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Figure 8-16 (a) Control system with state feedback.
(b) Control system with observer and state feedback.
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BEHEIE AAHS 421511 P7L B0l AAE x()=PX()= SRS
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Case Study: Magnetic-Ball Suspension System
AR

i
AN T —e—0
C\> R L |
Electromagnet ©
. y 0 K
ki~ dr’ ()
Y
w(t) = Ri(t) + L—— dit)
- A Steel ball dt
V(= UHAWV) x()= 79| #X|(m)
Mg i()=BXAFA) k=n]g)"dr=1.0
R=AXAE=10Q L=3a4UqYe2£=0.01 H

G FUMHD o) Yk=10kg g=%49] 7HE =322 m/sec’



x,(t) = x(1) dxy(t)

dx(1 P x(2)
X)) = — = doft) kx50
dt M x(1)
x3(t) = i(z)
dxs(1) R v(?)
a - 0T

x(OH=x(1)=05m & A B2l X Ags}
Ax() = A*Ax(r) + B*Av(z)

-0 1 0 0
A* =644 0 —16 B*=| 0
0 0 —100 | 100 |




548384

s -1 0
IsI — A¥| =[—-64.4 s 16 | =5 + 100s* — 64.45 — 6440 = 0
0 0 s+ 100

THA: Are] mHA B AP 2L

s = —100 s = —8.025 s = 8.025

Aol A d: A* o] ArjHolBBL

d(t) = LTI — A =LY | —-644 s 16
0 0 s+ 100




1 1
. ((s + 100)(s + 8.025)(s — 8.025)

64.4(s + 100) s(s + 100)  —16s
0 0 # — 644

-
o
~
s’
f

[ s(s +100) s+ 100 - 16 )

RERSANE §3 deiEelaua s Aomn Feol Y e

0 0 -—-00016 05 —0.062 0.0108
p)=10 0 016 | +]-4012 05 —0.087 e
._0 0 1 _ i 0 0 0 |

- 05  0.062 —0.0092
+ 14012 05 —0.074 |&9%
0 0 0
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(t) 23 y(1), 28]3 YFS v E FelelAl 1

¥(s)
— 2 = C*s] — A" !'B* =1 0 0](I — A*) B*
_ — 1600
(s + 100)(s + 8.025)(s — 8.025) (3-274)
AN Aoy AR
0 0 ~1,600 |
S =[B* A*B* A*zB*] =1 0 — 1,600 160,000
100 —10,000 1,000,000 |
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7HEEAS AR
¢+ ] [1 0 o0°
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2. yO=T EE=dx(®)/dt. C'={010]
7tHSA] PES

C* 0 1 0 |
V=| C*A* | =644 O —16 (5-277)
L C*A*¥2 | | 0 644 1600_

2 AF7F 30|tk 2HBR o] AAgle &g FMESAI Lol
3. yO=BXAF=i1): C'=[001]
SR s

Cc+ 1 [o o 1]
V=]{C*¥A* | =0 0 —100 (5-278)
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State-Feedback Control

e X20l= ForwardL} feedback(l D& = 2E2| HIHI|IE At=235HD|
Blt= A &2 gain2 0| 20l Al & EHH 2 ZE feedbackdt= state-
feedback control J| 81 = 20| AI= &t

r u B J C +
+ + X X
- +

Figure 8-22  Block diagram of a control system with state feedback.
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State-Feedback Control

“oll

e

State feedback= I A= A|AEIQ| LBIAMOI ME

&2 LUhE AMAE =0t HlwWolEH,
A St
Tachometer feedback: Hl=<¢
if k, =@’ and k, = K,®

Y(s) _ W’

R(s) s*+(2lw,+K0)s+o]
PD control:

Y(s) o (K,+K,s)

R(s) s’+(2lw+K,0!)s+oK,
Ch et

0

Y(s) w’

n

R(s) s +(2lw, +K,)s+ K,

A
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State-Feedback Control

e

\E
O

Figure8-23  Control of a second-order system by state feedback.

« The systems with zero reference input, »(¢) = 0, are commonly known as
regulators. When r(¢) = 0, then a second-order system with PD control 1s
the same as state-feedback control.
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Pole-Placement through State-Feedback Control

o¥

ot

3XFE= 10l e &0l A= PD, PI 1&@ &y E= XNAHAIIZ2=
2F MO0 & JHS| At= THetOIEBF JAD 20 S8 =2

ANABL EE =55 HMOE += 8l

nkt A AE0 AHA 222 SHHXIE Floll E2Ret A4S L Ao
Flof Ct2 B HEACZ Jl=S= B8 = ddol 24

dx(:) — Ax(t)+Bu(t)

7| A x()=n X 1 A E | 1L u(t)= 272} A|ojgo|ct. Ao =9 Ajoj=
u(t) = —Kx(t) + r(t)
124 ™, Closed-loop system=

dx(tt) = (A—BK)x(t)+Br(t)

SHALFA2 USY ZECH, il 2== 22 |AXN =2 =
L. I-A+BK|=0
i [ Reigm| |sT-A+BK|=



Pole-Placement through State-Feedback Control

OHOF(Y| 2 B DRI Of Al 2 E401 2481 DHRIO1 & EES(CCH2 2 84
Helg = AU=s A= 018 = U2,
-0 | 0 0 7 (07
0 0 I 0 0
A=| : : . : B=|:
0 0 0 I 0
L —dp —dad) —a —dp—1 J 1]
The feedback gain matrix K is expressed as
K=[k k, - k,]
0 1 o - 0
0 0 1 0
A-BK= ; ; ; ' ;
0 0 0
—a4y— kl —a,— kz —a,— k3 —a, ., kn
|sSI-(A—BK)| =s"+(a,, +k,)s"" +(a, ,+k, )s"" +-+(a,+k )=0

Sl A AUALB = 1)
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Example 8-18-1

ALY

=0 and

T
Electromagnet ° M dz}’(t) _ _ klz(t)
T dt’ x(t)
y ki®
l v(t) = Ri(t)+ L HE)
Steel ball dt
Mg
Figure 8-21 Ball-suspension system.
e . dx,, (t)
« Equilibrium point %,()=%,=05m & x,{t)=—"-—
the linearized equations are written -
0 1
Ax(t)=A* Ax(t)+B* Av(t) A*=| 644 0
0 0

dx,

x,(£)=x(t)
dx(t)

T

x,(t)=i(t)

dx, (t)

dt =x(t)

®_, ki

dt M x,(t)
dx,(t) Rx v(t)

dt

d’y,(t)

dt’

0
—-16

~100 |

=0,
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Of siCt.

3. AZFSEE 0.5 O|Lioll =7(2[2te] 5% O|LiZ FEx|0{0F BiCt.

4. Ch52| Jefm|=sol| oJah HMOIS 2BisH0F Bict.

Av(t) = —KAX = —[/\| k> k3]Ax(1)

e Open- loop system 1t state-feedback closed-loop system2| AEH&H = E
_1c|lH

100 s 16
v O > O > O >

100
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V(1)

*kl

(b)
Figure 8-24

(a) State diagram of magnetic-ball-suspension system. (b) State diagram of magnetic
ball-suspension system with state feedback.
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« MATLAB=Z 0| &6t trial&errorZ CI=2 EHEEHAZ 2 3.

s’ +325% +300s+1200 =0 s==20 s=-6+j4.9 s=-6-j4.9
« state-feedback closed-loop system2| & 2t & Al
S -1 0

SI-A*+B*K=| —644 s 16
100k, 100k, s+100+100k,

=5 +100(k, +1)s* — (64.4+1600k, )s— 1600k, — 6440(k, +1)=0
« H=+=Z HluotH,

100(k, +1)=32

—64.4— 1600k, =300 K=[ k k, k ]=[ 2038 -022775 —0.68 |
~1600k, — 6440(k, +1)=1200
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- U2 A2 I x(0))F OfcHet 2= el 214+,

1
x(0)= 10
0
1.5
N Ymax = 1.03
N T, = 0.06 sec
AN Vona = ~0.02
\ T ax = 0.76 sec
s
s 0
-1.5
0 0.4 0.8 1.2 1.6 2.0

Time (sec)

Figure 8-25 Output response of magnetic-ball-suspension system with state feedback, subject to
initial condition y(0) = x,(0) = 1.
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Example 8-18-2

o 6&2 OlHl 6-5-12 CtAl &IHEH(K=12Z JI8),

dx(t
’;(t ) Ax(t)+B6, (1 6,(t)=Cx(t)
A= 0 1 B= 0 c= o
0 -25 1
| . o 2500
O > Q g £ " 1 ] "
0, X, X H "
(a)
| 2500
] | B O
0, )
(b)
m
e 2 %![I!O—'I ul Figure 8-26

(a) State diagram of second-order sun-seeker system. (b) State diagram of second-order
sun-seeker system with state feedback.
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State Feedback with Integral Control
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Example 8-19-1

Ex. 8-18-201l A Al4-0|S AEHTI ST O{E 0| 25104, 2t
FHQE SR A| ABIO| HAAEHQR R O 10 HEeles =XGE =
S oILIOIS RSN MeE 4 USS SACH 0L XK Of
X

A E =0l =JtorH
0,

Figure 8-28 Sun-seeker system with state feedback and integral control in Example 8-18-1
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Example 8-19-2

« DCEH AMAE=S 24IHE AL

do(t) (t)+—i (t)—=T
dt

di (t) R 1
w1 (t)——i,(t)+—e,(t)
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dx(t)

= Ax(t)+Bu(t)+En(t) where n(t) = T,u(1).
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