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1)System investigation

The CIM system has many control loops but this assignment will only focus on a couple of them. Figure

2 is a general control loop which is like the ones used on this system, on the diagram you have the

process element which is the level or temperature in the tank or the flow in the pipe. Then you have

the Measurement sensor/
Transmitter which can be split into
two elements which are the sensing
element (Sensors measuring flow,
level and temperature) and the
conditioning element which adjusts
the output to a readable value e.g. 4-
20mA. The next step is the controller
where you can find the comparison

element which compares the

controller error

General Control Loop Block Diagram

e(t) = (SP- PV)

set point, SP
)
b

A

controller output

signal, CO
%

A

v

Controller
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Final Control
Element (FCE)
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measured process variable

disturbance, D

| Process

Measurement
Sensor/Transmitter

Figure 2 General Control Loop Block Diagram (Controlguru, 2015)

setpoint(SP) with the process value(PV) to produce an error which the controller then adjusts to

produce asignal which is called a control variable(CV) which is used to control the final control element

which is the DC supply to the pump to increase or decrease the flow, a contactor to switch the heating

element on or off or a control valve to reduce a level in a tank. Figure 1 is a list of raw analogue signals

which are the signals produced by the measurement sensor/transmitter fed into an analogue card on

the PLC(Controller).

Analogue Inputs

Name

Laser Raw Analogue Sensor

LT541 Analogue Module Chan 0
T1511 Analogue Module Chan 1
FT531 Analogue Module Chan 2
FT535 Analogue Module Chan 3
c14 pulse

LC541 Control Open Loop Mode

N-N-N-N-N-N-

Figure 1 Raw analogue inputs

Data type

| Weord

Int
Int
Int
Int
Bool
Bool

]

Address
%MVWG4
%MW128
%MW1 30
%MW1 32
WM 34
%M2054.2
%M2054.7

Retain
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Flow control loop

St

The flow control loop consists of a flow meter which is a
turbine meter type. This works by the blades rotating passed

a pickup which generates a series of pulses. To convert the

signal from the flow sensor a F/V converter is used so the
frequency input can be converted to a voltage output and

then scaled to a I/min flow value. The technical datais-
Figure 6 Flow meter

e Flow range 0.25-6.5l/m i

e Accuracy +1.0%. R Sy ey
(RS stock no. 257-149)
e 0-10V output % Q2585 1in
: FSD Frequenc =1.0%
e Static accuracy 1.54 V/Im .,,._.....,{,..,...
At Full Scale 500H2
Approximate
Pulses per Litre 4600 pusestire
s Figure 5 F/V
"Scale_Flow_ Figure 4 Flow sensor data {Components, 2021) g
Rate_FT535_ converter
pe* . {electronics, 2021)
- Figure 3 FC535 Flow Control Loop
Scale % FC535 Flow Control Loop - 1ms [0B33]
EN ENOQ ————
*Analogue”®. “Analogue®.
"FT535 Raw "FT535 Scaled
Flowrate® in out — Flowrate lpm*
“Analogue”®.
"FT535

Multiplier® — po 0

"Analogue®.
*FT535 Divisor” — diy

*Analogue”®
*FT535 Offset” — gfiset

Figure 7 Scaled flowrate [/pm




Temperature control loop

The temperature control loop is controlled via the PT100 RTD mounted on the
side of tank B1. The RTD is a variable resistor which changes dependant on the
temperature of the substance the sensor is in. The PT100 is connected to a
signal converter which converts the ohms value to a 4-20mA signal which is
fed into the analogue inputs of the PLC. Both are represented as TT511 on the

drawings. The features of the sensor are -

e -200°Cto 650°C temperature range
e +0.1°C Accuracy
e 100Q at 0°C Nominal resistance

Figure 9 RTD PT100
e Static sensitivity 0.02mA/°C

“DB14 . . . . .
*Scale_Tank_ 4 TC511 Temperature Control Loop - 1000m...
Temp_DB" !
_?p'ﬁ_'i_ Figure 10 Temperature Control Loop
“Scale”
EN ENO
*Analogue”. sAnalogus;
*IT511 Raw 511 Jca\eg
Temperature out|— Temperature
Real n
"Analogue®.
"Ts511

Multiplier® —J o)

“Analogue”.
“T1511 Divisor” —{diy

“Analogue”.
"TI511 Ofset” —|offcet

Figure 11 Temperature scaling function block




Level control loop

The level sensor is a pressure sensor which is at the bottom of tank
B1. As the level of the water increases the weight applied to the
pressure sensor increases resulting in a higher mA reading. The

details of the level sensor are —

e 0-40mbar range

e 4-20mA output A vV
3 yaSNVH + S53HaN

e Static sensitivity — 0.4mA/mbar

e Accuracy +0.5%

Figure 12 LT541 level sensor

g B
*Scale Tank_
Figure 13 Level Control Loop Level DB
il #"enable
“Scale” compensation”
EN NGO ———] b—
"Analogue”. "Analogue®.
"LT541 Raw "LT541 Scaled
Level Real® — j out — Level®
"Analogue”.
L1541

Multiplier” — mu

“Analogue”.
“LTS41 Divisor” div

“Analogue”
"LT541 Offset” — offset

Figure 14 Scaled level function block.

Pressure transducer

The pressure sensor for the system is a GE LPM5380, its features

are-

* Response time 10ms to 2 seconds
e Non-linearity error 0.25%

e 0.01% sensitivity

e Range 0-5Sbar

e 0-10 Volts output

e Static sensitivity 2V/bar

:‘r’gure 15 Pressure sensor (CIM system
G8)




2 ) PT=Y-F: 180l sl Good formatting of paragraph through full justification and 1.5 line

Due to advances in technology the instruments on the CIM system could be upgraded in line with
industry 4.0. Industry 4.0 is often referred to as the 4" industrial revolution where the machines and

instruments will operate independently and be much more user friendly. They will store and share

information and, in some cases will Pt
yscal produchon sysems.
B - . {CPPS), mergeng of real and

control and adjust themselves which will Yo voris

First programmable
logic control system

improve the process of any system. In 1969

short, the operators will be able to

communicate with the machines instead

First
assembly ine
1870

of controlling them. (Luenendonk, 2019}
Industry 4.0 is different to the historical

industrial revolutions as new technologies i mechanca
weaving loom

were introduced before, Industry 4.0 1784

focuses more on the technology we have

already and makes them better in

INDUSTRY 1.0

innovative ways. (Andrews, 2017)

: End of 18 comury 700 s
Correctly cited
Figure 16 Industry 4.0 (Luenendonk, 2019) Correctly cited

An example of industry 4.0 is 1/0 link where a fieldbus-independent interface is used to offer more
accurate communication. As the signals are transferred using digital signals there is no need for costly
shielded cables as EMC does not affect digital signals. As the signal does not need to be converted
from digital to analogue for the signal tobe =
sent to the PLC there is less chance of errors. @
1/0 link offers a safer way of working as the

devices can be connected directly to the

hi dd t need to b ibl
machine an oes not need 1o be accessible {_ﬁl_l i'_m l,_-,[ -..l

because it can be adjusted via 1/O link @moLrk @m0Lrk @101 ek

interface. (Bihl-Wiedemann, 2021) é% éé é% éé é é é

Figure 17 Link connections (Bihl-Wiedemann, 2021) Correctly cited

This type of text wrapping is distracting and not appropriate for an
academic report of this nature.




Temperature IFMTN2343 sensor-

. Measuring range -50-150°C
. 0-10V/4-20mA output
. Measures liquids and gases
. 0.1°C resolution
. +0.3% accuracy
. 10 Link compatible

Figure 18 TN

2343 (IFM,

2021)

Flow IFM SM6001 sensor-

e Range 0.03-6.6gpm

e 0-10V/4-20mA output

e Measures conductive liquids.
e Resolution 0.01gpm

e +0.8% accuracy

e |0 Link compatible

Level IFMPI2789 sensor-

e -5-100mbar

e 0-10V/4-20mA output

* Measures liquids and gases
* Resolution 0.1mbar

e +0.5% accuracy

Figure 20 IFM e 10 Link compatible
PI2789 (IFM, 2021)

Below are the replacement sensors that could be used with this system-

fhieanid B
®

Figure 19 IFM SM8001 (IFM, 2021)
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The sensors selected are from the IFM range, this is because
an 10 Link system can be used which connects all the sensors
together where they can be controlled via one master
control as shown infigure 21. The master controller can work
with or without a PLC and sensors can be adjusted from one
central point. IFM also have a Bluetooth connector which
allows you to download an app and communicate, set up,

calibrate and download data from the sensors.

Figure 24 E30446 In
line Bluetooth
connection {IFM,
2021)

Figure 22 10 Link
controller E30391
{IFM, 2021)

. N
-

® ®
1Ll

2
&ﬁ'

()
-

=
e

Figure 21 IFM 10 Link connections

Figure 23 10-Link
Compact line module
(IFM, 2021)
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3) Environmental, Sustainable Development, Commercial Risk and

Codes of Practice

There is no avoiding that the CIM system will have an environmental effect as it uses electricity to
work but the power usage of the system can be higher or lower dependant on the condition of the
sensors. For example, if a temperature sensor which controls a heating element was actual reading a
lower temperature then the heating element will be running longer that was needed and possibly
reducing the life span of the element. Figure 25 is The Measuring Instruments Regulation 2016 which
states that every manufacturer

STATUTORY INSTRUMENTS

must have designed the product
2016 No. 1153
up to a standard where a CE and

WEIGHTS AND MEASURES

M mark are awarded to ensure
the product reaches the safety The Measuring Instruments Regulations 2016
requirements. Also, suitable
technical documentation must
be available in relation to a test

The Secret > 15 a Minister designated(1) for the purposes of section 2(2) of the European Communities Act 1572(2) in relation to
instru ment and rel evant and for purpo: ncillary to, the regulation of specifications, construction, placing on the market and use of articles, instruments, containers

or other equipment

=nded for weighing, measuring or testing
These Regulations make provision for a purpose mentioned in secion 2(2) of the European Communities Act 1972 and it appears to the
assessments must have been [T PIOVISIEN o1 & puipase mentioned n =&« P s At 18 L aep
Secretary of State that it is expedient for certain references to provisions of EU instruments to be construed as references to those provisions
as amended from fime to time

carried out. (legislation.gov.uk,

2016) Schedule 2 to that Act and, in relation to Part 6 of the Regulations (and any other provisions of these Regulations to the extent that they
apply to, or give effect to, Part 8), in exercise of powers conferred by sections 15(1) and 85(1) of the Weights and Measures Act 1985(4)

Figure 25 Measuring Instruments Regulations 2016 | (legislation.gov. uk, 2016)
It is not appropriate nor necessary to included blocks of text like this,

extract the information and cite your source instead.
There are many risks associated with not calibrating measuring instruments such as compliance and

safety issues. To ensure that companies are compliant they can apply for an ISO/IEC 17025
accreditation where they are audited, and checks are done to seeif employees are competent in doing
calibrations and if they have the appropriate training and qualifications. All the equipment they use
must be on an Equipment Master list where information such as

details and calibration status of equipment is kept, and a

preventative maintenance plan is available. Also, a calibration &g&%

plan is needed where the interval between calibrations is

monitored and instruments are recalibrated before a certain ISO/IEC 17025
date. (Awareness, 2021) (“7 v@

Figure 26 ISO/IEC 17025 (CCS5I, 2021)




If this system were to be built again
consideration should be taken into choosing
efficient equipment, the IET have added a new
standard to the BS7671 18" Edition which is
the IEC60364-8-1, Low Voltage electrical
installations Part 8-1 Energy Efficiency. The
new part of the regulations gives guidance on
types of transformers, cables and equipment
that should be used to improve the systems
efficiency. There is a new code system where
a code EMO indicates that there has been no
consideration into the efficiency of the
installation and the code EM4 will show that
the system was designed to its maximum

energy efficiency. (IET, 2015)

EV

ON-SITE GUIDE
BS 7671:2018

Figure 27 BS7671 18th Edition (NICEIC, 2021)
Itis
unnc
essa
ry to
provi
de
pictu
re
like
this

3dIND 41IS-NO
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4)Calibration of Pressure Sensor

The pressure sensor was tested and
calibrated by measuring the 0-10V output
at different pressures from 0 to Sbar
which covers the range of the pressure
sensor. Table 1 is the measured and

calculated values collected from the test.

Figure 28 Pressure sensor testing.

Bar V Increasing V Decrease [Linear Hysterisis
0 -0.01 -0.02 0.01 0.01
0.5 1.03 1.01 1.01 0.02
1 2.01 2 2.02 0.01
1.5 2.99 2.98 3.02 0.01
2 3.97 3.97 4.02 0
25 4.99 4.97 5.03 0.02
3 597 5.97 6.03 0
3:5 6.98 6.98 7.03 0
4 7.99 71.97 8.03 0.02
4.5 9 8.96 9.04 0.04
3 10.02 10.02 10.04 0

two columns

are missing for

non-linearity
The following equation was used to work out the Iineaé'ru;g;ult-

Table 1 Pressure sensor test results

y=mx+c

1002—1
Yt T s

x5+C

C=0.01

10.03
y=—— x5+0.01=1004

This equation was used again to work out the linear values of the pressure from 0-5bar as shown on

table 1. Table 2 is the graph plotted from this test and as you can see the results are linear.

14




Pressure sensor

12
10
-
a -
./-//..
r
6
O
(]
G -
S :
4 -
2
incorrect scale, pressure should
o not exceed 5 bar
1 2 3 4 5 6 7 8 9 10 11
-2

Pressure (bar)

e/ |NCreasing w==\/Decrease Linear

Table 2 Pressure sensor plotted graph.
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5)Calibration of Temperature Sensor

When testing the temperature sensor the mA reading was at 3.8mA when the tank temperature was

0°Cand 20.3mA when at 100°C. The zero and span adjustment were used to adjust the mA values and

the test was carried out again.

e ey

e

Figure 29 Temperature sensor testing.

Tempature [mA Increasing|mA Decreasing|Expected |Hysterisis
0 4 4 4 0
10 3.b 5.6 5.6 0
20 i 7.2 7.2 0
30 8.8 8.8 8.8 0
40 10.4 10.4 10.4 0
50 12 12 12 0
60 13.6 13.6 13.6 0
70 15.2 15:2 15:2. 0
80 16.8 16.8 16.8 0
90 18.4 18.4 18.4 0
100 20 20 20 0

Table 3 Temperature sensor results

16




The following equation was used to work out the linear result-

y=mx+c

20= -2 L 100+¢
BET

C=4

=10 30+4=288
y—loox +4 =48

The equation above was used to work out the linear value for all the testing values. As you can see the

results were linear and the calculated values were the same as the actual values showing that the

sensor had good accuracy. Table 4 is the graph plotted from this test.

25

20

mA

Temperature sensor

X-axis should have a scale of 0-
100 degrees C
3 4 5 6 7 8 9 10

Temperature (Degrees celsius)

w——TIA INCTEASING = mA Decreasing Expected

Table 4 Temperature sensor plotted graph.

11
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6) Calibration of Level Sensor
The level sensor was tested by increasing the

level of the tank to a certain points and then
taking mA readings at these intervals. Because
the measuring sight glass starts from 7cm and

ends at 23cm the span was 16cm.

Figure 30 Level sensor testing.

Level (cm) |[mAincreasing |mA Decreasing |Linear Hysterisis
T 6.1 6.1 6.10 0
8 6.6 6.5 651 0.1
9 6.9 6.9 6.92 0

10 7.4 73 32 0.1
11 Tl 74T 713 0
12 8.2 8.1 8.14 0.1
13 8.6 8.5 8.54 0.1
14 9 8.9 8.95 0.1
15 9.4 9.3 9.35 0.1
16 9.8 £ T 9.76 0.1
17 10.2 10.1 10.17 0.1
18 10.6 10.5 10.57 0.1
19 abil 10.9 10.98 0.1
20 11.4 11°3 2l 0.1
Pl 11.8 116 11.79 0.2
22 12.2 byl 12.20 0.1
23 12.6 12.4 12.60 0.2

Table 5 Level sensor results

18




The following equation was used to work out the linear result-

y=mx+c
126*65 23+C
X —16x +
C=3.26
_585 15 +3.26 = 9.35
y—16x 26 =9,

Table 6 is the graph plotted from this test. As you can see the results are linear. There is a slight

difference when the mA decreasing was measured around the 21-23cm area.

Level Sensor

14

12

10

7 g S 10 11 12 13 14 15 16 17 13 15 20 21 22 23

Level (cm)

w— A INCTEASING === mA Decreasing Linear

Table 6 Level sensor plotted graph.

19




7)Calibration of Flow Sensor

A
Figure 31 are the dimensions of the tank which supplies the y, £ : _ /
d 4
water to the pump. The flow meter was tested by setting //" : d
the pump to a desired litres/minute value and the time | _
taken for the tank to empty was recorded and the actual : ]
flow was calculated. : e
| |
0.097x0.14x0.138 = 0.00187m? ,/l‘ T e e -
7’ /
Tank volume — 1.87 Litres o
z T = = = 140 mm
Time (min) [Reading |/min |Calc I/min ’ £ 4
4.2 0.5 0.45 >
138 mm
2.28 1 0.82 ) )
Figure 31 Volume of water holding tank.
1.45 15 1525
118 2 1.69

Table 7Flow sensor table of results
The calculated |/min was done by using the following equation-

Volume of tank
Time for tank to empty

=Calculated flow

Table 8 shows that the results are nonlinear and there is a
significant difference between the measured value and the
calculated value. This could be down to many issues such as
human error when measuring and timing, also during the

calculations where figures were rounded.

Flow meter results

25

15

0.5

0 0.5 1 1.5 2 2.5 3

—e—Reading |/min —e— Calcl/min
Table 8 Flow meter plotted graph

Figure 32 Flow sensor and meter

3.5 4 4.5
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8)Design Adaption for Maintenance and reliability

The HMiscreens were adaptedon gy B 77511 TEMPERATURE INSTRUMENT
the programme to help with - = 100 '
. . = 90
testing and calibrating. With the = E =
: = j 8o
HMI screens you have the ability e “‘_f 70
to control the system and adjust = || o]
S ot w=|_]
the the displayed value. : =

Figure 34 LT541 Level Instrument HMI

(1075 BN (FCS35 [ {0 |

Figure 35 FT535 Flowrate Instrument HMI

21




To simulate our system the %M2000.0 ‘Simulate ON’ bit needed to be toggled from 0 to 1 which

allowed the programmer to test their HMI screens at home.

mplete Systom with Sim

|*  Network 1:

ot & X a X Wi SPEEEQ F oo F o

PLEC 103 Prpcess Statien - 4 [P 120 %]

SIEMENS

WA2000.0 i i
i o bt s *Simulate ON" | Map inputs from Hardwere™
Devices 1A H
[ = wr EN ENOC.
0 BRI N = L I T T L . .=
Main
g sy s — i R
» g ncugs Fl mpmt . . Simulate .
[RCLI L s sl Gl imulate cm. Inpuits’
[ g s— 3i@e  remsmence o g =T ENO |- .
[T
» i e Ak Ak o= ot
¥ [ Device prosy dan
B Progism inks Network 1:
B FLC wlam et it
+ [ Loce! meduies
+ (3 PG 103 Pt St
[ AL 100 Pocess Stetla.. T @
ST v canbiantin
% Dnline & dugnostcs
S =e—— °
W Add new block
A FCS31 Flow Contr. L]
A FES3E Flow Contr [ ]
W LS Lol @
e |, .
of Netumrk 2:
[ .
<] »
i
| ™ ™o
— . D8 [
r— iooh s
IY Devce contqurnon - Qireperties | *Linfe 4| b Diagnostics
L EioA K ety 2] General | Crosseeterences | Compiie | Symtax |
S ——— -
% Technsiogycbiacn O 4]0 how st mesiages [=

Figure 36 Simulation function control

To test the system a VPN (Virtual private |

network) was used which gave the user
the ability to connect with the PLC from a
different location. Using a VPN is a safe
way of doing this because your internet
traffic goes through an encrypted tunnel
where nobody can see what information
is being transferred so keeping your
system safe. By using a webcam setup by

the lecturer in the classroom tests were

Cument State: Connecting

Disconnect

IMon Feb 01 14:15:22 2021 Open'PM 2.4.9 x86_64-w4-mingw32 [SSL (OpenSS5Lj] [LZ0] [LZ4] [PKCS11] [AEAD] built on
Mon Feb D1 14-15:22 2021 Windows version 6.2 (Windows 3 or greater) 64bit
(Mon Feb 01 14:15:22 2021 library versions: OpenSSL 1.1.1f 31 Mar 2020 L20 210

m siemensvpn

Usemame: ET140534
Password ]
[]Save password

pd

Cancel

Reconnect

OpenVPM GUI 11.1500/249

Hide

able to be carried out and monitored remotely.

(Expressvpn, 2021)

Remote Station 1
HMI-

Eang

Service Center

Secure Connections

e SCALANCE
CPIA3-1 Adv.  METD

-

Figure 37 Siemens VPN (Siemens, 2021) I

11

Figure 38 Siemens VPN login screen

Remote Service




kobert Daves
Figure 39 TT511 Temperature
4 HMI VPN testing

SIEMENS SIMATIC HMI

L

All the new HMI screens

B TT511 TEMPERATURE INSTRUMENT

| 50.00 |100—_ 50 |
| . )
= 70 1

were simulated and

downloaded to the PLC.

Tests were carried out to
Raw value

Scaled value

prove that the screens

worked. The simulation was

a success on all three.

1000 0
Auto TC511 LC541 FC535 FC531 DIAG Robot

Figure 40 TT511 Temperature HMI simulation
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Most of these images should be in the appendix

Fobert Davie

Figure 41 FT535 Flowrate Instrument
HMI VPN testing

SIMATIC HMI

A
[ 3 ]

Raw value

:
|

CONTROL

TC511 LCoH

H E = E F B E =

Figure 42 FT535 Flowrate Instrument HMI simulation

24




/ Figure 43 LT541 Level Instrument
* B\ VPN testing

SIMATIC HMI

LT541 LEVEL INSTRUMENT @

Raw value | o,4]
+13508.... 22+
Scaled valu | 207
+20.062 187
Divisor

1000 0
BYPASS VALVE DRAIN VALVE

usto. [ o] v

TC511 LC541 FC535 FC531 DIAG Robot

Figure 44 LT541 Level Instrument HMI simulation

25




Flowrate testing

SIEMENS

o ‘
Ll

SIMATIC HMI

@

Raw value
+

Scaled value

Divisor
+9600.0...

Multiplier
—

100——

FT535 FLOWRATE INSTRUMENT
6

100
90

CONTROL

—

STOP

i T Y B

Figure 45 Flowrate HMI testing

valve

Test Expected result Actual result

Press start button Shouldn't start (bypass valve is | Didn’t start
closed)

Press button and open bypass | Flow starts Flow started

Divisor 9600-4800 Flow value should double Flow value doubled
Multiplier 4.470-8.940 Flow rate should double Flow rate doubled
Offset 9600-4800 Value should reduce Flow rate value reduced

Let tank reach high level

Pump should stop

Pump stopped

Watch flowrate during the
testing

Flow rate value should change
during testing

Flowrate value changes with
testing

Table 9 Flowrate HMI testing

The same tests were carried out on the actual CIM system where the outcomes were as expected.
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Temperature testing

SIEMENS

SIMATIC HMI

TT511 TEMPERATURE INSTRUME
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Figure 46 Temperature HMI testing

Test

Expected result

Actual result

Start system

System will heat up if the tank is
over the LO limit

Would not switch on until
tank had reached LO limit
(over 10) (See figure 47)

Setpoint changed 50-80

The system should heat up to 80
and maintain 80

System heated up to 80 and
maintained that 80

Turn on cooling fan

No affect due to cooling valve
closed

Result stayed the same

Turn on cooling fan and open
cooling valve

Temperature should drop

Temperature dropped

Change divisor 27950-60000

Temperature value halved

Temperature value halved

Change Multiplier (100-200)

Temperature doubles

Temperature doubled

decrease by 10

Change offset to +10 Temperature reading should | Temperature reading
increase by 10 increased by 10
Change offset to -10 Temperature reading should | Temperature reading

decreased by 10

Table 10 Temperature HMI testing

The same tests were carried out on the actual CIM system where the outcomes were again as expected
apart from the LO(LS542) sensor not working which prevent the heater to switch on. This problem was
fixed, and the test repeated to prove that it was working.
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Network 22: TANK B1 Heater and PWM output

w2055 3 WM2055.4 %8 3 WM2055.5
*TC511 HM "TC511 HMI @M2054.1 "LS542 Tank *TC511 Control
Control Start® Control Stop® *AUTO_MODE" B1 low" RUN®
b A | | { }
WM2055.5
*TC511 Control
RUN®
{ |
WM2015.1
"AUTO_Heater_ WM2054.1
Request” "AUTO_MODE"
1 1
LI LI ===

Figure 47 Heating element low level safety controf
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Level testing
SIEMENS

DC pumpVolts %

Manual

Stop

Figure 48 Level HMI testing

SIMATIC HMI

LT541 LEVEL INSTRUMENT

Raw value
+13492....

Scaled valu

Test

Expected result

Actual result

Started pump

Pump starts and tank level

increases

Pump started and tank level

increased

Let tank fill to 10cm

LO(LS542) should light up

LO(LSS42) lighted up

Let tank fill to 20cm

HI(LS543) should light up and pump
should stop

HI(LS543) switched on

pump stopped (See figure 49)

and

Open drain valve

Tank level should drop and pump
should maintain the level

Tank level dropped and pump

maintained the level

Open drain valve and

switch off pump

Tank level should drop

Tank level dropped

Increase divisor 10773-
20000

Tank value should reduce by about
half

Tank level reduced by about half

Multiplier 16 - 8 Tank level should be halved Tank level was halved
Offset increased from 0—(- | Tank level should reduce by 1 Tank level reduced by 1
1)

Offset increased from 0-1

Tank level should increase by 1

Tank level increased by 1

Table 11 Level HMI testing

The same tests were carried out on the CIM system where the outcomes were again as expected apart
from the LO(LS542) sensor not working as mentioned earlier.

29




o
"C14 DC Pump
P1 Contactor”

*  MNetwork 19: DCPumpP1
WM2051.1 WM2054.3 WM2051.2 WMB 5 W20
"HM DC Pump "FC535 Control W2054.1 "HM DC Pump *L5541 Tank *W516 Fill Tank
P1 Start” RUN® *AUTO_MODE" F1 Stop” BO low” B1 Valve”
' v % | |
WAZ055.6 ——
*TC511 Control ‘\-'5:{; Divert
COOLIre?ue'.l Tank B1 cool
1k through
radiator”
(I E—
TM2054.3 "
“FC535 Control
RUN

Figure 49 High level pump control
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9)Conclusions and recommendations

The project was a success as all the sensors had been tested and new HMI screens were created so
that future adjustment can be made easily. The research covered replacement sensors where the IFM
brand was used throughout, this was because all the systems can be connected to one master
controller and by standardising the instruments on site makes it easier for any operator or engineer

to work on the system as they would be familiar in operating them.

If this project were repeated it would be interesting to investigate different types of sensors to see
how they perform. Using a differential pressure flow sensor would work as this type of sensor works
well with low flow systems. Further investigation work could be done into fine tuning the system
because during the testing of the level sensor the mA only reaches 12.6mA which shows that the
sensor can read a higher level. To work out the maximum water level this sensor can measure this
equation was used where we first worked out the constant by using the readings we had and then

having y=20maA.

y=mx+c

126—6'S 23+C
. _16 X

C=3.26

20—65 + 3.26
—16x .

x=45.97cm

You can see this sensor is oversized and by having a level sensor closer to the range needed could

result in better accuracy and resolution.

During the assignment, the testing of the sensors was done in college but unfortunately the HMI
modifications had to be done remotely due to Covid-19. This problem was overcome by using Google
meets and using the Siemens VPN to download the modified HMI screens. It would be good to
investigate how to set up a VPN system which allows you to download PLC programmes from a remote
location as this could be useful when working on a site which has lost its PLC programme where the
programme needs to be reloaded. Simulating the HMI system worked well as the system could be
tested before downloading. This was especially useful during testing when the level instrument on the
CIM system (LO(LS542)) was faulty and if the system was not simulated before we might have thought

it was an issue with the uploaded programme.
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10)Team working

The calibration stage of the task the team was Dorian Thomas, Kieran Gower, and Joseph Baugh. There
were three main tasks to do during all four of the calibrations and they were measuring process values,
changing levels (temperature, flow, level and pressure) and recording results, the team rotated roles
so everyone had an equal part. The teams were split again for the HMI designing where the second
team was Dorian Thomas, Kieran Gower, Joshua Rees, and Oliver Morgan. During this part of the
assignment the Covid-19 situation had gotten worse, so the tasks were carried out using Google
Meets. The team met online and as Dorian had the fastest operating computer out of the group, he
was nominated to share his screen so that everyone could give their opinion on what could be included

on the new HMI .
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*  Network 1: Scaling analogue Input for Flow FT535 into percentage and actual litres per minute
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1910593

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

85/100

Instructor

PAGE 1
Text Comment. An excellent report with a few improvements that could be made.
Text Comment. Inaccurate word count since Turnit-in see 4323 and there are few words in the
appendix, word count has been exceeded.
PAGE 2
QM Good Structure
Report is structured exactly as stated in the assignment brief.
PAGE 3
PAGE 4
PAGE 5
PAGE 6
PAGE 7
PAGE 8
PAGE 9
QM Good formatting of paragraph through full justification and 1.5 line
spacing
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.

Text Comment. This type of text wrapping is distracting and not appropriate for an academic
report of this nature.

PAGE 10
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 11
PAGE 12
QM Correctly cited
Citation method conforms to Harvard standard, well done.
Text Comment. Itis not appropriate nor necessary to included blocks of text like this, extract
the information and cite your source instead.
QM Correctly cited
Citation method conforms to Harvard standard, well done.
PAGE 13

Text Comment. Itis unncessary to provide picture like this



PAGE 14

Text Comment. two columns are missing for non-linearity error

PAGE 15
Text Comment. incorrect scale, pressure should not exceed 5 bar
PAGE 16
PAGE 17
Text Comment. X-axis should have a scale of 0-100 degrees C
PAGE 18
PAGE 19
PAGE 20
PAGE 21
PAGE 22
QM Write in the third person
Don't refer to your self as |, me, my or others as you etc. Avoid personal references. If absolutely
necessary, refer to self as "the author".
QM Write in the third person
Don't refer to your self as |, me, my or others as you etc. Avoid personal references. If absolutely
necessary, refer to self as "the author".
PAGE 23
PAGE 24
Text Comment. Most of these images should be in the appendix
PAGE 25
PAGE 26

PAGE 27




PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

QM Correct method of listing.

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

QM Wide Range of Sources

You have shown good evidence of reading from a wide range of sources.
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PAGE 36

PAGE 37

PAGE 38

PAGE 39

GRADING FORM: NEW CSG-RUBRIC

EVAN
THOMAS
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1. ENGAGEMENT WITH LITERATURE

(




y‘ Exceptional engagement with an extensive range of
relevant and credible literature. High-level
referencing skills consistently applied. (17/20)

2. KNOWLEDGE AND UNDERSTANDING

17

[

y‘ Excellent knowledge and understanding of the basic
underlying concepts and principles of the subject
(16/20)

3. COGNITIVE AND INTELLECTUAL

16

[

y“ Exceptional evaluation of the underlying concepts
and principles based evidence. Outstanding
interpretation of qualitative and quantitative data.
Exceptional ability to devise arguments using
evidence and make wholly appropriate and valid
judgements (18/20)

4. PRACTICAL APPLICATION

18

[

y"’ Exceptional levels of application and deployment
skills in particular practical contexts. Outstanding
identification of problems in particular contexts and
formulation of wholly appropriate, thoughtful solutions
/ different approaches. (18/20)

5. TRANSFERABLE SKILLS

18

[

y‘ Work is coherent, very fluent and is presented
professionally. Can work effectively independently

16



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. However, text wrapping around
figures is distracting and many of them should be in
the appendix or not included and you must always
write in the third person. (16/20) Word count penalty
will be applied next time.
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