EECS C128/ ME C134
Final
Thu. May. 11, 2017

r' 1910-2200 pm
Name:

so: U

e Closed book. One page, 2 sides of formula sheets. No calculators.

e There are 6 problems worth 100 points total.

Problem | Points | Score
1 20
2 19
3 14
4 14
5 10
6 23
Total 100

In the real world, unethical actions by engineers can cost money, careers, and lives. The penalty
for unethical actions on this exam will be a grade of ‘F’ and a letter will be written for your file
and to the Office of Student Conduct.

Tables for reference:

logg2 = 0.30 logp3 = 0.48 log5 ~ 0.7
log06 ~ 0.78
20log;o 1 = 0dB 20log2 = 6dB T~ 3.14

2010g1o V2 = 3dB 20logyo 3 = —6dB o ~ 6.28
201ogg 5 = 20db — 6dB = 14dB | 20log; V10 =10dB | /2~ 157
1/e ~ 0.37 V10 ~ 3.164 7/4~0.79
1/e? ~ 0.14 V2 ~1.41 V3~ 1.73
Vb~ 2.24 V7~ 2.65

1/e® ~ 0.05 1//2 ~0.71 1/y/3 ~ 0.58
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Problem 1 (20 pts)

reference conuo
input error input outpt

1(t) | Controller plant
" ¢ D(s) wry G(s) y(t

You are given the open-loop plant:

5(s+3)
G(s) = :
&)= GF D+ 45+ 13)
For the above system, the partial root locus is shown for 5 different controller/plant combi-
nations, G(s), Do(s)G(S), ..., D5(s)G(s). (Note: the root locus shows open-loop pole locations for

D(s)G(s), and closed-loop poles for % are at end points of branches).
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% pts| a) For each set of open-loop poles and zeros given above, choose the best corresponding

open-loop Bode plot U,V,W XY, or Z from the next page: x | "’\863
() G(s): Bode Plot W _ SR olLP)teo

(ii) Da(s)G(s): Bode plot‘A_’X Moy brek ok ‘\ ‘ iM/ V’awl %}

(iii) D3(s)G(s): Bode plot & — i f‘fhsc—, AFLS o initrd FL”Q’O f VJV/"‘%
(iv) Da(s)G(s): Bode Plot Y~ — Sl H'\J“- 270 o fMQfJ{S@u:( ? W ‘g
() DG Bode Plot | — Yl PROS '700

(vi) Dg(s)G(s): Bode Plot _\[_ = T"X\Y{& ‘J/\AQ_, ~ 0



Problem 1, cont. :9 )

The open-loop Bode plots for 6 different controller/plant combinations, D (s)G(s), ..., Dg(s)G(s)
are shown below. Magmtude in dB, phase in degrees.)

20 T 20 T T T
b 0 b -l
: -GJIR
-20 20 1
-40 i -40 ¢ 1 N 1 L s
0 _ . - 0 - - —r
-45 Bode Plot U 1 -45¢f Bode Plot V 2
-90 f -90 | 1
135 | 135 | i g2 ®"‘$ :
-180 -180 . . !
o2 107! 10° 10" 102
20 1) L L 7 | ey L 20 T T AR § T i T
0 1 ©OF 1
-20 1 -20F 1
-40 i 1 ] -40 i 1 1 1 ]
0 —————rr 0 - — r
45T Bode Plot W 1 ol Bode Plot X ]
-90
135 | -180 %
-180 270 L 1 ]
10! 102 107 10° 10' 102
20 T T o . S 20 ey f —
A o i 7
or y 20 F -
-40 + 4
‘20 1 1 1 1 1 1
45 4 T T vy 0 T T T
0 Bode Plot'Y 1 45| Bode Plot Z h
-45 : 1 -90r 1
-90 -135 5
-135 2 2 : -180 . ‘
107! 10° 10" 102 107! 10° 10" 102
Frequency (rad/s) Frequency (rad/s)

[10 pts] b) For the Bode plots above:

(i) [2 pt] Which closed-loop system would have the least steady state error for a step input?
Bode plot: —i— b\ M 0* w_o /(A\’V\ e(,é) - D(O ("9,
Briefly explain why: \ N st
vexplin oty nesh gos kT )

(i) [1 pt] Which closed-loop system would have the greatest steady state error for a step input?
Bode plot:

(iii) [2 pt] Bode plot V: phase margin L{ S (degrees) atw = %
(iv) [2 pt] Bode plot V: gain marginoﬁ dBatw="_
Qm
v) [1 pt] Estimate damping factor for Bode plot V. { ~ /OO,l: OILI S

(vi) [2 pt] Estimate the closed-loop bandwidth (that is the frequency for which the closed loop

system has a response of -3dB.) for the open loop response U. .
closed-loop bandwidth = S (rad/s) L‘A“’\ PM‘Q/ _]3504 o4 27*50
Orocte. =GB



Problem 1, cont. /<€,:? -

f&pts] ) For each closed loop controller/plant with root locus as given in part a), choose the
B best corresponding closed-loop step response (A-F). (Note: dashed line shows final value.)
%
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and Bode plot for G(s) is here:
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Problem 2 (19 pts)

The open-loop system is given by G(s) = 1000(s-+2)

{s+-1){s+10}(s2 145420

A lag controller D(s) = ﬁ% is to be designed such that the unity gain feedback system with
openloop transfer function D(s)G(s) has static error constant K, = 10. D(S)G(s) should have a
nominal (asymptotic approximation) phase margin ¢, =~ 45°, +\D S

[4 pts]. a. Following the lag compensation procedure, what is the chosen phase margin fre—
quency for the compensated system? W, = W, S rad s~

19 pts] é etermine gain, zero, and pole location for the lag network D(s):
oL N Y
gain k = Zero; a = LJ pole; B = é O d(

{6 pts] b. Sketch the asymptotic Bode plot for the lag network D(s) alone on the plot below:
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Problem 3 (14 pts)

[6 pts] a. Given A = [ _02 __13 } , find the cigenvalues of A = ) )\ 4 . \(L-B)\"‘Z
>2“+2/\+2:O/ A4 QAR =0 VR
B _'L‘(' A=2

y Cayley-Hamilton, et = ay(t)I + ay(t)A. Find ag(t)] + o (t JA. '1@ ) Q-Q 2k

-24 -l(— -+ ~€
a(t) =L € =R at)=_<L =€ (et _ﬁ) ~ e,€+ 2{:&
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¢ G gLet = o
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€ Ak
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- Qe” ~~Q “ ®) O e~
gL+ LA = . :
JOCJ | /‘\ [ = ne fe _z% 5 [g(—{_zé) ;5—3 (e"-{;fl%

b. Given an LTT system
X(t) = Ax+ Bu, y=0Cx

A second LTT system can be specified using the similarity transform x = P~ 'z, where

s =l BM
3(t) = Az + By, y=0Ciz X=P'i= APy 4
> H ~l
The states of the 2 systems are related. = F Af) %FFg(A
|
[6 pts] (i) Find A,, B,,C, in terms of A, B,C, P,u ‘j: C‘F t

a-PAPT 5 PR .-

[2 pts] (ii) Show that if the system with state x is controllable, then z is also controllable.

K Conlnﬂ((qUQ“——'?[E"‘AB%QB”"AWB] has ek ¥
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Problem 4. 14 pts ﬁﬁ? .
|

Given the following system model:

(3 pts] a. Write the state and output equations for the system above.

[2 pts] b. Determine if the system A, B,C is controllable and observable.

el G5 | A6] = [0 L] ke € =2 =7 (eminleble

O bsevvuble ©:IC;] = E; :71/ ik 0 =2=7 obserebb

[2 pts] c. Find the transfer function relating input U (s) to output Y'(s).

2S
H(s) =3 = g/jsyzggag,g)
).<2 = M— SXf)\“ L{XI J )(Ql )Z) Z?Xl
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}Q+5X;+HK,:M %o 2%
x@ (s st =4V o)~ 25

-X(S}A | J @_ 28
- sase | g sesn




1)

Problem 4, cont. k@ ’

[3 pts] d. For the system in part a, design an output feedback controller u = r — ky where r is
the reference input, such that the system % is critically damped.

A

k=
R
&
2<: L/ ._Z: H = /ES
S+ R l+KH YSst + kS

s2 o (S+2Kk) +4=0
(s+2)(5+2) = Sy H

[4 pts] e. For the system in part a, design a state feedback controller u = r — [k1 ko]x where r
is the reference input, such that the closed loop poles are at -4, -4.

Ho o MSHa| — (spy)Gra) = B
ot B 6 =<
k=16 K=



Problem 5 (10 pts) l<% .

Given the following system model:

% = Ax+ Bu = [j?l]=[:i é][i;}%—[;}u(ﬂ y=Cx=1 o][‘;]

2

(2 pts] a. Provide state equations for an observer which takes as 1nputs u(t),y(t), and provides

e s g L) L -5 Lly-3)

(2 pts] b. If error e is defined as %(t) — x(t), derive the error equations.
gy = (L)t + Bu+Lex ~ Ax—Eu
= (A-LC) ,)? - (A LCJ
&~ (A=

[6 pts] c. Find observer gain L such that the observer has closed loop poles at s1 = —8,52 = —8.

Adlc= [5 “X blt: o)
= [—g-;a, 1}
g, o

)X—A+L°l”~ M4, -r\
Uik A
/\m,r)\(g’rﬁ‘ﬂ‘ﬂﬁz_

<2+ [6s + Y
=ty A6e
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Problem 6 (23 pts)

O—= Gy
Sample- ’ I
and-hold [ = S

N A
St )-eh2 1,%%4

[6 pts] a. Given G1(s) = '51K1_0 with T, = 0.11n 2. Find the z transform of G1(s) considering the

effect of the sample and hold. K
\l_\—L X 3 tlo

Gi(z) = 6 T
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® EDICEY,
(3 pts] b. Plot the root locus for G1(z) for unity gain feedback:
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Problem 6 , cont.

Kesy

[4 pts] d. Given continuous time state equations for an LTI system with z(0) = 0 are :

—

% = Ax + Bu = —2z+ u(t)

Find the discrete time equivalent system using zero-order hold for input u(t) and sampling

period T: x((k + 1)T) = Gx(kT) + Hu(kT).

e i el )
s g 201
T 2T T
G=eMN=¢ H=)( —2x
e an)\!
O =2V
..Q‘": 0.3 e_’U\/T: e —|
‘ e - = Q. S 6 :{"’ o -y
| - 098 w)=2(r—+)
-€ [8 pts] f. For the system above, let sampling period T' = 0.51n2 (note T ~ 0.35sec), and state

feedback is applied such that u(kT) = 2.0(r(kT) —z (kT )) where the reference input 7() is a sampled
unit step. Sketch discrete time x(kT) and continuous time z(t) for £ =0,1,2,3,4.
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