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1. First Order Control System

The first step in the process is to use the general solution that has been showed in the diagram
below:-

This is not a general solution, G(S) is the open
loop transfer function

R(s) 3.6 Y(s)
s —0.42 — ¢

Figure 1 - First Order Control System

The values that need to be used for calculations throughout the process can be seen in the figures
below:-

6= 50
Figure 2 - General Solution

H(S) =1
Figure 3 - H(S) Value

The values in figure 2 and figure 3 will be used and without feedback the open loop for this circuit
will look like the following:-

§—-042=0
Figure 4 - S value

S =042

Figure 5 - § Value

In figure 4 it shows the bottom part of the general solution from figure 1 the next step is to get the
value of S on its own which can be seen in figure 5 shows the value of s is 0.42.
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Figure 6 - Argand Diagram

In figure 6 it shows the argand diagram for the circuit with an open loop pole that it is unstable and
the next step is to work out the value of S in an closed loop system.

G(S)
1+ G(S)H(S)

Figure 7 - First Step Work Out Feedback

In figure 7 it shows the formula that needs to be used in order to work out the value of Sin a closed
loop pole. In order to do this it means that the values from figure 2 and 3 need to be substituted into
the formula above.

3.6

(s — 0.42)
3.6

(s — 0.42)

1+ X1

Figure & - Formula With Values

After substituting the general solution and H values into the formula the next step in the process
requires multiplying both the top and bottom by s -0.42.

3.6

m X (S — 0.42)
(s - 042) (14 =)

Figure 9 - Multiply Top and Bottom

In figure 9 it shows that both the top and bottom will be multiplied by s-0.42 and on the top the
general solution on the left also contains a s-0.42, which means they both cancel each other leaving
3.6 on the top line.

3.6
s—042+3.6




Figure 10 - Take away - 0.42 from 3.6

The next step in the process will be to take away -0.42 from 3.6 which results in 3.18 and the result
from this can be seen in figure 11.

3.6
s+ 3.18

Figure 11 — Result

The next step in the process is to root the denominator of the circuit to calculate the value of s
which will then allow me to draw the argand diagram to determine whether its stable or not.

s+318=0

Figure 12 = Denominator

s = —3.18
Figure 13 - Calculated 5 Value

In figure 13 it shows the S value to be equal to -3.18 and now that | know this it can be plotted on an
argand diagram to determine whether its stable.

A
Y Y
N A
-3.18 0.42
STABLE

Figure 14 - Argand Diagram

In figure 14 it shows that the closed loop is stable meaning the next step in the process is to
determine the minimum gain for the circuit.




R(s) 3.6 Y(s)
s —0.42 ———*

Figure 15 - Circuit With Feedback

The next step is to determine the value of k for the circuit in figure 15 that start by using the
equation below as the value of K is equal to the value of H(S).

3.6
T(S) — s—0.42
1+ 3.6k
s—0.42
Figure 16 — Formula
3.6
T6)= S04z + 306k
Figure 17 - Formula 2
3.6

s+ (3.6k —0.42)

Figure 18 - Formula 3

The next step is to find out the value of K when the value of S is equal to 0.

0+3.6k—042=0
Figure 19 - After 5=0

In figure 19 it shows the result when the value of s is equal to 0 that means the next step in the
process is to get the value of K on its own that means -0.42 needs to be taken over the equal sign
making it +0.42.

3.6k =0.42

Figure 20 - Aim To Get K On It's Own




After that the value of 3.6 needs to be taken over making it -3.6 which will be used to divide the
value of 0.42.

k =0.116
Figure 21 - K Value

This shows that the value of K will be equal to 0.116 that means the minimum gain in the circuit for

feedback will need to be 0.116. Following this the circuit needs to be simulated in matlab that can be
seen below:-
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Figure 22 - Unstable Circuit

In figure 22 it shows the unstable side of the circuit matching the argand diagram from figure 6 that
shows the theory has matched the simulated result. The next step in the process will be to find the
stable argand diagram from the matlab circuit.
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Figure 23 - Shows the Mimium Gain

In figure 23 it shows the minimum gain for the circuit before it goes from being a stable circuit to an

unstable circuit.
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Figure 24 - SHows The Stable Side Of The Circuit

-0.6 0

0.5

In figure 24 it shows the stable side of the circuit matching up with the argand diagram in figure 14
that shows the simulation is matching the calculations so far. The next step in the process is to build
the circuit in Simulink and display the results of the graphs based upon the feedback entered.
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Figure 25 - Simulink Simulation Gain = 0.5
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In figure it shows the circuit designed with a feedback loop where in this case the gain was equal to
0.5 which was a lot higher than the minimum required of 0.116 and as a result of this the graph
showed a sharp quick response as a result. The next graph will show the circuit when the response is
slower and the feedback is closer to the minimum required.

3.6

5s—042

Figure 26 - Circuit With 0.120
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In figure 26 the feedback in the circuit is much closer to the minimum required which results in the
response being a lot slower than in figure 25 where the response was rapid and sharp on the graph.
This means this circuit must be slightly overdamped and the next step will be to simulate the circuit
with a gain that results in the circuit becoming slightly unstable.

® T =

4 Scope — 0 bt
File Tools Yiew Smulation Help »
©- OP® - a- |- F@
x10° [£a)
bsf 1 I | 1 [ | 1 ]

0 100 200 300 400 500 600 700 BOO 800 1000

Ready Sample based |T=1000.000

Figure 27 - Feedback 0.115
This table should have showed the results for
In figure 27 the feedbagkselgetedwas /245 which is just 0.001 below the minimum gain that results

in the circuit becoming slightly unstable compared to the previous two circuits.

Values Simulated Result Calculated Result
0.42 Stable Stable

3.18 Unstable Unstable
Feedback 0.116 0.116

The table above shows that the open loop circuit resulted in the value of S equalling 0.42 which
meant the circuit would be unstable and this matched the simulation as the pole ended up being on
the right side of the graph. Whereas when calculating the value of s on a closed loop it resulted in
the value of s equalling 3.18 that meant it was unstable that matched up with the simulation. The
minimum gain required for the feedback in the calculations resulted in it being 0.116 so in order to
find the minimum gain in the simulation it meant finding the pole at 0 and seeing the gain that
matched the calculated value.

You have already shown that with unity feedback the pole lies at -
3.18 which you have already said is stable.




2. DC Motor Model Analysis

The first step in the process is to design a DC motor model that is based upon the following
parameters:-

Armature resistance = 7.8 Ohms

Armature inductance = 0.05H

Rotor inertia = 0.000214 Kg m2

Friction coefficient = 15.519 x 10-s Nm/rad/s
Motor voltage constant = 0.0983 V/rad/s
Motor torque constant = 0.09 Nm/A
Maximum armature voltage = 40V

avoid use of first person
Based upon these parameters | will first need to develop a mathematical model of the motor and its
load along with producing the transfer function with the disturbance initially set to zero. In order to
do this I need to calculate the value of wn?, The formula for this can be seen below:-

_ Rab + KTKE |

La * J er
Figure 28 - WN2 Formula €
di
In figure 28 using this formula the values from the DC motor parameters will need to be substituted
into the formula in order to get the correct result. th

2

Wn this needs to be explained

i

7.8x15.519x107° + 0.09x0.983 _es 838.135
0.05x2.14x106 e

u
Figure 29 - WN2 Values Substituted In at

After calculating the value of the wn? that means the value of wn can‘how be calculated by finding

the square root of the result in figure 29. Z
Wn = V838.135 = 28.9§
Figure 30 - WN Calculation e
fr

After calculating the values of WN this then allows the calculation of 2IWn that requires the use of
the formula in figure 31. m
?

b Ra
2(WTL - 7 + La where does this equation come from?

Figure 31 - 20Wn Formula

Using the formula found in figure 31 the parameter values need to be substituted into the formula in
order to get the result.

_ 15.519x107¢ 7.8

214x10—+ T 005~ 10007

Figure 32 — Result

10




The motor model should have been developed and
explained first.
The next calculation that needs to be carried out can be seen in figure 33 below:-

. _00725+156
T T2x2895  ~

Figure 33 - Result 2

After calculating that value the next step in the process is to calculate the value of KT that can be
seen below and that will allow the value of K to then be calculated.

0.09
005(2.14x10-%) ~ 041121

KT =
Figure 34 - Calculated value of KT
Once the value of KT had been calculate this meant that the value of K could be calculated by
dividing the result from figure 34 by the result from figure 29 that can be seen in figure 35.

_saal o
7838135
Figure 35 - K Calculation

After calculating the value of K that meant that the next step was to carry out the calculation for the
value of ONL by using the formula below:-

KTVa

Figure 36 - QONL Formula

By substituting in the correct values the result can be gained as can be seen in figure 37.

~ (0.09)(24)
~ 15.519x10-5(7.8) + (0.09)(0.0983)

= 240.86

Figure 37 - OHM NL Result

Now that that result has been calculated this means that the calculation of OHM NL can now be
carried out the formula and result can be seen below:-

Va— RarL

L= oA
ﬁ‘l‘ffﬁ'

Figure 38 - OHM L

After all the values have been calculated this means the general solution can be put together as can
be seen in figure 39.
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G(S) is a transfer function not a general solution

8411.25

G() = 73 156.07255 + 836,135

Figure 39 - General Solution

Once the general solution had been found this meant that a quadratic equation could be used to this
means for the quadratic equation the value of A would equal 1, the value of B would equal 156.0725
and the value of C 838.135 basically all the values from the denominator.

—b X ybT—Zac

$= 2a

Figure 40 - Quadratic Equation

-156.0725>,/156.0725%—4(1) (838.135)
= = 3 =-150.5 or -150.5

Figure 41 - Quadratic Equation Result o

Now that the results from the quadratic equation have been gained this means that they can be
plotted on an argan diagram to determine whether the poles are stable or not.

e
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Figure 42 - Argan Diagram 6

The argand diagram displayed in figure 42 is the theoretical prediction, which in this case shows that
the poles are both stable unlike in task 1 where one pole was in a stable condition and the other in
an unstable condition. After this the next step is to design the model in matlab and the circuit with
no load can be seen in figure 43.

The pole actually moved in task 1, it was a first order
system and there were never 2 poles

12




Current

1
0.0002145 + 0.000015519

Va Stap 24V Armature KT Load Spoeed

Figure 43 No Load Model

After designing the no load model the next step was to add on the load torque into the system as
can be seen in figure 44,

Curmrent

1
0.0002145 + 0.000015519

Va Step 24V Armature KT Load Spoed

Figure 44 - Load\Moda) you could have explained each part of
this motor model
After adding the load torque for the circuit the next step was to find out the speed for the load

modal after 10s. This meant when running the Simulink circuit the scope labelled speed would need
to be checked in order to determine the results as can be seen in figure 45.

1 A N N 1 N A
\_

250 |-

200 -

150

100 -

0 2 4 6 8 10 12 14 16 18

Figure 45 - After 10s Graph
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In figure 45 it shows the graph associated with the speed scope that shows initially there is a rapid
response before levelling out after about 2s. In order to do this | needed to put to cursors on the
graph to determine the speed after 10s.

* ¥ Cursor Measurements "X
» Settings
¥ Measurements

Time Value
1] 4781 2.409e+02
21| 14.223 2.191e+02
AT 9442 s AY  2174e+01

1/ AT 105.911 mHz
AY [ AT 2.303 (/s)

Figure 46 — Measurements

In figure 46 it shows after the speed had steadied at about 2s the speed was the until 10s that’s why
the measurements above shows a time of 4.7 as that value would be the same as the value at 10s.
This shows that at 240.9 there was no load speed associated with the motor and that once the
motor had been moved into under load the speed immediately reduces after 10s to 2.19. After this

the current and torque graphs needed to be evaluated to see if they were performing as expected.

- How do these results compare with the -
< Cument
calculated ones?
File Tools View Simulation Help
@-|A0Pr® -\ a-|d-|FE-
1 llll T T T T T T T M2 % ¥ Cursor Measurements L
| ¥ Settings

O Screen cursors
Horizontal Vertical
& Waveform cursors
O Lock cursor spacing
§ [0 Snap to data

¥ Measurements

. .
3 Time Value

1 vl 1.296 6 695e-01

2 17 626 3.156a-01

AT 16.330s AY  353%-01

I
I
I
I
I
I
I
I
f
I
I
I
I
I
0.5 - T T T T gy 1 1/ AT 61.237 mHz
rd T &Y AT 21.673 ('ks)
- I
I
L

Figure 47 - Current Graph
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The current graph shows after 1s it has a rapid raise up to a value of around 2.8 before rapidly
declining before reading out until after 10s where it slightly increase in value.

0

Ready

ssuap-

¥ ¥ Cursor Measurements X
» Settings
¥ Measurements
Time Value
1 1296 6.0252-02
2 17 626 2.840e-02
AT 16.330 s oy 3 185e-02
1147 61.237 mHz
AY T AT 1.951 (/ks)

Sample based |T=20.000 |

Figure 48 - Torque Graph

In figure 48 it display the torque graph which can easily be identified as beign the exact same as that
of the current graph as it shows they both show once load added they rapidly rise in value. The next
step in the process will to calculate the stall value for the motor the formula and result can be seen

in figure 49.

TM(Stall) =

KT(Va) 0.09x24

Ra

7.8

Figure 49 - Stall Calculation

= 0277

After calculating the stall load in the circuit this means that it can now be added into the circuit to
see if the motor stalling. In order to see this the graph that will need to be looked at is the speed

graph.
e

Step
Output a step.
Parameters
Step time:

10

Initial value:
|0

Final value:

[0.2769230
Sample time:
[0

[ Interpret vector parameters as 1-D

Enable zero-crossing detection

Figure 50 - Adding Load Stall
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IN figure 50 it shows the load stall being added to the circuit with the step time being entered as 10
and the final value is where the load stall will be entered.

T T m T T T []EI T T

150 |- 1 1 . .
|
|
|

00 | =
|
|
|

150 | =
|
|

100 : .
|
|

50 |- I .
|
|
|
0 o
|

| 1 | I | 1 | I |
0 2 4 6 8 10 12 14 16 18

Figure 51 - Speed Graph With Load Stall

In figure 51 it shows that the load stall performed as expected matching the predications preciously

made.

16
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3. Types Of Motor Speed Controller

In this section the three different types of motors that | will look at are a P controller, Pl controller

and a PID controller.

3.1 P Controller

|‘ O] re mom I @I
00 radls Step P Controller 40w limiter Red L
Kd=2.1 DC motor Subsystem 1
Green i
n-b@—b Pis) J_/_ In1 Outt
P Controller 2 40v limiter 2 Bus
Kd=54 DC motor subsystam 2 L
» i -ll_/_ »in1 outt
P Controller 40v imiter 3
IKp=086 DC moter Subsystam 3

Figure 52 - P Controller

In figure 52 it shows the P controller for the circuit and each of the P controllers have different P
values with the first being a tuned value of 2.1125, 5.5 and 0.6. The first thing that needs to be done

is to simulate the tuned value that can be seen in figure 53.

m Block Parameters: P Controller Kd = 2.1
PID Controller

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

Simulink Control Design).

Controller: |P ~ | Form: | Parallel
Time domain:
® Continuous-time
O Discrete-time

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal - |
Proportional (P): |2,11252248861334 8
Select Tuning Method: | Transfer Function Based (PID Tuner App) = Tune...

[ Enable zero-crossing detection

9 ol

X

= Compensator formula

P

Help Apply

Figure 53 - P Controller Tuned Value
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In figure 53 it shows the tuned value for the P Controller with the P value being 2.1 and the graph for
this can be seen in figure 54.

Step Plot: Reference tracking

1.2 T T
s Tunad response
= = =Block response
1 F
08 [

0.4

0 001 002 003 004 005 006 007 008 000
Time (seconds)

Controller Parameters: P = 2,113

Figure 54 - P Controlfler Tuned Value Graph

Controller Parameters

Tuned Bloek
p 21125 2.1125 E|
| n/a nia
D n/a nia
N n/a nia r

Performance and Robustness

Tuned Block
Rise time 0.0131 seconds 0.0131 seconds
Settling time 0.0431 seconds 0.0431 seconds
Overshoot 11.2% 11.2%
Peak 1.06 1.06
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 98,6 rad/s 60 deg & 95,6 rad/s
Closed-loop stability  |Stable Stable

ol A e TSR

Figure 55 - P Controller values
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In figure 55 it shows the P vales that are associated with the tuned value of 2.1 it gives the overshoot
percentage of 11.2%. The next step in the process is to simulate the P controller with a P value of 5.4

that can be seen in figure 56.

El Block Parameters: P Controller 2 Kd = 5.4

PID Controller

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
-

Simulink Control Design).
~  Form: Parallel

Controller: P
Time domain;

®) Continuous-time

O Discrete-time
Data Types  State Attributes
~| E Compensator formula

Main  PID Advanced
Controller parameters
Source: internal
5.4 i
] P
hd Tune...

Proportional (P):
Select Tuning Method: | Transfer Function Based (PID Tuner App)

[ Enable zero-crossing detection

Apply

Help

Ganc

9

Figure 56 - P Controller 5.4
In figure 56 it shows the P controller has a P value of 5.4 which is almost double the tuned value and

the graph associated with this can be seen in figure 57.

Step Plot: Reference tracking
14 T
Tuned response
" . = = =Biock response
12 & LS A
r \
! -
7 ~
1r ! ~ e e L NI IO NN
' ~ -
~ -
' --
@ - g 4]
] L T
=
= I
£ [
< 06 L
[
T
[
0.4 |
'
]
iz
]
’
1
4 I \
002 0.03 0.04 0,06 0.08 0.07 n.08 0.09
Time (seconds)
Controlle Parameters: P = 2,113

1}
0.01

Figure 57 - P Controller 5.4 Graph
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In figure 57 it shows the graph for the P controller with a P value of 5.4 and the graph associated
with this can be seen in figure 58.
%

Controller Parameters

Tuned Block
P 21125 5.4
| n/a n/a
D ny/a nia
N n/a nia

Performance and Robustness

Tuned Block
Rise time 0.0131 seconds 0.00656 seconds
Settling time 0.0431 seconds 0.0504 seconds
Overshoot 11.2% 294 %
Peak 1.06 1.27
Gain margin Inf dB @ Inf rad,’s If dB @ Inf rad/s
Phase margin 60 deg @ 98.6rad/s  |40.3 deg @ 188 rad/s
Closed-loop stahility  |Stable Stakle

Figure 58 - P Controller 5.4

In figure 58 it displays the values for P controllers with the P value of 5.4 and it shows that it has an
overshoot of 29.4%.

E Block Pararmsters: P Controller 3Kp = 06 X
PID Controller

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
Simulink Control Design).

Controller: |P v Form: Parallel v
Time domain:
® Continuous-time
O Discrete-time

Main  PID Advanced  Data Types  State Aftributes
Controller parameters

Source: internal - B Compensator formula
Froportional (P): [o6 [ .
Select Tuning Method: | Transfer Function Based (PID Tuner App) B Tune...

[ Enable zero-crossing detection

9 Cancel || Hep | Apsly

Figure 59 - P Controller With P Value Of 0.7
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In figure 59 it shows the P controller with a value of 0.6, which is almost a third of the tuned value
and the graph for this can be seen in figure 60.

Step Plot: Reference tracking

1.2 T T T T T
= Tuned response
= = = Block response
1- -
0.8 B etiatiai e
- - o
. -
-
.
8 s
2 -
= 06 # -
E P
< .
#,
¢
04 ’ o
4
L
4
L4
02 + N
4
&
.
.
L2 I I I I I

0.06
Time (seconds)

0.08 01 0.12

Controller Pararmeters: P = 2.113
Figure 60 - P Controlfler P Value 0.6

In figure 60 it shows the P Controllers value with a P value of 0.6 and the values associated with this
can be seen in figure 61.

Controller Parameters

Tuned Block
P 21125 0.6
| n/a nfa
D n/a n/a
N n/a nfa
Performance and Robustness

Tuned Block
Rize time 0.0131 seconds 0.0449 seconds
Settling time 0.0431 seconds 0.0786 seconds
Overshoot 11.2% 0%
Peak 1.06 0,857
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 98.6 rad/s 87.7 deg @ 32.7 rad/s
Closed-loop stability  |Stable Stable

Figure 61 - P Controlfler P Value 0.6
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In figure 61 it shows that it has an overshoot value 0% which is significantly lower than the other two

P controllers.
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Figure 62 - P Controller with P Value 5.4

# ¥ Trace Selection ax|
Green v EI
F ¥ Cursor Measurements x|
> Settings
¥ Measurements
Time Value
11] 1.066 | 1.024e+02
2] 1.442 9.819e+401

4T 375907 ms  AY  4.217e+00

1/4T 2660 Hz
AY AT 11.218 (f5)

In figure 62 it display the P controller with a Kp value of 5.4 and it shows that it has the biggest
overshoot of all the systems along with having the least steady state errors.

T T 7 ¥ Trace Selection ax
102 | m |L2J T
| Red ==
I
100 I 7 ¥ Cursor Measurements ax
1 » Settings
o8 ——«T : ¥ Measurements
| Time “alue
9% + 1] 1.066 9.635e+01
‘Ir 2! 1.442 9.650e+01
94 - 1 8T 375907 ms AY  2.652e+00
| >
o | I 4 11747 2.660 Hz
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I
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|
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Figure 63 P Controller Tuned P Value
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In figure 63 it shows the P controller with a P value that is tuned as 2.1 and it has a bit of an
overshoot along with a steady state error.

. . : ¥ ¥ Trace Selection ax
102 u 1]|E!
[ Blue w |:|
I -
100 I ¥ ¥ Cursor Measurements ax
1 » Settings
o8 ‘ ¥ Measurements
| Time Value
% - } 1] 1.162 B.574e+01
; 21 2,048 85768401
94 | t AT 8B5.437 ms AY  1311e02
| >
o [ : 14 4T 1.129 Hz
} - AY 1 AT 14,806 (fks)
= |
I
88 - T }
|
I
8B e *
|
u i
| | |

1 15 2 25 3 35

Figure 64 - P Controller 0.6

In figure 64 for the P Controller with a P value of 0.6 that has the lowest Kp value of all the systems
we have designed and it also has the zero overshoot along with a large steady state error.

Kp value Rise time (S) Transient error Overshoot (%)
2.1125 0.0131 Med 11.2
5.4 0.00656 Low 29.4
0.6 0.0449 High 0

This is a good table but what are you
3.2 Pl Controller conclusions

—bQ—b Pl(s) In1Outl I :
100 rad/s Step Pl Controller 40v limitar Red >
Kd = 1.6 DC motor Subsystem |
Green
; > Plis) ‘I_/_ »in1 0wt 1
¥ J | »
P1 Controller 2 40v hmiter 2 Bl
Kd=4 DC motor subsystemn 2 1

= Pis) 4.|_/_ #{1n1Cutt
P1 Controller 40v imiter 3
3Kp=06 DEC motor Subsystem 3

Figure 65 - Pl Controller
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IN figure 65 it shows the three Pl Controllers designed to drive DC motors and the tuned PI controller
has a value of 1.6, while the other two values that | have selected was 4 and 0.6.

Step Plot: Reference tracking

Figure 66 - Pl Controller Tuned

Tuned response
= = = Block response

1
0.6
Time (seconds)

08

In figure 66 it shows the tuned PI Controller and the values associated with this controller can be

seen in figure 67.

Controller Parameters

]

Tuned Block
P 0.11371 0.11371
| 1.6445 1.6445
D n/a n/a
N n/a n/a
Performance and Robustness

Tuned Block
Rise time 0.142 seconds 0.142 seconds
Settling time 0.537 seconds 0.337 seconds
Overshoot 13.1% 13.1%
Peak 113 113
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 9.82 rad/s 60 deg @ 9.82 rad/s
Closed-loop stability  |Stable Stable

Figure 67 - Pl Controller Tuned 1.6
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IN figure 67 it shows the tuned PI Controller has an overshoot of 13.1% along with having a rise time

of 0.142 second.

Step Plot: Reference tracking

0.8 [ ]

06 [ ]

Amplitude

04‘,

02

Tuned response

= = = Block response

Figure 68 - Pl Controller 4

0.4

0.6 0.8

Time (seconds)

In figure 68 it shows the PI controller with a value of 4 graph that displays the block response against
the tuned graph and the values associated with it can be seen in figure 69.

Controller Parameters

Tuned Block
P 0.11371 0.11371
| 1.6445 4
D n/a nfa
N n/a n/a
Performance and Robustness
Tuned Block
Rise time 0.142 seconds 0.0806 seconds
Settling time 0.537 seconds 0.703 seconds
Overshoot 13.1 % 33.7%
Peak 1.13 1.34
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s

Phase margin

60 deg @ 9.82 rad/s

37.8 deg @ 15.1 rad/s

Closed-loop stability

Stable

Stable

Figure 69 - Pl Controller Values

In figure 69 it shows the Pl controller where it has a | value of 4, which has an overshoot of 33.7%
which is much higher than the previous Pl controller.
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Step Plot: Reference tracking
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Figure 70 - PI Controller | = 0.5
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In figure 70 it shows the graph for the Pl controller with a value of 0.6 for | and the values associated

with this in figure 71.

Caontroller Parameters

Tuned Block
p 011371 011371
[ 1.6445 0.5
D nfa nia
N nfa nfe
Performance and Robustness

Tuned Block
Risetime 0.142 seconds 0.353 seconds
Settling time 0.537 seconds 0,668 seconds
Overshoot 131% 0%
Peak 1.13 0,993
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 9,57 rad/s 89,2 deg @ 6.2 rad/s
Closed-loop stability  |Stable Stable

Figure 71 - Pl Controller = 0.6

In figure 71 it shows the Pl controller where the | value is 0.6 and it has an overshoot value of 0%

which is significantly lower than the others.
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Figure 72 - PI Controller 0.6

* ¥ Trace Selection

nx

DC motor Subsystem 3 ~ | |
* ¥ Cursor Measurements ax
» Settings
¥ Measurements
Time Value
11 1.698 9.548e+01
2] I 2.564 9.973e+01
AT 866.020ms AY  4.248e+00
1/AT 1.155 Hz
AY I AT 4.906 (/s)

In figure 72 it is the circuit that has the least Ki value and it can be seen there is no overshoot with a

very slow rise time.
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Figure 73 - PI Controller 4

25 3

T ¥ Trace Selection ax
DC motor subsystem 2 v |:|
# ¥ Cursor Measurements ax
» Settings
¥ Measurements
Time Value
11 1.200 1.336e+02
21 2.564 1.000e+02
ar 1364 s AY  3.363e+01
1/AT 733.238 mHz
AY / AT 24 655 (/s)

In figure 73 this is the circuit with the highest KI value that has a value of 4 and this has the largest
overshoot with a rapid rise time.
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Figure 74 - Tuned Pl Controller

vy

F ¥ Trace Selection ax
DC motor Subsystem ~ EI
7 ¥ Cursor Measurements ax
» Settings
¥ Measurements
Time Value
11| 1.312 1.131e+02
23 2.564 9.999e+01
AT 1252 s AY 1.315e+01
1/4T 798.418 mHz
AY | AT 10.498 (/s)

In figure 74 it’s the graph associated with the tuned value with a Kl value of 4 and it only has a slight
overshoot and a very fast rise time.

Ki value

1.6445
4

0.6

3.3 PID Controller

Rise time (S)

0.142
0.0806
0.353

Transient error

This is a good table but what are you

Overshoot (%)

13.1
33.7
0

conclusions
100 rad/s Step
4+ PID(s) In1 Dutt 1
PID Controlier 40v miter Fed
Kd = 0.005 DC motor Subsystem Ll
Groen
L e PID(s) In1 Cutt 1
FID Gontroller 2 40v limiter 2 Blue |
Kd =001 DC motor subsystem 2 1
PID(E) J_/_i 1 Outt
PID Controller Slvition
3 Kp =0.0001 DC motor Subsystem 3

Figure 75 - PID Controller

In figure 75 it shows the PID controller for the circuit where the tuned value is 0.005, then the other

is 0.01 and the last one is

28

0.0001.




Step Plot: Reference tracking

1.4

T

T

Tuned response
= = =Block response
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Figure 76 - PID COntroller 0.005

0.6

Time (seconds)

0.8

1 1

In figure 76 it shows the controller that has been tuned and assigned a value of 0.005, which gives a
very fast rise time with an overshoot of 21.7% as can be seen in figure 77.

Controller Parameters

Tuned Block
P 0,13849 0.11371
| 14497 3
D o 0.005
N 100 100
Performance and Robustness
Tuned Block
Rise time 0.153 seconds 0.124 seconds
Settling time 0.563 seconds 0.693 seconds
Overshoot 757 % 21.7 %
Peak [1.08 1.2
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s

Phase margin
Closed-loop stability

|69 deg @ 9.82 rad/s

Stable

52.2 deg @ 11,7 rad/s
Stable

Figure 77 - PID COntroller Tuned Values
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The next PID Controller has a D value of 0.01 and the graph for this can be seen in figure 78.

Step Plot: Reference tracking
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Figure 78 - PID Controller 0.01
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In figure 78 it shows the graph associated with the PID controller with a D value of 0.01 and this has
abit of an overshoot and a rapid rise.

Controller Parameters

+

Tuned Block
P 0.13849 0.11371
| 1.4497 3
D 0 0.01
N 100 100
Performance and Robustness

Tuned Block
Rise time 0.153 seconds 0,142 seconds
Settling time 0.563 seconds 0.77 seconds
Overshoot 7.57 % 19 %
Peak 1.08 1.19
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 69 deg @ 9.82 rad/s 38,9 deg @ 10.7 rad/s
Closed-loop stability  |Stable Stable

Figure 79 - PID Controller 0.01 Values
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In figure 79 it shows that the rise time for the PID Controller is 0.142 seconds with an overshoot of
19%.

Step Plot: Reference tracking
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Figure 80 - PID Controller D value 0.0001

In figure 80 it shows the PID cantroller that has a value of 0.0001 associated with it and it has a quick
rise time with a large overshoot.

Controller Parameters

Tuned Black
P 0.13849 0.11371
| 1.4497 3
D 0 0.0001
N 100 _100

Performance and Robustness

Tuned Block
Rise time 0.153 seconds 0.0967 seconds
Settling time 0.563 seconds 0.608 seconds
COvershoot 7.57 % 264 %
Peak 1.08 1.26
Gain margin Inf dB @ Inf rad/s \Inf dB @ Inf rad/s
Phase margin 69deg @ 9.82rad/s 446 deg @ 131 rad/s
Closed-loop stability  |Stable Stable

Figure &1 - PID Controller 0.0001

In figure 81 it shows the values associated to the PID controller that has the lowest Kd value and it
has a rise time of 0.0967 seconds and an overshoot of 26.4%.
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What are your overall conclusions from this

Kd value fable?  pise time (s) Overshoot (%)
0.005 0.124 Aa 1T
0.01 0.142 15
0.0001 0.0967 26.4

Figure 82 - Comparison PID Controller

3.4 Comparison Of P, Pl and PID Controllers
In order to carry out a comparison between the three different types of controllers that means that
a circuit needed to be created with one of each controller tuned. As can be seen in figure 83.

| >+ Pis) > _/_ | In1 Outt
100 rad's Step P Controller 40v limater -
Kd = 0.005 DC motor Subsystemn
> Plfs) > _/_ »in1 outt
PI Controllar 2 40v limiter 2
Kd =0.01 DC mator subsystem 2
Lp- PID(s) r_/_ | In1 Outt

FID Controller 3 40v imiter 3 T
DC motor Subsystam 3

Figure 83 - Controller Comparison
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/] 2 4 6 a 10 12 14 16 18 20
Figure 84 - Comparison Controllers

In figure 84 it shows that the circuit in figure 83 has been run in order to produce the graph above to
display the overshoot of each along with their rise time. As can be seen the blue line has the largest
overshoot of all the controllers along with a rapid rise time, whereas the red controller has quite a
large steady state error, which for this application would make it unsuitable. On the other had the
PID Controller which is represented by the green line shows a lower overshoot than the blue line
with a quick rise time and no steady state error.
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4. Conclusion
Conclusio Don't write in the first person
In conclusion | learnt how to calculate theoretically calculate the values for first order systems along

with how to plot them on argan diagram to work out whether the poles are stable or unstable
depending upon their position. Then I learnt how to run this simulation on matlab to confirm the
theoretical calculations carried out were correct using matlab software. In order to confirm the
calculations against the simulation the minimum gain needed to be calculated and in order to
confirm this in simulation on the rlocus on matlab go to the 0 to get the gain along with confirming
pole values were correct, which in this case was true. While Also learning to model a DC motor
modal by carrying out multiple calculations in order to use a quadratic equation to gain the pole
values to see if they are stable or unstable which in this case both were stable and run the
simulation on Simulink to confirm the calculations. Then following this using the motor modal to
with different types of controllers by trying three different values one tunes one larger and once
much smaller to compare the overshoot and rise time between the three, every time the one with
the highest value of P, | or D would have the highest overshoot.

34




Figure 1 -
Figure 2 -
Figure 3 -
Figure 4 -
Figure 5 -

Figure 6
Figure 7

Figure 10

Figure 11 -
Figure 12 —
Figure 13 -

Figure 14

Figure 15 -
Figure 16 -
Figure 17 -

Figure 18 -
Figure 19 -
Figure 20 -

Figure 21 -
Figure 22 -
Figure 23 -
Figure 24 -
Figure 25 -
Figure 26 -
Figure 27 -

Figure 28 -
Figure 29 -
Figure 30 -

Figure 31 -
Figure 32 -

Figure 33 -
Figure 34 -
Figure 35 -

Figure 36 -

35

- Argand Diagram ....ccceveevvccvccen s e e
= First Step Work Out IFeed DacK ittt iiiiniiinig
Figure 8 -
Figure 9 -

First Order Control System ............cccc...

GENETAl SOIULION ottt e e eat e e st e e aeeesee s beesesaeeestessabeesnsesnbenaneenannansns
B S ) BN 55550505050 ci s saisiississiistiseiisiissiisssssieisssssiaisidstinsssdosssssiisitseii st iseiisitssniseiisdiesssticessinsis

SVAIUE ..

SValUB....oieeceece et

0.42

UNSTABLE

NN NNN

FOrmula With ValUEs.....uuicieiiii ittt as e e

Multiply Top and Bottom..........ceevvivneen.

- Take away - 0.42 from 3.6........ccoeeeuee.

Denominator ..........

RESUI . ettt et et ee et e et e e s e e e ens e e saa e e ane et e sabeessaeeent e eabeesne e ereenaneeaneansnn

CalCUIBTEA S VAIUB. ...ciii ittt ettt e eb e e st e be e e saeeabaeeabeean

= ATBANG DIAETAM et cie et re s e e e e e e e ersae e e eae e e s et aa s s e e s aeee s e s e sae e s saeennaeennnenan

Circuit With Feedback...

Formula3..
After S=0 ..

AimTo Get KON It's OWn.....cocoeeveiinenne

Shows the Mimium Gain

KW AIUE .ttt ae e e et e e e ae e e e e en st a e e e s aa et ee e enberna e e e e nnan
UNSTADIE CirCUIT . veierisiiris it sats s s e n s e s et be s eb e sanaesans e nnan

Circuit With 0.120
Feedback 0.115..
WN2 Formula..

WN2 Values Subshtuted In..
ANV NCR)CUNBEION 225205555 5555053 5005001585005 03 3s8000us0 443000 80400 a00sa 450 a0baaui Bass 0003 0 Es0001 s ia00H 0000 daRRa AR 0

20NN Formula....ooo

SHows The Stable Side Of The CIrCUIt .....o.e oot
Simulink SIMUltion Gain = 0.5 ..ot er e e ert e s e e s ere et ae s eaaeensaeennneenn

W oo~~~ unumuuo b b bbb b wWwww

Result...
Result 2
CaIcuIated value of KT

Qo= (ol =] T o T OSSR TUUR USRS
I FOMMINI@i55555555sss0iuiaiisia0ss0i0iiui0iia0a0s50i05505 550585855335 5953 55448 48500 HERI1§0058 SHRRINIIII19858 00000135048 885035.

FORMUIIss555550050058805000005058 0003055 50085 50300080 aRRR A AR SRR ARRR BB BRRRR BRI GHAESS 00 0R SRAGRRE S02 R RERRR IR ARRRR B AR
FOPMUIA 2 oot e e e eme e e e e ee e e e e enseeseeeemseennseenneeannnn

T
©ooooo




Figure 37 - OHM NLReSUlt....coooiiiiiiiee e
FigUNe S8 = ORI s55i5:5555s5055550050 050001005008 008 051110058505 45558 56515095858 35546 6551504088608 1110838008461 4 11110010008 0INI5RRE580815F
Figiire 39 - GARBIAl SOIIKION o sisissiisisisiisisisisissssiisissss sonissss sosississossssis sos iiitissifiissisisissiisisssiiiississsissniss
Figure A0 = QuUadratic e UatiO sz s::5:55:50555005555 555555055558 55055558550 55538353 050808 8345535083503 30055403 1aamns smsssmnsansas
Figure 41 - Quadratic Equation Result
Figure 42 - Argan Diagram .......cvvvniniecinnnisinninn,
Figure 43 NOLOAH MO 1i:5:555i5555000050050000500050060080 5055003 040 043 35353 55554 53500554064 194 1600640605155 155 155 15848083 58450855
Figure84 = LoadlNOAa]l it i i M55
Figure-45 = After LOS Graptias e seisiseiseisosiisiisiisisiesissississaei6s56i 5410056561 NN FHEH I ETEE1EE
FIEUIE 46 — IMIBASUIEIMENTS 1evviiiiiiiiti ittt e s iessesbessraesssssssssesssserassassssassessbassassessntessbassassesssborsnsassanaes
Figure 47 - Current Graph ......cccccveiviiieicieccciie e,
FIgUIe 48 - TOMQUE GraPh c.veeeieei ittt sttt s ae e st e sns s e s s e s et e st ee s s e e sab e e sateesans e sabennnsensnnans
Figlire 49 = St CalCUl AUIG s 55 so0is:5s555555518 1005018000 ue515508 iiistis einissis posisnis sss SETREesIFEIeis T EsiEIEs00ETHi80480eRsR1EE
Figure:50 - AAAiNg LOAdISEall. iussisiisi05055000000050000000000108 500050 0a 5533555 5053004354364 894 3640640605555 55 155 1540835445045
Figure 51 - Speed/Graph WIEH LOAH SEAll iiiiisiisiisiisssisrivissisiiiiisimiisiosiiniiiisiisiisisiisisimisismisiin
Figure 52 - P Controller ...
Figure 53 - P Controller Tuned Value .....................
Figure 54 - P Controller Tuned Value Graph ...ttt ea e e eae s
Figure .55 = P CoNtrONer ValUES ssiciseissisisiniiiiisisisiosisrisissasisessssaisssaisiitiisi 0 EHIHEHEHEE HIIHIIIE
FIBUre 56 = P COMMOIGE S i o siiisissrrisisiinisssisiasssiosissss sosissis snississssssnissss SETesss I EIo0is 1118000158000 T8 48048 0oasa0isn
Figure 57 - P Controller 5.4 Graph .........c.ccceeueene.
Figure 58 - P Controller 5.4 ..
Figure 59 - P Controller Wlth P Value Of 0.7 ottt e
Figure 60 - P Controller P Value 0.6.... .
Figure 61 - P Controller P Value 0.6 ..........cccce.....
Figure 62 = P Controller Withi P ValUe Bl .iiiiiiisisisssisriissisisesssisissiisiiniini i i siisisiisiesi s
Figure 63 P Controller Tuned P Value . .
FIgure 64 - P CONTIOIET 0.5 ....eiiiiiiii ettt ettt eab e saa et st st ae s b be s eabeeaabbesabs e ebbersbeasaeaas
FIBUIE B5 = Pl CONTIOIIEE ottt ettt sttt st e sns e e s s e e e b e s st ee e b aeesabessateesans e sabennnsensnnans
Figure 66 - Pl CoNTroller TUNEG ...t s s sis e as e bbb s s bbb eban s eraaeansnnaas
Figure 67 - Pl Controller Tuned 1.6........ccccevvenene.
Figure 68 - Pl Controller 4 ...
Figure© = PLCONTROIRI VAIUGS siciseississisiniiiiisississsmisrississasisssssssissssissiisiisi i3IS
Figure: 70 = Pl CoRtrolE RIS 0.5 cisiisiisisissssiasississsssnnssnsssnsannassssanssississanisssasisssssssississsiassissssssisaanainssnansinn
Figure 71 - Pl Controller=0.6 ... .
Figure 72 = Pl CONTIOIEI 0.6 .....vueiicciicees et e st e snsae v s e s ae e s s tee s asaeesasessateesans e sabennnsansnnans
Figure 73 - Pl Controller 4 .......ccoovvvviiiieiiiniisinnsnnnn,
Figure 74 - Tuned PI Controller.... i
Figure 75 = PID: COMINOINGE: s 15::5:s5050i0000i0000 0000000000 00600 6005 5555505 155 043 358188508 5540 E0BHBHIBHE I SIS IS IS HEHIEHIEHEIEER IR IEE
Figure 76 - PID COntroller 0.005 ........cccovviiniiiinnnn,
Figure 77 - PID COntroller TUNed Values .........cccenmmemmsmmmsimsmnsmisssmssmssnesssssssansssssssrssssssssssissnnsinssnnnnins
Figure 78 - PID ConTroller 0.00 ...ttt ettt st sas et sa e st ae s ebbe s ebbeesabaesebsebas erabeansaeaas
Figure 79 = PID-Controller Q00 ValUES: i i iiisisismismisrsriisiississiisiiiii i1
Figuré 80 - PID: CORtroller D VAIUE QL0001 . cuisisrerrisisrassossssns sosssssssossssss rasstiassss s 1osas 185000111580 01118 8548 bibssasss
Figure 81 - PID Controller 0.0001...........c.cccevueenne.
Figure 82 - Comparison PID Controller
Figure 83 - Controller Comparison.........cceevviiinenn,
Figure 84 - Comparison Controllers .........ccecvevinne.

36




37




Assignment 2

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

59/100

Instructor

PAGE 1

PAGE 2

PAGE 3

Text Comment. This is not a general solution, G(S) is the open loop transfer function

PAGE 4
Text Comment. a good diagram

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10
Text Comment. This table should have showed the results for the 3 different values of K
Text Comment. You have already shown that with unity feedback the pole lies at -3.18
which you have already said is stable.

PAGE 11

Text Comment. avoid use of first person

Text Comment. where did this equation come from?

Text Comment. this needs to be explained



Text Comment. where does this equation come from?

PAGE 12
Text Comment. The motor model should have been developed and explained first.
PAGE 13
Text Comment. G(S)is a transfer function not a general solution
Text Comment. you mean -150.5 and -5.56
Text Comment. a useful diagram
Text Comment. The pole actually moved in task 1, it was a first order system and there
were never 2 poles
PAGE 14
QM Spelling
Spelling error
Text Comment. you could have explained each part of this motor model
QM Spelling
Spelling error
PAGE 15
Text Comment. How do these results compare with the calculated ones?
PAGE 16
QM Spelling
Spelling error
QM Word/s missing
PAGE 17
Text Comment. How do you know it has stalled?
PAGE 18

PAGE 19




PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

Text Comment. This is a good table but what are you conclusions

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

Text Comment. This is a good table but what are you conclusions

PAGE 30

PAGE 31

PAGE 32

PAGE 33

Text Comment. What are your overall conclusions from this table?

PAGE 34

PAGE 35

Text Comment. Don't write in the first person

PAGE 36

PAGE 37

PAGE 38
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DECLAN DAVIES

59

RESEARCH-INFORMED LITERATURE

(

yﬁr

n/a

KNOWLEDGE AND UNDERSTANDING

(

yﬁr

Section 1: Explanation of first order system — Very
good (7/10) Section 2: Explanation of DC motor
model — Generally good, but there is much
information that should have been explained about
the model before introducing the equations. (6/10)
Section 3: Explanation of types of speed controllers
— Very good explanations given. (7/10)

ANALYSIS

20

(

yﬁr

Section 1: Testing of first order system — Very good
testing but your analysis for the feedback
contradicts itself and your table should have
compared results for different values of K. (6/10)
Section 2: Testing of DC motor model — Good tests
carried out but a more detailed comparison with
theory needed. Results should be summarized in a
table for comparison. (6/10) Section 3: Testing of
speed controllers — Good evidence of testing with
results summarized in a table for comparison for
each type of controller. However, no conclusions
have been drawn at the end of each section except
for the last test of the three controllers. (10/20)
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Section 4: Conclusions and recommendations —
Little conclusions given and no recommendations.
(3/10)

PRACTICAL APPLICATION AND DEP.

(

y“ Sections 1, 2 and 3: Use of Simulink and
presentation quality of results - Very good use of
the software and results are well presented. (8/10)

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ All sections — Well structured and presented.
however, there are spelling errors and you should
not write in the first person unless asked to. (6/10)
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