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System Description
The focus of this task will be on the Bytronic Process Rig shown in Figure 1.

RTD Flow Temperature Cooler Lamp
Stirrer

RTD process temperature | E———— " ‘
m L | | L]

Divert Valve Lamp

2 . 1 : Divert Valve
Drain Valve Lamp b A9

RTD — sump tank =

Figure 1 - System Overview (Davies, 2018)

There are four lamps mounted to the process rig which are digital outputs. These can be
used to indicate whether an output is on or off.

There are two tanks, a process tank and a sump tank which are connected together by
pipework. The water is pumped from the sump tank by a reciprocating pump. The water can
then either go straight to the process tank or through the cooling fan depending on the state
of the divert valve. Either way the flow then travels through the turbine flow meter. The water
is held in the process tank by a manual valve and a solenoid valve. There is a level switch
fitted within the process tank to indicate that the tank is full, and a stirrer used to circulate the
water within the tank. To heat the water there is a heating element.

Reciprocating Pump

The pump used within the system is a reciprocating pump which requires a 12V supply and
has the capability of producing a flow of up to 4.0 litres/minute. Shown in Figure 2

image has not come out well,
however, printed copy was fine




Figure 2 - Reciprocating Pump

Turbine Flow Meter

The flow meter has a 6-blade turbine within it which is turned by the flowing liquid. The
optical sensor detects the speed that the turbine is turning at and outputs a pulse train. The
frequency at which the pulse train is operating at can be converted to a voltage via a
frequency to voltage (F/V) converter. It is calibrated so that 2 litres/min is equal to 5 Vdc.
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Figure 3 - Turbine Flow Meter

Level Sensor

The level sensor is a normally open float switch, it is fixed to the tank at the position where
the tank will be deemed to be full. When the water reaches the level of the sensor it will
move one part of the switch to make an electrical connection providing an input signal to the
PLC. shows an image of the float switch.

Hinged Part |——

same issue with images,
Figure 4 - Float Switch looks like this is a Turnit-
in problem




Heater

The heater is a 2.2Kw heating element similar to the heating element you would find in a
kettle. An image of the heating element is shown in

-

Figure 5 - Heating Element

Resistance Temperature Device (RTD)

All the temperature sensors within the system are RTDs, shown in Figure 6. They are made
of a specific material which changes it's value of resistance when it changes temperature.
The RTD outputs a resistance relative to is temperature which is then converted to a 4-20mA
using a PT100 signal converter, shown in Figure 7.

Figure 6 - RTD

Figure 7 - Signal Converter
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Input / Qutput List
After studying the system and its inputs and outputs a detailed input and output list

Input List
Input Address
Level Switch 11.0
Flow Rate Sensor (Input Word) W66
RTD Process Tank Temp Sensor (Input Word) IW96
RTD Sump Tank Temp Sensor (Input Word) IW98
RTD Ambient Temp Sensor (Input Word) IW100
was created.
Output List
Output Address
Cooling Fan Q0.0
Stirrer Q0.1
Drain Valve Q0.2
Divert Valve Q0.3
Cooler Lamp Q0.4
Drain Valve Lamp Q0.5
Divert Valve Lamp Q0.6
Tank Full Lamp Q0.7
Heater Q1.0
Heater PWM (Output Word) QW1002
Pump Ql.1
Pump PWM (Output Word) QW1000

a good list




Program Design and Explanation

Once the hardware had been analysed and an input output list established. A tag list could
then be made which includes all the I/O and also any memory bits required to operate the

program.
Tagq List
Inputs
1 &01|
2 <
3 <
4 @
5 & 1|
Outputs
6 -
7 <
8 <
9 <d
0 a
11 <
12
13 a
14
15 <@
16 <l
17 @

Level Switch
Flow Rate Sensor

Tagtable_1
Tag table_1

Process Tank Temp Sensor (RTD) Tag table_1

Sump Tank Temp Sensor (RTD)
Ambient Temp Sensor (RTD)

Cooling Fan
Stirrer

Drain Valve

Divert Valve
Cooler Lamp
Drain Valve Lamp
Divert Valve Lamp
Tank Full Lamp
Heater

Purmnp

Flow %CV PWM Duty Cycle

Tag table_1
Tag table_1

Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1
Tag table_1

Process Temperature %CV PWM... Tag table_1

Bool

Word

Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
E Bool
Uint
Uint

%I1.0
%IVEE
%IVI96
®IV98
%IW100

%Q0.0
%Q0.1
%Q0.2
%00.3
%Q0.4
%Q0.5
%Q0.6
%QO0.7
%Q1.0

[ %e1.1 [+]

%QW1000
%QW1002




Memory Bits

18
15,
20
21
22
23
24
25
26
27
28
29
30
31
32
53
34
35
36
37
38

bebbdbbbbbbbbbbbbbblAA

Auto

Cooling Fan Request
Stirrer Request
Drain Valve Request
Divert Valve Request

Tank Full Lamp Request

Heater Request
Pump Request
Cooling Fan HMI
stirrer HVI
Drain Valve HMI
Divert Valve HMI
Tank Full Lamp HMI
Heater HMI
Fump HMI

Test Lamp

Auto Start

Auto Run

Stop

Auto Flow

Auto Heater

Defsulttag table
Default tag table
Defsulttag table
Defsulttag table
Default tag table
Defsulttag table
Defsulttag table
Defsulttag table
Default tag table
Defaulttag table
Defsulttag table
Defaulttag table
Default tag table
Defaulttag table
Defsulttag table
Default tag table
Defsult tag table
Defsult tag table
Defsulttag table
Defaulttag table
Defsulttag table

Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

%M1.0
%M1
%M1.2
%13
%M1.4
%M1.5
%M1.6
%17
%M2.0
BM2.1
%h2.2
%EM2.3
%EM2Z.4
®BM2.5
%EM2.6
%M10.0
%M50.0
%M50.2
%BMS50.1
%ME0.0
%M70.0




Manual Control

The initial part of creating the program was to create a functioning manual operation which
could be controlled from an HMI screen. Figure 8 shows the cooling fan rung, when the
Auto/Manual switch is in manual and the ‘Cooling Fan' switch is on, the cooling fan will come
on. The function has also been included to allow the cooling fan to be used during the
Automatic function using the cooling fan request (M1.1) contact.

When the cooling fan is operating it also brings on the ‘Cooling Fan’ Lamp to indicate that it
is on. In parallel with the contact to energise this lamp is a ‘Test Lamp’ (M10.0) contact, this
is linked to a HMI pushbutton which allows all lamps to be tested.

Network 1: Cooling Fan

w The Cooling Fan will be energized if either:
-The Cooling Fan HMI pib is made while the Auto Switch (M1.0}) is off (In Manual)
-0r; If Cooling Fan Request (M1.1) is made with the Auto Switch (M1.0) on.

The Cooler Lamp (Q0.4) will energise ifeither the Cooling Fan (Q0.0} is energised or the Test Lamp
(hM10.0) p/b is pressed.

%WM1.0 %M2.0 %Q0.0
" Auto” “Cooling Fan HM" *Cooling Fan®
1 | 1 I
|/: 1T LI
%11
WM1.0 “Cooling Fan
*Auto” Request”
1 1 ] 1 o]
11 11 g
od
ex
%Q0.0 p %00 .4
"Cooling Fan® pia "Coocler Lamp®
I 1 nat [ 3 N
11 . 1] !
ion
%M10.0

"TestLamp”

Figure & - Manual Control {Network 1)




Figure 9 shows the cooling fan rung, when the Auto/Manual switch is in manual and the
‘Stirrer’ switch is on, the stirrer will come on.

Also, if the automatic heater coil has been energised within the automatic function, the stirrer

will energise.

Network 2:  Stirrer

w The Stirrer (Q0.1} will energize if either the Stirrer HMI (M2.1) p/b has been pressed while the Auto
Switch (1.0} is off (In Manual), or the Autc Heater (M70.0) is energised.

YM1.0 YM2.1 %001
"Auto® “stirrer HMI® “Stirrer”
| 1 | {
|/= 1 T { }—
%M70.0
"Auto Heater”
1 1

Figure 9 - Manual Control (Network 2)

Figure 10 shows the drain valve rung, when the Auto/Manual switch is in manual and the
‘Drain Valve' switch is on, the drain valve will open. The function has also been included to
allow the drain valve to be utilised during the Automatic function using the ‘Drain Valve
Request’ request contact (M1.3).

When the drain valve is open it also brings on the ‘Drain Valve' Lamp to indicate that it is
open. Again, there is a ‘Test Lamp’ (M10.0) function.

Network 3: Drain Valve

w The Drain Valve will energize if the Drain Valve HM plb is made while the Auto Switch is off, orifthe
Drain Valve Request Contact is made with the Auto Switch on.

The Drain Valve Lamnp will energise if either the Drain Valve Contact (Q0.2) or the Test Lamp Contact
(M10.0) are energised.

%M1.0 %22 9002
*Aute” “Drain Valve HM" “Drain Valve®
] 1 1 [
l/: 1T L
%1.3
%10 “Drain Valve
" Auto” Request®
1 L | 1
1 ¥ 1 f
%005
%00 .2 "Drain Valve
"Drain Valve" Lamp®
{ | { —
%M10.0
"Test Lamp”
11
1T

Figure 10 - Manual Control (Network 3)




Figure 11 shows the divert valve rung, when the Auto/Manual switch is in manual and the
‘Divert Valve' switch is on, the divert valve will open. The function has also been included to
allow the divert valve to be utilised during the Automatic function using the ‘Divert Valve
Request’ request contact (M1.4).

When the divert valve is open it also brings on the ‘Divert Valve’ Lamp to indicate that it is
open. Again, there is a ‘Test Lamp’ (M10.0) function.

Network 4: DivertValve

w The Divert Valve (Q0.3) will energize if the Divert Valve HM (M2.3) pib is pressed and the Auto Switch
(M1.0) is off (In Manual), or the Divert Valve Request (M1.4) contact is energised and the Auto Switch
is on (\1.0).

The Divert Valve Larnp (Q0.6) will energise ifthe Drain Valve (Q0.3) contact is energised or the Test
Lamp (M10.0) pib is pressed.

.0 @23 ¥Q0.3
“Auro” “Divert Valve HMI® “Divert Valve®
] ] 1 | }
l/: 1T LI
M1 4
1.0 "Divert Valve
“Aute” Request”
11 11
1 L |
%0Q0.6
Q0.3 “Divert Valve
“Divert Valve® Lamp”
11 T
11 1 I
100
"TestLamp®

Figure 11 - Manual Control (Network 4)

The rung shown in Figure 12 operates the ‘Tank Full' Lamp. When the level switch is made
meaning that the tank is full it will energise the lamp. Again, there is a ‘Test Lamp’ (M10.0)
function.

Network 5: Tank Full Larp

w The Tank Full Lamp (Q0.7) will energize when the Test Lamp (M10.0) pib is pressed, or the Level
Switch (11.0) is energised.

W10 %0 7
“Level Switch® "Tank Full Lamp®
11 Iy
LI | |3 !

%M10.0
"TestLamp”®
11
LI |

Figure 12 - Manual Control (Network 5)
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Figure 13 shows the heater rung, when the Auto/Manual switch is in manual and the ‘Heater’
switch is on, the heater will come on providing the level switch is made. The level switch is
included as an interlock to prevent the heater from being switched on with an empty tank as
this will damage components. There is also a move function block which is moving a value of
100 to output word QW1002, this is to reset the PWM control to its maximum after it has
been utilised in the automatic function.

Network 6: Heater

w {The Heater (Q1.0) will energize when the Heater HMI pib is pressed while the Auto Switch is off (In Manual) and the tank is

full.
1.0 o Sm2.5 %010
*Auto” “Level Switch® "Heater HMI® *Heater”
[ | | ] 1
|/= 1T 17T : :
MOVE
EN — _—
sle) IN
LWQWI002
"Process
Temperature
%CV PYW Duty

3 oum — Cycle’

Figure 13 - Manual Control {(Network 6)

Figure 14 shows the pump rung, when the Auto/Manual switch is in manual and the ‘Pump’

switch is on and the level switch has not been made, the pump will come on. There is also a
move function block which is moving a value of 100 to output word QW1000, this is to reset
the PWM control to its maximum after it has been utilised in the automatic function.

Network 7: Pump

w The Pump will energize when the Pump HMI pib is pressed while the Aute Switch is off (In Manual).
100 is alsc moved to QW1000. If the level switch is made the pump will switch off.

%10 %2 6 %1.0 %W
"Auto” “Pump HMI® “Level Switch® “Pump®
/1 | 1 { }

MOVE
EN — ENQ —
00— N
¥QWI1000
*Flow %0V
PYWM Duty
#* oum — Cycle”

Figure 14 - Manual Control (Network 7)




Automatic Control

Once the manual control was functioning, the automatic sequence could then be created.
Figure 15 shows both rungs created for the operation of the automatic sequence.

Network 1 sets automatic mode (M50.2) if the Auto/Manual switch is in Auto and the
Automatic ‘Start’ pushbutton is pressed on the HMI.

Network 2 decides if the pump needs to run to fill the tank or if the heater needs to be on to
heat the water. Providing that the Auto Run bit is set, and the level switch is not made then
the Auto Flow bit (M60.0) will energise.

Once the tank fills and the level switch makes the ‘Auto Flow' bit will de-energise stopping
the pump and then turning the heater on.

Network 1: Automatic Sequence Select

w ‘Auto Run' (M50.2) will set when the "auto’ selector switch (M1.0) is selected and the ‘Stant’
pushbuten (M50.0) is presced.
‘Auto Run' (M50.2) will reset when the 'Stop’ pushbutton (M50.1) is pressed or when the system is in
manual mode.

1.0 WM50.0 “M50.2
" Auto® "Auto Start” *Auto Run®
L ] 1
o] | 11 {s)
M50 1 “M50.2
"Stop” *Auto Run®
] | Ir\
1T iR}
M1.0
"Autc”
]
/1

Network 2: Autornatic Pumpl/Heater selection

w When 'Auto Run'is energised and the level switch (11.0) is NOT energised the ‘Auto Flow' memory bit
(MB0.0} will energise.
When the level switch (11.0) is energised 'Auto Flow' (M60.0) will de-energise and 'Auto Heater'
(M70.0) will energise.

Figure 15 - Automatic Control (Network 1 & 2)

ans0.2 W10 YMe0.0
"Autc Run” “Level Switch® *Auto Flow”

1 1 1

1 | 1/ { —
W10 @700

“Level Switch® "Auto Heater”

11 I
11 { —




Flow — Cyclic Interrupt

Figure 16 shows the cyclic interrupt for flow. The PLC will scan OB1 at its standard
scan rate but will alternate and scan the cyclic interrupts at a given scan time. When
creating this cyclic interrupt, it was selected that it will scan every 1 milisecond.

Included in this block is the Flowrate scaling block (Network 1) and the PID pump
control (Network 2). These blocks are created separately (shown in Figure 18 & )and
can be called where required.

The raw value is received from the flow rate sensor, however it outputs a value of 34
when the flow is at 0, therefore an offset of 34 is inserted to insure that when the flow
is at zero the scaled value also shows 0. It is then multiplied by 100 as the desired
value is a percentage. The value is finally divided by the maximum raw value, less
the offset which is equal to 13,766.

Block title: Flowrate Cyclic Interrupt (1ms)

Network 1:  Flow Rate Scaling
w The raw value is received from the Flow Rate Sensor and the offset is subtracted from the raw value.

The new value is then multiplied by 100 then divided by 13,766 to give the scaled value as a
percentmage.

DB
“Seale_Flowrate"
WUFB1
“Scale”

WWEE
“Flow Rate
sensor”
340

100.0

13766.0

EN ENO
value

aw
offset
mul
div

Network 2: PID Pump Centrol

w When ‘Auto Flow' is nergised during automatic mode, this allows the PID contral 1o calculate the contrel value (OV). The contrel value is then
converted to an Unassigned Integer (Uint) allowing it to be written to an cutput word (QW1000). Pulse width Medulation (PWW) then controls

the percentage outputto the pump.

YDB6
*FID_DB_Pump"
%MB0.0 W82 CONV
*Aute Flow' P Real 10 Uint
_| |_ EN ENO EM —_—
0.0— SP o *PID_DB, .

. e o~y KWI000
Scale_ Fump” &V — i “Flow %0V
Flowrate"value — py PV Duty

out — Gyele’

Figure 16 - Flowrate Cyclic Interrupt

The PID pump control will only operate if the automatic flow contact is energised. Similarly to
the scaling block, the internals of the PID block are created separately and are then called
where needed. This block for the pump control receives its process value (PV) from the
scaled flowrate value and then outputs a control value (CV). However, the CV comes out as
a real value therefore must be converted to an unassigned integer (UInt) in order to be used
by the pulse width modulation (PWM) control.

14




Temperature — Cyclic Interrupt

Figure 17 shows the cyclic interrupt for temperature. When creating this cyclic
interrupt, it was selected that it will scan every 100 miliseconds.

Included in this block is the Process Temperature scaling block (Network 1) and the
PID heater control (Network 2).

The raw value is received from the process tank temperature sensor, however it
outputs a value of 40 when the temperature is at 0, therefore an offset of 40 is
inserted to insure that when the temperature is at zero the scaled value also shows
0. It is then multiplied by 100 as the desired value is a temperature of between 0 and
100 degrees. The value is finally divided by the maximum raw value, less the offset
which is equal to 13,760.

Block title: Temperature Cyclic Interrupt (100ms)

Network 1: FProcess Temperature Scaling

~w The rawvalue comes in frem the Process Temperature RTD and the oftetic subtracted from the raw
value. The new raw value is then multiplied by 100 then divided by 13,760 to give us the scaled
value as a temperature between 0 and 100 degrees.

®DB3
"Scale_Process_
Ternperature”
WB1
“Scale™
fe———————— EN ENO
value
W 6
“Process Tank
Termnp Sensor (
RD)” raw

Network 2: PID Temperature Contral

w When 'Auto Heater' is energised during automatic mode, this allows the PID control to calculate the control value (CV). The control value is
then converted to an Unassigned Integer (UInt) allowing it to be written to an output word {QW1002). Pulse Width Modulation (PYh) then
controls the percentage output to the heater.

®DB7
*FID_DB_Temp"®
WAT0.0 W82 CONV
*Auto Heater D" Real to Ulnt
_| '— EN ENO EN —
ot SP oV “PID_DB_ )
. Temp® CV N MWWi1002
Scal;-_Pmcess._ “Frocess
Temperature”. Temperature
value — py %0V PWM Duty
out — Cyele”

Figure 17 - Process Temperature Cyclic Interrupt

The PID heatet control will only operate if the automatic heater contact is energised. This
block for the heater control receives its process value (PV) from the scaled process
temperature value and then outputs a control value (CV). However, like the pump control,
the CV comes out as a real value therefore must be converted to an unassigned integer
(Ulnt) in order to be used by the pulse width modulation (PVWWM) control.

15




Scaling Function Block

Figure 18 shows the internal parts of the scaling block. All raw values are received as
unassigned integers (UInt) but the values are needed as reals for the mathematics to be
carried out. This ‘real’ value is then labelled as junk, then the offset is subtracted from it to
give a new ‘junk’ value. The value is then multiplied by the maximum value of the desired
range and finally divided by a given divisor which is generally the maximum possible raw

value.

Block title: Scaling RawValues

Network 1: Converting Input to Required Form

w The raw input is input s an unassigned integer therefore it is converted to a real value. The offsetis then subtracted from the inputvalue o

insure that the input is as accurate as possible.

CONV SuB
Uint to Real Auto (Real)
EN EN —
#raw IN ouT #junk #junk N1 ouT #junk
#offset— N2

Network 2;

Calculating Scaled Value

w To scale a value it must be multiplied by the maximum desired scaled value and then divided by the maximum raw input

value.

MUL
Auto (Real)
EN
#junk — N1 ouT — #junk #junk
#mul IN2 3 #div

Figure 18 - Scaling Function Block

DIV

Auto (Real)
EN
N1
IN2

QuT — #value

When the scaling block shown in Figure 18 is called anywhere within the program it creates
a new data block. Figure 19 shows an example of the data block that is created when the
scaling function block is called. When the block is called within the program a function block
is created with the inputs and outputs created to insert the desired values, shown in Figure

20.
Scale_Flowrate
Marne Data type

1 <@ ¥ Input

2 @| - raw | Uint
3 @n» offset Real
4 4] = mul Real
5 <. div Real
6 < > Output

7 4] e value Real
B -4l InOut

9 <@ ¥ Static

Figure 19 - Flowrate Scaling Data Block
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Startvalue

o




WB1
"Scale_Flowrate®

YWFB1
"Scale”
UG 6 value — -
“Flow Rate
Sensor’ — aw
offset
mul
3 div

Figure 20 - Example Scaling Data Block
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Proportional Integral Derivative (PID) Function Block

The following section shows the internal parts of the PID block. Figure 21 shows networks 1
and 2. Where network 1 is simply storing the old error by moving the error to old error.
Network 2 calculates the new error which is done by a simple equation, subtracting the
process value from the set point.

Block title: FID Contral
Comment
Network 1: Storing Old Error

This rung moves the errorvalue to old error.

MOVE

EN E J
#Error IN 3 OuT #0ld_Error

Network 2: Calculating New Error

The new error is calculated by subtracting the process value (PV) from the setpoint (SF).

SuUB
Auto (Real)
EN —— ; o
#5FP IN1 out #Error
#PY IN2

Figure 21 - PID Control (Network 1 & 2)




Figure 22 shows Network 3 & 4. Network 3 is calculating the ‘P’ part, this is calculated by
multiplying the constant P by the error.

Network 4 is limiting the value of ‘Ki’ between 0.0001 and 100 this is to prevent unrealistic
values being entered and the control damaging equipment. The maximum integral
accumulator value is then calculated by dividing 100 by ‘Ki’.

Network 3: Calculeting Part P

The 'P" partis then calculated by multiplying the error by the constant P (Kp).

MUL
Auto (Real)
EN — EN
#Errar N1 QuT — #"P Part”
#Kp — IN2 3¢

Network 4: Limiting 'Ki* and Calculating Integral Accumulator Maxirnum

w The constant| (Ki) is limited between 0 and 100. Ki is then divided by 100 to create @ maximumn value for the integral
accumulator.

LIMIT DIV
Real Auto (Real)
EN 3 EN ENO ——
1.0E-05 — MN oUT — #Ki 100.0 — N1 OUT — #Int_Accum_Max
#Ki — IN #Ki— N2

100.0 DX

Figure 22 - PID Control (Network 3 & 4)




Below, Figure 23 contains networks 5 and 6 of the PID control. Network 5 updates the
integral accumulator as the error changes by adding the new error to it. This is also limit
between 0 and the maximum integral accumulator (calculated previously) for safety
purposes.

Network 6 calculates the ‘I' part by multiplying the integral accumulator and ‘Ki’.

Network 5: Updating the Integral Accumulator

w The integral accumulator requires updating as the error will constantly change. The integral accumulator value is then
limited between 0 and the maximum integral accumulator value.

ADD LIMIT
Auto (Real) Real
EN ENC EN ENQ =
#Error N1 out £int_Accum 0.0 MM out #Int_Accum
#Int_Accum IN2 3% FInt_Accum IN

#INT_Accum_Max — M}

Network 6: Calculating Part|'

The 'I' Partis calculated by multiplying the constant "I’ value (Ki) and the integral accumulator.

MUL
Auto (Real)
EN —— ENC
#Int_Accum N1 ouT — #°| Part”
#Ki N2 3¢

Figure 23 - PID Control (Network 5 & 6)




Figure 24 shows networks 7 & 8. Network 7 calculates the difference of the old and new

error by subtracting the old error from the new error.

Network 8 calculates the ‘D' part by multiplying the difference by ‘Kd'.

Network 7: Calculating the Difference

The difference is calculated by subtracting the old error from the new error.

SUB
Auto (Real)

EN — EN
#Error — |N1 ouT — #Diff
#0Id_Errar N2

Network 8: Calculating Part'D"

The ‘D' Partis calculated by multiplying the difference by the constant ‘D' value (Kd).

MuUL
Auto (Real)
EN — EN
#Diff — N1 ouT — #°D Part”
#Kd IN2 sk

Figure 24 - PID Control {Network 7 & 8)

Network 9 calculates the control value by adding the P, | and D parts together, this is then
limited as a percentage, between 0 and 100. This is shown in Figure 25.

Network 9: Calculating the Control Value (CV)

w The control value (CV) is calculated by adding the 'F', 1" and 'D" parts together. This value is then limited between 0 and

100
ADD
Auto (Real)
EN —
#"PPart” N1 out OV 0.0
"I Part" IN2

#"D Part” IN3

Figure 25 - PID Control {Network 9)

=]
=]

LIMIT

Real
EN — —_—
M ouT — #QV
IN
WX




PID Data Blocks

When the scaling block is called anywhere within the program it creates a new data block.
Figure 26 shows an example of the data block that is created when the PID function block is
called. When the block is called within the program a function block is created with the inputs
and outputs created to insert the desired values.

Figure 26 - PID Pump Control Data Block

PID_DB_Pump
Mame Data type Start value

1 < ~ Input
2 |af= sp | Real 0.0
3 40 = PV Real 0
4 |4 ¥ Output
5 = v Real D.0
6 |41 InQut
7 40 ¥ Static
2 -« m Error Real 0.0
9 = Old_Error Real 0.0
10 | = Int_Accum_Max Real 0.0
11 |40 = Int_Accum Real
12 @ = Diff Real 0.0
13 @d= FPart Real D.0
14 4 = | Part Real D0
15 4 = Kd Real 0
16 4] = Ki Real ).0
17 @1 = Kp Real ).0
18 4 = D Part Real 0
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Main

All function calls which are created must be included in the main programs sweep cycle to
ensure they are scanned and function properly when downloaded to the PLC. It can also be
used for something which does not necessarily fit into a function call but is needed for the
programming to function correctly.

Figure 27 shows networks 1 & 2 of OB1. Network 1 is the manual output function call.

Network 2 contains the scaling block for the sump tank temperature. The raw value is
received from the sump tank temperature sensor. However, it outputs a value of 40 when the
temperature is at 0, therefore an offset of 40 is inserted to insure that when the temperature
is at zero the scaled value also shows 0. It is then multiplied by 100 as the desired value is a
temperature of between 0 and 100 degrees. The value is finally divided by the maximum raw
value, less the offset which is equal to 13,760.

* Block title: “Main Program Sweep (Cycle)®

¥  Network 1: Manual Outputs

w The function bleck for the manual cutput centrel must be included in OB1 in order for the PLC to read
it.

W1
"Manual Outputs®

¥  Network 2: Sump Temperature Scaling

w The raw value comes in from the Sump Tank RTD and the offsetis subtracted from the raw value. The
new raw value is then multiplied by 100 then divided by 13,760 to give us the scaled value as a
temperature between 0 and 100 degrees.

%82
"Scale_Sump
Temperature”
%FB1
“Scale®
EN ENO 1
value
WWa g
“Sump Tank
Temp Sensor
RTD) raw
40.0 — offset
100.0 — mul
13760.0 — div

Figure 27 - Main Sweep Cycle (Network 1 & 2)

23




Network 3 contains the ambient temperature scaling block. The raw value is received from
the sump tank temperature sensor. However, it outputs a value of 40 when the temperature
is at 0, therefore an offset of 40 is inserted to insure that when the temperature is at zero the
scaled value also shows 0. It is then multiplied by 100 as the desired value is a temperature
of between 0 and 100 degrees. The value is finally divided by the maximum raw value, less
the offset which is equal to 13,760.

Network 4 is the PWWM control for the pump. This is only enabled when the automatic flow
contact is energised. The data block is set up and the output word and output address must
be manual set before the block is created. Both networks are displayed in Figure 28.

Network 3: Ambient Temperature Scaling

w The raw value is input from the Ambient Temperature RTD and the offset is subtracted from the raw
value. The new raw value is then multiplied by 100 then divided by 13,760 to give us the scaled
value as 8 temperature between 0 and 100 degrees.

%4
“Scale_
Ambient_
Temperature®
%FB1
“Scale”

EN ENO
value

HWW100
*Ambient Temp
Sensor (RID)" — rawy

40.0 — offset
100.0 mul
13760.0 — diy

Network 4: Fulse Width Medulation (PWM) Centrol - Pump

w When the 'Auto Flow' contactis energised it allows the Pulse Width Modulation (PYWM) Control to be
enabled, this controls the output signal to the pump.

YDBS
“CTRL_PWM_
DE_PUNP*
CTRL_PWM
EN ENO
265 BUSY = .
"Local~Pulse_1_ STATUS
PUMP" — Pt
@600
"Auto Flow"
{ | ENABLE

Figure 28 - Main Sweep Cycle (Network 3 & 4)




Figure 29 shows networks 5 and 6.

Network 5 is the PWM control for the heater. This is only enabled when the automatic heater
contact is energised. The data block is set up and the output word and output address must
be manual set before the block is created.

Network 6 contains the ‘automatic control' function call.

Network 5: Pulse Width Modulation (PWM) Contrel - Process Temperature

w \When the 'Auto Heater' contactis energised it allows the Pulse Width Modulation (PWM) Control to be
enabled, this then controls the cutputsignal to the heater.

%DB8
“CTRL_PVWN_
DB_TEMP*
CTRL_PWM
EN ENO
266 BUSY —...
"Local~Pulse_2_ STATUS
TEMP" PAM
W70 .0
"Auto Heater”
| | ENABLE

Network 6: Automatic Control

w The function block for the automatic output control must be included in OB1 in order for the PLC to
read it.

%10 YFC2
“AUto" “Automatic Control”
{ | EN ENO

Figure 29 - Main Sweep Cycle (Network 5 & 6)
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Figure 30 shows Networks 7 and 8. Network 7 shows ‘First Scan Pulse’ (FSP) (M80.0)
energising when the initial call contact is made. Network 8 moves the desired constant
values for flow PID control to their required destination on the first scan pulse. These can be
altered while the program is running via the HMI screens.

Network 7: First Scan Fulse (FSF)

w On the initial call memory bit First Scan Pulse (M30.0) is made, this can then be used within the
program.

YWMBO0 0
#Initial_Call "FSF*
1 | {
11 { F—

Network B: Initial Constant Values - Flow PID Contral

w When the FSP contactis energised the below values will write the desired values to the PID control
for the pump. These values can be modified via the HMI if needed but will be automatically putin
initia lly.

%800
"FSP" MOVE
| | EN — E
50.0—IN "FID_DE_
s QuTl — Pump®.5P

MOVE

EN — ENO —

10—IN "PID_DE_
s QuT1 — Fump®Kp

MOVE
EN —— ENQ =i
0001 N 3 OUTH "PID_DB_Pump” Ki
MOVE
EN — E |
071N “PID_DB_

i oum Pump® Kd

Figure 30 - Main Sweep Cycle (Network 7 & 8)




Figure 31 shows Networks 9 moves the desired constant values for temperature PID control
to their required destination on the first scan pulse. These can be altered while the program

is running via the HMI screens.

Network 9:

Initial Constant Values - Ternperature PID Control

w When the FSP contactis energised the below values will write the desired values to the PID control
for the heater. These values can be modified via the HM if needed but will be automartically putin

initially.
%MB0.0
“FSP"
| |
11
70.0
20
1.0E-05
1.0

Figure 31 - Main Sweep Cycle {(Network 9)

MOVE
EN —
IN *PID_DB_
3 OUTl Temp®.SP
MOVE
IN *PID_DE_
it gum — Temp™Kp
MOVE
EN ENQ ——t
IN 3 Ooum “PID_DB_Temp® Ki
MOVE
EN — ENQ =i
IN *PID_DE_
i ouTl Temp®.Kd
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HMI Screens

Figure 32 shows the HMI screen designed for the operator of the system. It contains an auto
/ manual switch, a ‘Start’ and ‘Stop’ button for the automatic sequence as well as an

indication lamp to show when the automatic sequence is running and also a decimal display
for the setpoints and process values for both flow and temperature. The ‘F’ keys are used to

alternate between the available screens.

SIEMENS

Auto/Manual

FLOW

Setpoint

+000.00

Process Value

+000.00

SIMATIC HMI

TEMPERATURE
Setpoint
+000.00
Process Value

A0 1 A e e

Figure 32 - Operator's HMI Screen
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Figure 33 shows HMI screen 1/3 designed for the engineer or maintenance team of the
system. It contains an auto / manual switch and a ‘Start’ and ‘Stop’ button for the automatic
sequence with an indication lamp to show when the automatic sequence is running.

The ‘Indicators’ section has 4 indicators which are linked to the lamps on the system along
with a ‘“Test’ pushbutton, this can be used to function test the lamps.

The ‘Outputs’ section contains each output with a manual On / Off switch and an indicator
which comes on when the outputs are energised within the program.

The ‘Analogue Inputs’ section shows the raw values received from the sensors on the
system and also the scaled values calculated by the program.

The ‘F’ keys are used to alternate between the available screens.

SIEMENS SIMATIC HMI

Indicators | Analogue Inputs
8 Tank Full Lamp Process Tank Temp
W

Cooler Lal I
O Drain Val\rl:pLamp j |mmno I |+nuo.n|)|

Sump Tank Temp

O Divert Valve Lamp . Scaled
|+nuo.nu I

Figure 33 - Engineers 1 HMI Screen

well designed screens
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Figure 34 shows HMI screen 2/3 designed for the engineer or maintenance team of the
system. This is the PID control tuning for flow. It contains a ‘Start’ and ‘Stop’ button for the
automatic sequence with an indication lamp to show when the automatic sequence is
running.All decimal displays are connected to the PID data block for flow except for the
process value (PV). The process value is received from the flow rate scaling block.

SIEMENS SIMATIC HMI

Al Al el

Figure 34 - Engineers 2 HMI Screen
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Figure 35 shows HMI screen 3/3 designed for the engineer or maintenance team of the
system. This is the PID control tuning for the process tank temperature control. It contains a
‘Start’ and Stop’ button for the automatic sequence with an indication lamp to show when the
automatic sequence is running. All decimal displays are connected to the PID data block for
process temperature except for the process value (PV). The process value is received from
the process temperature scaling block.

SIEMENS SIMATIC HMI

p | +000000|
X

e | Oxf Lo |
START + "

oo} X[ oooom]

A 0 e e N

Figure 35 - Engineers 3 HMI Screen

31




Program Testing, Results and Evaluation

Below shows the testing table created and used to test the program. The actual results are
linked with photographs of the system during the testing period.

Test Test Description Expected Result Result
No.
#1 Power up the system | On start up all outputs should As shown in Figure 36 the raw
be off, analogue inputs should | and scaled values are
be received and displayed and | displayed on the HMI and no
relevant scaled values also outputs are on.
displayed.

#2 In manual, test all When the test button is When the ‘Test’ push button
lamps using the lamp | pressed all lamps on the rig was pressed (Figure 37) all
test push button. should illuminate. lamps on the system

illuminated (Figure 38).

#3 In manual, test all With an empty tank, all outputs | With an empty process tank all

outputs. should come on and the outputs came on except the
indicators on the HMI should heater. The tank full lamp was
also be lit, except the tank full | also off. This is shown in
lamp and the heater. Figure 39 & Figure 40.
With a full tank and the drain With the process tank full all
valve turned off, all other outputs functioned as
outputs should turn on and expected, shown in Figure 41
their indicators lit. & Figure 42.

#4 Put auto / manual With a desired set point As expected the PV and SP
switch in automatic entered the pump should run. | were almost equal very
and test flow control The process value (PV) should | quickly, shown in Figure 43.
PID. match the set point (SP)

relatively quickly.
#5 Once tank is full test With a desired set point As expected initially there was

temperature control
PID.

entered the heater should run
and the stirrer should also
come on. Initially there will be a
gap between the process value
and the set point (SP), with a
high Control Value (CV).

Eventually these values should
be virtually equal. It will take a
considerable amount longer for
the temperature PV to reach
the set point than the flow PV.

a large gap between the PV
and SP and a high CV, shown
in Figure 44,

They were then virtually equal,
and the control value had
dropped to zero. This is shown
in Figure 45.

detailed testing with supporting
evidence
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Test #1

A=)

Figure 36 - Test #1

Test #2

~=_

Figure 37 - Test #2(a)




Figure 38 - Test #2(b)

Test #3

SIEMENS

‘ [ Analogue Inputs
Process Tank Temp
v

. Tank Full Lamp | Scatod
Seale

!

Cooler Lamp I

Test 191 V25,08

Drain Valve Lamp - 1l I - = | = k]'l ]
mp Tank Tem)

Divart Valva Lamp | 0 R -.P.-t-d

l-)'v.‘lt '

bient Temp
Scaled

Cooling Fan i Saazarl

’ Flow Rate
Drain Valve Tawe Sealed

tivert Valve N TEFIT | + 10300 |

p

e i Cperatar
L L

Figure 3 - Test #3(a)
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SIEMENS

CPU 129
poocme

Figure 40 - Test #3(b)

SIEMENS

; Indicators
Q; Tank Full Lamp
() Coaler Lamp
. Drain Valve Lamp

| Divert Valve Lamp

I 21 I

Sump Tank Temp
R Scabed

D Raw

Heater Ambient Temp

Ceooling Fan Scaled

Stirrer

. Drain Valve

[
Figure 41 - Test #3(c)
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SIEMENS

Figure 42 - Test #3(d)

Test #4

Figure 43 - Test #4
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Test #5

SIEMENS

Figure 44 - Test #5(a)

Figure 45 - Test #5 (b)
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‘Kp’ is the proportional band, this value determines within which range of the set point the
power supplied will be reduced. For example, the ‘Kp’ for flow was eventually selected at 1,
with a set point of 50% this means that the proportional band is 49.5% and 50.5%, anywhere
outside of this value the power will be at its maximum.

‘Ki’ is used to allow the actuator to respond to any disturbances or large setpoint alterations.
If there are any disturbances the integral part keeps adding the error to ensure the actuator
can over come the disturbances.

‘Kd' is used to dampen any overshoot, therefore stabilising the output.

(Elds, 2018)
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Safety, Maintenance, Reliability and Sustainable Development

As a group a risk assessment was carried out on the system before any work was carried
out. Included in the risk assessment are recommendations for improvements to the health
and safety of the equipment shown in Figure 46.

The maintenance and fault finding of this system has been aided by the inclusion of the
manual operation, with indicator lamps linked to the outputs. However, it is important that the
sensors within the system such as the RTD's are calibrated as recommended by the
manufacturer to ensure reliable and accurate feedback. The system has been thoroughly
tested three or more times and has functioned correctly and accurately each time.

The use of Pulse Width Modulation (PWM) is certainly an efficient way of running the
system. The reason for this being that the components only consume the energy that they
require by varying their speed. If the duty cycle which in this case is the set point of the PWM
control is set to 50.0 the power is on for 50% of the time, therefore saving energy.

The pumps PWM is controlled using a MOSFET and the heater using a solid-state relay
(SSR). A solid-state relay is extremely efficient because it does energise a coil or open and
close any contacts physically.

This system also promotes sustainability as it is a simulation of re-using water within
industry. Water is often used for cooling, then gets very warm before being recycled.
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Risk assessment

Company name: Date of risk assessment: 30/04/;
What are the Wheo might be harmed and What are you already doing? Do you need to do anything |Action by Action by Done
hazards? how? else to control this risk? who? when?
Slips Operators, Maintenance staff or [All water is contzined in sealed Place system in a tray with Lab As s00n as
visifors. tanks and pipe work. raised edges to prevent any | Technician |practicably
leaks going onto the floor. possible.
Burns Operators, Maintenance staff or |Plastic lid foced over tanks to Interocked guarding to Lab As soon as
visitors. prevent access to hot liquid. prevent direct contact with hot | Technician |practicably
tanks. possibla.
Elactric Shock |Operators, Maintenance staff or [Only adequately frained persons Put all electrical connactions  [Lab As soon as
visitors. have access to the room. into a panel, sllowing only Technician |practicably
suthorised persons sccass possible.
with 8 key.
Contact with Operators, Maintenance staff or |Majority of stirrer is covered within | Interocked guarding around  |Lab As soon as
moving parts visitors. tank. the remainder of the moving |Technician |practicably
machinary. possible.

In the avent of injury. 2 first aid box j5 locgtad jn GE with an accident book to log any incidents. There ara slso numerous first aid trained staff within the building

Figure 46 - Risk Assessment

Risk

Assessment Template (HSE, 2018)
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Conclusion and Recommendations

The program created has certainly met the specification of the brief however with more time
some extra functions and features could certainly have been added.

The majority of the hardware was only utilised in the manual operation and could have been
linked in to the program’s automatic feature. This was considered when creating the program
and within some of the manual rungs, the necessary additions were included to allow them
to be used in automatic in future.

Some suggestions for future development would be to use the drain valve to automatically
empty the process tank when the water reached a certain temperature. If the water within
the sump tank was to hot the divert valve could have been used to divert the water through
the cooling fan.

There were also a number of safety recommendations which are highlighted within the risk
assessment in Figure 46 which for full effectiveness would require interlocks brought into the
program. Such as all guards having limit switches which prevent the program from operating
if guards are not in place.

For maintenance purposes a reminder could be included on the HMI screen to ensure the
maintenance team calibrate all sensors within the system.

Unfortunately, although it was desired, it was not found how to password protect the
engineers HMI screens as the ‘F’ keys were used to alternate the screens. With more time
and research it would perhaps be possible and is certainly a recommendation to improve the
security of the system.

Description of Team Working

For this assignment we worked as a pair on the Bytronic Process Rig to achieve the
specification given in the brief.

Myself and Ethan firstly analysed the safety aspects of the system, carrying out a risk
assessment on the system discussing the possible hazards and suggestions for
improvement, although we carried out the assessment together the document was then
completed individual with our own interpretation.

We then looked in to the hardware of the system, creating a list of the inputs and outputs.,
before documenting a description of the system’s hardware individually. This allowed us to
design and create the program.

In order to use the time given efficiently, after creating the document on TIA Portal we
shared it with each other in order to carry out different tasks at the same time.

For us both to be able to gain experience, it was decided that we would create 2 HMI's each
and both create parts of the program. When sections had been completed we brought both
versions of the program together for testing.

Once the program was completed the testing process was carried out as a team, operating
the system and monitoring the program when required. Our test results were then
documented individually.
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