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EX: Let us caeuloate %eupmn? response of the
?fef\«bo? DC-motor where J=b=1,
o= Km=RKa=1 and NoGl=+
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NOTE: 1§ Ylt_>/w§w” +Hhe unit-slep respoase

g_ﬂ-l—he 3rd-order' Stdsle'n is very Similer 4o

+Hot o.g. a .2."d

order System. Th such o situation,
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" dominant poles " ond e pole of -—% \s called
an inSignificnt pole.. 1P _L%,:SSUJ,, +hen the
respense of +e 3 order Sg.s 15 significonty
different ..crom Yat of e 2 order System .
Then we aont yse +he expressions desived -‘Ear-
Ts, Tp, Tr, ete.

EX: Consder He [b sysdtem Showa beloco
Ris) Kﬁ ’Is(ﬁp) | Mgy > 70)

Select K,P, W' Such Hot e part-step
espons€ s clesed o a 290wk, system
unit step resporse  with o oversheot of
less Han 57 ond T < 4secs.
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Note Hat Y8 _ qis)= _ s+ Seee
RLS) =+ S(tP
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Since we wond T < secs, _\Ts._—_ 4 SL/'

= 5w,,>/{ (1) TFrom the odershoot eguakisn
—|n PoZ
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we know Hect .Cerm overshect o.L less Han

57 1 |$>0%| (2) "°7-r
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So se-l—-H‘ns g:o.?-, and wy=15 will S‘a-l-isH
(0.

= 15 04wy — 40037 x 15= (05
¥

0,05= 1 _>¥ — chome ¥=0.05
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;Zg#»(‘:ﬁ;[) = P::Z-f K= Ws* =%;F<=£LZ5

StepResponse

H respenses overlop
. as eYpe el
04 L
K=2.25;
p=2.1; ) I | | |
gamma=0.05; 0 1 7 3 3
Time ds)

G3 =tf(K,conv([1 p K|, lyarmima 1y));
G2 = tf(K,[1 p K]);

step(G3,'k")

hold

step(G2, 'b')

box off
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Aaain i ;{_ >/40éwn , then we have
a Gglb\ﬂ Zer ond oles — ¢ tw \H_Sz
Of'eneﬂ \éOMTM“’P’- @ g I

Stbility o) Linecr  Syslends

De—Gn’d—?on Bounded Tnaput- Bouaded Owlp.«-l-
&labilﬂ—ﬂ)<A linecr Hrr\e-inxtcﬁaué System is
BIdBO skoble 1L oneol e Lollowing anditing
hO\ :
(1) s outpuet 1s bounded .cor evay borvadad
'mpu:{- e., |uL+)|<oa Vi $\3L£:)|<w
VL. whese  wis +he inpub, yis the outpet of
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NOTE: Nok o good uay to Jask Hie stabilidy’
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(3) All Polas o_e s #w&f——amchbfl 6(s)
Q(S):oq,g-a(:“% are o the open le -
hal £ phae
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'pnoo_Q L{:l) %('i)
Assume 8(,%) is absolutedy iategrable,
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SUMMARY :

A syslen s
@ Sable 'l.e ol *1=v:>l¢s ade oa the open |e..£l'\-m|ﬂ
plone
um-l-able. i{. one of iks poles T ia Me ight
half plane

B menginally stoble if i-has Impe poles

on Hie  imaginen axis.

@ t.u.s+able 19 las repea:kal foles on the.

lMagin‘-HS axis.
?o:d—ld— Huwidz  Cridesion
Considec Als)=a n&Y\_‘_ Qn-—fsn—'{"‘ --- —QqS+Qqo

7/(5) _ Sm"l' l'm—t'sm-!""’" o

RLs) O 1s)

1

choracleni e P°l"/'

Sn Ay, Qn-2 Rn --- -

s ..
' ' J ' An-1- —Q\QN-
! ! : : bn_1= n-1"—2"AnAn=3
SO Z n-4
b = %1% -y ~Qn a5
n-3
QAn-4

bf\—4 Q'\‘-s_ q'\__,q bV\.-_S .

c'\._4 b
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Foct 1: Als) has ot least one root in +he
c\osedﬁah.-l- hel £ plane & Here ore Some zeros or
sipn Chonges in the Lirst column of thearuy.

Fact 2: T +thee ore no zero entries 1a the
_Gr.s-l- C.olu.mn *-l-hen 'I-h-e. f\!.m\ber‘o.e Sn’@n changey
in the _@m-l- colemnt s equal_ +o the number
of roots ia the RHP.

2
EX: A= aQ,S + a,s+Q¢

S Q, Ao

=5 No oot ia the RHP
84 Q-'l O "e'a o-zJO“i)o"o
have +Hie same Sum.

1 I zerms in the [in+ column

/ AN

Cease | Case 2
All elenents of therow  Therow cormdulas
are zero o. nonzeo element

1—

construct an auxill Replace 0 with €>0
POlﬂ . .@M the previoy

Tow

qr\d C.OI\HAAL-C,.
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EX: Alk)= S3+ 9—5'7__" )Qs -I-C_o.L;

s _It b

st |a ob —eAats)_-a,sz-i—aJo
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Zq, A '{s).:.?_o.s

4 ca —

S
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<° |alb

£ a>0, b>0 +hen moksof fe
O.LLX”\:thobdnomiak ore on +He RHP

Sice Lo Shn cldage..i

open lefl Closed] ﬁgh:-'— half
Y] y £ planz

plane

) 3

“+then 2 les mustbe on He imaghan onds.
o’ the 831:04% is mma?naﬂd &-\-able.Ma& A

EX (Casel) (onsider A@R)= é—l—Q.SH'-l-Zé +Lpsz+14.s +10

s |4 2 14 57@1/1 chonges T'n {5t o Lunan
stlEFL 4z A0 +  +
3 — —+
Sz 2/?—646 . L Bl < Sign
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EX: AlS)= S+asebs + (ab +€)

s b
i €=0
82 Q. Qb+ & ﬁ
_€ constructk  oux po

'S{ /a' when €=0 Ua& Ig
S° | ab+ € A l)=as + alb

= a,L-S‘L-I- l:)

/v

(s+g® (s-31D

= Sy mwmef call Poles  w.nt.origin

O: whoek 4o do ¢ -co

A: ITh ceue of () ,{omi v auxi

using +he coeffictents of the m&,qb:ége_m
2em (bw , fepluce Herd Pw Ceelficients with
Jhe C.oe_.ﬁ?cien‘}'s O.Q'Hme dedvotia 0f the aU'\autr‘Z"
[ao&d and contave.

NOTE: Lﬂ \U\J-Cl‘x?t foot=s o;L'H'Q Chp'o.c:kﬁs-lﬁ‘c
polynomial ore sonple ( not repaa:l-:q) Jhan Hea
ycten is  neithe Stuble ner unstable ond
Colled Y wory! cteble’, TF +he Ju-als
(ools cre Tepec 234—\'\072_ System is “unstable.

EX: Als)= Sg+5‘k"+ +25 "+ S +1

£ 1 2 A l
St |1 =2 A _»A%@)sm [} pokes cre od
S P 7 < BN S P RHP

S
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st |1 4 ’—‘%Aazts)@ gtzszﬂ:tsw)
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