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1. Executive Summary

The objective of this assignment was to observe and understand the principle of control
engineering and the various method available to control engineers. To this end research was
carried out into a varied and credible range of sources to ascertain the multitude of control
strategies designed over the years. The research yielded valuable information on how to
specifically tune control loops in relation to the control loops on the process rig the
experimental procedure was undertaken on. In particular the research highlighted the
characteristics of the Ziegler-Nichols methodology and its effect on control loops in terms of
response time and oscillation. Further analysis was undertaken on the actual process rig the
experiment was conducted on, specifically looking at the loops present and the equipment
used, this gamered a greater understanding of the system that was to be looked at.

After the research component and rig investigation which yielded a competent understating
of the rig, the experimental procedure was undertaken on the rig. The first element of the
practical analysis was done as a group. This involved obtaining response curves for the flow,
level, and temperature control loops by running them live and obtaining real time values.
From these results the transfer function of each system could be found. Using this function
and the simulation software MATLAB the rig control loops were analysed in response to
tuning.

The final aspect of the report was the conclusion and team working evaluation section. This
section dealt with how well the assignment went in relation to the brief, what was learnt and
what could be improved to further understand the system. Further evaluation on the
effectiveness of the team was also conducted, overall the assignment was deemed a
success and a general comprehension of control loop principles was learnt and practically
applied.




2. System Investigation

In 1942 J. G. Ziegler and N. B. Nichols published the first two PID controller tuning methods.

Since this first iteration over 100 additional methodologies have been developed for self-

regulating control systems since this first iteration. The design has been adapted for systems

that involve flow, temperature, and pressure control loops however far integrating process

types such as level, less than ten types of tunings have been designed and implemented.

Furthermore, roughly 25% of industrial PID control loops are involved in the monitoring of
liquid in some state. To understand PID control methods it is critical to first understand the

need and application of them.

R(s) +

C(s)
» =

Fig.1 — First Order System - (TutorialsPoint, 2020)

For example, from Fig.1 a first order system can be seen, this for example would be a level

or temperature loop. Where the temperature or water in requires constant monitoring to

maintain a certain predetermined level, meaning such as system is an integrator. The

transfer function for such as system can be seen below.

This is not the same as the one above as that is simply

an integrator

K
s +1




R(s) + ©,2 C(s)
s(s + 26w,,) »

Fig.2 — First Order System - (TutorialsPoint, 2020)

A second order system would be a flow system for example, the probe or sensor would
provide constant feedback to the controller to command the pump to increase in speed for
example. This is a second order system; the transfer function is given as. (TutorialsPoint,

2020)

No the same, the ne above
has an ungab/e open loop
F Kwn

S% 4+ 25w, s + w2

Being a second order system some form of PID control is required, within a proportional
Integral control algorithm there is a set-point value (SP) that the process variable (PV) value
is compared against, acting accordingly the controller will adjust the processes on the rig to
increase or decrease an active component be it a heater or pump, the most common way to
set up and tune these systems is the Ziegler-Nichols method. (Control solutions Minnesota,
2020)

In the Ziegler-Nichols tuning method control loop stability is sacrificed for incredibly quick
response behaviour. However it is possible to retain a speedy response rate in relation to
setpoint variation by altering the method and improves overall loop stability, generally in
control engineering stability and accuracy is generally a greater factor of concern than
speed. (PAYNE, 2014)




Level Control Loop Investigation

As aforementioned most industrial control loops monitor and control liquid levels. In this
section a modified Ziegler-Nichols tuning method used for level applications will be

examined.

Tuning a level control system can be quite difficult as they are extremely prone to oscillation
and can actually cause oscillation within other process adjacent to themselves. Furthermore,
if a level control loop is connected to a flow controller and the output cascades, the level
system must be carefully tuned first. Being an integrating process if what is going into the
system is not proportional to the process coming out the set point can be easily overshot,

meaning tuning a level system is different from other process variables.

Don't instruct your reader how to do it. This read like an instruction
mah@Zpbtain a dynamic response for a level loop one must do the following.

In a manual setting, once the level is at a steady constant state with no change, alter the
step input by a small increment, ideally an integer figure of about 5 - 10%. Then wait for a
settled value and alter the input so the level operates in reverse to the previous input. Once
settled the two slopes can be compared as seen in Fig.3 to obtain the dead time value, (td)
the time between the controller output can be calculated. All measurement should be in the

same time base, i.e. m/s etc.

80 +

54 pw2
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Controller OQutput  =——=Process Variable

Fig.3 — Level Controller Output and Process Variable Graph - (PAYNE, 2014)




Once dead time is obtained, again using the slopes as seen in Fig.3 use the equation, by

selecting one point on each slope.

DS = (PV4 - PV3)/T2 - (PV2 - PV1)/T1

To convert the PV to a ranged value of 0 — 100% convert the DS value by.
DS% = 100 x DS / (PV range max - PV range min)

To calculate ri which is the process integration rate, divide the ranged value of the controller

output as follows.

ri = DS% / dCO

Using this information tuning can begin. To tune a system for fast response, then this altered
Ziegler-Nichols (Z/N) method can be used. The original Z/N method for tuning a level
controller causes very expatriated loop responses in relation to change, in the following
equations SM will denote the tuning factor, it is recommended to start with a value greater
than 2, and then increase this factor to slow down the loop response. Assuming that the
controllers integral setting is in units of time the following equation can be used to tune the

response.

To calculate tuning constants for a PI controller:
Kc =09 /(SMxrixtd)
Ti = 333x5Mxtd
Td =0

And for a PID controller:
Kc=12/(SMxrixtd)
Ti = 2x5SMxtd
Td = td /2

This method is not applicable for all systems, in some surge tanks a slow response time is
desirable, however this method is useful for many engineers in the level control sector when

it comes to liquid level control. (Smuts, 2011)




Temperature Control Loop Investigation

Another common industrial control loop is the temperature system, temperature can be a
difficult variable to measure for a few reasons, measuring the time constant may be difficult
given on the intensity of the heat and the probes available. Perhaps an equipment supplier
may give stated tuning values in a datasheet when it comes to standard industrial heating
equipment like ovens. However sometimes the engineer may only have the option to do the
tuning through a trial-and-error closed loop system. In this section two options available to

the engineer will be explored when it comes to tuning something akin to an oven.

CDHW Method for Temperature Control

In the CHDW method the set point value of Ts to a standard approximation of what is
generally required of such as system, say a datasheet value, then turn the derivative and
integral actions of by setting their levels top nought. The maximum power M should be set to
a safe value and then the proportional gain increased and stopped just as oscillation occurs.

Take not of the oscillation period and make a 30% reduction in the gain.

The Ts value if increased or decreased by 5% should cause the system to produce
underdamped oscillation. To find a critically damped response change the derivative level
until satisfied. It is worth noting that if the controller is calibrated the derivative will be

approximately one third of the oscillation period.

Now when it comes to setting the integral, increase ethe value until oscillation becomes

present then reduce the integral by a factor of 3 to 2. This should eliminate oscillation.

Ensuring that the performance of the machine is within an acceptable state for its
environment, this is the totality of this method. This method assumes that the stability and
noise must be introduced to ensure response time is accurate, depending on the oven or
system this may or may not be a good thing. Finally, it should be noted that setting the max
power can cause very large temperature oscillations so a consideration of the environment,

industry and the equipment must be undertaken.




John Shaw's (Ziegler-Nichols Based) Method for Temperature Control

As in the CHDW method, set off the integral and derivative components and adjust Ts to a
typical value for this type of system. Again set the max power to a safe value and reduce the

proportional gain to the minimum value.

Now increase the gain of the system until it causes Ts to produce self-sustaining oscillation
by about 5%. This gain will now be the ultimate gain Gu, also take not of the period of

oscillation, this will give us the value of Tu, the ultimate period.

Now the control parameters should be set to.

P —Control: P=050=Gu, [ =0, D = 0.
Pl — Control: P =045+ Gu, | =1.2/tu, D = 0.
PID — Control: P = 0.60 * Gu, | = 2/tu, D = tu/8.

Ensure that the performance of the system is adequate for the environment it will perform in.
This methodology is an adaptation of the Ziegler-Nichols closed loop method designed for
the traditional series or interacting controller designs. This system will be moderately
underdamped but will otherwise perform fine, to reduce the response the P value can be
reduced. Similar to the CDHW specification the second stage will generate temperature
oscillations that are quite aggressive and depending on the environment may be dangerous.
(University of Exeter , 2020)

Flow Control Loop Investigation

Typically a PCL program can be written to carry out a PID control loop, as will be
demonstrated in this assignment when the practical task on the process rig is undertaken.
However there are some technologies that provide engineers with PID control functions,
such as the Birkert Type 8793 digital process controller. A viable option for an engineer

designing a closed loop flow system.
The controller offers position control, cascade control, and the ability to calculate the position

set-point value of the valve from the process set-point value and the actual process value via

the control parameters.

10




The process controller is equipped with diagnostic functions to monitor the operating
conditions of the decentralised valve, enabling you to programme your planned maintenance
and optimise your plant availability. The pilot valve system can be used for single and double
acting actuators. While the Type 8793 also benefits from a defined safety feature in case of
failure of the electrical or pneumatic power, as well as an impressive air capacity range with
pressure supply up to 7 bar. (Burkert, 2020)

2
Fig.4 — Biirkert Type 8793 digital process controller - (Burkert, 2020)

As mentioned earlier flow systems can be tricky to manage, with the Burkert controller the
engineer may decide to go with several different flow control methods by either choosing an
active or passive method of controlling flow. Generally active methods consume mor power,
such as blowing air through the system reducing drag and increasing flow rate. Another
active method would be spanwise oscillations applied to pipe walls. Equipped with the
controller, any number of feedback options can be selected and interfaced with the
controller, giving the control engineer a lot of flexibility of the flow control. (Warwick School of
Engineering, 2020)

11




Process Station Control Loops

See Appendix — A — Process Control Station for Reference

The process rig has several PID loops implemented to control, flow, temperature, and level,
this will be investigated before the experiment is conducted.

From the diagram it can be observed that water circulates the system via the multitude of
solenoid valves present. Valve V515 routes water through the radiator, and valve V516
bypasses the radiator and fan. FT535 provides the control algorithm with the process
variable for FC535. In turn the speed of the pump amplifier LY541 will slow or increase in
speed util the set point of FT535 is reached. Alternatively water can be recirculated by

closing both V515 and V516 and the water will recirculate without entering the rig.

Another loop controls the temperature of the water, the temperature sensor TT511 provide
the process variable for the TC511 controller. The controller interfaces with a solid-state
relay, this uses pulse width modulation to vary the heating element, this only happens if the
wate level is sufficiently high enough as monitored by LS542. To cool the water the TC511
controller can open V515 and close V516 routing water to the radiator. LT541 provides the
process variable for the level controller LC541 and controls the pump amplifier LT541 to alter
the water level of the tank and using V500 to drain of excess from B1 to BO. It is worth noting
that the BO possesses and level switch interlock, labelled LS541 to stop the pump from

running dry.

Now that the establishing principles of PID control loops and methodologies and an

understanding of the process rig the experimental procedure can now be undertaken.

12




3. Flow Control System

Running the CIM system in the laboratory yielded a set of results that were recorded as a
group. To analysis the flow loop, the system was run at full duty cycle while the valve for the
drain was open, recording the data a spreadsheet was created in excel. Using the simulation
software MATLAB a response curve was produced using the data which can be seen in

Fig.5 to Fig.7.

Most of thee graphs belong in the

Flow_Matlab_Model m append’x o Flow_Process_Reaction_Curve_a csv Figure 1
1= clf - @
2 Xload data from file first into array 100 . . .
3= load Flow_Process_Reaction_Curve_a.csv; i ——
sample_time = Flow_Process_Reaction_Curve_a(:,1); Xcolumn 1 ao b __..---"’__-- X 3263 q
5 flow_rate = Flow_Process_Reaction_Curve_a(:,2); Fcolumn 2 ,/". 7L
6 plot(flow_rate);&blue line 80 b < = 1
7 hold on; //
8 grid on; 7or ra
9 %check time column to get sample time and data length sol /
10 %t=(8:0.881:3.399); /
11 %numl=[25.1]; sob /
12 Kdenl=[1 13.7 25.1];
13 %model_1 = step(96.79%numl,denl,t); aof /
14 %plot(model_1);%red line /
15 %adjust to make improvements ior ,"l
16 Toum2=[25.6]; /
17 Kden2«[1 15 25.6]; o |
18 %model_2 = step(96.79%*num2,den2,t);%yellow line {
19 %plot(model_2); 1oF ,f
28 o s . L . L L
il 1] 500 1000 1500 2000 2500 3000 3500
2 -
COMMAND WINDOW
Fig.5 — Flow Process Reaction Curve - Peak Value
Flow_Matlab_Model.m o Flow_Process_Reaction_Curve_a csv Figure 1
1 - clf - 9
2 %load data from file first into array 100
3 - load Flow_Process_Reaction_Curve_a.csv; ) I
4 sample_time = Flow_Process_Reaction_Curve_a(:,1); %column 1 o0 b —
flow_rate = Flow_Process_Reaction_Curve_a(:,2); %column 2
plot (flow_rate);Xblue line 80 b X121
held on; ¥ 70.6833
8 grid on; mor Y
9 %check time column to get sample time and data length sl /
1@ Et=(0:0.001:3,390);
11 Anuml=[25.1]; 50 b /
12 %denl=[1 13.7 25.1];
13 #model_1 = step(06.70%num1,denl, t); wof
14 %plot(model_1);%red line /
15 %adjust to make improvements b
16 Hnum2-[25.6]; /
17 %den2-[1 15 25.6]; 0
18 Zmodel_2 = step(06.70%num2,den2,t);Zyellow line /
19 %plot{model_2); or
» ol L ! ! ! !
1 0 500 1000 1500 2000 2500 3000 3500
n -

COMMAND WINDOW
New to MATLAB? See resources for Getting Started

»» Flow_Matlab_Model
»

Fig.6 — Flow Process Reaction Curve Cont’ — ty Value
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COMMAND WINDOW

>

Flow_Matiab_Modelm x + -} Flow_Process Reaction_Curve_acev % | Figure1 x +
clf - @
¥load data from file firct into array 00 £ 400Q ¢
load Flow_Process_Reaction_Curve_a.csv;
sample_time = Flow_Procecs_Reaction_Curve_a(:,1); Xcolumn 1 ao 4
flow_rate = Flow _Process_Reaction_Curve_a(:,2); Xeolumn 2
plot(flow_rate);2blue line 80 r
hold on;
grid on; Tor a
%check time column to get sample time and data lemgth 0 ]
%t-(0:0.001:3.399);
Fnuml=[25.1]; 50 1
%den1=[1 13.7 25.1];
model_1 = step(96.79%numl,dent,t); 40 Kare 1
%plot(model_1);%red 1line ¥ 31.051
%adjust to make improvements 30— 1
Hnum2=[25.6];
%den2=[1 15 25.6]; 20 :
%¥model_2 = step(96.79%num2,den2,t);%yellow line
%plot (model_2); L 1
[}
[} 500 1000 1500 2000 2500 3000 3500
New 1o MATLAB? See resources for Getting Started
»> Flow_Matlab_model
- H ,r
Fig.7 — Flow Process Reaction Curve Cont” — tx Value
Caldwell Reference Graph
This belongs in
0.40 r f fF
IREREN RN INEENERYE : | L]
NN NN ] l 11 1| 1 |
11 1 | :
Htt 1 1T
038 t ! e
-
I I g 71
1 +1
4 ! et |
[
036 I I
% T ! i |
| na |
o * s ; ! re
3 034 - A . -
- 4
o« i | 1 |
b 5 ] 11 ] 1
“ 1 IR BN SR
g 0.32 . :
2 T
11 | | l4
8 o030 -
w B | |
IEENEERNEE 1
028 . + t
H 11 1 | o . e
I L1 [ ; |
026 _ - -
l - i R BN B O T
+ ==
1] B |
024 I LLELL] | I |
05 0.6 0.7 08 09 10
Tf(ti1+712)

Fig.8 — Caldwell Reference Graph
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These calculations belong in the appendix.
To create a mathematical model for the system, using the values form the response curve

the following equations can be employed.

From peak : 73% of 96.8363 = 70.69
At 70.69,X =721 =ty
.14+ 12=0721/132 =0.5462
tx=(1.14+71.2)/2=0.5462/20.2731
X =31.051/96.7985 = 0.321

Using the Caldwell reference graph in Fig.8, plotting X — 0.321 on the y axis until it intersects

with the curve gives us the following value.

t2/(t.1+4712)=0.835
Therefore,7_2 = 0.835 x 0.5462 = 0.4561
and,t_1 = 0.5462 — 0.4561 = 0.0901

The standard transform function is as follows.

1
N Lip
H(s) = e 1
s+ S+—
L1t titp
Substituting the values.
! = ! = 24.33
t,t, 0.09 x 0.456
t;+t, 009+ 0456
= =13.6

tit;  0.09 x 0.456

Substituted values into transfer function

24.33
1+ 13.2s + 24.33

what happened to the s"2 ?

H(s) =

15




From Fig.9 it can be seen that the calculations were integrate into the code to construct a
process reaction curve of the system. Fig.10 show the resultant reaction curve, this is
extremely accurate, however a small amount of offset is present which can be mitigated by

tuning the system.

Flow_Matlab_Model m

6 plot(flow_rate);%blue line

7 - hold on;

8 grid on;

9 %check time column to get sample time and data length
18 £=(0:0.001:3.399);

1 s = tf('s")

12 systeml = 96.7985%24.33/(s"2 + 13.29%c + 24.33)
13 pole(systeml);

14 zero(systeml);

15 model_1 = step(systeml,t);

16 plot(model_1);%red line

17 %adjust to make improvements

18 Hnum2=[25.6];

19 %den2=[1 15 25.6];

8 ¥model_2 = step(96.79%num2,den2,t);%yellow line
1 #%plot(model_2);

New to MATLAB? See resources for Getting Started

systeml = 96.7985%24.33/(s*2 + 13.29%s + 24.33)

>> Flow_Matlab_Model

Continuous-time transfer function.

systeml =

s"2 + 13.29 s + 24.33

Continuous-time transfer function.

Fig.9 — MATLAB Code

16




100 T T r

80 7

60

40

20

0 1000 2000 3000 4000

Fig.10 — Process Reaction Curve with Offset

Fig.11 shows the adjustment code used to tune the system, with reference to the general
solution, adjusting the numerating value will alter the reaction time, effectively shifting the
line-up. Adjusting the 40 value will alter the time it takes for the curve to reach a steady
state.

Fig.12 show the tuned circuit in relation to the others, the blue curve being our original
response. Red being the simulated/calculated approximation and yellow being the final

tuned curve, which has a noticeably shorter delay than the blue.
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clf
%load data from file first into array
load Flow_Process_Reaction_Curve_a.csv;

sample_time = Flow_Process_Reaction_Curve_a(:,1); %column 1
flow_rate = Flow_Process_Reaction_Curve_a(:,2); %column 2
plot (flow_rate);%blue line

hold on;

grid on;

%check time column to get sample time and data length
t=(0:0.001:3.399);

s=tf('s");

systeml = 96.7985%24.33/(s"2 + 13.29%s + 24.33)
pole(systeml)

model_1 = step(systeml,t);

plot(model_1);%red line

%adjust to make improvements

system2= 39.75/(s"2 + 22.5%s + 4@);
pole(system2);

model_2 = step(96.79*system2,t);%yellow line
plot(model_2);

Fig.11 — Tuning Process Reaction

100 v T v : - :
i::;:::::1?:=::f==_-A—_"_*1

90| /¢/': ;
80 1
70t 1
60 i 1
50 §
40 1
30F 1
20 F 1
10+ system2= 39.75/(s"2 + 22.5%s + 40); 1

0 1 ! L L " L

0 500 1000 1500 2000 2500 3000 3500

Fig.12 — Tuned Process Reaction
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Relating to what is understood form our research and the Ziegler-Nichols methodology of
tuning in that so much as that control loop stability is sacrificed for incredibly quick response
behaviour, this behaviour can be observed using simulation software using the MATLAB PID
tuner plugin. From Fig.13 the tuner can observed, using starting value of Kp, Ki and Kd,
these will be changed to observe the effect an the system, overshoot is set to 6.3% with a
rise time of 0.478s and a settling time of 1.65s. Altering certain factors we can observe the

phenomena discussed within the research.

where is your Simulink model?
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Plot:  Step > Response: | Reference tracking - Show baseline

% 0?1 ofz o!a 0?4 o_ls ol.s 0.7 ol.s ol.g 1
Time (seconds)
—Controller Parameters
Tuned
Kp 8.5466
Ki 34.0633
Kd 0.39445
Tf
— Performance and Robustness
Tuned
Rise time 0.119 seconds -
Settling time 0.64 seconds
Overshoot 7172 %
Peak 1.08 v

Fig.14 — Tuned Process Reaction

Fig.14 demonstrates that a greater overshoot is a resultant of a faster response time and
settling time.
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Tuned
Kp 0.88004
Ki 27078
Kd 0.051692
Tf
Performance and Robustness
Tuned
Rise time 0.807 seconds
Settling time 2.35 seconds
Overshoot 455 %
Peak 1.05

Fig.15 — Tuned Process Reaction

Fig.15 demonstrates that reducing the overshoot means that a slower reaction curve is
produced. This is congruent with what the research element revealed, that the faster the

system the more instability is introduced as seen through the Ziegler-Nichols methodology.

where are your practical results with the HMI screen and table of

comparison?
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4. Level Control System

To obtain values for the level experiment, the following process reaction curves were
captures in Fig.15 and Fig.16. Using the data from these gradients the transfer function can
be calculated.

Fig.16 — Level Gradient Cont’
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Y, = 1911

Y, = 19.526
X, =215
X, =44

To obtain the mathematical function, the values are subbed.

AX =X, — X, =215—44 =171
AY = Y, — Y, = 19.526 — 1.911 = 17.615
_AY 17615
TAX 171

H(s) = Umo.logollmt} =
0

M = 01030117

0.1030117
s

The following Simulink model was created of the flow/level loops with a PD controller within
MATLAB. Using the autotune feature of Simulink a selection of starting values for KP and

KD are provided and seen in Fig.18.

24.8 N

&+ 1415+ 24.8

0.103
K]

Fig.17 — Level Simulink Model
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’ ant Form: Parallel E TUNING TOOLS RESULTS
QQinspect (@ Options &4} Add Plot ~
- - -
PLANT CONTROLLER DESIGN - |
) Step Plot: Reference tracking
é — Contrcller Parameters
@ Tuned Block
H = Step Plot: Reference trac.ldngl . o 120501 22 0684
| nia In/a
D 10197 [7.a197
1 L] 536.8629 3368629
0.8
« Performance and Robustness
8 osf Tuned Elock
é Rise time 0.231 seconds 0.231 seconds
E Settling time [1.27 seconds 1.27 seconds
04 Cvershact T % rare
Peak 1.07 1.07
02 Gain margin (936 dB @11 Arods  |9.36dB@ 11 4red's
: Phase margin 507 deg @ 471 rec/s |50.7 deg @ 471 rad/s
L [Closed-locp stability  Stable [Stable
o
0.2 . :
05 1 15 2 25 3 35
Time (seconds)

14 PID gains applicd to block and bleck response updated

Fig.18 — Level Tuned Response

Controller Parameters: P = 32.97, 0 = 7.92, N = 536.9

4 Scopel

File Tools View Simulation Help

- COPE - A-E-FH-

150 250 300 350

Ready

400 450 = 500

Sample based T=500.000

Fig.19 — Level Control Response
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Kp Kd
Autotune Values 32.97 7.9
Manual Tuning 1 38 3.8
Manual Tuning 2 76 3.8
Manual Tuning 3 140 20

Fig.19 shows the simulation of the level response with the desired set point of 10cm?
volume. The tuning results can now be applied to the actual rig. The results of which can be
seen below in Fig.20 and Fig.21.

Fig.20 — Level Control Tuning
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Fig.21 — Level Control Tuning Cont

The simulation provided a useful starting point for the tuning of the system. Then adjusting
the values of KP and KD a desired response was obtained.
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5. Temperature Control System

Fig.22 shows the response curved obtained from the CIM system HMI. The gradient values
are recorded for use in the mathematical model.

Fig.22 — Temperature Response Curve

Fig.23 — Temperature Response Curve Cont
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Y, = 43.549

Y, = 18.265
X, =157
X, =788

To obtain the mathematical function, the values are subbed.

AX =X, — X, =788 — 157 = 631
AY = Y, — Y, = 43.549 — 18.265 = 25.284
AY  25.284
m=—=
AX 631

H(s) = { f 0.04006973dt} =
0

= 0.04006973

0.04006973
s

The following Simulink model was created of the temperature loop with a PD controller within

MATLAB. Using the autotune feature of Simulink a selection of starting values for KP and

KD are provided and seen in Fig.24. A disturbance value of 16 has been introduced to help

simulate the eftect of the environment on the system.

TF—o—}-0—] % —9

Fig.24 — Temperature Simulink Model
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Once again, the autotune feature was run and the following response was seen in Fig.25.

&
FID TUER Hde W SeizDe
Plarnt: TP PDF  Demmmr « v » — a8
) - Saszcmse Torw (aac: . iz = "
Plant™  Form: Parallel (Time  ~ = el !
= ops Fest  Shew  Up
S nspect | @ 5 ke e Tranet Satever Rt " Deign Parameters
PUNT  cOMTROUSR | DESIGH TUNNG ToOLS
§ | Step Plot: Reference tracking
S Step Plot: Reference tracking Tuned Block
T = P 25 15
Tuned responas na nia
= = = Block response D 0 0
IO 3 I3
Performance and Rceus
B Bleck
] .23
3 22 seconds
E— 5} 5
Inf Bl @ Nal radfs e d8 @ Halvadkis
90 deg @ 1 rad's 90 dog @ 1 rads
Stable Stable
Time (seconds)
4 P a Controber Parameters: P » 25,0 s §, N s 100

Fig.25 — Temperature Tuned Results

The scope simulation was run with the desired set point of 50c as seen in Fig.26. Once
again it can be demonstrating that using a starting set of KP and KD values and tuning from
there is a valid method, and that simulation software is a viable method of control loop
tuning. The resultant tuning on the temperature Rig can be seen in Fig.26, 27 and 28. The

tabulated KP values can be seen below.

Kp
Experiment 1 13.34
Experiment 2 35
Experiment 3 50

19




45 .

30 /
25

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Ready Sample based |T=2000.000

Fig.26 — Temperature Control Response

Fig.27 — Temperature Control Tuned Response
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Fig.28 — Temperature Control Tuned Response Cont’

Fig.29 — Temperature Control Tuned Response Cont”’
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6. Conclusions and Recommendations

To summarise, the assignment has aided within the understanding of the applications and
workings of control systems. It is useful to observe how that in open loop experiments, using
acquire plant data and simulation software that the system can be dramatically improved in
terms of efficiency. The main conception that the assignment portrayed is how important
cantrol methods, specifically simulations, can improve the performance of systems, with
respect to industry this is advantage as it reduces downtime and increases the efficiency of
established systems. What was explained and expounded upon within the research
segment was proved in practice, specifically in regard to the Ziegler-Nichols method. Further
recommendations would be to physically evaluate the performance of the system within the
laboratory. Overall the assignment can be deemed a successful analysis of control systems
and their tuning methods by providing both academic and practical evaluations of specific

systems.
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7. Team Working

The team the experimental tasks were undertaken in a group. The group was comprised of
the author lwan Downs, Richard Harrison and Mason Morgan. As a team the plant data was
acquired for use in the experimental and simulation tasks. As a group the team obtained the
data by assigning each member a specific task, the author recorded the level data. Richard
Harrison recorded the flow data and as a group the temperature task was undertaken as a
team. The team worked effectively in gathering information and provided enough data to
carry out the assignment effectively so that simulation and tuning of the system could occur.
While working as a group all Covid-19 safety measures and restrictions were adhered to.
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9. Appendix

Appendix — A — Process Control Station
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