PSDES5011-Assignment-
EW_ Dyer

by Emyr Dyer

FILE

TIME SUBMITTED 11-MAR-2018 11:37PM (UT C+0000) WORD COUNT 2691
SUBMISSION ID 84480335 CHARACTER COUNT 19352



HND Electrical & Electronic Engineering

Control System
Analysis, Modelling,
Simulation and Practical
Testing

PSDE5011 — Control and Instrumentation

Emyr Dyer
Submission Date: 11/03/2018
Word Count: 2664




CONTENTS

I RESEANEIN: 000000000008 000000800000 050000001 3000500003000

1.1 What is a Transducer?......ccccceveeeeveeenen.

1.2 TYPES OF FIOW IMBLEIS ..ttt iiiie ittt ittt srsssiiss s s e as s sbsas b be e s bs s s b b e s sbe e sbs s b b ersassrbaacrnsesen
1.2.1 PAOAIE WHEEI ..ottt e s e s e e s st ee s s e sraaesnne e nnan
1.2.2 TATRN IV sssnisssnssssniisiosssssessssnisiossssssssssissnisnsssss sanisssnssosasissanssiiessosssssssissiiessosss os sianssssisssniasss

1.2.3 UItrasonic FIOW METET ......ooe e ettt e et en e eneeeennen

1.3 SIBNAl CGONARIONING s55rs0ss05e050150050080080885060560588 5555565555545 1458 145 048148 EETTEIEETHEHFH T EHEEHEEIERHIBREB1ETHT4TER
1.4  Application in the Bytronic Flow Control SYStEM .......coeieverienicics s cee e se s enee e

1.5 CaldWell IMIETNOT ... it e e b e sae e ae s e e

1.6 Ziegler-Nichols Method..........c.ccccveiee.

2 Flow Control System ........cccooeeevieeieeninieeen

2.1 Bytronic flow Control System Behaviour ANAIYSIS ......covueeeerrereesierieesiesienssieses e sseennesssssnseres

2.2 Simulink Model .....ccovieecieieceeeee e,

O L L B W W W N, R B R

2.3 Mathematical Analysis Of MOEL.....ccciiiiiiiiiiii i e

2.4 Adding the PID Controller........ccccouvvnnen.

25 Eineling, K K G K8 s 0550505 00000000 00855 ssssssassnssnsansansansasssrasiesnsinsinideid i ai sl sii s ssssaasassassass
2.6 The Zieglar-Nichels MEHRGEH s iiiiissisiissssisiiisssisssssiisssissisiessiiisisisiissiiisiissiiiioss siis sesish

3 Overall Conclusions and Recommendations ........c..oooi oo e

B Works Citedl.:ssisssmssssssssssnississssssssssssssissssnsas

6 I 2 e SOUNEES sisssssssssmmsmma0i00050005080800008555555555550 5558555555 58555 5535 F00000050080 5000065050 401004000005000035 080003 8385858555

Figures

Figure 1.1: Paddle Wheel Meter.........coocveiinenennns

[ I o T T e T e B o B
N, O W 0 N =

Figure 1.2: TUIDING FIOW IMETET ...oviiiiiei ittt s ea e eb et e et ae e aeease e

Figure 1.3: Ultrasonic Flow Meter ........cccocuvreeneen,

Figure 1.4: Caldwelll Reference GRADI iissisisisisiisississisississiosissssss sissississississt 1945665665615 5045 1480488858

Figure 2.1: Open-loop measurement..........c.ocoveeune

Figure 2.2: flowrate script ..o ieeciniesceenien e,

Figure 2.3: Simulated performance from actual data........ocooiioiee e

Figure 2.4: Attempted TF TUNING ..ccovvevvceeveen e,

Figure 2.5: Transfer Function Simulink Model ...t s

Figure 2.6: Simulink Transfer FUNCTION ..uv i is s s s s s sans s sss e sns s s ssassssaessnsanen

W 00 00~ O N B NN

FIEUPE 2.7: TranSPOIT DEIAY .. ccii it ittt sssssias s sbsserabssbsas s baasasessabssesbbessbbessabsaasbe e saessbbaesasesen




FIEUNe 2.8 ST PIMPUL ssssisississssissinnisssssssisiisioassssssssssssnssssssssssaissans ss4sssssaisiaii 105650300 s0iii 1055330 0633338433 588035
.10

Figure 2.9: Response Curve of Simulink Model .......

Figure 2.10:
Figure 2.11:
Figure 2.12:
Figure 2.13:
Figure 2.14:
Figure 2.15:
Figure 2.16:
Figure 2.17:
Figure 2.18:
Figure 2.19:
Figure 2.20:
Figure 2.21:
Figure 2.22:
Figure 2.23:
Figure 2.24:

RootLocus of Mransfer FUNGHION ::sxsussssississsissisisssssasssssisssisnsssisiisisssasisissssssaissisisaisass
COMPIETE MO si5isiisiisissississisrioiiiisississississsssssssanssssssisssssssissiesi 14030 090031631631 SR ISTIERRIFRIE
PID S ETRINES 551555550050 i00000085958 000 00010556998 5554336455 565036 5430604066000 1100100565000 1IRATE1P8350 40 SRTEHER088 055
13
.14

Lookup Table.....ccccviceer e,
P Mode TuUne iicisisiisiisississsssisississisisas

P IMIOOE SCOPE oottt ettt ettt e st e e et e e e e b be e e bt ean e e bbe s ebbeeabsesann e ans
=15

Pl Mode TUNE .cveveiniiin s

Pl IVIOE SCOPE 1ottt ittt st brerbbesbae e sbb s s ebbbeebs b e e bess b s s bbesesbe s saans s bbesebbesrbbarrnsansns

PID MOGE TUNE ettt sttt ae s e sraa e s ae s e s st aa e e e sae s san e e seeennaesanaerannanans
PID IV O & SEOD8 si:55:5553:55550:535 5500585550 555000 500 00506 005 aR R0 s0mERRRR IS0 50003 0400 b i a0 0003050 e smmnnssainnnns
OPIMISC CUIVE 155555505i50i50i00i00i00e 530650650505 55150 5505505080584 50 100 EIEHEHBHEIEHIEEEIIEIESIETIERIEHTIIEREIERIRE

.17

Optimised Curve Settled ....................

SEEIFININ :i555555055505550 00005500508 sa00008 500530051 50 45505083355555345135395 30450601 H 300140 A0EHIIRITEIILITHHBIBIERIREIBE A
Measured UL iiiiiiiiiiiisicisisisiaisisisisiin i Hg

RESDONSE CUTNB s ssisiiiiiiinssssssaiiiniisissssssis54s36458565058 5113060196650 1111008350000 1IRATEIRSS4REFRITHENFOEISE

10

11
12
12

14

15
16
16
17

18
18
19




1 RESEARCH

1.1 WHATIS ATRANSDUCER?

This device is used to change energy from one form, to an electrical signal. The types of energy that
can be converted from include Thermal, Mechanical, Chemical, Electromagnetic, Acoustic, and Light.
The conversion of measured energy to an electrical signal is proportional, which can be identified in
datasheets accompanying the component. Dynamic Range needs to be considered, which is the ratio
between the biggest and the smallest amplitude, that an energy signal can be measured, as an
excessively precise transducer that measures too high a signal can wasteful in terms of application
and cost. Noise is also a consideration where thermal characteristic of the medium under
measurement, can introduce interference in the transformed energy signal (John A. Allocca, 2011).

1.2 Types OF FLOW METERS

While there are many distinct types of flow transducer available, depending on the application be it
fluid or gas, as well as density of that fluid or gas. Considerations need to be made on how the Flow
Meter is connected to the controlling system, for example the transmission medium between the
sensor and a PLC, and distance between devices. Other considerations include how the devices are
calibrated, part lifespan and supply, as well as maintenance complexity.

1.2.1 Paddle Wheel

A mechanically simple solution, the paddle wheel can be used with an optical transducer to detect
breaks in the beam which forms pulses. With a greater fluid flow, the frequency of the pulses
correspondingly increases, thus giving a measurement of the fluid flow. An issue with a paddle wheel
is that it is not as reliable with gasses/vapours, which when flowing in a closed pipe may not affect
the paddle wheel as effectively as fluid. Paddle wheels may also lose accuracy from slow flow, which
would also have difficulty in turning the paddle wheel (Liptak, 1993).
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Figure 1.1: Paddle Wheel Meter

1.2.2  Turbine

Turbines are more effective with measuring gas/vapour as well as fluids. Unlike a paddle, the turbine
turns on an axis in-line with the flow. Turbines also suffer from loss of accuracy due to slow flow. As
is in most fluid pumping systems, there needs to be a filter in front of the turbine, to protect from




debris such as fragments from damaged parts or particulates left over from other processes. To
detect the turning of the turbine, a magnetic pickup is used which detects the passing of the turbine
blades, from which a frequency can be taken which ties to flow rate (Jones, 1995).
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Figure 1.2: Turbine Flow Meter

1.2.3  Ultrasonic Flow Meter

Made of a tube that has no physical impedance of fluid flow, the external surface of the tube has
disc shaped transducers that form ultrasonic waves via radial oscillation. The transducer discs also
pick up the waves, so that outgoing and incoming waves are detected. Flow Velocity is measured by
measuring the time difference (nanoseconds) taken by the waves to travel through the liquid, with
the thickness of the tube accounted for (Liptak, 2003).

Figure 1.3: Ultrasonic Flow Meter




1.3 SIGNAL CONDITIONING

Simply put, Signal Conditioning is the processing of an electrical signal, which offers clarity when
reading as an input to a control system. A few processes tend to be carried out, to modify the signal.
The signal may be amplified to take a Millivolt signal into a Volt signal which is easier to measure
using a controller. The Input and Output can have different means of transmitting the signal, to
eliminate interference, for example the output signal could be translated to a type that is not used
with the inputs. There can be compensation for any excitation to operate the device used for
measurement (Analog Devices, inc, 1980).

1.4 APPLICATION IN THE BYTRONIC FLOW CONTROL SYSTEM

In the case of the Flow Control System, a Paddle Wheel is used to measure the flow rate in the
closed pipe system. To process the transducer signals, a LM2917 Frequency to Voltage Converter is
used (Texas Instruments, 2016), which translates the mV frequency input signal from the transducer
to a 0-5V range, which at maximum value represents a flow of 2 Litres per Minute. The 0-5V signal is
taken into a PLC as feedback into the PID process, which then calculates the new corrected speed at
which the pump should operate.

1.5 CALDWELL METHOD
With a First Order system, the 63.2% point of the curve is identified which gives 1, which as part of
the total process is;

1
s+ 1

G(s) =

When working with a second order system, the method used is to interpret the system as a product
of two separate first order systems, which is shown with the following equation.

1

¢ = s DEs+ D

Using an existing Process Reaction Curve procured from running the system to be improved, t;and
7, can be found. From the PRC, the maximum 100% peaked value is identified and the position at
which the curve reaches 73%, this value is identified as £, which is calculated using

ty =132x% (T1 + 'fz)

T1+T3 Tz

By identifying the fractional response at , the graph shown in Figure 1.4 is used to find

2 T1+7;
which is then used to find T; (Caldwell, 1959).
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Figure 1.4: Caldwell Reference Graph

1.6 ZIEGLER-NICHOLS METHOD

Developed by John G. Ziegler and Nathaniel B. Nichols, the method identifies the values for a PID
controller. First step is to procure a Process Reaction Curve to identify the dead time before a
significant response is identified, the time taken to reach the maximum peak (Ay%), and the
Gradient. Using that data, a table is used to find PID.

Ac/RL
0.9A¢/RL K,/3.33L
1.2A¢/RL K, /2L 0.5K,L

This method if a fast means of determining PID values, however there is significant Overshoot in
reaching the Peak as well as a sharp climb (Levine, 1996).




2 FLow CONTROL SYSTEM

2.1 BYTRONIC FLOW CONTROL SYSTEM BEHAVIOUR ANALYSIS

On running the Bytronic Flow Control system when configured as open-loop, the characteristics
shown in Figure 2.1 were recorded using a PicoScope. The Dead Time measured as A was recorded
as 43.29ms. The performance shown in the curve of the Flow Control System is that of a system that
has already been tuned, however an attempt will be made to find a more optimal tuning using
MATLAB Simulation and the Caldwell Method. A data file called ‘Flow_Log_2.txt" which contained a
1 column array of values for the curve.
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Figure 2.1: Open-loop measurement

In MATLAB, the script shown in Figure 2.2 was coded to produce a curve.

hold off

$load data from file first into array

load flow log 2.txt;

flow_rate_= row_log_Q(:, )

plot (flow rate) ;5untweaked plot data from txt file
hold on

grid on

Figure 2.2: flowrate script

In running the script, the following curve was produced as shown in Figure 2.3. Using a pointer tool
within MATLAB, an attempt was made to identify the 73% point of the curve. As there were only so




many data points, an educated estimation was made of what the 73% point would read as, and the
value was judged to be 112.6.
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Figure 2.3: Simulated performance from actual data

Using the identified 73% identified value, it was then possible to identify the t,, of this curve and the
7, and 7, mathematically.

t
ty =1.32 % (Tl + Tz) ST + Ty = é
To find the Fractional response at time %
112.6

T3z = 85.3ms or 0.0853s

t, =112.6 = T, + 17, =

85.3
T, = 7 7, = 42.65ms or 0.04265s

error, you meant divide by 2
T1 T2 WHIOA 26647 E/0002889

don
With 7, and 1, calculated, the Transfer Funcﬁon for further simulation could be found as follows;

1 1

T.F.= =
7,752 + (14 +T2)s + 1 0.001819s2 + 0.0853s + 1

good

An attempt was made to produce a curve that would be improved over the readings of the Actual
System. Perceived improvement was negligible however.
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Figure 2.4: Attempted TF Tuning




2.2 SIMULINK MODEL

Using the Transfer Function identified in the previous analysis of the Flow Control System, the
following Plant was assembled in Simulink.

iy

1 !
| 000181957 +0.08535 + | /\/

,@

Figure 2.5: Transfer Function Simulink Model

The determined Transfer Function was added to the Model as shown in Figure 2.6.

B ———

0.0018195* 4 0.08535 + 1

—
Transfer Fcn

Transfer Fcn

Parameters

Block Parameters: Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

Numerator coefficients:

]

Denominator coefficients:

|[0.001819 0.0853 1]

Absolute tolerance:

| auto

State Name: (e.g., "position’)

oK | cancel Help

Apply

Figure 2.6: Simulink Transfer Function




The Fractional Response time found during the analysis was added into a Transport Delay to
effectively simulate the manifest delay in the actual Flow Control System.

1 | :
J_ 0.001819s* 4 0.08535 + 1 J\/I O

Transport
Delay

Block Parameters: Transport Delay X
Transport Delay

Apply specified delay to the input signal. Best accuracy is achieved when
the delay is larger than the simulation step size.

Parameters

Time delay:

[0083 g
Initial output:

o A
Initial buffer size:

1024 |

[ use fixed buffer size

[ Direct feedthrough of input during linearization
Pade order (for linearization):
lo

9 ok || cancel || Help | Apply

Figure 2.7: Transport Delay




A step time of up to 50 was added to the model to provide a finite value to reach.

Step

=] 1 :I
. *|  0.0018195+ 0.08535 + 1 I f\/

Step

Output a step.
Parameters
Step time:

Initial value:
o |
Final value:
50 I

Sample time:

[0 |:
[ Interpret vector parameters as 1-D

[ Enable zero-crossing detection

) e R

[*a] Block Parameters: Step X

E H

Figure 2.8: Step Input

Looking at the Process Curve shown in Figure 2.9 of the Transfer Function, the ty is identified as
129ms, which was determined by using 50 x 0.73 = 36.5 to find the point on the curve.
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Figure 2.9: Response Curve of Simulink Model

10




2.3  MATHEMATICAL ANALYSIS OF MODEL
Putting the Transfer Function into MATLAB and running a Root Locus resulted in the output in Figure
2.10.

[ & Figure 1 - o %

File FEdit View (nset Tools Deskrop Window Help L]

EEF IR - PRAEREED

Root Locus
You could have
shown the
Matlab code to
System: sys System; sys .

&= Gain: 0 Gain: 0 1 pdeUCG this

T Fale: 235 Pole: 234

g Dampig: 1 Damping: 1 graph

8 Overshoat (%) 0 Ovarshoot (%): 0

& Fraquancy {radis). 23.5 Frequency (rad's): 23.4

% = .-

b Syslem: sys

z Gain: 1.240-05

1 Pole: -23.4

& Damping: 1

E Qversheol (%): 0

Frequency (rad'sk 23.4

2352 235 2348 23.46 23.44 23.42 234 23.38 2336
Real Axis (seconds™)

Figure 2.10: Root Locus of Transfer Function

For the Transfer Function used in the Model, there are two poles at -23.365 and at -23.53. There are
two zeroes as ‘s’ heads towards infinity. As both poles are on the negative side of 0, it can be said
that the system is stable. To mathematically prove the simulation, the following calculations were
carried out.

G(s) = .
) = 0.001819s2 + 0.0853s + 1
K,
7 F—_ 000181952+ 0.0853s +1 _ K
i K 0.001819s2 + 0.0853s + 1+K,

1
0.001819s% + 0.0853s + 1
Ky

orT.F.= 0.001819s2 + 0.0853s + (K, + 1)

Then by setting the denominator (Gain) to 0, the roots of a quadratic equation are given.

~ —0.0853 +/0.08532 — 4 X 0.001819 X (K, + 1)
- 2 % 0.001819

sos =—23.365 or — 23.529

As can be seen the calculated values closely match the visually estimated values of the simulation.
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2.4 ADDING THE PID CONTROLLER
To refine the model further, feedback

is added with the help of PID.

1-D Tiu)

1

0.0018195% + 0.0853s + |

Figure 2.11: Complete Model

For reasons unknown to the Author, the Auto-tune feature of Simulink would not produce suitable
values for PID, instead suitable values were picked and then altered manually until a reasonable
curve could be observed. The settings in Figure 2.12 were the settled upon values for the Simulation.

E Block Parameters: PID Controller
PID Controller

Simulink Control Design).

Controller: |PID

Time domain:
O continuous-time

@ Discrete-time

¥ | Form: | Parallel

Discrete-time settings

Integrator method:
Filter method:

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the "Tune...' button (requires

Forward Euler
Forward Euler

X

~

-

-

Sample time (-1 for inherited): |0.001 i

Main  PID Advanced  Data Types  State Aftributes

Controller parameters

Source: internal ~| = Compensator formula

Proportional (P): [0.06997 il

Integral (1); [3.19518 il

Derivative (D): [0.00204 H perriip—N

[ use filtered derivative =S LENG z i]

Filter coefficient (N):  [2.32257 I

Select Tuning Method: | Transfer Function Based (PID Tuner App) ~ Tune... |

Initial conditions

Source: internal =

Integrator: ’D ‘_

Fiter: [0 E
External reset: 'none
(I:l Ianore reset when linearizina .
Q | cancel Help Apply

Figure 2.12: PID settings
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Suitable values for the Lookup Table were added to better simulate the performance of the pump,
so at the breakpoint of 1, the simulated value is 0.25.

Ei Block Parameters: 1-D Lookup Table

Lookup Table (n-D)

Perform n-dimensional interpolated table lookup including index searches. The table is a sampled representation of
a function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension

correspends to the top (or left) input port.

Table and Breakpoints ~ Algorithm  Data Types

i |

Number of table dimensions: 1

Data specification: Table and breakpoints -
Table data: [0,0.25,15,26,35,47,61,72,82,97,99.9,100]
Breakpoints specification: Explicit values v
Breakpoints 1! 1[0,1,10,20,30,40,50,50,70,80,90,100]

Edit table and breakpoints...

Q9 Cancel || Help Apply

Figure 2.13: Lookup Table
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The Model was set to P mode and autotuned (Figure 2.14).

b PID Tunes (741D Controller] - Step Flot: Reference tiacking

§ 1 | Step Plot Refwrence racking X |
E Step Plot: Reference tracking
1 T T T
| Tunes response
08 = = =Biock resporse | |
08 '
o7
06
o
2
gos
04
03
02
o1
- 1 | | L
o 02 0.4 08 0.8
Tirrwe (seconds)
P o block and black Controller Parameters: P = 8381

Figure 2.14: P Mode Tune

The scope showed oscillations (Figure 2.15).

4] Scape
File Toels \iew Simwlstion Help

- e0r® - &L Fa-

Figure 2.15: P Mode Scope
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The Model was updated to PI Mode (Figure 2.16).

h PID Tumes (F/PID Controller] - Step Plot: Reference tracking

H
g Step Plot: Reference tracking
| 12 T T
| ——— Tuned response
= = =Elock response
1
08
o
=1
]
-§ns
<
0.4
o2r
o - . - -
o 01 02 03 0.4 05 06
Tirrwe (seconds)

07

Contreller Parameners P = 3858, 1 = 3814

1) PID gains applied to block and block response updsted

Figure 2.16: Pl Mode Tune

The Scope reading showed no improvement through auto tuning (Figure 2.17).
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Figure 2.17: Pl Mode Scope
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The Model was then set to PID mode and autotuned (Figure 2.18).

b PID Tuner (PID/PID Controlier) - Step Plot: Reference tracking

PO TUNER

g
&
g Step Plot: Reference tracking

12 T
—— Tuned response
= = = Block rosporse

Amglitude

I‘.F 0. .I‘F

Tirrwe (seconds)

0 0.15
1 PID gains applied to black and block response updated Controlier Parameters P = 5457, 1 = $0.11, D = G137, N= 91T

Figure 2.18: PID Mode Tune

On this scope it is easier to observe an overshooting and then ‘settling’ of the oscillations, showing

an issue with the tuning capability of this Model.
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Figure 2.19: PID Mode Scope
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Using the manual tunings in Figure 2.12, the Model was run again to produce the following output
shown in Figure 2.20 and Figure 2.21. Using the same Calculation from before to find the 73% point,
it could be seen that the time taken to reach this point is less than that taken by the actual Flow

Control System as the simulated time is 291.6ms.

] Scope - (=] *
File Tooks \View Simulstion Help M
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E| 'El @[5 ¥ Cursor Measurements ax
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[ :
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[
[
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t
1
1
Sorpk bosed | T=2.000

Figure 2.20: Optimised Curve

Unlike the actual System, there is an overshoot before settling at about 1s. Ideally there should be

overshooting at all as the system should be critically damped.
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Figure 2,.21: Optimised Curve Settled
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2.5 FINDING KP, KI, AND KD

Using the ideal selected values from before of P=0.06997, 1=3.19518, and D=0.00204, the HMI for
the Bytronic Flow Control System was set to rounded values, and the Flow Process was started.

Figure 2.22: Set HMI

Various adjustments were attempted, but the initial values from the simulation offered the best
result. The issue with the result is that the Dead Time is greater in Figure 2.23 than Figure 2.1.
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Figure 2.23: Measured Output
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2.6 THE ZIEGLER-NICHOLS METHOD

Following on by using the previous output, the Ziegler-Nichols method would be attempted to see if
it was possible to duplicate the Simulation results. By adding (dotted) lines to the curve, it was
possible to identify the characteristics of the curve which could be used to determining values for
PID control. The issue with the values identified, is that they were not like the Caldwell values
identified through the previous processes.
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Figure 2.24: Response Curve

A, =18V, T = 0.0875s,L = 0.0375,A, = 100%, R = 1.1429 x 10%

P K, = = =0.042
P 7 (1,1429 x 103) x 0.0375
Pl K, =09 x = =0.038
P77 (11429 % 10%) x 0.0375
0.038
=0.304

1= 333 %0.0375
PID 1.8

K,=12x =0.05
4 (1.1429 x 103) x 0.0375
005 0667
7 2%x00375

K4 = 0.5 % 0.05 x 0.0375 = 0.0009

You should have inputted

these tuned values into the

system and measured the 19
response for comparison




3 OVERALL CONCLUSIONS AND RECOMMENDATIONS

What has been gleaned from the process of analysing an existing process and attempting to improve
on performance using simulation tools is that the Caldwell method is vastly superior to the Zeigler
Nichols method.

The nature of the Zeigler Nichols' method which uses a table of rules to determine the set points for
PID, may be useful for a quick configuration, however the performance less than satisfactory in
comparison to the Caldwell method, because in the simulation of the Caldwell produced Transfer
Function and PID control, there was no significant oscillation bar the small overshoot. It should be

Not correct, you
have used the

stated that the Zeigler Nichols method was carried out on the performance curve produced by actu?/ process
Simulated PID applied to Actual System, leading to a compounded inaccuracy. reaction cyrve
to tune with

MATLAB and Simulink functioned very well, bar the complication with the autotuned function, whick/egler-Nichols
at this point the author considers that there may have been an issue with the Lookup table and its
dataset used to simulate the characteristics of the pump.

The narrow change in variation of the poles, and stability indicated by the root locus simulation in
MATLAB along with the mathematical calculation to verify was good.

When it came to transfer the Simulated PID values to the Bytronic Flow Control System, the
performance was in the author’s determination, inferior to the original PID settings, which again
may be the result of a faulty Lookup Table in the Simulation offering a different scaling factor which
did not truly represent the pump in the system.
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6 IMAGE SOURCES

Figure 1.1: Paddle Wheel Meter http://www.newport.ca/images/products/h28p2.gif

Figure 1.2: Turbine Flow Meter Modified from
https://www.omega.co.uk/techref/images/fi5.gif

Figure 1.3: Ultrasonic Flow Meter http://www.alicat.com/wpinstall /wp-
content/uploads/2012/05/time-of-flight-flow-
meter.gif
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