5. [20] Answer the following questions.

1. [T@A second order system that is
underdamped has two roots on the real axis.

il. [®F] The closed loop transfer function

T(s)=— can be
(s* +25+10)(s +9)
approximated as second order, based on the

standard rule of thumb.

iii. [T@The RC circuit shown below has
Vour(s) _ |
Vin(s) s+l

10F

Vin 0o Vout

X, (s)
F(s)

is a second order system

Xi(t)
>

. Fv
F
(1) Mi —ll:

v. [@3] The equation Ts = 4/Co, is an
approximation.

Vi [T@DA system with { near 1 will have
more oscillations than one with § near 0.

Vil. [T@ system with closed loop
denominator s2 —2s+3 is stable.

Viii.@:] A system can have both 0 SSE
due 6 step input and O SSE due to a ramp

input.

ix.@F] The root locus is a plot of the
position of a systems closed loop poles as
the gain is varied.

x.@‘"] Bode plots contain stability

information.
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. . o 0, (s)
4. [15 points] Find the settling time and overshoot for

ecgz.'

=3

G2 ()

T Ca)

eqQ |\

when T(t) is a unit step.

T(s) 01(s) 0:9)
I N-m s/radA I N-m/rad
1 kg-m* %/ M
T(D) =

278,(ay + a/8, () -B,(2))

TCa) = ) | 274 4 E,0> [ -4 ]

O —

= A8, + &, ()

6. (@) = SZ ) ( A-\-\y/&

6&(®) = A S (2)
b ]

T(D :[@i'(@ (aw)] (A% 1) 8L, (2)
A,

&, () [(Au)l ’ﬁk}

&, (o L 2oy an 4 ﬂ

/)

)

— \ w,\>\
2
Z 3. -.5
=) g = @ =

Os =« /(O 3 C?@
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89

[25] A unity feedback control system has

K
)=
s(s+2)(s+10)

a. [18] Design a compensator to yield dominant poles with a damping ratio of 0.357 and natural
frequency of 1.6 rad/s.

b. [3] Estimate the expected overshoot and settling time.

[2] Is your second-order approximation valid?

d. [2] Justify the type of controller you choose.

o) Z‘: 0.359
W, =1].6

o

= Mswed pele @ 5F12 £ [.49

C/\f\ooﬁe Ca ]C&j CLAJ CU/\LJ—/O‘ ( A+ lO)

“——‘\K(D.‘l'lu)
Arp

F From A-a 4+ 572124+ 5149 s Uo.9%F

(e}

%:‘ T o A T 2L o L SF F&l-“{{{ (s L‘/Q.ZO
)} 5F L

£ o P e st b 22.82°
Flaxe o F o X 2.59 + 5712 = Y.

ﬁtna\ hy T\ /’l—?\ | \‘
- ¥5%2+5“”\\57@*ﬂ4ﬂ++uH5%LW%Mg

1596 - 4913 - 2971
- 23,.3%C

Y
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T inad D@5‘7V\ !

23.3 (D ‘\‘Lb)

—

ANE p
%) Ts = #/('35’%!.@} 75
05 = exp - a7/ e N Y-S I (7
<) s
Ye OLAS(/QQO PWLL
L5 3z + -y
40 2 ©
N MmeueS
G pen [QQ\P 1)0—‘&1 O\i» k{
lef , So e 'S ot [eas ©
L‘Il\” UwLb CLUO~7/ 'i{:/um _h”\(" U/L(S (1
and fhs [S mure  €Ehaog 5
LSFeZ.

J\ A L{«J CO"'“’“”*N (S NecCeSS cuL) o
Semple

Ql'}‘&\ A ranas et r«ésfgqcre_

YD C,on "“ro ) wVon (4'
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3. [15] Plot the asymptotic Bode magnitude and phase plots for

(s+D(s+10)
s(s +100)(s +20)

G(s) =

a. [9] Magnitude

cla) = (—?——t—t)(—l%+t3 .10
Q[&L\)(%Ll)‘1°-too

Stods ok _\.ZQ/QQ.)“ ( _&Ma> = _\(O.OZ‘JB

od *
‘VL.L.L(L\-/l SZ&-‘(J—Q - &2 0o ClB/clL_L

Bseald !1/&7)9 oKX | lOI 2.0 ) 0O

1
W
=]

Magnitude (dB)
i
Py

)
&
3
Y

—70' IR RN R P e P i
10 10” 10° o' ?
w (rad/sec)
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b. [6] Phase. Calculate the exact phase at each of the break fregencies.
£030) = [(Heur) (yu + o)
[Sw }(“3u+too>(]w £2.0)
¥ O o g (W) x oden (YWY~ 90
~ ot [Weo) — oo L =l)

Tret Phaese
\ ~42.72°
\O F.01°
16 Q.26 °
]oO —90°
Stods ok -qo0 °
2 ads ok ‘Cloo

Phase (degrees)

= = ]
1072 107
w, radfsec
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viii)  [3] Make a complete drawing of the locus incorporating vi and vii.

o1 T 7T T T T 1 T T T T T T T T T T

onTue
—28.57°¢

Imag Axis

-2 ] i I i i i i I I ] ] ] ] 1 ] I i I
-30 -28 -26 -24 -22 -20 -18 ~1B -14 -12 -10 _—B -8 -4 -2 0 2 8 10
Real Axis
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vi) [3] Find the location of all of the closed loop poles when K = 1.25.

ai K =\.25 ) C L denom cnedwy LS

N+ 07‘(~’:}.’}5> +‘/~l< 93\> + O
= A(/sl__i‘?_%a +6L3]

?o’fu .. =0 ,
L= 3 385 + |o-58)

vil) [4] Find the angle of departure from the two complex poles.

anj)e of ou-gw\frule From 2tz

L Trem 2-72H = o Cpo b
2O — 19¢.31°
¥ Tream 5 = ”h‘/fl(z/3> =
{ g’/om ~ 4 = Wq (2/(9) =
N | & %73 o
¥ b - = Ae () = niaae

S dqdes - 3 X5 24 2 200 67

x 4 M%H/e :44/‘
be —26.-57F
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[5] Sketch the Locus. It is okay if break-in/away and crossing points are approximate.

1v)
W—7—T— T T T T T T T [ T T T T [ T T T 1
5 -ZiB —215 —zi4 -ziz —ziu —1ia —Iiﬁ = —1iz —IiD —ria —33 -‘iz —iz 2 !1 é e o
Real Axis
V) [5] Find the value of K at the three jw axis crossings.
S\W\?h@ﬁ + CLTF
K (m+%)(a+?>
[r-9)(p3-#048) + Klo+#)(2+7)
K(o+e) (a+#)
2oy (e ro(28 v 12X) + (~Fo +32K)
A\ 22 +12K
Dl v -4 —~ 40 +32K

2 ~ 112K -2)
KK o =)
K~ of

=y K= 25

(& ~4o 4’32\@ 0 Page 2 of 10
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ECE 365 Final Exam S/S 2000

Name:

Honor Code: K E\//

Instructions:

i1)

1)

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.

[25] Draw the root locus for the following system

K(s+4)(s+8)
(s=5)(s% —4s+8)

[1] List the finite poles, finite zeros, number of infinite zeros and number of infinite poles
fp: *5 + 2 % j1-

7/
fz: -4,
#ip: o
#iz: 1

[2] Where does the locus lie on the real axis?
beteen (+’5 and -4 >

and
( - ® an d - 00O 3
[2] Find the asymptotes as K—oo (if any). If there are none, explain why.
g= e =

o= 54(2+‘)Z>+(2~32> ~ (=% ”X\ = 2\
3 -2 B
&= 18 . igec
\ —
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