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Disturbance

+ YO Out
4>é—> Plant | 2tPut,

Input +
p Reference Controller —» Actuator
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Vin
v
0 Output

Sensor

-t AlofA A" SRR 7484

1. H]17](comparator)

2. 7t 4 ax0] A4S Uede 25
a) 7|FAIA (22 AHAIA]) [reference sensor (or input sensor)]

LI

(blocks representing individual component TF)

b) == Al A (output sensor)
¢) 7+=7] (actuator)
d) Ao]”] (controller)
W E (plant): AJo] thAt
5.2 7|&FA1S (input or reference signals)
A1 S (output signals)
A15 (disturbance signal)
i 211 (feedback loops)
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u (t)

U (s)

x (1) Time
—

g (% u) domain

X (s
) G(s) (s) Laplace

domain

o oA WA
2%

:‘é

xH<

=
=

2 A2

-

215 0]

X(s) =G(s)U(s) —
o
aleef HA}

s> X (s)

e 71Ee R Aok, Us7h A2didds 719

=

W2U(8) — 2¢wns X (s)

e 54T HY (Block Diagram Reduction)
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0, UG) + 7N 5 X(s)

»

/\X (s) R

2Lw,sX(s)

2
28m,s X(s) /

2 X(s)

@,?X(s)

»

U(s)
—

X(s)

V(s) 1 X(s) R

- B7]A(branch point) P2 X ¥ Q=2 27

(@)

P
AGs) Go(s) > Y(s)
B(s) «— H;(s)
®) o LN RPY m—
B(s) 4— ?;8
o THE Y AJAES]

(@)

A(s) ————» Go(9)

°i1 ">

712]31 H|17](comparator)E PE FH Q= &7

Y(s)

—» Y(s)

B(s) «— H(s)
(W) + Y,(5)
A(s) Gy(s)
+
H ()
B +— G5
AT
1 O = =]
tEl= A5 Ao Bat
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D(s)
Controller _ Plant
E(s Y(s
¢ ) Gl G2 ( )t
+

Output Sensor

H,

- =% (superposition):

Y(S) = YR(S)‘DZO + YD(S)‘Rzo
Y0 LY
~ R(s) D(s)=0 R+ D(s) R(5)=0

GlGQ GQ

14+ G1GoH,y (S N 14+ G1GoH,y

D(s)

D(s)

- A3l Y

Y = Go(GLE — D)

= Go(G1(R — HiY) — D)

— G9D
—= GQGlR — GQGlHIY - GQGlD — Y(S) - Gllf—2§ GG};
192417

Notice that the same denominator appears if the disturbance goes to the forward path
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7y A AHE9] F5HPH Al 4L617] (Find the equation of motion w.r.t. the sub-systems)

7k A A"l Eof gtEetAs HEHLT)S AFEsto] AEe=(TF) 97] (Find the TF using the LT of the
sub-systems)

7 A A" Abol 9] o1& A EA|SHZ] (Use the block diagram or signal flow graph to find the
interactions among the system components)

Alo| 715 AA5H ]

HA A A~HQ] TF 2H7] (Find the overall TF of the system)

o LTE AFEsSto] A7 97] (Obtain the time response by using inverse LT)
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AHIO] A7F-2H (Time Response of Systems)

o AP A A7t = 2o + AAATES G

time response = transient response + steady-state response

complete solution = homogeneous solution + particular solution

y(t) - yt(t) + yss(t)

o TS A7ko] BB wREb Al S (y

as tlme becomes very large)

o AT TS eo] A o] 5o
after the trans1ent has died out)

L o
1. O

204

(t) : the part of time response that goes to zero

: the part of time response that remains



22 dAAHF-SH (Unit-Step Response)?} 5712 B 712 & (Performance Criteria)

=]
o THAAIESH: g0 A TGT LA Aojr|AE 9] St (the response of control system when
input is a unit-step functlon)
o MPAQ FAATST D B B
) 4
Unit-step input Maximum
overshoot
el et ity A St — i e————
L i A i S
0.90 ! i
0.50 i i
Delay | |
time 1 i
AR ! i
0 ] 1 1 ;
Rise time ’ Umax t
t,
< Setting N
) time 7, d

1. | eHFEMaximum Overshoot) (M,):
maximum overshoot = y,,u: — Uss

% AFpel B WL UehE 495 gL,

: maximum overshoot
percent maximum overshoot 2 x 100%

ySS

2 Q WG EL Aot E(relative stability) S SAS of A&
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2. 2| AA|7F (Delay Time) (t,): Z|Z£ZE2] 50%0] L2ol+= ¢ @ Q3St A|7H
5 1ZHRise Time) (¢,): |F3L2] 10% A 90%°] dol+= o a3t AZF or 0% 4 100%

79 AR

4. AZFAZE (or HAAIZD) (Settling Time) (¢,): ZE4ES] EA WE-E (5% or 3%) o|Ho Sol7t+=

o D a3t AIZF

5. AAATE] @ 2} (Steady-State Error) (e,,): AAAAH o] T2 o @2}
o Ao} A|AH”] AAIT off FolX= AFAHQ AeEE, for example, M, < 10%, t; < 0.012[s], and

ess < 1%.

20A



23 EX3Y 13} A" o] AI7FS T

o 12} A|AHl

13} A 2ge] d2E RCER A2, 989 A2AF 5o 9lon], 1= AH4E ojught.
o DYAT S5 (r(t) = w,(t), R(s) = )

1 1 1 T 1 1
7s+1s s 71s+1 s s+ (1/7)
yt)=1—¢e"  for t>0

0.865 0.95 0.982

T 2T 3T 4T

- A% T A B AAY SHE Btk (17 AelA 7= T )

- 1237, AR SBe AFGe 5% o] glet.

- SEAZ] H YT P FORE So] 5% ole] Eoletd] delt A7 Ei 3w A4
57} ol %
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for t >0

t—71+Te T

y(1)

e(t) =r(t) —y(t) =7(1L —e ")

for t >0

1
y(t) = —e7'I7

T

DINY



24 BFY 27} A2 HESH
o 27} A 28]

Y (s) K w?

n

R(s)  Js2+ Bs+ K 2+ 2(wns + w2

jus)

14414715 (undamped natural frequency): w? = &
Z+4)H] (damping ratio): ( = —2

2WJIK
r(f) e(?) (1) R
R(s) +? Es) | s(s+2¢w,) Y(s)

o DA F (r(t) = us(t), R(s) =3)
1. =24 (0< (< 1) : [F2 218355 (damped natural frequency): wy = wpy/1 — (2]

[

S
£

Y (s) w? 1 1 s + 2Cwy,
S) = _——= - —
2+ 2Cwps+tw2s s (s+Cwp)?F+wi(l—C?)
1 (s+CQwn) Cwn,
s (s+Cwn)?+w?  (s+Cwy)?+ w3
y(t) =1 — e ! coswyt — ————e" ! sin wyt
" Vi-¢
1 1— (2
=1 — ———e “sin(wgt + ¢) where ¢ = tan™* ¢

V1—¢2 ¢
- B H O] sa= AR5 (w7t HH, A2l otaf ettt

— Ot FIHE wy = wo/T - (P2 AT ¢ > lo]@ ABekA e

O
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2. dAAA (=1

w? 1 1 1 w
Y(s)= —n - o
(5) (s+wn)?®s s sH+w, (s+wy)?

y(t) =1 — et —w,te !
=1—(1+wyt)e " for t>0

3- '74_71211-5\4 (C > 1) [l:l_ %91 /%—_;l% >\1,2 — _Cwniwn\/ CQ_ 1 < 0]

w,% 1 1 )\2 1 )\1 1
Y(S)_ 32+2Cwns+wgg_g_ </\2—/\1> S—)\l + <)\2—)\1) 8_)\2
1 A2 it A1 Aot
y(t) =1 <)\2_)\1)6 +()\2_)\1>e
- (7} 120 AXE T A5G F shbe b2 Znch 94 we] gashd gok A o we
Fasls A5 A S gl
— 0.5 < ¢ <08 Afolof Q= BE7ka] Al2glo] AAZA Hrt o W] 2Egke] ZRshAH,

].
- AFo] Y 2R AALAL 7HE wE SHE thehdict.

o 1V} -2ok (transient response) AFQF: 22} A| AHI Q] vzl oh v 2ok
0.80

A5 ofof e}, ¢ < 0.40]W TEa O BlFE} AT, ¢ >

o ML} A Q1A
EARAGA O] T 57+ 2(wns + w2 = (s + Cwy)* +wi(l — () =

512 = —Cwy, £ Jwy, V31— C2

L o+ juwy
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otefl I8 AollAe] w = wsE oln|ge] Folet.
1. Z+4]912H(damping factor) o £ (w,= A|AH 2] A]AZ=(time constant)2] &40
2. ZtA]8](damping ratio) ¢

¢ = damping ratio = — = actual damping factor
- pine ~ w, damping factor at critical damping

I35
- 1355 w, : YHANA EAZYA L] Eroot)7kA] 2] A
— M| ¢ =cosf : 7R Q] A3} FO] A Apo] ZHe] FARQI G
- A2 a = (w, : 2o AFH
- BHIFAFTF wa E w1 - for 0< (<1 : 29 s|pH
T AIE E HY e HGFE

9211

Bl

l0(7'.
«a



ja) A

T
b
g
v
=)
Qv

Root

1. Z-22]AZF (peak time) ¢,; SHO] LHFE B2 AGFES 2o o=t 4=

_gwne*Cwntp sin(wdtp + ¢) + wdeféwntp COS(wdtp + ¢) =0

tan(wqt, + ¢) = Cwon _ V1= ¢

Wy C
tanwgt, +tang /1 — (2
1 —tanwgt, -tang ¢
tan wgt, + = L—¢ == L—¢ (1 /1=¢ tanwdtp>
S S ¢
nm nm

tanwgt, = 0 — tp:w_d:m
N _

- =190 AR QHGE Boe] A7
- n =29 RAA AGHE B2 A7

9

—

9



jo A
Wy3> By > Wy s-plane
/ By
a)nl/
NN
Dn3
(a)
jo 4 s-plane
Positive Negative
damping damping
% -0y |0 |-y o
Positive Negative
damping damping
o> 0>0
3<0
(©)

- n =30 FHA o GE
- n =4} ¥ AeFE

jo A
4
s-plane
& £=0
Positive & Negative
damping ¢ 6, damping
Positive 0 o
damping Negative
g damping
2
‘\ &H>6
4 {=0
(b)
Jjo A
s-plane
]
@y
0 o
—o,
—w,
(d)
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W) A
) »max

Maximum
overshoot

10 N

Ymin

1
M,=y(t,) —1= . ——— sin(wat, + @)

i

1 1
N 7Cwnt 3 _ want :
= —— ¢ PsI(m + @) = ———e€ Psin
11— V
__¢m
= € Vv 1—C2

3. Notice that M, is a function of (, while ¢, (¢,,,, in the textbook) is a function of both w,
and (

o X AA|Z} (delay time t,) / A5A|7F (rising time ¢,):
- 2|9 A]7Hdelay time)S F+5F7] 9514, set y(t;) = 0.5 and solve for ¢,

e_cwntd
ty) =1 — —
y( d) \/1_74_2

2914

sin(wgtq + ¢) = 0.5



but the exact solution is dirty, so the approximate equation is used

1.1+ 0.125¢ + 0.469¢?2
tg ~ + (+ ¢ 0<(<1
Wn

- a7 27 A~dolHE BE 0%0]4 100%717]2] A5 Aoz o)
1
y(t,)=1-— \/1:06_4“"” sin(wgt, +¢) =1 — sin(wgt, +¢) =0

wat, + ¢ =1 — t, = S (ﬂ' — tan ! (—‘1@>>

- oJd A 10%l4 90%7t2] 9] /g4

ot
e~twntt
y(ty) =1-— \/1—_7@8111((,0@1 +¢)=0.1
e twntz
y(ts) =1 — \/1—_7@ sin(wgts + @) = 0.9
t, =13 — 11

but the exact solution is dirty, so the approximate equation is used

1 —0.4167¢ + 2.917¢2
t, ~ of+ ¢ 0<(<1

- TAH R BE dolxt 4

o 1,3}ty ol M, w,ol Wl

91K



« LFAETE STHADAZI, 6.3} t7F FA(F7He.

» 427 (settling time 1): $F S410] 370l 2% S 5% U9l W19 Soloh oiE) H
Aele A7E ol A|2H] AHR(r = - = D)ol FHo] Itk 0 < ¢ < 0.69 7| a4 ofF
gsjalAll ghAR LRk A0 ofde} e Ag AT 4 ok,

3.2 o
e = 32T = — for 5 % criterion
Cwn

(@) 0<{<0.69

g
1.00
095 f——————————— >  — — ———————————

(b) ¢>0.69

921A



- 0< ¢ <060 77re] HZAZ] Hist AW a|S Polr -

Cwnts
1+ 1—C2 = 1.05 :upper bound of unit-step response
e_Cwnts .
1— 1—@ =0.95 :lower bound of unit-step response

- Solving above for w,t;, we have

ty = _Cl In(cisn/1 — (?)

n

where ¢;, is the “percent set for the settling time”, if the threshold is 5%, then ¢;; = 0.05.
— For ¢ > 0.69, 2R |7F ZAFA]:

45¢

Wn

ts

JZEAIZEo] (ol HIH|BFAL w,ofl FHH|H Hofl 19
- As aresult, ¢, ¢4, t, and ¢, can be reduced by increasing w,, but the maximum overshoot
M, is not related to w, (it is related to only ().
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