD3232
“Flow_Error” IN1 OUT — "Flow_Difference”
“MD3224
"Flow_0Old_Error" IN2
MuUL
Auto (Real)
EN — ENQ ———i
@MD3232 eMD3244
"Flow_Difference” — N1 ou1 — "Flow_D_Part"
WMD3220
"Flow_Kd" IN2 ¥
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Network 8:

Flow PID Contrel - Calculate the CV

w Flow Cvis calculated by adding the flow P part, | part, and D part together.

The limit of the CV is the CV plus 10.

W2600.0
“Flow_Contral_ WM2550.2 ADD
RUN" “Manual_Mode® Auto (Real)
{ } EN
WDI236 WD3I248 0.0
“Flow_P_Part" — |N1 ouT — “Flow_Cv* WID3248
“ID3240 "Flov_Cv*
"Flow_|_Pan” — N2 0.0
MD3244
“Flow_D_Part" — |N3 3
MOVE
EN —
““MD3248 UnD34
“Flow_CV" — N “Drain_Valve_
3 oum — AQ_Res
W2550 2
“Manual_Mode® MOVE
| | EN
' L] WMD3228
"Flow_Integral_
3 pUTI — Accumulator”
WM2600.0
*Flow_Control_
MOVE
/1 EN —
0.0
IN %“W0QD34
*Drain_Valve_
3 oum AQ_Real”
MOVE
EN — —
0.0
IN %MD3228
*Flow_Integral_
st OUTI Accumulator®
MOVE
EN — e
0.0—IN WMD3248
A OUT *Flaw_ov*
MOVE
EN — —_—
00—IN WMD3252
“Drain_Valve_
st oun Position”

X

U

out

—_—

WMD3 248
“Flow_Cv*
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8.10.1.HMI screen for fill valve level control screen

SIEMENS SIMATIC HMI

8.10.2.HMI screen for drain valve flow control screen

SIEMENS SIMATIC HMI

Auto
Semi Auto

Manual

Start

Stop

Open

Close

Fill valve level control

i T R R
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8.15. Manually opening drain valve

| 87 Simulator
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