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1. Executive Summary

Within this assignment a number of sections were carried out where different methods were

used to calculate/ simulate and test various control systems.

In section 2 it was proven that a transient response of a second order control system can be
calculated and simulated, and proven using matlab without any discrepancies.

Section 3 a differential equation was used to represent an open loop control system and
derived to find the poles and zeros and produce an argand diagram. The system response
was proven using a step input, proving to be stable. The effects of adding gain was then
shown and a root locus diagram proving critical stability. Using Simulink 3 different values of

K were used to show stability, critical stability and instability.

In section 4 the block reduction method was used to reduce the transfer blocks to 1 simple
block. The system was analysed to find the poles and zeros and an argand diagram
produced which was proven using matlab. The block reduction method was further proven
by using Simulink and measuring the step input response on both the original block diagram
and the reduced block diagram proving the reduction technique was correct.

section 5
The frequency response method in section 4 used a control system with a transfer function

where individual values were chosen for p,q,r and k chosen and calculations carried out and
proven using the bode frequency response method on matlab. The magnitude and phase of
the transfer function was plotted using the bode frequency response method an analysed.

The Phase-margin method was then used to determine the stability of the system.

Section 6 comprises of an equivalent block diagram of a digital control system, calculations
were carried out and proven using Simulink which showed critical stability, stability and

unstable responses above and below the calculated minimum value.




2. Transient Response of a Second order system

Below shown in figure 1 is a second order control system with the chosen values for K
shown in the transfer function.

K=18

a=4

R(s) 18 Y(s)
s(s+4)

Figure 1 - Control system
As shown in appendix 8.1 calculations, the transfer function reduced to a single transfer

functioniis :-
18
s2+ 45+ 18

Using the single transter function above, the Natural frequency values are shown in
appendix 8.1 and added to equation below

Kwn?
s2 + 2{wns+ wn?

18
s2 + 454+ 18

Further calculations were carried out as shown in appendix 8.1 and results shown in table 1

below.
Calculated Values

Damping factor 047
Damped frequency 3.85 rad/s
Rise time 0 to 100% of final value 0.535 seconds
Peak Time 0.86 seconds
Percentage Overshoot 18.77 %
Settling time to within +2% 2.0 seconds
Number of oscillations during settling time 1.196

Table 1 - Transient response calculated results table




Using the Matlab code shown below in figure 2 the response to the unit step input is shown
below on the graph with simulated values shown.

SectionZ.m +
1= num=[18]; @ Figure 1 - o »
2= den=[1 4 18];
a- step (num, den) ;| Fle Fdit View Insert Toals Desktop Window Help
4= gridon Dade @08 KE
3
&
Step Response
1.2 - —— . .
// System: sys Syslem: sys
/ Time (seconds): 0.86 Time (seconds): 2
. Amplitude: 1.19 Amplitude: 0.984
e - . e S—
Syslem: sys —— )
Time (seconds): 0.551 System: sys
Amplitude: 1 Time (seconds): 1.66
o Amplitude: 0.985 B
@
E
i;_D B[ 4
E
<
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.‘,".
ol \ \ \
0 0.5 1 1.5 2 25 3
Time (seconds)

Figure 2 - Step input response

From the Graph shown above in figure 2 the simulated values are shown in table 2 below
alongside the calculated values for comparison.

Damping factor 047 0.5
Damped frequency (rad/s) 3.85 3.79
Rise time 0 to 100% of final value (seconds) 0.535 0.551
Peak Time (seconds) 0.86 0.86
Percentage Overshoot (%) 18.77 19
Settling time to within +2% (seconds) 2.0 20
Number of oscillations during settling time 1.196 1.19

Table 2 - Transient response comparison table

As table 2 shows above, the Simulated results are the same as the calculated results, the
very minor differences are due to rounding errors. This proves that the transient response of
a control system can be determined throughout calculations and simulation and provide
accurate predictions without causing any disruption to the operational process within industry
and allowing the control engineer to ensure the response is correct.




3. Control System Modelling

Shown below is an open loop control system represented by a differential equation.

dy dy ~ -
ay @& , — dx _ .dx L X
5 az ) - p= qx

dr dr
From the equation above and appendix 8.2, calculations were carried out assuming all initial
conditions are zero. the equation is translated into the frequency domain and an open loop
transfer function is derived as shown below :-

s2 —ps+q

s? +as+b
Values for ‘a’,’b’,’p’ and ‘q’ were chosen as shown below and calculations carried out in

G(s) =

appendix 8.2, The location of the calculated poles and zeros as shown in the argand

diagram below in figure 3.

a=6 b=4 p=4 g==6

P1

@ 122

Z2 Z1

» % > o

-5236 -0.764

@® nn

P2

Figure 3 - Control system argand diagram

As shown in figure 4 above, the calculated poles and zeros from appendix 8.2 are plotted on
the argand diagram, showing the poles are on the left hand plane on the real axis and the
zeros on the right-hand plane as complex values. proving that the system will be stable and
overdamped from the argand diagram and calculations in appendix 8.2.

With a calculated damping factor of 1.5. "




s2 —4s5+6
52 + 65+ 4
The transfer function above was inputted on matlab to produce a step response as shown in

G(s) =

appendix 8.2.1, showing the command window, step input response shown in appendix
8.2.2 and Root locus in appendix 8.2.3 to verify the calculations as shown below in table 3

comparing calculated with simulated results.

Poles and Zeros
Calculated Simulated
Poles -5.236 -5.2361
-0.764 -0.7639
Zeros 2 2
1.4142 1.4142

Table 3 - Poles and Zeros comparison table

As shown in table 3 above there is no difference between the calculated and simulated
results, verifying the calculations are correct.

By adding negative feedback on the argand diagram then both poles P1 and P2 will move
along to zero Z1 and Z2 as shown below in figure 4 below.

I
P1
Your Z's are poles and your P's are zeros ??7?72?? @ 1o
22 b4l
% ——% > o
-523 ~0.764 :

. -1.4142
P2

Figure 4 - Negative feedback argand diagram




Gain added into the feedback with a variable gain of K as shown in figure 5 below :-

R(s) s2—4s5+6 Y(s)
s2+6s+4
His)

Figure 5 - Control system with added gain

The new transfer function is derived for the closed loop system as shown in appendix 8.2
and below for T(s)

1 (s? —4s+ 6)
T =773 % 2, 65 (4T 6K
T+K T d+H

Using the Transfer function T(s) the Value for K to give critical damping is calculated as
shown in appendix 8.2 and shows critical damping to be 1.5. This is proven using the rlocus
function on matlab which is also shown in appendix 8.2.4, showing critical stability to be at
1.5.

Which means that :-

< than 1.5 would be stability
=to 1.5 would be critical stability
> than 1.5 would be unstable

Which is proven below on the Simulink models shown below with 3 different values of K to

prove each state.




what about critical damping?

The 3 different values of K chosen to prove the 3 states are :-

Stability = 0.8
Critical Stability = 1.5

Instability = 2.8
Below shown in figure 6 is the graph with the K rating 0.8 proving Stability is below 1.5.

+] scope
File Tools View Simulation Help

G- 0P 0 - Q-

T} doke ~ [ N
[ S 4654 { o

|I I;'I

|

9
) — I\

Cl-|&-

Resdy

Figure 6 - simulink graph K rating 0.8

In figure 7 below proves that the calculated value of 1.5 is critical Stability.

+ Scope
ile Tools View Simuletion Help
- 0P 0 - Q-0 FA-

N Y J [
£+ 65+ 4 / \ f
| / \ /

L] )

15

Figure 7 - Simulink graph K rating 1.5

10

Sampls based  T=10.000

Sample based | T=10.000




With the Gain set to 2.8 in figure 8 below it shows that the system goes unstable and enters
instability.
4| Sope a x

File Tools Wiew Simulation Help »

G- SOPr® =-a-Q- F@A-

F—45+6 e /
) FHbs+4 j 1 1 T / \

Fioady Sample based |T=10.000

Figure 8 - Simulink graph K rating 2.8

The Root locus is used for control system modelling as show above to analyse and predict
the control system is going to be stable or unstable and wither its over damped or under
damped. this is carried out by the location of the poles and zeros on the argand diagram as
shown in appendix 8.2.3. The argand diagram shows that the poles in this case are in the
poles are on the left hand plane on the real axis and the zeros on the right-hand plane as
complex values. proving that the system will be stable. If the poles where in the right hand
plane then the system will be become unstable.

This also shows wither the system will be under or over damped as figure 4 and appendix
8.2.3 shows this system will be overdamped as the calculated value for the damping factor is
1.5 and as shown in this section in figures 6,7 and 8 the three different values prove that if
the system with 3 different added feedback values it proves by being equal to 1.5, above and
below 1.5 shows Stability, Critical Stability and Instability.

11




4. Block Diagram Reduction method

Below in figure 9 is a block diagram containing 6 transfer blocks.

G3 G4
o . Yis) Yis)
U Ul(s) Uis)

H2

Y(s)

Uls)

ke
N

Figure 9 - Block diagram

The above block diagram has been reduced to a single transfer function as shown in
Appendix 8.3 and an Expression derived for T as shown below in terms of G1,G2,G3,G4, H1
and H2.

T = G1636G4+G2—-G26G3G4H1
" 1-G3G4H1+H2G1G3G4+H2G2— H1H2G3 G4 G2

Values for a,b,c and d have been chosen as shown below and entered into the transter block
equations for G1,G2,G3,G4,H1 and H2 as shown below.

a=8 b=6 c=3 d=14
Gl=a=8 G4=1/s
G2=b=6 H1 = 1/(s+1)
G3 =c/(s+1) = 3/(s+1) H2 =d =14

12




Using the above transfer block equations the final expression was derived as shown in

appendix 8.3 and shown below.

65 + 1252+ 305+ 6
"~ 8553 + 17052 + 4215 + 81

The System was analysed and the poles and zeros found as shown in appendix 8.3.1 and
the argand diagram shown below in figure 10 and appendix 8.3.2 which shows by the

response that the system will be stable as in the left hand plane.

& Figure 1 - [m] ks
File Edit View Insert Tools Desktop Window Help -

Ddde @ 08 R[E

Root Locus
2.5
25 a3 = = = S 1
- 027 0.2 0.14 0.085 004 2
2 .
System: sys . . 1.5
Gain: 0 ST
Pole: -0.896 + 1.94i = - 1
Pole: -0.208
Damping: 0.419 Darmping: 1
(%) 23 o
If:JrverSZSm ‘I ,;L;'.j Z 14 Owershoat (%): 0 a3
wopoancy { i Frequency (rad's): 0.208
&8 0 .
£
Syslem: sys
Gain: 0 0.5
Pole: -0.896 - 1.94i
Damping: 0.419 1
Overshoot (%) 23.5
Frequency (rad/sk 2.14 15
) .
2
027 0.2 0.14 0.085 0.04
g 1038 ‘ s ’ P ie i i
0.8 0.8 2 25 2

Real Axis (semnds'I}

Figure 10 - Block diagram root locus argand diagram
The Transfer function was entered into matlab for comparison and as shown the below in

figure 11 using the impulse function it was proven that the system would be stable.

45 1= ! & Figure 1 - O *
2 - 170 1 81];
3- t£22p (num, den) | File Edit View Insert Tools Desktop Window Help o
+- i num, den) ; NEdds @ 08B &KE
5 3 m, den) :
[ 1 Impulse Response
7 grid 1.4 210 i
]
10

Ros

g0

£

n
5 15 20 25

Time (seconds)

Figure 11 - Impulse function response
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To prove the response further the transfer function was entered into matlab and a step

command entered and a graph produced as shown below in figure 12 which also proves the

system to be stable.

L= num= [& 12 30 &];

2 - den= [85 170 421 81]:
3 - [z,p.k]=tf2zp (num, den)
4 %¥impulse (num,den) ;

El= step (num,den) ;

6 §¢rlocus (num,den)

7- grid on

8

a8

1o

"4 Figure 1 - [m]
File Edit View

ddd e

Insert  Tools

S 0E8 R

Desktop Window Help

Step Response

0.0745
0.074 + e SYVITOTTTITH IR
0.0735 |

0.073

0.0725 |

Amplitude

0.072 |
0.0715 |

0.071

0.0705
0 & 10 il 20 25 30
Time (seconds)

Figure 12 - Step command response
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Using the block diagram with the values entered for G1, G2, G3, G4, H1 and H2 as shown
below in figure 13, using Simulink the response was plotted as also shown in figure 14
below.

/

CAR=

;,
+

Figure 13 - Block diagram G1,G2,G3, H1 and H2 added values

4 Scope - ] b
File Tools View Simulation Help -

@- QP ® - Q- E-FJ-

Ready Sample based [ T=50.000

Figure 14 - Block diagram response
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Using the overall transfer function entered into Simulink, alongside the non-reduced block
diagram, using the same scope as shown below in figure 15 the block reduction calculation
techniques were proven as shown in the scope graph shown below in figure 16.

6"+ 126° + 305 + 6
855" + 1705° + 4213 + 81

Figure 15 - Block diagram reduced method

o-90r0 3 - &K FA-

Figure 186 - Block diagram reduced method response

As shown in figures 15 and 16 above, the responses are identical proving that the block

reduction technique is correct.

16




5. Frequency Response method
A control system with the transfer function shown below.

K1(s+p)
(s+q)is+7)

Using my selected values for p, g and r as shown below, calculations were carried out as

G(S) =

shown in appendix 8.4 and the transfer function derived as shown below
P=2 q=10 r=100 K1 = 1800

1800 s + 3600

T'() = 575 1105 + 1000

Using the transfer function above entered into matlab a bode frequency response diagram is

produced as shown below in figure 17.

4 Figure 1 - O x
File Edit View Insert Tools Desktop Window Help »

Dede | @ 08| R[E

B Di

CEDI T System: sys
Frequency (rad/s): 100
Magnitude (dB): 22

30

System: sys " —
20 |  Frequency (rad/s): 1.99 — - -

/ Systemn: sys
Magnitude (dB): 14 Frequency (rad/s): 10

Magnitude (dB): 22.2

System: sys
Frequency (rad/s): 0.101
Magnitude (dB): 11.1 i

Magnitude (dB)
=]
|

-45

Phase (deg)

-90

10 10’ 10° 10° 10°*
Frequency (rad/s)

Figure 17 - Bode frequency response diagram

Below in figure 18 and appendix 8.4.1 shows the magnitude and phase graph of the
magnitude and phase of the transfer function over the ranges showing the errors and
measurements.

17




excellent analysis

Bode Diagram

337 radis

Sysiem: sys
Frequency (rad's). 2

#5y 0104 Magnitude (d8): 14
Magniude (dB): 11.1

g A

Magnitude (d8)

|zn|agm.n 4

5 [20 B ec

Systam: 5y5 Odec
Frequency (radisk 2.01 T |
Phase (deg): 32.6 .

-tan-1 (wi100)

Frequency (radis)

Figure 18 - Bode frequency magnitude and phase graph measurements
The phase margin method is used to determine the relative stability of the system as the

gain margin method cannot be used, as the phase in the system does not reach 180 deg.
Figure 16 below shows that at 1800 rad/s the gain hits 0 deg and the frequency phase shift
at 1800 rad/s = - 86.6 deg as shown below in figure 19.

Bode Diagram

20
& 10 System: sys
o Frequency {racd'sk 1.8e+03
3 Magnituge (0B): -0,00192
=l (1) . |
€
o
a
=0
@
T
]
]
2
e,

System: sys

Fraquency (radis): 1.818+03
Phase (deg): -86.6
.

Frequency (radis)

Figure 19 - Phase margin method graph
So as this shows above the distance between -86.6 and -180 deg = 93.4 deg which means

that the phase margin = 93.4 deg before the critical point.
This shows that the system is stable because the minimum phase margin = 45 deg and with
the system having a phase margin of 93.4 its within stability.

good conclusions

18




6. Digital Control systems

In figure 20 below shows the equivalent block diagram of a digital control system.

DR(E) 8 -, ZOH [ 5o . Y(s)
" s+1 !

Figure 20 - Digital control system block diagram

The closed Loop Transfer function was derived as shown below and calculations shown in appendix 8.5.

50(1—e™
TZ)= ——————
@ z+ 50—51et

Calculations were carried out as shown in appendix 8.5 to determine the sampling time and the

minimum sampling frequency, this was proven using Simulink as shown in appendix 8.5 and shown in
comparison table 4 below.

Calculated and simulated comparison table

Calculated | Simulated

Sampling time (ms) 40 40

Minimum sampling Frequency (Hz) 25 25

Table 4 - Digital control system comparison table

As the table 4 shows above the calculated and simulated values are identical which proves the
calculated values are correct showing that the minimum sampling frequency is 25HZ and stability in the
Z-plane.

At 40ms the system is critically stable as shown in appendix 8.5.1 and by altering the sampling time
above and below the sampling time it can be seen the system becomes stable or unstable. As shown in
appendix 8.5.2 the system becomes stable at a sampling time of 0.15, and becomes unstable by altering
the sampling time to 656ms as shown in appendix 8.5.3.

19




These are mainly a description or summary of what was done confirming the
answers were correct. However, it has few conclusions or recommendation

that show What%/ou have learnt from the assignment.
Conclusion and Recommendations

Transient response of a second order system was calculated and simulated with all results
shown in table 2, which shows that both the simulated and calculated values are identical
with very minor rounding errors proving that the transient response of a control system can
be determined throughout calculations and simulation and provide accurate predictions
without causing any disruption to the operational process within industry and allowing the

control engineer to ensure the response is correct.

An open loop control system was modelled and represented by a differential equation and
calculations were carried out and a poles and zeros determined showing the response to be
stable and overdamped with the calculated damping factor being 1.5. As shown in table 3
the calculated and simulated results for the poles and zeros are identical veritying the
calculations are correct. Feedback added to the system and was proven that above the
calculated value of 1.5 would make the system unstable, below the value of 1.5 would make
the system stable and equal to 1.5 the system would be critically stable. Also showing the

benefits of the root locus method for control system analysis and predicting the responses.

A control system was shown in a block diagram with 6 transfer blocks. The block reduction
method was used to reduce the block diagram to one transfer function. The non-reduced
block diagram and the reduced transfer function were plotted using Simulink and it was
proven that the calculated block reduction technique was correct showing the exact same
responses from them both. The system was analysed and using the calculated transfer
function it was also proven using matlab root locus, Impulse function and step input code

that the system will be stable.

Frequency response method proved that the response of a control system can be
determined by using the bode frequency response method and the derived transfer function

can be used to determine the stability of the system.

The digital control system was represented using an equivalent block diagram where
calculations were carried out to determine the minimum sampling frequency, which as

shown in table 4 the calculated and simulated values are identical and proven using Simulink
by showing the responses above, below and equal to the minimum sampling frequency
proving wither they are critical stability, stable or instable at these points as proven.

Overall throughout the sections it has shown that a Control system can be calculated,
Simulated and tested before implementation or maintenance and be accurate throughout,
due to no discrepancies between all results. This will allow production to carry on with no
interruptions and ensure the system is 100% accurate before being implemented on the

plant.

20




8. Appendix

8.1.  Transient Response of a second order system Calculations

K=18
a=4
Single Transfer function :-
) G(s)
5) = —m—m—m—m—m—
14+ G(s) H(s)
18
_ s(s+4)
- 18
1+ RCET i 1
18
T os(s+4+18
_ 18
- s2+45+18
Natural Frequency :-
Kwn?
52 + 2{wns+ wn?
wn? = 18
wn = 4.24
Kon?= 18
K = 1
Damping factor :-
2{wn =4
7= 4
T 2wn
_ 4
¢= 2 X 4.24
_ 4
¢= 8.48
{ =047

21




Damped frequency :-

0= o= 2
w= 4241—- 0472

w= 3.85rad/s

Rise time from 0 to 100% of final value :-

7 —tan" ! (F——— ! f_ ‘:2}

tR =
w
A N1— 0472
T —tan (T)
tR = .
3.85
tR = 0.535 seconds
Peak time :-
_ T
wny1— {2
T
= 367

tp = 0.86 seconds

Percentage overshoot :-

100e — ({—n)
1- 2

100 ( 047 X m )
e—(—tf =
V1 — 0.472
= 1877%
Settling time to within +2% :-
4
ts =2% = —
{aun
_ 4
T 047 x 4.24
= 2.00 Seconds
Number of oscillations during settling time :-
_2 1
n - ‘:2
2 1 1
"= ox Joarz T
n= 1196

22




8.2.  Control System Modelling Calculations

Laplace Transform dy :-

dzy dy )
E[W + @ qc + by ] = s?Y(s)+asY(s)+bY(s)

Laplace Transform dx :-

d*x dx .
L W - pa + qxp = s“X(s)—psX(s)+ qgX(s)

Open loop Transfer Function :-
Y(s) s2 —ps+q
X(s)  s?+as+b
2
5 —ps+yq
G(s) = —/———
(5 s2 +as+b

Chosen Values :-

oPrro

apow

2 45+ 6

T s2 +6s+4

o}
—
ta
[
I

23




Zero's -

Poles :-

s =

b = -4 c =

-b £ J(b)* —4(ac)
2(a)
(-1 +J(-HZT-4 x1x6

2(1)
4+ V16-24

2
4+ V=8
-T2
4+ jV8

2
= 2 414142

b=286

—b + /(b)? — 4(ac)
N 2(@)
-6+ /(6)2—4x1x4)
2(1)
-6+ v36—-16

2
-6+ v20

2
= —5.236,—-0.764

A

24




Natural frequency and Damping factor :-

s?+6s+4

= 5?2+ 2{wns + wn?

Therefore :-

With Negative Feedback H(s) =K

G -
T(Q;#
1+ H(s) x G(s)

(s? —4s+6)
_ (s? +6s+4)
- (s2 —4s+6)
1+k (s +6s+4)
_ st —4s+6
"~ s24 65+ 4+ ks? — 4ks + 6k

B s —4s54+6
T (14 Kk)s%+ (6 — 4Kk)s + (4 + 6K)

) 5 (s?—4s+6)
S —
Lk s* + (?114]135* (gltik))

25




Critical damping value of K

Poles :-

,  (6—4k)s

—b
2a

Therefore Critical damping :-

You mean critical stability

(4+6k)

(1

b=
(1+k)

5=

+k) 1+k)

_ (6-4k) _ (at6k)

T (1+K)

—b + J(b)? = 4(ac)

2(a)
—b + jVdac — bz

o
7(1+k) _

2 x1
-6
1

X

+ 4k
+k
= —6+4k =

0
0

6
4
1.5
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8.2.1 Matlab command, poles and zeros :-

1= clcs

&= hold off

3

4 - s= tf('s");
zl= systeml = (s*2 - 4*s + &)/ (s*2 + &*s + 4)
6— pole(systeml)
= zero (systeml)
8

9 —
10
11 —

Command Window
52 -4 5+ 6

572 + 6 35 + 4

Continuous-time transfer function.

ans =
-5.2361
-0.7639
ans =
2.0000 + 1.41423

2.0000 - 1.41424

N 4 Figure 1

2

3 File Edit View Insert Tools Desktop Window Help

fy = U Ddde @ 08 kE

5= systeml = (5°2 - 4*s + 6)/(s"2 + &*3 + 4)

& - pole(systeml)

= zero(systeml) Step Response

3
Time (seconds)
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8.2.3 Matlab Root Locus :-

I Figure 1
File Edit

Doda| @ 08 kE

View Insert Tools

Desktop Window Help

System: system1
Root Locus = z

Gain: Inf
2.5 T T T T T~ Pole: 2+ 1.41i
} 0.91 0.83t 0.72 . . 0.54. 0.3 Damping: -0.816
21095 - Overshoot (%): 8.5e+03
g . . . Frequency (rad/s): 2.45
ystem: system1 System: system1 &
Gain: 0 Gain: 0
Pole: -5.24 Pole: -0.764
Damping: 1 .. Damping: 1
Overshoot (%): 0 i Overshoot (%) O o
Frequenc;_fl(rads’s_}:us.%s‘f 5 4 Frequency (rad/s): 0.764 System: system1
5 Y e Gain: Inf
>054 S| Pole: 2- 1,410
§' ~ 10985 """ | Damping: -0.816
[= RS “| Overshoot (%). 8.5e+03
E 0.98 Frequency (rad/s): 2.45
S| L y
2k 0.95 _
091 083" 072 —
25 . L L
-6 -5 -4 -3 -2 1 0 1 2

Real Axis (second s )

8.2.4 Root locus Critical Stability, 1.5 :-

28

& Figure 1 -
File Edit View Insert Tools Desktop Window Help
Nade @08 :E
Root Locus
25 - T T T T T
091 083. 072 054 03 .
2 10.95 ! ' System: system1
: Gain: 1.51
15 Pole: 0.005 + 2.28i
LR 0.08 Damping: -0.00219
4 1 Overshoot (%): 101
c .
g 05 [ 0.995 | Frequency (rad/s): 2.23‘
8 6 5 s 3 5
bE‘l Ot :r ........
<
Z-05
E 0:995 System: system
o g - Gain: 1.5
E 0.98 Pole: 0.00191- 2.28i
151 Damping: -0.000836
Overshoot (%). 100
2 |-095 ) e | Frequency (rad/s). 2.28
081 083" 072 T
25 : | | | i .
-6 5 -4 -3 -2 -1 0 1 2
Real Axis (seccnds"}




8.3. Block Diagram Reduction Method Calculations

Block Diagram :-

G4
v
Uis)

H1

Uls)

Step 1 :- G3 and G4 combined to form G5
Where G5 = G3 x G4 because they are in Series

& Yams

G5
¥is)
O G % Ulis)
H1
¥is)
Uls)
Lzl
~J

Step 2 :- G5 and H1 combined to form G6
Where G6 = G5/ 1 — G5 H1 as Positive feedback

)

¥is)

A

29




Step 3 :- G6 and G1 combine to form G7
Where G7 = G1 x G6 as in series

£

Step 4 :- G7 and G2 combine to form G8
Where G8 = G7 + G2 as parallel

G8
Y(s)
T v (=
\”ZJ"L
Finally step 5 :- G8 and H2 are combined to form T
Where T = G8 /1 + H2 G8 due to Negative Feedback
R(S) T Y(S)
o Y >
il 0 o[
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Expression in terms of G1,G2,G3,G4,H1 and H2 derived interms of T

Where T equals -

G8
1+G8HZ

Substitute for G8 :-

. (67+62)

T 1+ H2(G7G2)
Substitute for G7 :-

G1G6 + G2
14 H2(G1G6 + G2)

Substitute for G6 :-

G5
“la=csan*
G1 G5
1+ 12 [= ey + 62

B G1G5+ G2 (1—G5H1)
T 1-G5H1+H2G1G5+H2G2(1—- G5 H1)

Substitute for G5 :-

G163 64+ G2 -G26G3 G4 H1
1-G3G4H1+H2G1G3 G4+ H2G2—H1 H2G3 G4G2

T equals :-

G1636G4+G2—-G26G3G4H1
1-G3GA4H1+H2G1G3G4+H2G2—-H1H2G3 G4 G2
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Using the values for G1, G2, G3, G4, H1 and H2 shown below an expression was derived in
terms of the complex frequency variables ‘s’ as shown below :-

Gli=a=8 G4=1/s
G2=b=6 H1 = 1/(s+1)
G3 =c/(s+1) = 3/(s+1) H2=d=14

G1636G4+G6G2—-G26G3G4H1
1-G3G4H1+H2G1G3G4+H2G2—-H1H2 G3 G4 G2

T =

3 1
s+D s X GHD

3 1
8 x ><§+6—6><(

T = s+ 1)
= 3 1 1 3 1 1 3 1
- D X s XD T X8 X D X5t 14 X6- gy X 14 X 5y X 5 X6
24 —18
T = s(s+ 1) +65(s+1)2
= 3 336 252
-G tse+D T~ sGr D2

24(s+ 1)+ 6s(s+1)?—18
T s(s+1)2-3+336(5+1)+84s(s+ 1)2—252

24s + 24 + 65% + 65% + 65% + 65— 18

T =
s+ 524 524 5 —3 + 3365 + 336 + 84s® + 8452 + 84s? + 845 — 252

. 653+ 1252+ 305+ 6
~ B85s3 4 170s2 + 4215 + 81
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8.3.1 Matlab command window, poles and zeros

— num= [6 12 30 6];

— den= [85 170 421 811;
— [z,p, k]l=tf2zp(num,den)
= rlocus (num, den)

grid -;:|

e I T
|

Command Window

z =
-0.8916 + 1.9541%
-0.8916 - 1.9541%
-0.2168 + 0.0000%
D=
0.8960 + 1.9435i
-0.8960 - 1.9435i
-0.2081 + 0.00001
k =
0.0708
8.3.2 MAtlab Root locus
4] Figure 1 [}
File Edit View Insert Tools Desktop Window Help
Ddde @ 08 RE
Root Locus
25
25190 : e . . !
. 027 0.2 0.14 0.085 0.04 2
2l . . ;
Syglem: s System: sys . 1-55 4
Gain: 0 . . | Gain: 0 :
Pole: -0.896 + 1.94i - - 1
o Pole: -0.208
Damping: 0.419 | Damping: 1 :
Overshoot (%) 23.5 png: 05
Frequency (rad/s): 2.14 | Overshoot (%) 0 : )
=, ¥ o Frequency (rad/s): 0.208
sef . HiE
: = - It
System: sys ) : : S i S |
Gain: 0 - . B 0.5
Pole: -0.896 - 1.94i ) o : : : T ! _
Damping: 0.419 . . : : 1
Overshoot (%) 23.5 ' _ - . :
Frequency (rad/s): 2.14 ' ) I 1.5
\ oE - : - : st s g 4
. o - 2
el 027 0.2 0.14 0.085 004 :
25 L B I | PP 1 1
-1 08 06 -0.4 -0.2 25 02

Real Axis (second s )
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8.4. Frequency Response Method Calculations

P=2 q=10 r=100 K1=1800

K1(S+P)
S+q)(s+1)

G(s) =

Replace S with jw -

. Kl(jw+P)
Glw) = o+ q) (jo+71)

In standard form, G (jw) becomes :-

K1P (14 jw/p)
g +jw/q)r (A +jw/r)

G(jw) =

6G) K1P (1+j?w)
w)=— X ———F———
qr (1+%’) @+

The overall gain is :-
Klp
qr
1800 x 2
~ 10 x 100
3600
1000

K= 36

K =

Therefore the Log of K :-
20logp(3.6) = 11.12
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Transfer function :-

1800(s + 2)
T(s) = ————————
(S +10)(s + 100
1800 s + 3600
T (s) =

52 4+110s 4+ 1000

Matlab code :-
Num [1800 3600]
Den [1 110 1000]

Bode (num, den)

8.4.1 Bode frequency response magnitude and phase graphs/measurements

Bode Diagram

100

3 N G

radis) 2

¥ (racs
Aagnitude (dB): 14

Magritude (dB)

Phase (deg)

Frequency (radls)
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35 —
an - System: sys System: sys —
Frequancy {radis): 10 Fraquency (rad/s: 100
25 Magnitude (dB): 22.2 Magritude (@8)-22 —
= System: sys
g. 20 ' System: sys Frequency (rad/sy 2 m
§ o | Freauency (malsy 0.104 | Magnituda (dB): 14
2 15| Magnitude (dB): 11.1 E
5
= Syslerm: sys
’T Frequency (radis): 1 Bes03
togl 2010g (19w iZ) 20 log {1+jwI10} Magnitule (9B): -0.0011
0 -
§ 20 dBidec .
450
) — -
g
=
- y -]
: T
-45
- .
90 . B —— .
10 10" 10’ 107 0* 0t
Frequency (radis)
u
Bode Diagram
=l | 337 ras ] i
2 System: sys System: sys
Frequency (rad's) 10 - Frequency (mdis) 100
25 Magniude (dB); 22.2 L Magritude -2 ——-|2548
= System: sys -
T 20| Syslem: sys Frequency {rad/s): 2 =
£ ;| Froquency (mdlsk 0104 Magniuda (dB): 14 i
£ " ):11.1
E L3 e System: sys
5 - Frequency (rad's): 1.8a+3
oL 20 log(11.1) 20 l0g (14w 12} “\-.\‘Magni!ude(ﬂﬁl 00011 3
i 20 dBidec
| H 4
80 e g s ——emmmheemem——e————————
Systam: sys Odec Systemam e tan-1{wiz)
Frequency (radisk 2.01 - Frequency {rad's): 10
5 Phase (deg): 326 Y. L Fhate (deg) 27 8
E - - SR
System: sys L System: sys -
Frequency (rad'sk 0.201 T~ Fraquency (mdis): 100
Phase {deg): 4.48 Phase (deg): 406
s System: sys | 7
Frequency {rmd's): 1.01e+02
_ | Pnase (deg). 533
o R S —————— \
10 10” 0* il

Fraquency (rad's)
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8.5. Digital Control Systems Calculations

50
(s+1)

ZOH Laplace transform :-

1-— efst

Open loop transfer function :-

1—e™t 50

o) = s % (s+1)

Z transforms :-

G(2) = Z{G(s)}
—(1- z—1)50z{

=
s(s+1)
Partial fractions method :-

1 A B

ss+1) s s+1

1 AG+D+B(G)
s(s+1) s(s+1)

A(s+1) +B(s)=1
When S=0 :-

s=0
A0+1)+B(0)=1
A=1
When S=-1 :-

s=-1
A(-1+1)+B(-1)=1
-B=1
B=-1
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1

s(s+1)
1 1

s (s+1

Z{s(si 1)}
1 1
=z {E C(s+ 1)}

Therefore :-

— a1t _
G(Z):(l—z_l)x50xlz{ ° Z+1}

Z
(z—=1D(z—-e™1)

50 (1 —e1t)
t

z—e"

Using the closed loop transfer Function :-

G (z)

"= 175om

50 (1—e™t)
(z—e™H)
TE0(1 —e-0)
14200 -¢)
P
B 50(1—e™%)
T z—et4 50(1—e7h)

50 (1—e™t)
 z4 50—51let

Poles found :-
Z4+ 50— 5le~t =
Therefore :-
Z =5le t—-50
Stability :-

—1<Z<+1
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ForZ = +1

5let—-50=1
51
—t o 1
¢ 51
log base of e :-
—T = In(1)
-T=0
T=0
For Z = -1
5le"t —50= —1
=071 96078
e = 51 = .
Loge:-

In (0.96078) = —0.04
T = 0.04
T = 40 ms

Sampling frequency :-
1

0.04

=25 Hz
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8.5.1 Simulink model, sampling at calculated frequency showing critical stability

¥ ¥ Cursor Measurements ax
» Seftings
¥ Measurements
Time Value
1] 0.040 0.000e+00
21 0.000e+00 0.000e+00

AT  40.000ms AY  0.000e+00

1/ AT 25.000 Hz
AY | AT 0.000 (/s)

40




8.5.2 Simulink model, sampling at above the calculated frequency showing stability

Reduced to 0.15 to show stability
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8.5.2 Simulink model, sampling at above the calculated frequency showing unstable

Increased to 65ms to show instability

R ]
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1809812

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

67/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

Text Comment. section 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

Text Comment. what about critical damping?

PAGE 12

PAGE 13

PAGE 14




PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

Text Comment. excellent analysis

Text Comment. good conclusions

PAGE 20

PAGE 21

Text Comment. These are mainly a description or summary of what was done
confirming the answers were correct. However, it has few conclusions or recommendation
that show what you have learnt from the assignment.

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

Text Comment. You mean critical stability

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34



PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

GRADING FORM: NEW CSG-RUBRIC

LIAM GEORGE

67

1. ENGAGEMENT WITH LITERATURE

[

y‘ N/A

2. KNOWLEDGE AND UNDERSTANDING

(

y“‘ Knowledge is reasonably extensive. Exhibits very
competent critical understanding of the well-
established concepts and principles of the subject
and the main methods of enquiry. Breadth and
depth of knowledge. 13/20

3. COGNITIVE AND INTELLECTUAL

13




y"’ Sound critical evaluation and analysis of concepts.

Is selective in the range of evidence used and
synthesises rather than describes. Ability to devise
arguments that show awareness of different
stances, and use evidence convincingly, to support
appropriate and valid judgements. (19/30)

4. PRACTICAL APPLICATION

19

[

y"’ An advanced application of a range of established

methods, materials, tools and/or techniques. The
context of the application is well considered, and
insightful. Consistent, accurate and logical
application of theory to practice, making well-
developed links between the two. Can identify
problems and propose excellent, creative solutions
outside the context in which they were first
studied. (21/30)

5. TRANSFERABLE SKILLS

21

[

y‘ Can communicate professionally confidently and

consistently in a suitable medium for the audience.
Work is coherent, very fluent and is presented
proficiently. Can work autonomously with
initiative. Where relevant can work professionally
within a team, showing leadership skills as
appropriate, and meeting obligations.
Demonstrates excellent skills for employment
requiring the exercise of personal responsibility
and decision-making and an appetite for further
development. (14/20)
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