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Problem 1. (6 points)

Consider the system
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Problem 2. (4 poinls)
Sketch the approximate Bode plots for the following two systems:
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Problem 3. SS pointa!
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Fragquency {racdisec)

Note: all the poles and zeros are powers of 10.

w=2o/ res si&{f;ﬁ,{ef% ;a?'&/f Wﬁ mfﬁ

/e ast s o c?f)v

) . e stable pole becans
©= (0 /3 g,’ﬁé‘”r;s,ﬁg: iﬁ; gy 60 cgjﬂe
/’ﬂa,;%- #,a J&&ﬂd‘ﬁﬁ- 8 N 270°



— Final Fall 98 - Solutions

PAGE 6/12

Se Ze */rmcs/ar fwwd/fm /S
A+ O f B

&G - K (6t 10)2
A+ DC, we Frave.
6 Q’U) = mfaw' ’

Frooe e M‘f’d’*w&—ﬂﬂ; we See lAat
|GG s — — 4holB = 20 I 755 -

;Z"LSJ /< _ /
/o, coo joo
e K = oo,

#&*ﬂé/ ZZ.L %ws«/{@z /MQ/;%LS
] A+ O
léﬁ)x foo (qu&- /@a I




= Final Fall 98 - Solutions

PAGE 7/12

Problem 3. (9 points)
Consider a unity feedback system with a transfer function
Wa} = KW (s)W;(s),
where K is a constant positive gain, W,(s) is the transfer function of the plant given by

, 8 +1
Wols) = oyt 4 ds + 4]

and the transfer function of a PI controller i given by
Weis) =1+ %

Plot the Nyquist diagram of the transfer function W.(s)W,(s).
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Problem 5. (5 points)

For the system from Problem 4, determine the root locus.
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Froblem B. (3 poiats)
Consider the system whose (open-loop) Bode plots are
Gm=4.993 dB, (w= 1.52) Pm=2847 dag. (w=1.055)
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Using the design reasoning given in class, suggest a phase.-lap and & phase-lead compensator
that incresse the phase margio of the system. Justify your answers.

{Note: You are not asked to satisfy any precise performance specification, but instead, to
simply show qualitative understanding on how to select the poles and zeros of Lthe compen-
sators to incresse the phase margin.)



— Final Fall 98 - Solutions

PAGE 12/12

phaﬁa- Laﬂ R

A cmo&‘«ﬂf“~ ‘f?@ '[14(_. \"'aa.,:scm{’l‘:j isf;,m
v elass, e e  anmd zero
aa‘wr%aﬂf‘ar %):4.{,0[ be fu 'f'a'fZ:e_ lef't
& . arossever jﬁmiuencué Of e
W%—e«&&&d szj#efm— Op = l.os*s),
E}«m{r&, :

a4+ | | A4072

Ge(D7 gy =2 &+0]

Phase - lead
The e,raes_.;zjjm M’n% af 'fh, unaamrmsaw

feol stem - gg{'wm the zexe
onmd F,{& 172, aamf;w@_'ta'r} eloser
te ‘{Z-L gere ' XMFLE, :

A5 +C.5

_ 2Z5+1 e
Gﬁ@”aau—: =103+




