ECE 460 Final Exam Winter 2000-A
Name:

Honor Code: K E \/

Instructions:

* Use the space on the accompanying pages to work the problems. Do not use a
bluebook. Attach additional worksheets if necessary.

* If you wish to have partial credit awarded for any of your incorrect answers you
must write clearly and legibly. Explain your work in words, if necessary.

* Read the instructions provided with each problem.

* Don’t Panic.

1. [25] Draw the root locus for the following system

+ K(s+38)
s »
(s—6)(s+2)
i) [1] List the finite poles, finite zeros, number of infinite zeros and number of infinite poles
fp: b, ~%
fz: -8
# ip: Now &
#iz: N
i) [2] Where does the locus lie on the real axis?

petomn (-2 #é) £ (»oo + —83

i) [2] Find the asymptotes as K—oo (if any). If there are none, explain why.

o - 0 -
= — —~( - 12,
o L~ 2 (-3 _ _ 12
2 — I
o
E = (ahed) T = 1Xo
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[20] It is desired that the following system operate with 10% overshoot and less than Is

scttling time. Currently, the system is operating with 10% overshoot and 1.88s settling time.

+ K
(s+2)(s+d)(s+6)

[3] The compensated system must have 10% overshoot and less than s settling time.
a) What is the zeta this requires?
b) What is the range of wy, this requires?

4. 2wn7 H
— <
o tsier [ gt ]
[17] Design a PD controller that exploits pole-zero cancellation to meet the specifications

for the final system. Notice that pole-zero cancellation will turn this into a purely second
order system. List

a) The location of your zero

b) The gain your system requires

¢) Draw the new root locus

d) The overshoot and settling time of your new system.

You must write neatly and clearly if you want partial credit. Explain your work in words.

Ckoosc\nj a Zere a.j' 4= Wt Werl

—_—

AP

\ Mew vt loces
1. |

-_—

Tae Ned  Sysken 15 _,@9) =

R +Dp+eD

CLTFE <« K
Lox lop 24+ 1<
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2
pirieh + (2H) = 2%+ 290,48 b,

le = 3 LA
° I X
oz 5[y = 5).s5q01 =
_
-
< = L‘“nm - 24 = ﬁ,_.
2 T ovanShoot 13 409 (as f@vu«”
TS"‘//aLdA: ‘7’/5 = 032
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3. [16] Circle the best answer.

1. (-3-2j) in exponential coordinates is
a3 6e33.69° V.
b. 3 660.5880°
@3 6e—l46.3l°
d 3 663'60560

i x {(e3’ —e“7t)u(t)}=

1 1
a. —+
s=3 s+7
b. 1 + : Vi
s+3 s-—7
1 1
s=3 s+7
1 1
d ——- ..
s+3 s-7 Vi1
-y /4
1 P,
i j\"{——w—}— 25
: = +
s?+65+5
(3 0.25(¢™ — e yu(r)
b. 0.25(¢™" + e u(t)
c. 0.25(e" — e u(z)
d. 0.25(e" + ™ )u(r)
iv. A system with peak time 1s and
settling time 2s has
a. zeta=0.4553 and w,=1.0825
b. zeta=0.0319 and w,=19.74
@Zeta=0.5370 and w,=3.7242
d. zeta=0.7484 and w,=2.6724
j, Waz &
Toz 2L 175, oo
WA ke /,. - ﬂl
1 \}):— “a L)‘
TQ - _l/" "o al ‘{"’(
wo \,.);. n _ %
/ (aS
v W
R
W
u':'\\"i:\')\ Page 6 of 10

viii.

Xi(s) .
is a second order system

F(s)

True

b. False

Xi(v)
-
Fv
F(t)
R E—g

A unity feedback system with
G(s)=(s-2)/(s*+3s+1) as the open
loop transfer function is stable.
a. True

@ False

You wish to design a controller that
reduces the steady state error and
rcduccs the overshoot. You could use

a. Lead Controller

b. Lag Controller

¢. PD Controller
@ Lead/Lag Controller

A row of all zeros in a Routh Table
means

3. The system is unstable
The poles of the system are
symmetric about the origin

c. There is at least one pole on the jw

axis.

d. All of the above




O, (s
4. [14 points] Find the settling time and overshoot tor ;(( )) when T(t) is a unit step.
A

T(s) 8(s) 0,5s)

T ép) = @,m) (AL»HD +a, () <-A)

O = el (-2 +62(2 (a+0)

A

O (o) = 62(D (ﬁl)

T(2) = [[.114”9' (%>J 6, ) + 6&@9)(‘/2)

S, (a) Zp,z+a+|]—’—-\'7(‘0~>
G‘)Z(Dj - ‘ v, = |

TCD D a4 2 = l/i
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5. [10] We wish to design a lag controller to reduce the steady state error in the following
system by a factor of 10. The system currently operates with K=45.9.

S P >
(s+2)s+4)s+6)
i) [2] What is the position error constant and corresponding steady state error due to a step
input in the uncompensated system? |
1 o~ ‘ I S - — . § t \
296 AH) T 14 939 < L+ 929 = —
2-9.¢ 78

Kp = TL"S; 2,956

i1) [3] Choose an appropriate lag compensator to reduce the SSE by a factor of 10.
K- 'S ke sse = o5\
ee'd Ll Ke = 18-l = |9.942 ¥ . 956
Choose. 0 V14 F
L+. .6l

iii)  [2] Comment on whether your controller is physically realizable or not and why.
Bul/&la,é[{ Siace /D"/f//g,o»tb locaten
L
ts Q outnre Jd b 9 /R C

iv) [3]1 When K = 45.9 (the current operating point of the system), it is found the closed loop
poles are at —7.9, -2.04+2.72j and ~2.04-2.72j. Comment on how your compensator
would effect the transient response and why.

The Pole ¥ Zen  ove close + The d/«qﬁ,\

C C~ QL\L)("'J\ G\It Lo LA ‘Q'fum OIUMU\uJ
QUL&Q ‘q \/Lﬂﬁ \»H’l{ O\E'('(}C:{' o ﬁ'fu/\S'D’\r-
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10(s +2)
(s+1)(s+3)s+4)

2 40
-;_—L

)

G(s
LOS:A l§[%> = A{K/“/J/Q

)

gnitude and Phase plots for the following.
() =
fods o

Sketch the Bode Ma

S

[ 7] Sketch the Bode Magnitude plot asymptotically.

[15]
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b. [8] Sketch the Bode Phase plot.

i. Find the low frequency asymptote

ii. Find the high frequency asymptote

iii. Find the exact phase at the break frequencies
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4. [0 points] Solve for x(t) in the following system if f(t) is a unit step. You may use M=1 kg.
K=5 N/m, Fv=1 N-s/m.

F(D) :(qu' T 4R ) XD

Fa) = (A7 +2 +5) X/(2)

RIS - X(8) = —
F( DEL A4S &[j)l+ﬂ+5>
xte =47 [ (o> = A , B2+ C
D AT AAL+S
- 0.2 N -0.24 ~ 0.2
2 2T+ + 5
= o.T -—0.2) - 0.2
— + = =
2 (@4 ') + 425
~ 0.2
= O 2= +_O.L(l* l/g—% F—{S
2, (a+t/2)" RFEY TS

—

\
Tt (£)
1(t5=o,2_ I—-—@Lcog‘ﬂqqg‘t —67— 5_';‘_:1@ M

—_—

U435

Page 7 of 9




iv)

[5] Sketch the Locus. It is okay if break-in/away and crossing points are approximate

v)

< ‘ + \

dx2
24 -4
(n-e) L0+2>

)

2
I

p

2 0% 44 +16 A4

-3 2L
0 TP +ld +~20
)= —16 = 25— @fzy _  ~8xJ323C
2 2
- R+ (B4
2
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vi) [5] Find the value of K and s at the three jw axis crossings.
-4 bl on K (2+8)
224 o122 FE(2¢R)

dtromenet = %= Fa(kK-4)+ (Zk-tl>

« 4 S k-12 n Re2 @ K=94
___Q—T—};—‘;l’/’-_—, “0 K = I'J’-
2 -
a°| & k- Yy ]| o
. 4 5 J2s
wh Ko, 2% 2o 2o 2= X520 | o

ok K=(.§ j)\z—}(—Z.S'a_):o Q:—im 2.5
only & «w.Th O rea ( f’axﬂL

y : ol S
vii)  [4] Make a complete drawing of the locus incorporating v and vi. Label everything are v

(break-in, breakaway points and both jw axis crossings)

SEhEE el s
SRR TR

viil)  [2] What is the range of K for stability?

K >4
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