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1.1. Links CHAPTER 1. INTRODUCTION

1.1 Links

1. Course web page [http://eee.uci.edu/05w/16380/|



http://eee.uci.edu/05w/16380/

1.2. Instructor

CHAPTER 1. INTRODUCTION

1.2 Instructor

Very good instructor, was helpful in office hrs.

Prof. James Bobrow

Email: jebobrow@uci.edu

Phone: (949) 824-4116

Office Location: S3220 Engineering Gateway
Office Hours: T, Th 1:30-2:30

lhttp://gram.eng.uci.edu/~bobrow/|

Teaching assistants:

1
2. [Benjamin Park|



http://gram.eng.uci.edu/~bobrow/
mailto:zliang@uci.edu
mailto:bypark@uci.edu

1.3. Course and Text book CHAPTER 1. INTRODUCTION

1.3 Course and Text book

Engineering, Mechanical and Aerospace

EngrMAE 170 INTRO CNTRL SYSTEMS

Code Typ Sec Uni Insbructer Time Place Max Enr WL BRey Nor Rrix Ead Weh Staius

16380 Lee &4 4  BOBROW, JE. TuTh 5:30-10:30 METE 118 101 100 0 103 0 A  Ead Weh OPEN
e —

Figure 1.1: course schedule

MODERN
CONTROL
ENGINEERING

Fourth Edition

KATSUHIKO OGATA

Figure 1.2: textbook
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1.4. syllabus CHAPTER 1. INTRODUCTION

1.4 syllabus

University of California, Irvine
Department of Mechanical and Aerospace Engineering
MAE 170 Course Outline, Winter Quarter, 2005

Instructor: J.E. Bobrow; Office, Engineering Gateway 3220; Phone (949) 824-4116,
email: jebobrow@uci.edu, office hours: Tuesday and Thursday 1:30-2:30 pm.

Classroom: MSTB 118, Tuesday and Thursday, 9:30-10:50 am.

Discussion: Teaching assistants Zhi Liang and Benjamin Park will lead discussions
on homework and on the use of Matlab on Wednesday 12:00-12:50p, room SST
220B; Thursday 11:00-11:50 and 12:00-12:50 in room IERF BO11.

Text: Modern Control Engineering, Fourth Edition, by K. Ogata, Prentice
Hall.

Web Reference: A nice control tutorial with Matlab is located at
http://www.engin.umich.edu/group/ctm/ .

Software: Students need to use Matlab with the control systems toolbox. You can
purchase the software, or use the Engineering PC lab in EG3151. You can get
a key card with a $20 deposit from the SOE Dean’s office, REC 305.

Course topics (and sections covered in text): This course presents the control
theory that complements the experiments in MAE 106. Some demonstrations
will be given class.

1. Review of Laplace Transforms (All of Chapter 2).

2. System Modelling (Chapter 3, pages 53-95, 112-113. Op-amps are covered
in MAE106).

3. Thermal and Fluid systems (Selected material from Chapter 4, pages
169-191).

4. Response of systems to general inputs (Selected material from all of Chap-
ter 5).

5. Root Locus analysis (All of Chapter 6).

6. Root Locus design (All of Chapter 7).

7. Frequency response analysis (Selected topics from Chapter 8).
8. Frequency response design (Selected topics from Chapter 9).

Grading Policy:

20% Homework
35% Midterm Exam (at approximately week 6)
45% Final Exam
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2.1. some Laplace properties

CHAPTER 2. STUDY NOTE

21

Laplace transform properties

LF(H) =F(s) = f" F(t)estat

some Laplace properties

Zf(t-a)=e"F(s) | o (t) =1 impulse | Zu(f) = - Fu(t-a)=e"- | Lef(H)=F(s+a)
Ef(i) = aF (a0 s) Zt = 512 ramp Feoswt = 57 Ainwt = #
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CHAPTER 2. STUDY NOTE

2.2 my cheat sheet
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3.1. HW1 CHAPTER 3. HWS

31 HW1

Local contents

311 Problem B 2-1. ... ... . . . .
312 ProblemB2-6. . ... ... ... ...
3.1.3 Problem B2-7 . .. ... . . ... e
3.1.4 Problem B 2-15 . .. ... ... e
3.1.5 Problem B 2-16 . .. .. .. . . . ...
3.1.6 Problem B 2-17 . . . . . . . ...
3.1.7 Problem B2-23 . ... ... ...

311 Problem B 2-1
From Modern Control Engineering, 4th edition by Ogata
Question

1. Find Laplace transform for

f)=0 t<0
f()y=e%%cos12t t>0

2. Find Laplace transform for

f(H=0 t<0
. TC
f(t):sm(4t+§) t>0
Solution
3.1.1.1 Parta

This is of the form e f (t), hence use the property of Laplace transform
L(ef (H) = F (s +a)

Where F(s) is Laplace transform of f (f). But #(cos wt) = #, therefore

F(s) = Z(cos12t) = 2 1m

Hence (1) becomes

g(e‘mf (t)) = 3(6‘0"” cos 12t)
=F(s+a)
3 (s+0.4)
(s +04)% +144

(1)

12



3.1. HW1 CHAPTER 3. HWS

3112 Partb

I can not solve ¥ (sin (4t + g)) by using the property that
L(f(t-a)) = e™F(s)
Because here delay g > 0 where the above property is valid for a < 0. Instead, writing

sin (wt + 0) = sin (wt) cos O + cos (wt) sin O

' (4t+”)— in (4F) cos = + cos (4f) sin —
sin 5 ) = 5in(4f) cos — + cos (4f) sin -
. e e ) LT
,%(sm (4t + 5)) = cos 53(8111 4t) + sin 53((}08 4t) (2)

4

But cos X = + and sin 2 = V3 and Z(sinwt) = Lz = F(sindt) = e

s 3 2 3 24w

= Z(cos4t) = Szi - Hence substituting into eq (2) gives

T 1 4 S

.,S”( (4t+—)):— + V3
T3 T 2216 \/_52+16
_1(4+\/§s)

2| s2+16

and Z(coswt) =

s2+w?2

3.1.2 Problem B 2-6
Question

(a) find Laplace transform for

f(t)

a a+b

Figure 3.1: function

solution (a)This is a delayed ramp with slope=1. Hence ramp equation is f(f) = t. The
amount of delay is a

Hence we want to find Laplace transform for g (t) = f (f — a) which is, from Laplace properties,
is e™F (s)

But F(s) = Z(t) = 512 therefore the answer is
13



3.1. HW1

CHAPTER 3. HWS

e—[lS

3.1.3 Problem B 2-7
From Modern Control Engineering, 4th edition by Ogata
Question

(a) find Laplace transform for

f(t)

tu(t)
tu(t—T)
T
/ Tut-T)
'T t

Figure 3.2: function

Solution

The above function can be constructed as follows
Let f(t) =t (the ramp function)

g = FOuUB-fOut-"+Tu(t-T)

Where u (t) is the unit step function

This is ilustrated in this diagram

14



3.1. HW1 CHAPTER 3. HWS

f(t)
tu(t)
tu(t—-T)
T
——
Tu(t-T)
¢ :

Figure 3.3: function

Now 1
Z(fu®) =
And
o —t © o oSt
Z(fHu-1) :f po-std = Lot ‘f e
T 5 T T S
-1 2(2) e
5 s\s T
T 1 T e—sT
— —sT —sT\ _ —sT
=T+ 5 (0-eT) =T - —
And ;
g(Tu (t - T)) = ;B_ST
Hence

Z(g(t) = 51—2 - (Ze‘ST - e_ST) + Lot

s s2 s
1 T esT T
_ = __e—sT+ 5 + _e—Ts
S S s S
1 e—sT
=+
2 g2
1- e—sT
==

15



3.1. HW1 CHAPTER 3. HWS

3.1.4 Problem B 2-15
From Modern Control Engineering, 4th edition by Ogata
Question Obtain partial-fraction using MATLAB for

F(S) _ 10(s+2)(s+4)

T D)) 5 and then find inverse laplace transform
s+1)(s+3)(s+

Solution I used Mathematica to find Partial{fraction

10 (=+ 2) (s +4)
{=+1) (= + 3) [5+5]2]

In[322]= Apart [

15 5 15 35

ut[E322]= + + = 0
16 (1+3) 4 (3+s3) 4 (5+312 16 (5+3)

Figure 3.4: Code

Hence the inverse laplace tranform is

15 5 15 35
_ -t 2 -3t —5t _ —5¢
ft)= 166 + 4e + 1 te —166

Here is a plot of the solution

10 (s + 2) (s + 4)
{(=s+1) (s+3) (s +5)2

A[343]= Plot[InverseLaplaceTransfurm[ ;= t,] » ft, 0, 4}, PlotRange = Al1,

AxesLabel - {t, f}]

5

= BT (—7+3 6P 43 @Y +121)

0.5
0.6
0.4

0.z

Figure 3.5: Plot

The Matlab code to find Partialfraction for this problem is below.

16



3.1. HW1 CHAPTER 3. HWS

clear all;

s=tf('s');

sys=( 10*(s+2)*(s+4) ) / ( (s+1l)*(s+3)*(s+5)"*2 )
[num,den]=tfdata(sys, 'v') ;
[r,p,k]=residue (num, den)

-2.1875
3.7500
1.2500
0.9375

-5.0000
-5.0000
-3.0000
-1.0000

[1

Figure 3.6: Matlab code

3.1.5 Problem B 2-16

From Modern Control Engineering, 4th edition by Ogata
Question Obtain partial-fraction using MATLAB for

Fs) st + 553 + 65?2 + 95 + 30
S) =

s* + 653 + 2152 + 465 + 30
And then find inverse laplace transform Solution

Using Mathematica to find Partialfraction

17



3.1. HW1 CHAPTER 3. HWS

s+ 523,622 0=+ 30

IN[346] = I!.part[ =1 + 6§ =23 +21 =52 + 46 = + 30 ]

23 3 ~-1450 - 253 =
w346 1 + & + ¢
18 (1+3) 26 (3 +3) 117 (10 + 2 = + =2

Figure 3.7: Code

Now find the Inverse Laplace transform for each term in the above result as follows.

o) =1
3., 231

Ee T 181 +s

3 54 3 1

26 261+s

-1450-253s

The inverse laplace transform of the last term —————
117(10+25+52)

(s + 1) + 32. Therefore this terms becomes

-1450 253
1450 -253s 5~ 5°

117 (10 + 25+ s2) (s+1)2+32

-1450 253 253
AT ARR Ty
(s+1)2+32
1197 253
_ BETT ALY, (S + 1)
(s+1)2+32
1197 253
_ T ~ 117 (S + 1)
(s+1)2+3%2 (s+1)2+32
1197 3 253 (s+1)

T MN)B)+12+32 117 (s+1)2 +32

Hence

o ( 1197 3 253 (s+1) ) 197, ( 3 )

TT7x3(+12+3 117 (+12+32) (117)3) (s+1)2 + 32

253 (s +1)
=-— N ——

117 ((s+1)2 +32)
1197

253
= - “sin 3t — —et cos 3t
(117) (3)6 S1n 1176 COS

t

e .
=117 (399 sin 3t + 253 cos 3t)

is found by writing 10 + 2s + s? =

18



3.1. HW1

CHAPTER 3. HWS

Adding all of the above, gives the Inverse Laplace transform as

3

—t

23
fO =6+ et = oo C (399 sin 3t + 253 cos 3t)

26

Here is a plot of the solution

117

23

3

-1450 - 253 =

[T £ = InverseI.aplaceTranstrm[ 1+

Plot[£f, {t, 0, 4}, PlotRange - All]

18 (1 +s)

26 (3 + s)

R v

T 117 (102 =2y '

=, t];ll

Figure 3.8: Plot

The Matlab code to find Partialfraction for this problem is below.

19



3.1. HW1

CHAPTER 3. HWS

clear all;
s=tf('s'");

r =

=1.
=1

=1.
=1.
-3.
-1.

0812
0812

.1154
.2778

0000
0000
0000
0000

sys=( s*4 +5*s*3 +6*s*2 +9*s +30 ) / ( s*4 +6*s*3 +21*s*2 +46*s +30 )
[num,den]=tfdata(sys, 'v');
[r,p,k]=residue (num,den)

1.7051i
1.70511

3.00001
3.00001

Figure 3.9: Matlab code

3.1.6 Problem B 2-17

From Modern Control Engineering, 4th edition by Ogata

Question

A function B (s) /A (s) consists of the following zeros, poles, and gain K. Zeros ats = 1,5 = -2,

poles at s = 0,5 = 4,5 = -6, gain k = 5.
Obtain an expression for B (s)/A (s) using Matlab.

Solution

In Matlab

20



3.1. HW1

CHAPTER 3. HWS

clear all;
z=[-1 -2];

p=[0 -4 -6];
k=5;
sys=zpk(z,p,k) ;
[num,den]=tfdata(sys, 'v')
printsys(num,den, 's')

num =
0 5 15
den =
1 10 24
num/den =

5s*2 + 15 s + 10

10

s*3 + 10 s*2 + 24 s

Figure 3.10: Code

In Mathematica, the solution is as follows

21



3.1. HW1 CHAPTER 3. HWS

In[355]= Clear["Global +"];
<< ControlSystems’
AR Rl WU L
p={0, -4, -6};
k =5;

TransferFunction|[s, ZeroPoleGain[=z, p, k] ]

3 (1l+s3) (2 + =)
s (4 +s) (6+ 3] }}]

Jut[E90]= TransferFunctiDn[s; {{ £

Figure 3.11: Code

3.1.7 Problem B 2-23
From Modern Control Engineering, 4th edition by Ogata
Question
Solve the following ODE
X +2x +10x = ¢!
x(0)=0
x(0)=0
The forcing function e is given at t = 0 when the system is at rest.
Solution
Taking laplace transform of the differential equation gives
55X (s) = x(0) = ¥ (0) +2(sX (5) — x (0) + 10X (5) = Z(e”")

§%2X (s) — sx (0) = x’ (0) + 25X (5) — 2x (0) + 10X (s) = 541-_1

Applying the initial conditions results in

$2X (s) + 25X (s) + 10X (s) = s%
X (s)(s? + 25 +10) = i
X = ! 1
- (S+1)(sz+25+10)

22



3.1. HW1 CHAPTER 3. HWS

Taking the inverse laplace transform of X(s) and using partial fraction gives

1 1 _A B
(s+1)(52+25+10)_s+1 s24+25+10

(1)

Multiplying (1) by s +1 gives

1 B
—:A+ﬂ
s2 +25+10 s2 +2s+10
Evaluating at s = -1 gives
1 —
1-2+10
1
)
9

Multiplying eq (1) by s? + 25 + 10 gives

1 A(52+25+10)

= +B
s+1 s+1

Evaluating at s = 3i — 1 gives

Therefore

11 1 1
9s+1 3l(s+1)2+32
11 i 3
95+1 9(s+1)*+32

1 1
s+1s2+2s+10

Using tables the inverse Laplace transform is

1 ] 1
f@)= §€_t - ée‘t sin 3t = §e‘t (1 -isin3t)

23
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3.2 HW 2

Local contents
3.21 my solution
3.2.2  key solution

24
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3.2.1 my solution

MAE 170, Introduction to control systems

HW#2

UCL. Winter 2005

By Nasser Abbasi

25
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Nagser Abbas: . HW#Z

problem_b_3_4.nb (PW:L] e B 2 s 1
: ; TR BN s ) ol T T e (R

( Plots are on rﬁ_*-gf- 3)

(*By Nasser Abbasi. To solve HW 2, Problem B-3-4=%)

Clear["Global *"];

<< Graphics  Legend’

Kp = 4

Ki=2

T; =2 (*secx)

Tq=0.8 (xsecx)

tf =6 (#for how many seconds to run the responsex)

SetOptions[Plot, PlotRange » {{0, t£f}, All},
PlotStyle » {Thickness[.005] , Dashing[{0.05, 0.05}], Dashing[{0.01, 0.01}]},
AxesLabel - {"time t", "amplitude"}, DisplayFunction -+ Identity,
PlotRange - {{0, t£}, {0, 2t£}}
]
SetOptions[Legend, LegendPosition= {-1, -.4}]

Out [988]=
4

Out [989]=
&

Qut [990]=
2

Out [991]=
0.8

Out [992]=
6

In[1056]:=
pl =Plot[{UnitStep[t], K;UnitStep[t]}, {t, 0, tf},
PlotRange -» { {0, t£f}, {0, t£}},
PlotLabel » " unit step. Propertional”]

p2 =Plot[{t, K; t}, {t, 0, t£},
PlotRange » {{0, t£f}, {0, t£f}},
PlotLabel » " ramp. Propertional"]

Show[GraphicsArray[{pl, p2}]1];

(*Ix)
£

Pl =Plot[{UnitStep[t], Evaluate[K; J- UnitStep[x] dx]}, {t, 0, tf},
0

PlotLabel » " unit step. Integral"]

&
p2 = Plot[{t, Evaluate[!(ij xdx]}, {£, 0, t£),
o

PlotLabel » " ramp. Integral"]

Printed by Mathematica for Students

29



3.2. HW 2 CHAPTER 3. HWS

problem_b_3_4.nb

Show [GraphicsArray[{pl, p2}]1];

(*P+Ix)

pl = Plot[{UnitStep[t], Evaluate[K; UnitStep[t] + i" fUnitStep[x] dx]}, {t, 0, t£},
i3 (1]

PlotLabel » " unit step. P+I"]

p2 =Plot[{t, Evaluate[K, t + -TEE?- rxdx]}, {t, 0, t£},
i Jo
PlotLabel » " ramp P+I"]
Show[GraphicsArray[{pl, p2}]];
(*P+D#)
pl = Plot [{UnitStep[t],
Evaluate[K; UnitStep[t] + Simplify[K, T4 D[UnitStep([x], x], {x>0}11}, {t, O, t£},

PlotLabel » " unit step. P+D"]

p2 =Plot[{t, Evaluate[K, t +K, TaD[x, x]]}, {t, 0, t£},
PlotLabel - " ramp. P+D", PlotRange -+ {{0, tf}, All}]

Show [GraphicsArray[{pl, p2}]];

pl =Plot[{UnitStep[t], Evaluate[K, UnitStep[t] + :" funitStep[x] dx +
oF 0

Kp Ta Simplify[K, Ta D[UnitStep[x], x], {x>0}1]}, {t, 0, t£},
PlotLabel » "  unit step. PID"];

p2 =Plot[{t, Evaluate[K . t + T& fxax+x?mdsmlify[xp TaD[x, x], {x>0}1]},
. (1]
{t, 0, t£f},

PlotRange =» ({0, tf}, All},
PlotLabel »"  ramp. PID"|;

Show[GraphicsArray[{pl, p2}]];

Plot[{UnitStep[t],
Ky UnitStep[t],

t
Evaluate [, j UnitStep[x] dx],
0

£
Evaluate[K, UnitStep[t] + Ti -J. UnitStep[x] dx] ¥
i Jo

Evaluate[K; UnitStep[t] + Simplify[K, TqD[UnitStep[x], x], {x> 0}]1],
Kp
Ts

Kp Tg Simplify[K, Ta D[UnitStep[x], x], {x > 0}]]}, $t. 0, £¥),
PlotLegend » {"e(t)", "Prop", "Integral", "P+I", "P+D", "PID"},
LegendPosition - {1.1, -.4},

.3
Evaluate[K, UnitStep[t] + j UnitStep[x] dx +
o

Printed by Mathematica for Students
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PlotRange - {{0, 3}, {0, 7}},
PlotLabel -+ "

different controllers response to unit step e(t)",

PlotStyle + {Dashing[{0.06, 0.06}], Dashing[{0.01, 0.01}], Dashing[(0.02, 0.02}],
Dashing[{0.03, 0.03}], Dashing[{0.04, 0.04}]}, DisplayFunction —» $DisplayE'unction]

Plot|[{t,
B Ex

£
Eva]nr..!.l:e[llt-L J xdx] 4
o

Evaluate [KF t+ & r x dx] "
T: Jo

Evaluate[K; t + Simplify[K, T4 D[x, x], {x>0}]],

Evaluate[K; t + Tﬁ rx dx + Ky Tq Simplify[K, Ta D[ x, x], {x>0}]]},
i Jo

{t, 0, ££},

PlotLegend » {"e(t)", "Prop", "Integral”, "P+I", "P+D", "PID"},

LegendPosition - {1.1, -.4},
PlotRange -» {{0, tf}, {0, 30}},
PlotLabel » "
PlotStyle »

different controllers response to ramp e(t)",

{ Thickness[.008], Dashing[{0.06, 0.06}], Dashing[{0.01, 0.01}], Dashing[{0.02, 0.02}],
Dashing[{0.03, 0.03}], Dashing[{0.04, 0.04}]}, DisplayFunction - $DisplayFunction

amp.]éj.r.ude unit step. Propertional

5
el s LR s R
3

time t
6

amplitude

ramp. Propertional

M W B W

time t
6

\ﬁaend — el4)

ul+)

B e ——

Printed by Mathematica for Students
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problem_b_3_4.nb 4
amplitude unit step. Integral amplitude ramp. Integral
= 1h /
ot
10 = 10 /
8 B 8 7
=
6 . 6 /.
4 23 4 .
=
P
2[ iy 2
I time t time t
h 2 3 2 5| 6 4 2 3 4 5 6
amplitude unit step. P+I amplitude ramp P+1
12 1 12 .
10 ol 10 /
= .
8 7 8
= 4
[3 2gt 6
e /
4 4 W
2 it/
time t time t
i 2 L 4 5 6 1 2 3 4 5 4]
amplitude unit step. P+D
12
10 el %
8
6
gl — s b R o U
2
time t
5 6

Printed by Mathematica for Students
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problem_b_3_4.nb

amplitude

unit step. PID
12 i
g5 e
0 -
8 rd
-
[ A=
-~
4
2

time t
6

amplitude

70
60
50
40
30
20
10

ramp. PID

amplitude 4ifferent controllers response to unit step e(t)

Q" ke
IRgrs r '
[ B [ / &
P 2::if ______________ P e e i
3 T

e +)
2k -~ % hﬁ/ e
ARt | 8
L// —=— tima t
0.5 1 Bl 25

Printed by Mathematica for Students

time t
[3
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prob!em‘bﬁ 3 _4nb

amplitude d. ferent contrcuers Tesponse to Tamp e(t)
30{ 7 ’ &
[ A 4 o
f v -
) 7 —
25 p')'-// 2
f \ ol
i 2t ok =
20t e e = =
v & L9
[ . 5 =" - |
5 —_
1sf 5 = o
L 47 S UE
f = o
IG‘K Eam ier ’/, &
I Z Lo {
t i T ’K‘l. / el )
f % e
5( T =
i
[ e
L SR R
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3.3 HW 3

3.3.1 my solution

V
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HW 3, MAE 170.
Computer Problem 1, cruise Control with no engine delay

by Nasser Abbasi '
UCI, Winter 2005. /@
Solution

The first disturbance. b

Using the input specified by u ='[27 fd+ 200 sign(sin(0.5t))]

By trial and error, I changed k, and k; to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. 1 was not able to eliminate
completely the overshoot, but had to settle with an initial of only 0.5 m/s overshoot. After trying a
number of different combinations, I found the following to give the best result.

k, = 1500
ki = 6500

The max engine output was 3347 N
The transient values, read from this plot, are

delay time=0.4sec

rise time=0.8 sec

peak time=1.5sec

settling time=6.2sec

Max overshoot=0.5 m/s

(reference on page 230 of text for more explanation of these values).
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The state space matrices are
iy i SO B AR o 1 0 D 0 4D
= m m el m m == =
= or]” 1 Qe —k k]’ R 20
The output matrix is ;
The output using the above values is shown in these plots

%hs o Emc}vm’) oo ‘ L
}mph+ Vz/c?o(rjy +o WM Ve}déf,‘l? i

P

/<4 & 3 { k{D
L R
mr"’ + fKF‘ ko KA'
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The second disturbance.

Using the input specified by u = [27 fd+200 sin(0.5t)]

By trial and error, I changed k, and k; to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. I was not able to eliminate

completely the overshoot. After trying a number of different I found the following to give the best
result.

k, = 3100
ki = 7000

The max engine output was 3371 N
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Figure 1
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'

delay time=0.3625 sec

rise time=0.75 sec

peak time=1.25 sec

settling time=3.8 sec

Max overshoot=0.25 m/s

Notice that the transient response for the second disturbance is better than the first. It has a faster
rise time and settling time and less max overshoot. This is due to the fact that the second disturbance
is smoother than the first. The first was a square wave, and the second is a sin wave.
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HW 3, MAE 170.
Computer Problem 2, cruise Control with no engine delay
by Nasser Abbasi
UCI, Winter 2005.

Solution
The state space matrices are
LI “"1; D % il =0 0 0
o L] B R O’Cz{kkO]’Dz[k 0]
ke k-1 &= e P
Vv Vv
The output matrix is state matrix X = | Z
fe g
The first disturbance.
Using the input specified by v = [27 fd + 200 sign(sin(0.5t))]

By trial and error, I changed k, and k; to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. 1 was not able to eliminate
completely the overshoot, but had to settle with an initial of only 0.5 m/s overshoot. After trying a
number of different combinations, I found the following to give the best result.

k, = 3100
ki = 1000

The max engine output was 3367 N
The transient values, read from this plot, are

Figure 1
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delay time=0.8 sec

rise time=1.6 sec

peak time=2.2 sec

settling time=>5 sec

Max overshoot=0.19 m/s

(reference on page 230 of text for more explanation of these values).
The output using the above values is shown in these plots

Figure 1
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The second disturbance.

Using the input specified by u = [27 fd+200 sin(0.5t)]

By trial and error, I changed k, and k; to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I
was looking for the least amount of overshoot over the reference velocity. After trying a number of
different I found the following to give the best result.

k, = 3150

k, = 1000

The max engine output was 3351 N
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0.75 sec
1.5 sec
=2 2sec

delay time
rise time

peak time

5 sec

settling time
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Problem 3

The parameters of the pneumatic system discussed in class are a=1l,
m=1l, b=350, and c=20. Find a proportional gain k that gives a fast
step response.

Model the system in state-space form using the states: position,
wvelocity, and force. Repeat the step response simulation with a
disturbance force of Fd=-10 pushing to the left throughout the motion.
Simulate the response of the system using the gain you found above, and
a 1 Hz square wave input (+- 1 amplitude), a 1 Hz sin wave, a 5 hz sin
wave, and a 10 hz sin wave. Show your plots, and try to explain your
results.

P P oP o O° P oP oP of P oIP

%$by Nasser Abbasi

clear all;
close all;

= 1; %Kg

205

= 350;

= 1;

nIter=10;

t=0:0.1:100;

y=zeros (length (t) ,nIter) ;
k=0;

[

Moo B

while nIter>0

k=k+10;
A= [-c/m -k*a -b
0 0 1
1/m 0 0] ;
B = [k*a
0
0]
CcC = [0 1 0]1;
D=101;

Gss = ss(A,B,C,D);
[v(: ,nIter),t]l=step(Gss,t);
legendStr (nIter)={sprintf('%d’' , k) };
nIter=nlter-1;
end
plot(t,y)
title('step response as function of changing gain k'):
xlabel ('time (sec)'):
ylabel ('position x');
legend(legendStr) ;
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HW 3, MAE 170.

Computer Problem 3

by Nasser Abbasi

UCI, Winter 2005.

Solution

This is the result of running the step response as k is changed.

This shows that as k increases, the response is faster. at k=100 we have a rise time of about 20
seconds. at k=10 the rise time was more than 100 seconds.

Figure 1
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% Problem 3

%

b=350,

%

%

%

%

%

% a 1 Hz square wave input (+- 1 amplitude),
% wave, and a 10 hz sin wave.
% results.

%by Nasser Abbasi

clear all;
close all;

m=1; %Kg

c = 20;

b = 350;

a=1;

£d=-10;

k=100 et > 2

Z Pn

t=0:0.5:300;

tl=t;

A= [-c/m -k*at+a*fd =-b
0 0 1
1/m 0 01;

B = [k*a-fd*a
0
01:

c = [0 1 01;

D=1[01];

step(ss(A,B,C,D) ,t);

Fﬂf”“fl Fr‘/v,\ LA

title('Step response with fd=-10, k=100');

t=0:pi/50:2%pi;
tl=t;
figure

u=sign(sin(2*pi*1l*t)); %lhz square wave

[y,t]l=1lsim(A,B,C,D,u,t);
plotiftloy: k=it

heold on;

plot(tl, u);

title('response to lhz square wave.');

ylabel ('amplitude') ;
xlabel ('time sec');
legend('input', 'response') ;

The parameters of the pneumatic system discussed in class are a=l, m=l,

and ¢=20. Find a proportional gain k that gives a fast step response.
Model the system in state-space form using the states: position,
velocity, and force. Repeat the step response simulation with a
disturbance force of Fd=-10 pushing to the left throughout the motion.
Simulate the response of the system using the gain you found above, and
a 1 Hz sin wave,
Show your plots,

a 5 hz sin

and try to explain your
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figure;

t=0:pi/50:2*pi;

tl=t;

u=sin(2*pi*l*t); %$lhz sin wave
[v,t]l=1lsim(A,B,C,D,u,t);
plot(tl,y ,'-.");

hold on;

plot(tl,u):

title('response to lhz sin wave.');
ylabel ('amplitude') ;

xlabel ('time sec');

legend ('input', 'response') ;

figure;

t=0:0.001:1;

tl=t;

u=sin(2*pi*t*5); %5hz square wave
[v,t]=lsim(A,B,C,D,u,t);
plot(tl,y ,'-.");

hold on;

plot(tl,u);

title('response to 5 hz sin wave.');
ylabel ('amplitude') ;

xlabel ('time sec');

legend ('input', 'response') ;

figure;

t=0:0.001:1;

tl=t;

u=sin(2*pi*t*10) ; %10hz sin wave
[¥y,t]=1lsim(A,B,C,D,u,t);
ploti(tl;y , "=, 4 ;

hold on;

plot(tl,u);

title('response to 10 hz sin wave.');
ylabel ('amplitude') ;

xlabel ('time sec');

legend ('input', 'response’) ;
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Figure 1

— - — - input
fecpongse
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o Figure 3

input
responsa
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= == dinput
response

Figure 5

— - — input
recponse
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3.4 HW 4

3.4.1 my solution

b
HW#4 6

MAE 170, Introduction to control systems

UCI. Winter 2005

By Nasser Abbasi
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B_5 2l.n

b

Infi127];

Remove["Global %"];
<< ControlSystems’

5 8
input[t_] := = £2
: 10s+10
sys = TransferFunction[s, i
s3+4s2+10s+10
SimulationPlot[sys, input[t], {t, 10}, PlotLabel -> "Response to 1/2 t"2",
Axeslabel » {"time (sec)", "amplitude"}, GridLines - Automatic];
amplitude Response to 1/2 t*2
5 ;
| (|
/
46— : - T
- o
|
204 =
[ |
|
lh
|
|
i - — time (sec)

Printed by Mathematica for Students
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B_5_31.nb 1

Inf{20]:= Remove["Global %"];
<< ControlSystems”
<< Graphics’

input[t_] := t (+#ramp inputs)
k
sys = T:cansfer]i‘unction[s, ﬁ] 4
5° + o ER =
j=10;
8=.2;
a = Table[i, {i, 1, 100}];
process|[] :=Hodule[[],

i=0;

For[b=2,b<30, b=b+5,

{

For[k=0.1, k<1.8 k=k+.2,

{

i=i+1;
k.
i ]
sys = TransferFunct:Lon[s, _—h"T]"
s2 + T3

y = Re[Chop [N[OutputResponse[sys, input[t], £]]11];
p =Plot[{input[t], ¥y}, {t, 0, 20},
PlotLabel -> "K=" <> ToString[k] <> " B=" <> ToString[b],
DisplayFunction -» Identity];
a[[i]] =p:

process|[];
Show[GraphicsArray[Partition[Take[a, {1,\i}}, 3]], DisplayFunction -+ $DisplayFunction];

K=0.1 B=2 K=0.3 B=2 K=0.5 B=2 /
20 ZOi 2G[ f
15 15 15 /
10 10 10 ‘
5 5 5 |
~)
5 10715 Zo 5 100 15 20 CERST BT, 2 ="/
i
K=0.7 B=2 K=0.9 B=2 K=1.1 B=2 Ir
20 20}
1 1 1
15 15} |
10| 10}
5| 5 \
J
"

Printed by Mathematica for Students
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HW 1, MAE 170.

Problem B 6-1, Modern Control Engineering, 4th edition by Ogata
by Nasser Abbasi

UCI, Winter 2005.

Question
Plot the root loci for G (s) = m_)-
Solution
The closed loop transfer function is
e (5‘) 26 G 5% s(s+l)(sk§+4.s+5) = k
SV AR ET e (5 1) (2451 5)+ K

s(s+1)(s?+45+5)

Hence the system is

+ k
R(8) 3 o) (s24545) - G
k
R(s) s(+1)(s2+455) 4k | C(s)
step 1
Plot the open loop poles and zeros: .
Poles are at s = 0, s = —1, and roots of (s2 + 4s + 5) which is s = =200 — 4% 9 44

There are no finite zeros (there are however 4 zeros at o)

xpS
v, 3 x
p2 pl
X i

step 2

Apply angle condition to find initial segments on real axis that could be part of the root loci.

We see that on the RHP, it is not possible to have loci, since then the sum of angles to a text point
will not add to 180 £ n360. For segments between pl and p2, we will have a loci. for the segment to

the right of p2, it is not possible to have a loci. Hence we now get this plot: (I use bold line to show
where loci is)
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p3

p2 pl

pé

step 3

Since loci starts at a pole and ends at a zero of the open loop poles/zeros, then we know loci must
start at pl as well it must start at p2. Hence there must be a break away point between pl and p2.
Now we find this break away point. For this we use the condition that % =0

The characteristic equation for the close loop is s (s + 1) (s* + 45 + 5) + k = 0 hence

&= L(s(s+1)(s?+4s+5)) =L (55+ 95> +55° + s*) = 5+ 185 + 15s* + 45> =0, Solution is:
[s = —1.6785 — 0.60278i] ,[s = —1.678 5 + 0.602 78i] , [s = —0.39299]

Since we are looking for a solution on the real axis, and one that is between pl and p2, hence only
possible solution is s = —0.39299, I add this point to the diagram, now it looks as follows

X
p3
———x
p2 -0.39 |pl
XP4

step 4
Now I need to find where the asymptotes lines cross at the real axis, and need to find angles that
asymptotes leave the real axis at.

to find where asymptotes meet at the real axis:
- S zi=Y P 0—(0+1+(2—D)+(24+4)) _ —(1+4) _ B
e i e =Ty 4 I =

n—m 4
To find angles, put a test point s very far away, and consider the sum of angles from the finite poles
and zeros to that test point. we have here only 4 finite poles and no finite zeros. We know that sums
of these angles must be 180 degrees, so we write

40 = 180 £n360
f = 45+n9%0

Hence the angles are 45,45 + 90, 45 + 180,45 + 270 or 45, 135,225,315 so now I get this diagram,
where [ just added the asymptotes lines
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A pl

step 5

Now I need to find angles of departures of loci from p3 and p4. To do this, put a test point s very
close to p3 and solve for the angle conditions. a little bit of geometry is needed here. We get

p3

-2 p2 -{ pl

) 3 /o
p4

Hence, for a test point s’ near p3, we get from the angle condition, the following

01 + 05 + 03 + a = 180 & n360
but

A3 = 90°

6> = 90° + tan—1 (1/1) = 135°

61 = 90° + tan™! (2/1) = 90° + 63.4° = 153.4°

hence .
a+90+135+153.4 = 180° &£ n360
a+378.4 = 180° £ n360
a = 180° £ n360 — 378.4
—198. 4 + 1360

Since angles are positive anticlockwise, then this angle of -198.4 means this:
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)5

| )
e
-198.4

Hence, this is the angle of departures of p3. By symmetry we know the angle of departure of p4.
Hence the plot now looks like this:

Note: at the break away point, -0.39, the loci is at 90° from the real axis.

step 6

Find where loci cross the j axis.

Looking at the charaterstic equation for the close loop s (s + 1) (s* +4s +5) + k, set s = jw and

solve
s(s+1)(s*+4s+5) +k=0
Hence
(8°+9) (s> +45+5)+k = 0
55+ 95 +58°+st+k = 0
Let s = jw

Sjw —9w? =5 +w+ k=0

Hence equating real parts and imaginary parts, we get

5w — 5w
0P +uwi4+k = 0

|
&

From first equation, we get 1 —w? =0 or w = =+1
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Hence the loci crosses the imaginary axis at =i
To find the gain k at these point, using the second equation, we get

-9 +i*+k = 0
+9+1 = —k

hence gain is 10 (negative gain) where it cross the point | (0,1) | by symmetry, the gain will be 10

(positive gain) where it cross at point| (0, —i)
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s=tf('s');

k=3.67

G=k/ (s* (s*2+4*s+5)) ;
P sys=G/ (1+G) ;

step (sys)

s 30
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3.6.1.1 problem B 6.3

HW 1, MAE 170.

Problem B 6-1, Modern Control Engineering, 4th edition by Ogata
by Nasser Abbasi

UCI, Winter 2005.

QQuestion
Plot the root loci for G (s) = m
Solution

The closed loop transfer function is

k
_ G _ s(s+1)(s2+4s+5) o k
1+4G 1+ s(s+1)(s2+4s+5)+k

Gy (5)

k
s(s+1)(s2+4s+5)

Hence the system is

+ -k o
RS =3 sorn) (4s5) > C()

k
SH)(SPHs5) K L ((s)

R(s)

step 1

Plot the open loop poles and zeros:

Poles are at s = 0,5 = —1, and roots of (s? 4+ 4s + 5) which is s = =I5 — =482 — 9 4
There are no finite zeros (there are however 4 zeros at o)

p3

p2 pl

p4

step 2

Apply angle condition to find initial segments on real axis that could be part of the root loci.

We see that on the RHP, it is not possible to have loci, since then the sum of angles to a text point
will not add to 180 £+ n360. For segments between pl and p2, we will have a loci. for the segment to
the right of p2, it is not possible to have a loci. Hence we now get this plot: (I use bold line to show
where loci is)
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Xp3

p2 ’ pl

p4

step 3

Since loci starts at a pole and ends at a zero of the open loop poles/zeros, then we know loci must
start at pl as well it must start at p2. Hence there must be a break away point between pl and p2.
Now we find this break away point. For this we use the condition that ‘;—k =0

The characteristic equation for the close loop is s (s + 1) (s* +4s 4+ 5) + k = 0 hence
dk _ d

% — d(s(s+1)(s*+4545)) =L (5s+9s” + 55° + 1) =5 + 18s + 155> + 4s° = 0, Solution is:
[s = —1.6785 —0.60278i],[s = —1.6785 4 0.602 78i] , [s = —0.39299]
Since we are looking for a solution on the real axis, and one that is between pl and p2, hence only

possible solution is s = —0.392 99, I add this point to the diagram, now it looks as follows

X
p3
% ——K
p2 -0.39  |p1
X pa

step 4
Now I need to find where the asymptotes lines cross at the real axis, and need to find angles that
asymptotes leave the real axis at.

to find where asymptotes meet at the real axis:
L3 Pi _ 0-(041+(2-)+(2+1) _ —(+4) _ _q 95
= 1 =TI T &

g, =
a n—m

To find angles, put a test point s very far away, and consider the sum of angles from the finite poles

and zeros to that test point. we have here only 4 finite poles and no finite zeros. We know that sums
of these angles must be 180 degrees, so we write

46 180 £ n360
6 = 45+ n90

Hence the angles are 45,45 + 90,45 + 180,45 4 270 or 45,135, 225,315 so now I get this diagram,
where I just added the asymptotes lines
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“p3 .
. ~.‘ 'l""ys
“‘ "'0 p 2 p l
ran ¥ e —
1257 %, 0.39
:'X p 4 ".\

step 5

Now I need to find angles of departures of loci from p3 and p4. To do this, put a test point s very

close to p3 and solve for the angle conditions. a little bit of geometry is needed here. We get

p3

-2 p2 1

2 _¢.3_ -
p4

Hence, for a test point ’s’ near p3, we get from the angle condition, the following

91+92+93+a:180:tn360

but

63 = 90°

0y = 90° + tan~! (1/1) = 135°

;= 90° + tan~* (2/1) = 90° + 63.4° = 153.4°
hence

a+904 13541534
o+ 378.4

«

180° + 1360

180° + 1360

180° 4 n360 — 378. 4
—198. 4 + n360

Since angles are positive anticlockwise, then this angle of -198.4 means this:
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]
il

Hence, this is the angle of departures of p3. By symmetry we know the angle of departure of p4.
Hence the plot now looks like this:

pl

Note: at the break away point, -0.39, the loci is at 90° from the real axis.

step 6

Find where loci cross the j axis.

Looking at the charaterstic equation for the close loop s (s + 1) (s*> +4s+5) + k, set s = jw and

solve
s(s+1)(s*+4s+5)+k=0
Hence
(32+s)(52—|—4s+5)+k =0
554+ 952+ 585+ s*+k = 0
Let s = jw

5jw — 9w? —5jwd +wt+ k=0

Hence equating real parts and imaginary parts, we get

5w — bw® =

9+ wt+k = 0

o

From first equation, we get 1 —w? =0 or w = =1
Hence the loci crosses the imaginary axis at +¢
To find the gain k at these point, using the second equation, we get
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-9+ it +k
+9+1 = —k

Il
=

hence gain is 10 (negative gain) where it cross the point | (0,%) | by symmetry, the gain will be 10

(positive gain) where it cross at point] (0, —17)
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3.7.1 my solution
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close all;
clear all;
$problem B-8-3, by Nasser Abbasi

s=tf('s");

sys=(1+s) / (1+2*s) ;

bode (sys) ;

title('Bode plot for (1+s)/(1+2 s)');

sys=(1l-s)/(1+2*s) ;

figure;

bode (sys) ;

title('Bode plot for (1-s)/(1+2 s}');

[ o
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close all;
clear all;
%problem B-8-7, by Nasser Abbasi

s=tf('s');

sys=(s+0.5) / (s*3+s*2+1) ;

bode (sys) ;

title('Bode plot for (s+0.5)/(s*3+s%2+1)"');

Figure 1

()
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3.711 problem B 8.3

close all;
clear all;
%problem B-8-3, by Nasser Abbasi

s=tf("s");

sys=(1+s)/(1+2*s);

bode(sys);

title("Bode plot for (1+s)/(1+2 s)");

sys=(1-s)/(1+2*s);

figure;

bode(sys);

title("Bode plot for (1-s)/(1+2 s)");
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3.8.1 my solution
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Bode Diagram
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Bode Diagram
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3.8.2 key solution
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Method 2 (B-8-29)
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4.1. midterm CHAPTER 4. EXAMS

41 midterm

4.1.1 midterm questions

EXAM COPY “B”

MAE 170 Midterm Exam
Mechanical and Aerospace Engineering, Winter 2005

H 1
1) A chemical reactor system has a transfer function of the form T
s+

a) What is the time constant for this system?

b) If a proportional controller is used to speed up the reaction as shown in
the block diagram, determine the final value for the reaction output,
given a unit step input.

¢) What is the steady-state error for this output?

d) Determine the smallest value for the gain K that will drive the reaction
to within 2 percent of its final value in 1 second.

Controller Plant
R 1 &
K 10s+1 i

2) A force f(t) is applied to a viscous damper B which pushes on a mass M as shown.
a) Determine the transfer function that relates the output position Y(s) to
the input force F(s) (G =Y/F ). i
b) Determine the transfer function that relates the output position Y(s) to
the position X(s) (G =Y/X).
¢) Determine the transfer function that relates the position X(s) to the input
foree F(s) (G = X/F ).

= I}
er -

——

) B

—lﬂﬂ]— M

x(t) 2 y(t)

Figure 4.1: questions
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