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1. Executive summary
This report focuses on control systems analysis, modelling and simulation.

Firstly, using chosen values for “K” and “a” a transient response was calculated along with all the key
factors of the response waveform like natural frequency, peak time and rise time.

Secondly, a control system was modelled using Laplace transforms to translate the equation into the
frequency domain and then my own chosen values were inputted to produce a transfer function and
develop a set of results.

Thirdly, a block diagram was given which needed to be reduced to a single transfer function, then
my chosen values were inputted to produce the final transfer function which summed up the
original block diagram.

Fourthly, a frequency response was calculated with chosen values forp, g and r.

Lastly, using chosen values the minimum sampling frequency for a digital control system which
ensured z-plane stability.

For each of the tasks a simulation was done to prove the calculations done were correct and the
results were compared, evaluated, and explained.




2. Transient response of a second order system
2.1 Method and workings

R(3) 12 Y(s)

s(s+2) !

Figure 1 - Second order
system

Reducing to a single transfer function by multiplying both the numerator and denominator by s(s+4):

12
e S6FD 12 1
Tp_ 12y st +12 sPi2s+12
s(s+2)

Using the standard transfer function for second order circuits, the natural frequency can be solved:

12 . Kwn?
- compares o —V—————————
sTy2s+12 P 2+ 23w; + w?

From this,
w2 =12 therefore, w, = Viz = 346rad/s
Kon? =12 and w? = 12 therefore K =1
From the comparison of the transfer functions above, the damping factor is:

25w, =2

2
L= =" =10.289
2w, 2x346

Which is underdamped

To work out the damped frequency:

W= wpy/1—E2
w = 3.46+/1—0.289% = 3.312rad/s

Rise time:

m

t = =0.474
" 2x346V1—0.2892

Or

Most of these calculations should be in the appendix as stated in the brief with
a summary table of results placed in the main report.




V1 —0.2892

— el e
_ T tan (5789
3312

= 0.563

Peak time:

= 0.949seconds

T
t=—
P 346V1—0.2892

Percentage overshoot:

—0.2891
Percentage overshoot = 1009(\J 02807 = 38.74%

Settling time within 2%:
£/2%) =~ — 4seconds
SVE) T 0289 % 3.46 o CCONE

To work out the number of oscillations during the settling time:

el R T
nET st T nlozeer T T T




2.2 MatLab results and comparison

2.2.1 peak time, Rise time, Settling time.

Step Response M™MA QS
1 4 /.|\ T T T T —
stem: sys
Time (seconds): 0.95
12F Amiplitude: 1.39 E
1 forrenrenany Satiiiasiassians Mesrsensees Adiiass /’ T T il basm——
System: sys System: sys
Tlme.(seconds)' 0.562 Time (seconds): 4
8o08f [ Amplitude: 1 Amplitude: 0.982 .
=
£
E
<06 .
04k numl=[12]; i
denl=[1 2 12];
step(numl,denl);
02 - i
grid on;
[‘} L 1 1 L
0 1 3 4 5 6

Figure 2 - Peak time, rise time, settling time, oscillation number
The peak time measured in MatLab is 0.95 seconds which matches the calculated value of 0.949.

From the MatLab simulation, the time taken to rise to its final value is 0.562 seconds. The calculations
rise time value is 0.563 seconds which is acceptable.

Settling time from the calculation (Calculated as 4 seconds) is close to the Matlab simulation. The
curve settles to within 2% of its final value at the 4.31 second mark.




Step Response

T T T

S08F f System: sys
E Time (seconds): 1.89
g' Amplitude- 0.85
<06 .
04 1
02F 1
0 / 1 1 1 1 1

0 1 2 3 4 5 6
Time (seconds)

Figure 3 - percentage overshoot and number of oscillations

As shown in figure 3 the percentage overshoot in the simulation is 39%. The calculated overshoot is

38.74% which proves the simulation is accurate. Also, the number of oscillations was worked out to

be 2.11. This is also proven as the number of full rotations before the waveform falls within 2% is 2.

The damped frequency from the MatLab simulation works out as:

1
TI(—X 2) =3.324rad/s
1.89

The calculated value for the damped frequency is 3.312rad/s which proves the formulae is correct.




3. Control system modelling
Open loop control system differential equation with own values:
Ty 4B g EE L,
ez de Y T der Cdr
3.1 Producing the general solution
Assuming y(0)=0:
d? d
L {ﬁ—{- 4d—f+ Zy} = 52Y(s) +4sY(s) + 2Y(s)
Assuming x(0)=0:
d?x dx
L {E— ZE+ 4x} = 52X(s) — 25X(s) + 4X(s)
By putting both equations back into their original positions:
SZY(s) + 4sY(s) + 2Y(s) = 52X(s) — 25X (s) + 4X(s)

Y($)[s? +4s +2] =X(s)[s? — 25 + 4]

Therefore:

@: s2—2s+4 cde(s):SZ_ZS+4

X(s) s?4+4s+2 s2+4s+2
3.2 Poles location, response type, natural frequency, damping factor
By then taking the G(s) numerator the zero positions can be calculated:

s2—-2s+4=0
—(-2)+V-22—4x1x4
0T 2% 1
_2++4-16
2

s
Since a root cannot be negative:

2412

2
s=1+4j1.732

s

To find the system poles using G(s) denominator:
s2+45+2=0
—4+vV42 —4x1x2

2x1
s = —0.586,—3.414

These results are confirmed by Matlab in figure 4 below:

)




1 clc;

2 s = tf('s");

3 systeml = (572 - 2%s + 4)/(s"2 + 4%s + 2)
A pole(systeml)

5 zero(systeml)

7 grid on

8 hold off

9 step(systeml)

Command Window

systeml =
sh"2 - 2s + 4

s"2 + 45 + 2

Continuous-time transfer function.

ans

-3.4142
-0.5858

ans

1.0000 + 1.7321i1

1.0000 - 1.7321i
Figure 4 - Matlab results




3.2.1 Argand diagram

1 4j1.732=0 y 25

—0586,—-3.414 x Figure 5 - Argand diagram

Figure 5 shows the pole positions on the argand diagram.
The expected response isfor it to be stable and overdamped since the zero positions are in the right-
hand plane and the poles are on the real axis.
Use the denominator of the general solution to compare against the characteristic equation:
s? 4+ 2Zwf + wi compares with s% + 4s + 2

w2 =2
w, = 1.414rad/s
22wy =
L=————=1414
2% 1414
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Figure 6 shows the step response when the general solution is inputted into Matlab. Figure 7 shows
the Matlab code used to create the response. The step response does not oscillate as it reaches
steady state proving it is overdamped. Despite the initial drop to begin with.

Step Response

Amplitude

L : l 1 |
0 2 4 6 8 10 12
Figure 6 - Matlab step response Time (seconds)

clc;
s = tf('s");

systeml = (572 - 2%s + 4)/(s"2 + 4%s + 2)
pole(systeml)
zero(systeml)

grid on
hold off

step(systeml) Figure 7 - Step response Matlab code
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Figure 8 shows the positions on a Matlab generated root locus diagram which can be used to prove
the locations of the poles and zeros. As calculated, the zero positions are within the right-hand plane
at 1+1.73 and 1-1.73 while the pole positions are precisely where calculated. -0.586 and -3.41.

Root Locus
2 o T = T - T T T

0.87 0.78 0:64 0.46 .- 0.24
1.5 0.93 System: systeml
. ! Gain: Inf
Pole: 1 + 1.73i
Damping: -0.5
1re97 Overshoot (%): 613

System: systeml Frequency (rad/s): 2

Gain: 0

Pole: -3.41

Damping: 1

Overshoot (%): 0
35 [Freavency (radish: 341}, 4yl

o
U

5 -0.992

Imaginary Axis (secon ds?! )

\ . .| System:; systeml
8 | Gain: 0
; Pale: -0.586
0.5 -0.992 \ . Damping: 1 1
Overshoot (%): 0
. . ] "\ . Frequency (rad/s): 0.586 [/stem: system1
1097 ] \ T Gain: Inf
k N\, ) Pole: 1 - 1.73i
3 Damping: -0.5
15 Lo g3 N Overshoot (%): 613
: Ny Frequency (rad/s): 2
: . T — A
0.87 : 0.78 ) 0:64 0.46 -.0.24 T‘i‘f
- - , at . L o N
4 3 2 1 0 1 2
Figure 8 - General solution root locus Real Axis (seconds™)
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3.3 Effects of negative feedback and critical damping
By using the proven root locus response diagram shown in figure 9 and the pointer, the point of
critical damping can be shown as 0.189 which can be used as a value of “k”.

Using 0.189 as the value of “k” with the transfer function:

_ G(s)
U TR
4-2(0.189) 2+ 4(0.189)

s
1+0.189 1+ 0.189
T(s) = 5%+ 3.0465 + 2.318

T(s) =s?+

By comparing the G(s) characteristic equation:

wn?® = 2.318
wn =v2.318 = 1.523rad /s
Therefore:
2Ew; = 3.046
5 3.046 1234
24/1523
Root Locus
2 ¥ T T
0.87 0.78 0.64 0.46 0.24
15 [0.93
1r0.97
o
B
c 0.5F0.992
o
v
i}
z
z M35 3 25 2 13 :
< System: systeml |
> Gain: 0.189
- S . Pole: -1.52 + 2.71e-08i |l
£-05£0992° | parning 1 \\‘
E Overshoot (%): 0 \
- : Frequency (rad/s): 1.52 \-‘_
1 097 N
-1.5 -093 \‘__.\
0.87 0.78 0.64 046 024 T
2 | 1
4 3 2 1 0 1

Figure 9 - Root locus diagram point of

1
critical damping )

Real Axis (seconds”
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Figure 10 shows the points of critical stability on the root locus diagram generated using Matlab and
the G(s). Critical stability refers to the point were the lines intersect the real axis at zero. As shown in
figure 10, the gain is 1.99 (which can be rounded to 2). This can be checked with the following

calculation to add negative feedback. (closed loop system)

T(s) = —o8)__
14 H(s)G(s)
s2— 2544
REN Y]
52— 25+ 4
VKX (753552
s2—25+4
© s?+4s+ 2+ Ks?— 2Ks + 4K
s2—2s5+4
(A4 K)s?+(4—2K)s+ (2+ 4K)
s2—25+4
(1+K)
Te)=——G@ =2k 2+ak)
Sta v taEn
Using this equation, the value of “K” can be calculated and then checked against the value of “K” in

Matlab to verify that it is correct.

Using the denominator of T(s):

4-2(K) 2+ 4(K)
y = ;2 y =
T =s"+— sty =0

Simplified:

Figure 10 shows the gain to be 1.99 which can be rounded to 2, to match the calculation. This could
be due to | minor error in the Matlab software but the difference is negligible.

14




Root Locus

2 - — — —
0.87 0.78 0:64 0.46 0.24
.. ; : System: systeml
1.5 0.93 ’ { Gain: 1.99
/ Pole: -0.00435 + 1.82i
. Damping: 0.00239
£, Overshoot (%): 99.3
1 0.97 Frequency (rad/s): 1.82 1
-
8
c 0.5 0992 1
Q
v
L}
& )
w A 35 3 25 2 05 i
I e e e i d
<{
o)
] : L :
£.0.5 0992 . | GO : -
g \
1 (-0.97 : ~..{ System: system1l
3 N Gain: 1.99
h Pole: -0.0022 - 1.83i
_ _ . ) Damping: 0.0012
15093 _ _ - Y Overshoot (%): 99.6
"x,._ﬁ Frequency (rad/s): 1.83
0.87 0.78 0:64 046 024 T ’
2 . I I 1 el ! J
4 3 2 1 0 1 2
Figure 10 - Critical stability Real Axis (seconds™)

By adding negative feedback, the zeros move along the root locus within their respective margins.

Negative feedback and critical damping are what allows the curve to smoothen out (settle) into a
straight line instead of fluctuating.

Figure 11 shows the Simulink and the result on the built-in scope utility. The feedback values used
are 2, for critical stability which should produce a waveform which will not settle but will oscillate
continuously at the same rate (shown in brown). This also means the zeroes lie on the jw axis.
Decreasing the feedback by 50% gives an underdamped response which will peak and oscillate a
little before settling (shown in red) making it stable while meaning £ < 1. Lastly, increasing the
feedback by an additional 50% causes an unstable waveform which increases in oscillation size
indefinitely as time goes on (shown in yellow). Adding unity negative feedback should stahilise the
unstable waveform.

When does critical damping occur?

15




_I_ =25 +4
S+4542

Yy

Figure 11 - Matlab transfer function simulation

a good way of proving stability
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3.4 Root locus method

The root locus method allows the user to closely analyse the poles and zero points of any given
transfer function. It also allows the user to find useful information like the point of critical
stability/damping. Once produced, the rlocus diagram can be used to find the point of critical
damping or “K”. Meaning further calculations can be done. The rlocus is vital in proving that the
calculations are correct.

17




4. Block diagram reduction method

4.1 Reducing to single transfer function and finding T

Gs = G3G,
Gs

Gy = ———

671 —GgH,

Gy = GgGy + G,

H1 is positive feedback with G5 and H2 is negative feedback with G8.

Gy
T=—"'—
14 G,H,
Suitable for G7
_ GeGy + G,
T 14 (GgG, + Gy)H,
_ GGy + Gy
T 14 H,G:G, + H,G,
Suitable for G6
Gs
- (1 —GSHl) Gi+ G2
1+HZG—£i—JGl+HﬁQ
T—GsH,

Multiply numerator and denominator by 1-GsH1

T = GsGy + Gp (1 — GsH,)
T (1— GgHy) + HyGsGy + HoG,(1 — GsHy)

GGy + Gy — Gy GsHy

T =
1= GgHy + HyG5Gy + HyGy — HyGoGsH,

Suitable for G5

_ (G3G4)Gy + Gy — G5 (G3G4)H,
1= (G3Gy)H, + Hp(G3G,) Gy + Hy Gz — Hy G5 (G3Gy)H,y

- G3G4Gy + G, — G,G3G,H,
T 1= G3G4Hy + HyG3G,Gy + HoGy — HaGoG3G4H,

18




Subin Values:

G1=5 G2=0.1 G3=2/s+1  Ga=1/s H1=1/s+1  H2=3
2 1. 1
- (s3p55) + 01 - (01 x gy x5 X 559)
7 1. 1 1 7 1. 1
1—(S+1x;xs+1)+(3xb+1x§x5)+(3><0.1)—(3><0.1><S+1><§><S+1)
10 0.2
T = s(s+1)+0'1_5(5+1)2
= 2 30 0.6

l_s(s+1)2+s(s+ 1)+0'3_s(s+ 1)?

B 10(s+ 1)+ 0.1(s + 1) —
T s(s+1)2—2+30(s+1)+03s(s+1)2—06

105 + 10 + 0.1s% + 0.1s% + 0.1s2 + 0.1s — 0.2

T =
s3+s2452+5—24+30s+30+ 0.35*+ 03524+ 03524+ 035s—0.6

~ 0.15* +0.25* + 995 +9.8
T 1353 + 2652 4+31.3s5+274

Figures 12, 13 and 14 show the results of the transfer function using Matlab. Figure 14 shows it

proven in Matlab code (Bode and Nyquist methods) while 12 and 13 show the pole and zero

positions on a Rlocus diagram. For each of the three methods, the results are all the same. —0.5 +

9.89 pole position and a —0.543 + j4.77 zero position.
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Root Locus

15 . : .
10F n J
System: system1
Gain: Inf
System: system1 FEEE Sl
= Gain- Inf Damping: 0.0505
i 5T Pole- -1 Overshoot (%): 85.3 .
S Damping: 1 Frequency (rad/s): 9.9
§ Overshoot (%): 0
- Frequency (rad/s): 1
w  EEEE—
5 OF —x 1
<
e
@
g; System: system1
g st x | Gain: Inf 2
- Pole: -0.5 - 9.89i
Damping: 0.0505 :
Overshoot (%): 85.3
Frequency (rad/s). 9.9
-10F . : -
-15 1 1 1 i
-2 -15 1 0.5 0 0.5
Figure 13 - Rlocus pole positions Real Axis (seconds™)
Root Locus
15 T T
System: system1
10 Gain: 0 @ B
Pole: -0.543 + 4.77i
Damping: 0.113
QOvershoot (%): 69.9
—_ Frequency (rad/s): 4.8
o 5F J _
o
[=
Q
Q
@
S System” system1
2 ok o Gain: 0 i
> -
< System- system1 Pole: 70.543 -47T
= Gain: 0 Damping: 0.113
o Pole: -0.913 Overshoot (%): 69.9
'@ Damping: 1 l Frequency (rad/s): 4.8
E 51 Overshoot (%): 0 : —
Frequency (rad/s). 0.913 H
-10F o -
-15 1 1 L |
2 15 1 05 0 05

Figure 12 - Rlocus zero positions

R
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1 clc;

2 s=tf('s");

3 systeml=(@.1%s"3+0.2%s72+9.9%5+9.8)/(1.3%5"3+2.6%s"2+31.3%s+27.4);

A pole(systeml)

5 zero(systeml)

. 1 cle;

’ grid on num=[0.1 0.2 9.9 9.8];

8 hold off

: step(systeml) 3 den=[1.3 2.6 31.3 27.4];
Command Window ) [z,p,k]:thzp(num,denﬂ

Command Window

ans =
-0.5435 + 4.77381
-9.5435 - 4,77381
-9.9130 + 9.00001 -0.5000 + 9.88691
-0.5000 - 9.88691
-1.0000 + ©.00001
ans =
-9.5000 + 9.88691 p =
-9.5000 - 9,88691
~1.0000 + 0.00001 -0.5435 + 4.7738i
-0.5435 - 4.77381
-9.9130 + 0.00001
k =
Figure 14 - MatLab Pole and zero positions 0.0769

proved with both proving methods
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O

-0.543 +j4.77=0 N
—-05,-9.89= x Figure 15 - Developed transfer function argand diagram

-5

Figure 15 shows the developed transfer functions argand diagram produced from the zero and pole
positions produced in figures 12-14. The pole positions on the real axis prove the resultant
waveform should be stable while the zero positions mean the system will be underdamped. This will
mean the waveform will overshoot and oscillate before reaching a steady state because the zeroes
have imaginary parts. The oscillations will only occur and degrade to steady state as long as the
imaginary parts are in the left hand plane.
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05 [ Step Response

0.5

0.45

o
i

NG
)

ﬁAmprude: :

M

0.15

01

0.05

0 2 jime (secondsé 8 10

clc;
s=tf('s"');
systeml=(0.1%s"340.2%5"2+9.9%s+9.8)/(1.3%5s"3+2.6%s"2+31.3%5+27.4);
pole(systeml);
zero(systeml);
step(systeml) Figure 16 - Developed solution step response

Figure 16 shows the step response of the developed transfer function. As shown by the oscillations

and overshoot of the waveform before reaching its settling point at approximately 8 seconds
according to the graph, the waveform is underdamped.
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o>

22
2

s+1

o0
|

=
<l
)

0.15°+0.25* + 995 + 9.8

135" + 2,65+ 3135 + 274
- X

.Scope
File Tools View Simulation
@-B@P - -a-[C- FF-

Sample based T=10.000

Ready
Figure 17 - Simulink results from transfer function and eriginal block diagram
Figure 17 above shows that the results of both the developed transfer function and the and the

original both matches. Proving that the developed one is correct since there are no differences in

the two waveforms.
Good evidence of testing
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5. Frequency response method

This method is often used to investigate how a system behaves and is best described as the steady
state of a transient waveform (meaning the output is constant) responding to a range of set
sinusoidal frequencies.

P=2, q=20, r=300

K(s+p)
G y e ——————
(s) (s+q)(s+71)
P=Wc1=2 q=Wc2=20 r=Wc3=300
T(s) = Ki(s +wy)

(5 + (UCZ)(S + CU,:3)
wcl,2,3 refer to the cut-off frequencies and the times at which the response changes state. From
climbing stated by P, to peaking stated by Q to falling stated by C.
Ki(jw + we)
o+ o )(o+ ag)

T(jw) =

oy ol 1)
(22 +1)0n (L4 1) 0

Wea We3

Separating out the brackets:

Kyweq (1 + :J_C::)

Wl (14 C’U—‘;) (1+ :J—‘:’B)

T(jw) =

The first fraction in the equation above can be used to calculate the overall gain (K). The second

fraction can be used in the bode magnitude diagram.

For bode magnitude diagram:

jw
IT(Gw)|ap = +20logqp |1+ :J 50,at W = Wg Asymptote gradient = +20log|K|
cl
. jw ‘
|TGw)|gg = —20logqo |1 + 50,at @ = Wgy Asymptote gradient = —20log|K |
Wez
. jw ‘
|T(Gw)|gg = —20logqp |1 + 50, at W = W3 Asymptote gradient = —20log|K |
We3

When dBs are used to add magnitudes, the frequency levels can be measured on a logarithmic scale.
This means that approximations can be made with regards to the response with an error range of
3dBs at the cut-off frequencies.

where w « w,, at lower frequencies |T(jw)| 5 = 20log|K|

25




Bearing in mind: P=Wc1=2, q=Wc2=20, r=Wc3=300 which are used to find the overall bode response

The overall gain (K):

K,P
K=
qxr
Where the graph rises at p, peaks at q and falls at r. Using K,=12000:

_12000%x 2
- 20x300

20log,,|4| = 12.04

12000(s + 2)

T(s) = —— "

(s +20)(s + 300)
120005 + 24000

7(s) )

~ 52 + 3205 + 6000)

Using MatLab, P=Wc1=2, q=Wc2=20, r=\Wc3=300 and K=6000:

10*

System’ sys System: sys
Frequency (rad/s): 20 ja Dlagram Frequency (rad/s): 303
2oF —T— Magnitude (dB): 29 f e " Magnitude (dB): 29 i
: .
S~
/ AN
25+ / \ .
\\
o System: sys yd N
T 201 Frequency (rad/s) 203 d N\ b
3 Magnitude (dB): 15.1 S "
2 15F o -
Z -
 — System: sys
= 10 Frequency (rad/s): 6.01e+03 —
Magnitude (dB): 5.99
5F .
O L i a2 2 22l " " i a2l L M MR | L L a2 sl L
go— T T T T T T T T T T T L | T T T T T ™
45+ /-/’/,_\ |
E - -
ﬁ /// \
o OF ~ 4
w
£ num=[12000 240001 AN
Pl den=[1 320 6000] Y 1
bode(num,den) \\
g0k 1 ] ] : "=
10" 10° 10! 102 Sysiem: sys
Figure 18 - bode magnitude and phase plot Frequency (rad/s Frequency (rad/s). 6.01e+03
for developed transfer function q v ) Phase (deg): -87

Figure 18 above shows the results when the values are put into Matlab. The results are always 3dbs
off. As the magnitude climbs to its peak the phase angle steepens and decreases down to negative
90 degrees after the magnitude has peaked. Possibly, because the system would be increasing at this

point and once the steady state is reached the system eases off.
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Regarding figure 19, the asymptote diagram shows that once the magnitude goes below the “K”
value of 6000, the phase angle is approximately at its lowest point. (Or negative peak). The
asymptote points above the p, g and below the r points show the error range of the real cut-off
points of the response since the simulator has a 3db error range. Where the line coming from point
“P" intersects the line coming from point “K” is the peak magnitude.

5.2 Relative stability
The phase does not reach -180 degrees. Meaning the gain margin method cannot be used since -180
degrees is required for this method. Therefore, the phase margin method is used.

—— T — T T T —
d/
) \

N
o
T
P
/

/
& / \
i) \
o) / \.
Ed ,./ \
2| N
c N
System: sys
Sk Frequency (rad/s): 1.2e+04

Magnitude (dB): 0.00388

=
T

gQ pr——rrrry T T T Ty

45 -
= -
o) //
Z
qﬁ -
%)
@®
e
o
-45 -
o7y T | | P | A \"
10° 101 Frequency (rag/s) System: sys
Figure 20 - Phase margin measurements Frequency (rad/s): 1.19e+04

Phase (deg): -88.5
As shown in figure 20, when the gain is 0Db, the frequency is about 12000rad/s. At 12000rad/s the
phase angle is -88.5 degrees. Therefore:
Phase margin = —180° — (—88.5°) = —91.5°
Good answer
Because the phase margin is greater than 45 degrees the system is proved to be stable.
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6. Digital control systems

R@) 150

O—»| ZOH |,

(s+1)
Figure 21 - Digital control system block diagram
ZOH Laplace transform where ZOH is zero order:
1-— e—sT
ZOH =——
For an open loop transfer function:
G(s) 1—e=T 150
N %
> s G+1)
To produce Z transforms given that z = e57
G(z) = z{G(s)}
150
Gz)=(1-z"YK {—}
(2) = (1—-27")Kz s2(s + 150)

Then with partial fractions method:There is something wrong here
are the open loop transfer

] 's:ﬁégpﬁiej( S
s2(s+150) s s?  (s+150)
Combining A and B fractions

As(s +150) 4+ B(s + 150) + Cs?

s2(s+150)
Whens =0
0+B(0+ 150)+ 0 =150
B=1
When s = —150

040+ C(-150)%2 =150

- 1
150
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When s=1

1
A1(1+ 150) + 1(1 + 150) + =5 5% = 150

1
1514 + 151 + — = 150

150
1514 = 150 — 151 — —
B 150
1
L (‘“(ﬁ))_ 150+1 1
N 151 T 150x 151 150
Therefore:
1 1
150 _ 7150 1 150
s?(s 4+ 150) s s2  s+150
150 1 L
Z( ): 150, 1,150
s?(s+ 150) s s 54150
( 150 ) Tz z(1 —e™797)
515+ 150)) T Zz=1)?  150(z— 1)(z— e 707)
Tz z(1—e~70T)
— ) _—
=@-z)xk [(z “1)2 1500z —1)(z — e-707)
71 1 —eg-70T

fez T
z Xg___:l.(z—l) 150(z — e~707)

T 1 —e-70T

(z—1) 150(z—e~7T)

GD(Z) = k[
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When T=0.1

0.1 1-— e—lSDXD.l
Gy(2) =k -
0@ [(z —1) 150(z — e~150%0.1)
B k[ 0.1 1—0.0000003059 ]
“"lz-1) 70(z— 0.0000003059)
|0 0.9999996941 ]
“"lz—-1) 70(z— 0.0000003059)
— [ 0.1 0.01429
“"l(z—1) z-0.0000003059

[0.1(2 —0.0000003059) — 0.01429(z — 1)
(z — 1)(z — 0.0000003059)

B [0.12 — 0.00000003059 — 0.01429z + 0.01429)]
- 2% —0.0000003059z — z + 0.0000003059

_ [ 0.08571z + 0.01428997
~ 7122 = 1.0000003059z 4+ 0.0000003059

With unity feedback:

Gy ()

“O=176@

num

By making Gy (2) =

den

num
num
G (Z) - den

(%) = den + num

k(0.08571z + 0.01428997)
z% —1.0000003059z + 0.0000003059 + k(0.08571z + 0.01428997)

G(z) =

k(0.086z + 0.0139)
2% +z(0.08571k — 1.0000003059) + (0.0000003059 + 0.01428997k)

G(z) =

Should be
first order
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For a closed-loop transfer function k=100:

150(1—e~"
6@ =7 +(150 = l)SOE_T
_150(1—e™)
z+150—151eT
To find the poles:
z+150-151e T =0
So:

z=151e T — 150
In order for the system to be stable, the pole needs to be within:
-1<z<1
Forz =—1
—1=151e T — 150
149 = 151e”7

19 o
151
e T =0.987
Using log.:
—T =-0.01333353087
T =0.01333353087
ForZ=1

1=151e T =150

151 = 151”7
151 _ 7
151

e T=1
T=0

So the sample rate for stability is 0<T<0.01333353087
Natural log:

o . . 1
Minimum sampling period = 001333353087 — 75Hz

incorrect as you have
been treating it as a
secggd order system
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To calculate the stability in the z plane, the following equations are used:
Using z = e*t:
s=0+jw

z = elotj)T

Euler's formulae states:
z = e?T(cos(wT) + jsin(wT))

z=e"TzaT
Whena = 0, zisa circlewith a radius of 1 and once ¢ < 0theradius is less than 1. Thenonce g > 0
the radius is more than 1.
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7. Conclusions and recommendations

Throughout the tasks completed, the simulation and the calculated results always closely match.
Once the transfer function has been created it can be tested without the need for a simulator to test
if the waveform will be stable, unstable, underdamped or overdamped by plotting the pole and zero
positions on an argand diagram and assessing the positions. Using the rlocus function in MatLab, the
argand diagram can be checked to ensure the calculations are correct and can be used to determine
other factors including the point of critical damping (“K”) and the critical stability points.

The key differences in a step response is it being either overdamped or underdamped. Which
drastically alters the resultant waveform. While they can both take similar times to reach a steady
state they get there differently. Overdamping produces a steady rise and, in some cases, will
produce an initial drop. Whereas underdamping will always produce a certain percentage overshoot
and oscillation for a certain time before reaching steady state. The addition of negative feedback in
this case will reduce the overshoot and settling time. Although, if the zeroes are located on the jw
axis the waveform will continue to oscillate at a steady rate.

However, any simulation done can always produce minor errors and is never correct. For example, a
phase magnitude waveform will always be in error in a range of 0-3Dbs. But the differences in
calculation and simulation results are usually negligible unless human error plays a factor.
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8. Appendix
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1809806

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

64/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

QM Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

QM Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

PAGE 5

Text Comment. Most of these calculations should be in the appendix as stated in the
brief with a summary table of results placed in the main report.

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12




PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

Text Comment. When does critical damping occur?

PAGE 18

Text Comment. a good way of proving stability

PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

Text Comment. Good evidence of testing

PAGE 27

PAGE 28

PAGE 29

PAGE 30

Text Comment. Good answer

PAGE 31

Text Comment. There is something wrong here are the open loop transfer function is
first order




PAGE 32

Text Comment. Should be first order

PAGE 33
Text Comment. incorrect as you have been treating it as a second order system
PAGE 34
Text Comment. where is your Simulink model?
Text Comment. There is something wrong here
Text Comment. Even if you were correct with your 75Hz, the sampling time would be
around 0.0133 seconds or 13.33 ms
PAGE 35
PAGE 36
PAGE 37
PAGE 38
PAGE 39

GRADING FORM: NEW CSG-RUBRIC

RICHARD HARRISON 64

1. ENGAGEMENT WITH LITERATURE

[

fNA

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. (12/20)

3. COGNITIVE AND INTELLECTUAL

12

[

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. (20/30)

4. PRACTICAL APPLICATION

20

[

y‘ A very good application of a range of established

methods, materials, tools and/or techniques. Very
good consideration of the context of the
application, with perceptive insights. Consistent,
accurate and logical application of theory to
practice, making appropriate links between the
two. Can identify problems and propose
appropriate solutions outside the context in which
they were first studied. Evidence of some
creativity. (20/30)

5. TRANSFERABLE SKILLS

20

[




y‘ Can communicate well, confidently and
consistently in a suitable medium for the audience.
Work is coherent, fluent, well-structured and
organised. Can work very well autonomously
and/or as part of a team, with very good
contribution to group activities. Demonstrates very
good skills for employment requiring the exercise
of personal responsibility and decision-making,
with just occasional minor weakness. (12/20)

12



