o Q) _ QL)
)= B = G sl o) 6T
where s; # s #£ -+ #£ 5,
G(s) = 3[—(}—8;1 s]—(:; s[—(:nSn
in which
— S+ S Q(S) = Q(_Sl)
K, = {( + 1)p(3)] s (82— 51)(83 —51) (8 — 51)

o G(s)7} ZZ(multiple-order poles)2 7} uj

Qs) Q(s)
P(s)  (s+s1)(s+52) - (s+snr)(s+8)

= +o + + St
s+s1 s+ 8 S+ Sp—r  S+si (s+si) (s+s)"
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where

Aa= gl by Gl
Aa= 2L (a4 5760
R - R I
o G(s)7} &&= EA= (simple complex-conjugate poles)= 714 o, th2of|A4 B4 =& 7}
s=—0c+jw and s=-0—jw
Then
Ki=(s+0—jw)G(s)|s=siju
Ky = (s+0+jw)G(s)|;= s,
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Thus we have

K n Ky
s+o0—jw s+o0+jw
g(t) — ,C_l[G(S)] _ K16_0t+jwt i KQG—at—jwt

—e ot [Klejwt +K2€_thj|

G(s) =

910] opato] Hoo wWata the-g ol atet

. ejwt . efjo.)t ejwt + e—jwt
smwt = ——— coswt = ———
2] 2
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EERES D))

T+324+2r=0 with z(0)

=a (0)=0
[s°X (s) — 52(0) — #(0)] 4+ 3[s X (s) — 2(0)] + 2X (s)

=0
b
X(S):as—i—Sa—l—

s2 4+ 3s+2
20+b —a-—0>

s+2 i s+ 1
z(t) = (2a + b)e * — (a + b)e™"

for t>0
o 1x} BF

A|~Hl (First-order prototype system)

0 ) = 1)

A7) 4 ri= A2dle] S

SHELT S UHEHY = AlAFe (time constant: measure of how fast the system
responds to initial conditions of external eXC1tat10ns)

FASE SH (f(t) = us(t), F(s) = 3)

rs+1s s Ts+1
yit)=1—e"  for t>0

1 1 1 1 1
Y(s) = L

s s+ (1/7)

[¢}

g A2 2% el et

A2 52 A2 S WAL
E o
o
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y(t)

0.632 0.865 0.95 0.982

T 2T 3T 4T

AlZEe] A8t BrlEeRE SH0l 2% olHel SoleEd AEle Al E

d?y(t dy(t
IO 4 2Py = )

ol 7| A (= ZA|H](damping ratio), w,~— I-FZ5<(natural frequency)
e 0< (< u
B

Z 7} < DY o FATE SH (f(t) = us(t), F(s) =
w? 1 1 s+ 2wy,
Y(s) = -—=—-—
2+ 20wps+wl2s s (s+ Cwp)?+wi(l —(3?)
o 1 B (s + Cwn) B (Wn
s (s+Cwn)?+wr (54 Cwn)?+ wh
) =1— e coswyt — ————e" ! sin wyt
y( ) d T2 2 d
1 _ 2
—1_ ;G—Cwnt sin(wgt + @) where ¢ = tan™! 4

V11— ¢

%2 (damped natural frequency)= wy = w,\/1 — (2l 82
- A Ases AALad-sw w7 HH, g2 H|[(0] uhet et
7

Z7VHE wy = woy/T— (2 ZATeh ¢ > 1o]W 215k g
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e,

5]

A (0 < ¢ <D 714

s

H =z
T

Z~ (transfer function) oj| tj

A

— —

O ‘E._.Uw_ 0 0
.
5% ¢ 4 4
o
E 110
oH o
To 4 R OB
Txoo % W
<L iz 2 o<
110
nﬁ__% o ,m_ﬂ ol <] i
ook X9
12 iy
T ub T E
— 0 «% 110
- S S
Y X AR iy
qE I g
NT T R
g g F
mor W = T
- i SO T
EE o@wR 05
[ I O
mw o =™ _ %
L pe g ¥
| !
Eo X m ™
Waqu &o s < .w_
o oo o= N
g g N B
<0 =B 3
BE Tist o
T oT 19
TEErTmtE
B w2, N A
AR RN o
B N Nl

AR AR AR A A

EEf e EE e W
VTR 2 e T e R T
T RE R T T R
I I _ _

Zpo] 25Kt 2 ) (n > m)

H
L

A9] 247}

&

o £ o}

- strictly proper:

- proper:

n>m

— improper: m > n
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13 A oA~

o AUjjorA T (absolute stability) : A]|AE]o] oFAGH} EolMASH o= XA
o Ao T (relative stability) : A|AH 0] o] AT oA SI7E Wt
° 74]01/\]/\1:41_4 o};ﬂ_rr_ /\]/\Eﬂ_q Or)rog u}r)r 9\;\ .
A| A" o] &ot = JAIE]-S-tH(zero-state response) + 9ASs
- AAEleT Qe o) $9oR AAde] RE 27248 ot
- FYE3H: 2712k ot SH O = o] nff B g2 ol

Ho] =
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14 Fotdel fet=9 (BIBO) MY

o Z7|%70] 0N, T ke Ao Hha)N] Eo] atsirtl oS BIBOo|2kL Fhet. (the sys-
tem is said to be “BIBO sta ble or simply “stable”, if its output y(¢) is bounded to a bounded
input u(t)). ofefjet &2 AWkl Al AHS A1 w7

y(t) = / "l — 7)g(r)dr

y(t)] =

/000 u(t —7)g(T)dr
< [ hute=nllgtrlar it uto] <0

<M / T)|ldr < N if it is BIBO stable
« Alz:¥lo] BIBO SPgsietdl, g3t e 27l 4
> N
<0O=__
| laiir <@ =5 < o0

(314) Al2=Ho] BIBO FGsttt, |g(7)| W 7 2741 ofell |&{o] febsto{of g,
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Aamwrzlmg@mﬂ%t

G(s)

Sf| H 2}

=5l

el
=

)

o] 2

ool A S(ELL7

S

\mw=wsAﬂWWWWt

B2,

<1o

fA7 Je=|

[}

o Trefo 0> 0, B tof] o

mglﬂWWt
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S; = 0; + Jw; or s =0;— jw;

1. If o, <O foralli,i =1,2,--- ,n (all the roots are in the left-half s-plane), then the system
is said to be “asymptotic stable” or “stable”

2. If 0; = 0 with no multiple-order roots on the jw-axis and no o; > 0, then the system is
said to be “marginally stable” or “marginally unstable”

3. If 0; > 0 for any i, or o, = 0 for any multiple-order root, then the system is said to be
“unstable”

1R7



jwlk
s-plane
Stable Unstable
region region
0 o
Stable Unstable
region region

e Routh-Hurwitz THdH

e Nyquist THdH
e Bode A% &8
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18 Routh P4t Ty : b4 Qi 511 ok, Bagwe] 0 2% vhynie] gl w2uo] o] 42
a4 5 9ot

[ )

i o
i

1)

Bl

- EATAA(s9] GG ST 2ol AT aps” + ars" !+ -+ ayo1s +a, =0
- B= Al (ag, a1, s an1, ap)E 5 00] oY Al Z2 Fe] R o ofofof gt (HRxH)
- =9 d4t= 435ke] Routh tables ¢Hd7t.
s" :ap a2 4
"y as as
G2 . ai1az — apas — by a1a4 — QoA — b,
a1 a1
bias — a1b
§n3 . 1a3 — @102 = ¢
by
SO o
- o] ALRE Jbx o] ALl wjde] A 19¢] e ust 3150 U},
- J8Eg, RE To] HAYRo] 9% dhgwie] 9lg WRFEEAL “RE A7} ol A 1
go] BE 50| Fo] £oE /M Roltt.
o E5F AL (D) of® Ho] A 192] gL 00]1, Y] FEo] 00] okt glow, T 0& ¢
e G4 QR AL, DS A% AdT
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