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INTRODUCTION

Throughout this assignment theory will be predicted on first and second order systems. A model of
DC motor will be developed and a P, Pl and PID controller will be analysed and tested. The theory
will be proven after using the aid of matlab to support the predicted results and outcomes.

The first task will be a first order system, producing a overall transfer function, drawing argand
diagrams to show whether it's a stable system. The minimum gain will be calculated for the system
to be stable.

The second task will be to analyse a DC motor model and simulate, developing a mathematical
model of the motor and load. Looking into damping factor, stall torque, load speed and no load
speed. This will be analysed and simulated on matlab.

The next tasks will be on a P, Pl and PID controller and the effects of of increasing and reducing the
value of P,I and D. This will be simulated and analysed on multisim driving the Dc motor model used
in the task above. The rise time, overshoot and steady state error will be analysed and compared.
Finally all three controllers will be compared to see the results.




1. First order control system (task1)

This section should begin with an

explanation 3.6
)= Toaz
H(s)=1
Without feedback
Open loop pole is:
s—042=0
s =042

you could
G(s) have drawn

1+ G(s)H (s)he argand
diagram

3.6
—bﬁre and
T(s) = s _306430" the
1+ mﬁﬂbop

"system is
Multiply top and bottom by (s -0.42) unstable

3.6
Goo0an*C

(s — 0.42) (1 + %)

—0.42)

T(s) =

3.6
T s—042+3.6
3.6

Te) = 57318

Root of the denominator gives the closed loop pole
s+318=0
s= —3.18

Pole is in the left plane therefore stable.




Pole is found when:

For pole at s=0

This is kmin to stabilise the system.

Simulating on matlab

Num = [3.6];

Den = [1-0.42];
Rlocus(num,den);
1 - num=[3.8];

denm[1 -0.42]:
rlocus (num, dan) ?

2 =

=

Figure 1

H(s) =K

3.6
T(s) = 8—7%
1+ =042
3.6
TE) = oozt 56k
3.6

"~ s+ (3.6k — 0.42)
s+3.6k—042=0
0+3.6k—042=0

3.6k = 0.42
k =0116

good development but a more
detailed explanation is needed.
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Figure 1 shows the pole on the argand diagram in the right plane (positive), therefore this means its
an unstable system. This is with no gain at all. This backs the theory above.

Root Locus

0.06 T . T

0.04 System: sys H
o Gain: 0.116
‘o Pole: 0.00118
-g 0.02 Damping: -1 1
o Overshoot (%): 0
s Frequency (rad/s): 0.00118
%i‘ 0 u v e——
[
g
o .02
(]
E

-0.04

-0.06 : : . : . '

0.8 0.6 0.4 0.2 0 0.2 0.4 0.6
Real Axis (seconds™)
Figure 2

Figure 2 shows the system with a feedback gain of 0.116. With this feedback the pole has reached 0.
This is the Kmin value as stated through theory.




Root Locus
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Figure 3

The figure above shows the system with a gain of 1. The argand diagram shows the system would be
stable with a feedback gain of 1 as the pole is in the left plane.
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Figure 4 shows the step response with a 0.114 feedback gain. The response graph show the system

slightly unstable.
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Figure 5

Figure 5 above shows the step response with a 0.5 gain. The graph shows a sharp response.
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Figure 6

Figure 6 shows the step response with a 0.119 gain, the response is slow and overdamped.

You could have measured the overall gain and the time constant

for comparison




2. Dc motor model analysis (task2)

Motor analysis

Ra=17.38
Explanation needed together with block

La=0.05 diagram

b = 15.519x10°NM/rads
J=2.14x10"*kgm?

Ke = 0.983v/rads

Kt = 0.09Nm/A

Max armature voltage = 40v

_ Rab + KTKE

2
Wn Iaj

_ 7.8x15.519x107° + 0.09x0.983
- 0.05x2.14x10-5

=838.135

Wn = v838.135
= 28.95

i b Ra
{Wn = j+ i
3 15.519x10"¢ 7.8

= Z1ax10-* T 0.05

=156.07
_ 0.0725 + 156
¢= 2 x28.95
= 2.696
what
does
ga11.21 S
= mean?
838.135
= 10.04

Explanations needed




0.09

KT/LO'J = 0.05(2.14x10™%)

A=1
B =156.0725

C=838.135

=8411.21

KTVa
bRa + KTKE

~ (0.09)(24)
" 15.519x1075(7.8) + (0.09)(0.0983)

= 240.86

QNL =

unit
s?
RaTL
Va — KT

Rab
W + KE

Al 24 — 2.167
T 1.34x10723 4 0.0983

QL =

= 219.12

. 8411.25
$) = 7115607255 + 838.135

—b EVbT " ac

5= 2a

—156.0725 2‘/156.07252 —4(1)(838.135)
N 2

= =557 or — 150.5




-150.5 -5.57

Figure 7

Figure 7 shows the argand diagram from theory prediction. This diagram shows that the system is
stable as the poles are in the left plane. Also the system is overdamped with one dominant pole
being at -5.57.

Below in figure 8 and 9 are the matlab model of the motor system. Figure 8 show the no load model
and figure 9 shows the load model.
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Figure 8
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i) L
2 U.0007 14 + 0003519

S
| Load

1
0055+ 7.8

iy

Figure 9

Below in figure 10 shows the speed graph of the loaded model of 0.025nm after 10s. The first 10s is
the no load speed for the motor being 240.9. This matches the calculated theory above. After 10s
when the motor is put underload the speed reduces to 219.1, this again supports the predicted
theory above.
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graphs are
Figure above shows the current and torque graphs, afterithe $oadl/is added both graphs rise in value
and both graphs are identical.

TM(stall) = —
0.09x24
7.8
=0.277

Below in figure 12 shows the calculated stall load inserted into the model and the speed graph. The
graph shows the motor stalling once the load is added as preddicted.
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Figure 12 how do you know it is stalled?
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Figure 13

Above in figure 13 is the current graph for the model. The current spikes at 1s then returns to a low
value until the load is added at 10s therefore creating more current to be drawn.
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3. Types of motor speed controller (task3, 4, 5 and 6)

P controller

ﬁ‘, | P(s) | Il_/_il Outt |:|
100 radis Step P Controfer 40v limiter >
Kp=2.1125 DC motor Subsystem
Q) o
P Conitrollar 2 40v limiter 2
Kp=55 DC motor subsystem 2
O e 0t
P Controlior 3 40v imiter 3
Kp=0.7 DC motor Subsystem 3
Figure 14

Figure 14 shows the three P controllers, with different P values of 2.1125 as a tuned value, 5.5 and
0.7 to simulate the change in P.
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Figure 15

Figure 15 shows the P values being tuned to 2.1125. With this Kp value, the overshoot percentage of

11.2%.
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Figure 16
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Figure 16 shows the second value chosen at kp of 5. This gives an overshoot of 29.8%, however this
gives less of a steady state error and gives a faster rise time.
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Figure 17

Above in figure 17 is the 3™ Kp value of 0.7. This gives a slower rise time, no overshoot and more of a
steady state error.
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Figure 18

Figure 18 shows the step response for the tuned Kp value (Blue). Here you can see the steady state
error is worse that the subsystem 2 (Kp-5) and a slight overshoot.
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Figure 19
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Figure 19 shows subsystem 2 with a Kp value of 5. This has a large overshoot with less steady state
error than the other 2 subsystems. The rise time is also a little quicker than the tuned subsystem.

Figure 20
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Figure 20 shows the worst of the three systems being the lowest Kp value. Having no overshoot

however a slow rise time and a large steady state error.
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Kp value Rise time (S) Transient error Overshoot (%)

2.1125 0.0131 Med 11.2
5 _ 0.00648 | Low 28.9
0.7 _ 0.0381 _ High 0

From the table above it can be said that as you increase the value of P the rise time decreases and
the steady state error however the overshoot increases.

Pl controller
I:l cb@ » Plis) >|Z| P In1 Outl 1 [ |
100 radis Step Pl Controller 40v limiter + Le
Kl = 1.6445 DC matar Subsystem
>
ch » Plis) ] Int Outl .
— T >
Pl Controller 2 40v limiter 2
Kl =4 DC motor subsystem 2 U
+Q—> Plis) 4>|:'—> 1 Outi f—————
PI Controller 3 40v imiter 3
KI=05 DC motor Subsystem 3
Figure 21

Figure 21 shows the 3 Pl controllers designed driving DC motors. The tuned value of Pl is 1.6445,
therefore | choose the two other values of Pl of 4 and 0.5 to simulate the difference in adjusting I.
the P value is keep the same in the 3 systems.
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Figure 22

Figure 22 shows the tuned value of Kl of 1.6445, with a rise time of 0.142 and overshoot of 13.1%.
There is no overshoot.

good conclusion
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Figure 23

Figure 23 shows the second system with a Kl of 4. There is a bigger overshoot of 33.7% with no
transient error.
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Figure 24

The figure above shows the third system with a Kl of 0.5. The rise time is slow compared to the other
circuits being 0.45. There is no overshoot for this Ki value however.
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Figure 25 shows circuit three the smallest value of Ki, here it can be seen there is no overshoot and a

slow rise time.
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Figure 26

T ¥ Trace Selection ax
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Figure 26 shows the second circuit with a Kl of 4. This has a large overshoot, but a very quick rise

time.
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Figure 27
Figure 27 shows the tuned value of KI of 1.6445. it has a slight overshoot with a fast rise time.
Ki value Rise time (S) Transient error Overshoot (%)
1.6445 0.142 \ - 13.1
4 0.0806 -~ 33.7
0.5 0.45 \ = 0
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In conclusion | part will get rid of the transient error. As you ingegage the value of | the rise time
reduces however the overshoot increases, this is proportional.
good
PID controller concl
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Figure 28
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Figure 28 shows the three PID controllers. For this DC motor drive system the best tuned system has
no Kd which means a Pl controller would be the best option for this system. However some Kd were
added to show the effect of D.

Step Plot: Reference tracking Controller Pararneters
1.4 - T T
T 1l
= = =Biock response: | | : T
| 14407 3
D 0 0.005
el N 100 100

Performance and Robustness

b Tuned Block
Rise time (0153 seconds 10,124 seconds

8| Settling time 0.563 seconds 0.693 seconds
Overshaot [757% B
Peak 1.08 1.2

1 Gain margin Inf dB 2 Inf rac/e Inf 48 2 Inf rac/s
Phase margin B deg 982 rad/s 522 deg @ 11.7 rad/s

| I I Closed-loop stability  Stable Stable
0 0.2 04 0.8 08 i 12
Time (seconds)

troller was reverted to the default automated tuning result, Controller Parameters: P= (L1385, | = 145 D= 0, W= 100

Figure 29

Figure 29 shows the Kd of 0.005, this gives a faster rise time however gives overshoot.
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Figure 30

Figure 30 shows another Kd value of 0.01, this gives a slower rise time however a little less
overshoot.

23




Step Plot: Reference tracking Controller
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Figure 31

Figure 31 shows the smallest vale of Kd. This gives a faster rise time. However gives more of a

overshoot as the Kd is very small.
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Figure 32

Figure 32 above shows the graph for all three different values of Kd. The highlighted line of 0.01 of
Kd. This gives the least of overshoot and reasonable rise time.
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Figure 34 shows the blue line of Kd 0.005, this has a bigger overshoot due to le Kd in the controller.
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Figure 34

Figure 35 shows the lowest value of Kd, hence such high overshoot.
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Kd value Rise time (S) Transient error Overshoot (%)

0.005 _ 0.124 _ - 217
0.01 _ 0.142 ‘ - 19
0.0001 _ 0.0967 _ - 26.4

The above table is the comparison of the change in Kd in a PID controller. As the value of Kd
increases the rise time slows, however the amount of overshoot decreases.

Comparison of P, Pl and PID controllers

. H Ple) 4’@ » in1 Outd
100 radls Step P Controller 40v limitar —
Kd = 0.005 DC motor Subsystem
- Pi{s) —DE »{in1 Outs
PI Controller 2 40v hmiter 2
Kd = 0.01 DC motor subsystem 2
(s »| FiD(s) > Il_/_ 2 in Outs
PID Controller 3 40v imiter 3 —
DC motor Subsystem 3
Figure 35

Figure 35 shows the three separate systems. One P controller, One PI controller and one PID
controller tuned to their best for a comparison between the different controllers.

26




| e o e

File Tools i e Sirmmulatior Haelp

o - | <@ > > @ | S - |[[=- | B - | =
1 =

i ] L= ]

120 [—

115 —

11O —
105 |—
100 |—
S -
O = -3 o F=1
Figure 36

Figure above shows the three different controllers, the red line shows the P controller which has a
large steady state error, for this system the P controller doesn’t suit. The blue line is the PI controller
which has a fast rise time, a high overshoot and not steady state error. The green line, the PID
controller is the best as for is lower overshoot, good rise time and no steady state error.

Controller Rise time (S) Transient error Overshoot (%)
P slow high 0
Pl | fast ' - High
\ PID _ fast _ — Low |
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Conclusion

Through theory prediction and simulation, systems can be simulated actually using software such as
matlab, this reduces a lot of mathematical calculations. Knowledge of system stability were gained
throughout the assignment and how to work out the minimum gain to ensure the system is stable.

With PID controllers knowledge was gained in the difference and increasing P, | and D values were
gained where PID not necessarily was the best controller in all situations, with this assignment the
best suited response would be a Pl controller.

there is much more you could have
said

28




assignment 2

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

62/100

Instructor

PAGE 1
PAGE 2
PAGE 3
PAGE 4
Text Comment. This section should begin with an explanation
Text Comment. you could have drawn the argand diagram here and shown the open loop
system is unstable
PAGE 5
Text Comment. good development but a more detailed explanation is needed.
PAGE 6
PAGE 7
PAGE 8
Text Comment. You could have measured the overall gain and the time constant for
comparison
PAGE 9
Text Comment. Explanation needed together with block diagram
Text Comment. what does this mean?
Text Comment. Explanations needed
PAGE 10

Text Comment. units?



PAGE 11

PAGE 12

PAGE 13

QM

PAGE 14

Text Comment. graphs are too small

Spelling

Spelling error

Text Comment. how do you know it is stalled?

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21

Text Comment. good conclusion

PAGE 22

PAGE 23

PAGE 24

Text Comment. good table

Text Comment. good conclusions

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29




Text Comment. there is much more you could have said

GRADING FORM: CSG-RUBIC

TRYSTAN DANIELS

62

RESEARCH-INFORMED LITERATURE

(

y‘ n/a

KNOWLEDGE AND UNDERSTANDING

(

y‘ Section 1: Explanation of first order system — Very

little explanation given except by equations (which
are well presented). This section needs more words!
(5/10) Section 2: Explanation of DC motor model —
Good equations but again, explanations are needed.
(5/10) Section 3: Explanation of types of speed
controllers — Good. (7/10)

ANALYSIS

17

(

y‘ Section 1: Testing of first order system — Good

evidence of testing using the Matlab rlocus function
and Simulink features. You could have measured
the time-constant and overall gain values. (7/10)
Section 2: Testing of DC motor model — . Good
results with some analysis. (7/10) Section 3: Testing
of speed controllers — Excellent with some very
good analysis. (16/20) Section 4: Conclusions and
recommendations — Briefly stated but no
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recommendations. (2/10)

PRACTICAL APPLICATION AND DEP.

(

y‘ Sections 1, 2 and 3: Use of Simulink and 8
presentation quality of results - Excellent use of the
software except that some of the graphs are very
small. (8/10)

SKILLS FOR PROFESSIONAL PRAC.

(

y“ All sections — Well presented and structured. 5
Figures should be listed. (5/10)
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