1990 = cystMyIats stAEEd s =28 1999. 7.19-21

SEIIA ASS NSNI= ARAISIIE Ast HSHIEROY &

OlSAH*,

N =
OIFIE
el

AR OIS, *QIMTR0 HOTAISL
Design of Deadbeat Controller for DC Motor Driving a Rotational Mechanical System
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*Kwangwoon Univ., **inchon Junior College

Abstract - This paper presents a design
method of deadbeat controller for DC motor
driving a rotational system with gear. The results
of sampling a continuous-data process does not
guarantee that no ripples occur between the
sampling instants in the continuous-data output,
but the proposed deadbeat control system that
consists of the integral controller and the full
state observer, and zero order hold using in
continuous systems, has many advantages of
such as an output response without the ripple
and reaching the steady state without error
after a given sampling period and faster settling
time than the optimal control system in the
short sampling period.

The results of case study through matlab
simulation shown that the efficiency of the
proposed controller for DC motor driving a
rotational system with gear, is verified by
comparing with optimal controller etc..

1.4 £

AjAdA ASHNE S o] &F 2719 BHEL 1897
3 Gouy.G(1,4)9} 98 nE e BeAojori
H AFRZHART. 2E¥d 9 gdE AEuyg 2534
AA B APHA oldza T AFARA C|HAES
AN ZHAN (YR EAE w0} Jlm glor HYFG &
A7, o8z ¢dz2dA = dA€d Hu do. F
Z AojAle &< AT 5EF A rlelaz =R
Axek DSP(Digital Signal Processors)(4)e€ o}F
gutztEln Qed, o9 2 oJAANAY F&F F
AL ASAZART AN BAH|zn, AFoY,
DSP & dAE uydaEz =& vE davt
3, AFEAAN Tzagelut AAE vHFH HE
2 3ol HaF WFojr} ojE g BHAA £ =&
ME 719 (gear)?t Y HAAF(5.6,7.9)o HEA
o179 AHBEINE AL U =nEAATE A
k. o]&F A7 B AN TA NN HAGS EFHEV}
AEANARN A$E IAET=(ZOH)E £F, Matlab
zZ2aRL AAEHA AEHA(2)E A, 13
3 HAA Y F3 vind w FHAHAT] © wWEn
AAdHAN 2 E(ripple)o] LAA FErhe R(3.
4,8)% 433At.

2. H=H|EFMO0{7] 4A|
2.1 EMEANAHS T

AFAg7lel A 7o g 2FF HAAEE M
Adle BAEANLH (9] of I8 19 EAE His

) ARAE)
e Kiv Kb

0
La e { M é if= ?_:];Sl

nAA27) K,

0zl 1 7|0iE EEE STAE SUE
gon, WIAHAN o) Axge MR WY §
2 083 ol Fojt.
K A K,
1, = — fz 1, L: (l),,,+ La (0,“%6",) (1)
w.m = _& ia— Bre Wm — Kme Hm (2)
me ]me me
On = Om (3)
0, = L0, (4)
n

n=N/Ny, Jpe=Tntn]L

B,,=B,+#n'B;, Kn=K,+n"K,

i, ; ANAAF[A]

e, ; AENYENAY [V]

Op; AF79 337 [rad]

0n; AF719 3ALEE [rad/s]

8, ; 39 A2 [rad]

olt}, walr] ZHYEL AEHAIZHA FeEAF AL

x= Ax+Bu (5)
y=Cx (6)

st zm, AHuse A2 E L T3 Zo] Fojn

- 579 -



_ Ra - Kb _ nA,,K,
i, L, L, L,
X= | Wy A= 7{{—'- ~-?—£ —L]{E
O 0 1 0
A K ]
L,
= = 001 —
B=| 0 c=[g]=[o1o] w=e
0
2.2 di=H|EXjo{7] AA
H=H EAC7|E AA Sy st d5AztA9) A

WR4 (5)% (6)9 o]d3te o Matlab®A(7), &
(G.H]=c2d(A,B,T) (7

€ AH88t Gt HEt S AR & 3, TE oAzt
Ad EIHe MEIFF7lon. g3y H(6)F ()=
¥ EIEE ted 22 oJANTAY B Hez
Ed4dc.

x(k+1) = Gx(R+Hu(k) (8)
W) = C x(k) (9)
2 0] 7]

y —»+
N e e IR T

aE 2 H=dH|EXoD|e P4

AE FEREASS 74 28 20 vepd v
st ol AEACA S AAY AHUBEA(7)2 A
o glom, A&AzAe FAEACE Aad FHT=
& Tyatan gt

Aol7lel AReS44 Ko 4uABoI59Y K,
£ 4 (10)% Zo) AW, 4 (10)944 K& Aol
N2ds] B4HRAE 008 GA e oSRPlT

N s AN d AN AL

—_—0 0o

Q=[0001], I,: &9

A otd AojzlolA AlgE AAPLEHAZS] A
3 ol5848 K,= Ackermann® ¥4 &AM v
3} o] FolZt.

c 17'r10
K. = o(G) [ CG ] [0} 11)
CG? 1

LY

d714 ¢(G) = G +a; G®+a, G+ay1 o)z, HAE
2.3} tolu 9] ( error dynamics)® E4cg4 g v
o, dEHEA S M & =Rde o(G)=G?
oz MAsNh

2.3 di=H|EXo{7]E &S Al2H
ad 2944 AEA 7Y MY v(k)e

v(k) =v(k—1)+7(BD—y(k) (12)
< 43, 44 EIESY U E (b, BFE 3
HHE x(A) 3z ¢ 9 B5E JH eIy e(kh) E

e(k) = x(k) —x(k) (13)
2 Fojsld, di=HEAl07)9 AJNE u(k) &
wuB) = ~K,x(B + K;v(k
= —K,x(h + K;v2(B + K,e(k) (14)

2 59, 4 (8).(9),(12),(14) 9 A v(k+1) 2

v(k+1) = v(B+r(k+1D)—y(k+1)
= — (CG - CHK,) x(k¥ + (1— CHK,)v(®
+ r(k+1) (15)
o] golxitt uwalr ZYE 2 Y EAE XF
& A|2El9] oJAA A AR L 4 (8)F (9)9
ZERE A 4 (14)E WL FYysd 2

Zo] 4.
x(k+1) G-HK, : HK; iHK,
w(k+1) [ —CG+CHK, | 1-CHK;! 0
xR
[v(k) +Hr(k+1) (16)
e(kh)
e(k+1) = (G-K.C)e(h %))

A7 r(k+1) & BFYHAE #(k) o] Afeoly, o]
€ Fesa oS3 22 ety es vehd £ 3o

x,(k+1) = G,x,(B + H, u,(k) (18)

Yo(k) = C,x(R) (19)
714
G-HK, HK; HK,
. _CG+CHK 1—CHK ...... o
0 e G—KC

- 580 -



x(k)
%,(B) ={v(k)}. H,=[000100017
e(k)

Co=[C0000]. u(B =r(ktD

3. Akl

B =2 A "H=vEAr|Y d5HFE
la] ALHAIZHAY 78 T AAAF ERE B
o diat FLxAEA 71E AP HH A7) 9
253 vlwstgel. o|4HAIZHAIZL obd A&A|IZHA
BEE AT ASole F7HA 2F JAE=E Z9
Aol g 2o AL

1€ AEdFo AR AAT ZHERYY A

& Jehin, ojzie B3 (5] §& Iz 9=
ARG gk oo, o] AFLE ALLF ZPHEE 7HA4
2 B2 4 L JIAA 22 ¢+ s

It e > o A0

B 1 7IoE ZESE s@AE MY

A27)9 A= (V/rad) K. =1
A, =5
AFSZNY FZ2x (V1E) E= 10
Age ANAATE (Q) R, =
AE7iel AR AH-E2(HI} L, = 0.01
Ag7le] Az AHRAE J.=0.01
(kg - m')
AE71%9 AA ot@dASF B,, = 0.01
{(N'm-s/rad)]
AZ7 &) 2ZYQS K, = 0.01
(N'm/rad)
Hile] AHEHE Jo=10.1
(kg -m')
RatEe FA3atdA S B; = 0.01
{N'm-s/rad}
Bl Axgasy K; =10.01
(N'm/rad)
Ag71g Aol AZ/AAFA | g =07
vl ste B34S (N-m/A) '
A9 A80] AErEn
o weste grages | K=l
(V-s/rad)
. M _ 1
71o}¥] (gear ratio) =N, T 10

A 10 AEIFAA BE ug

o] A%l gloln 3Z7]%) FFE A8 1002 44
a1 BAEREY AR JHRII] EAX D)
(unit delay)el 271gk 1% ¥3tzolm (0 0 1% 2
o) 3, AEAFAE 0.1(s)14 1(s)74A ¥AAA
JAuN add destan 1 A%E AEse ¥as]
W 4ELFAE 0.5 (s)5h 0.7(s)2 YA

AP A AEARE B34 WY, A45x 89, 2
g Aolgedl dsted 2 3, 4, 59 42 YEhid
o 2geld B upel go] YEYFI)S] Frid wa}
ANxde 271$9e AHEY 4] AS 2/33=
Z ZoEAT AL & 1.5 FHER UEE
Holx i}

0.15
0.10 T=0.7(s)
0.05 1

g, 0.00| -
005} /‘\T=0.5[s1

-0.10 ¢+
-0.15

time[s]
a8l 3 %7|gkol ot Batztel pist

O =D W

Wy 1
-2
-3
-4
-5
-6

o 1 2 3 4 5
time[s]

a8 4 Z=7(gtol 2B ZSEo| vt

0.2

01t ti—l
u 00}

01t | le—T=0.7(s)

_02 -

-0.3

04 ____<—T—O.5[s]

ST T2 3 4 s
time[s]

I8 5 E7iztoll o mMojHe| st

A 2: HHAo)7|e vl

2ol AN FEEE 1dA 25008 =714 A%
N2 o Alzde] 27)eHe FE=7F 10008 =4
A&A AEdm, 23008 =7 OB of A2 Wit
o FAHE °, o] A%d AP HDHEAS =&
Aol g Agsd T A FALHE He A
< 2 4 gtk Aotd H=EnEA oI A8 & HA
719} HRE YA AEHF7] 0.7(:]04 TF= A,
2 52 Ego] dFstn, 2¥24 Be uish Zol &
98 r=1% dgstn ALV d4AA7] Bl 2
NZAL 022 & AddA Al olAE A3l
9lt] 4 2%t (indicial response) & ¥ mddAR, 1 A
= a8 6~23109 B nls}t o] gl=H Eao] ]9
4o ARAZL AP HZHAolr|9] AR %
w7l o wmaEn, =% PN FA= gE9 g
P ol&ct. adx AMoiddA-e HRAI R &

2.4t

- 581 -



g&7l%le ¥ W 3= A JEAS, PN T
vl 3% wack adgdM AojE A @Ge FA ot
dxe &8 vmad wjf & AAE Rolm Yot

1.0

0.8¢1

P) 0.6

‘0.4l

0.2
0.0

H= 8] E Ao
A Ao}

0 1 2 3 a4
timef[s}
I8 6 Fsize olcjysd

ANEEE
3 H=gEA
2 A Ao
D
1
0
-1 N .
0 1 2 3 4
time[s]
% 7 A&z orid8Y
1.2
1.0
0.8t g
Ty HENERS =i
04l A Ao
0.2+
0.0
0 1 2 3 4
time[s]
O3 8 Hojgixe wat
0.12
0.10
0.08
8.0 06 gl = E A o)
0041} fe—HH7 0]
0.02
0.00 —
[¢] 1 2 3 4
time(sl
% 9 Rsie) Qrje8H
2.0
15N H =6l E Ao
Dm 0 = o
0.5 f~ \\Z
0.0 B
-0.5 T

0 1 2 3 4

timels]

a3 10 Udsxe) eltjdad

3.8 8

£ =E2 fdriolg 2YE JAAFY d=HE
Ao71 8 AAshe Wi AYsid Add H=8E
Aoi7le AgAris AR FHBFN 2 FAEY.

2 71A A ATE FalA ALY H=NE Aojrle
Fol3 MEFFY] Fo S FPBEA =2en
g Aoj7|RT FAAIRe] L4 WES B, =F
olF Ze YIS E JHA FoE A2we AFH
AEE AT 5 o, a8y o2 AdE Aor7)
AA HAAF AE57] Ade | gL 97t 4
#gsjojol & Ao},

FH=zEd

(1) ¥hae] 8] 39 9, "dxgAoi 28", ANA4E28A}, pp.
©664-698, 1997.

(2] B$38, A5Y "CEMTool Aol 2", WE|HEAL, pp.
168-411, 1998.

(3] ¥, ol EA, HEnEAed ¢ HIYAF IFAF
Ao A A7, ATANEE =84, 478 11E, pp.
1824-1829, 1998.

(4] Benjamin C. Kuo, "Digital Control Systems: 2nd
Edition”.Sanders College Publishing, pp.530-627,
1992.

(5) Norman S. Nise, "ControlSystems Engineering:
2nd Edition”, The Benjamin/Cummings Publishing
Co.Inc., pp.64-151, 1995,

(6] Osman Kukrer, Member, "Deadbeat Control of a
Three-Phase Iverter with an Output LC Filter”,
IEEE Transactions on Power Electronics, Vol.ll
No.1, January 1996,

(7} Katsuhike Ogata, "DISCRETE-TIME CONTROL
SYSTEMS: 2nd Edition”, Prentice-Hall Internati-
onal, Inc., pp.408-629, 1995.

(8] J. Y. Song. et al.,"Power System Stabilizer Using
Deadbeat Control”, KIEE, ICEE 98, Proeedings:
Vol.2, pp.401-404, 1998.

[9) Katsuhiko Ogata, "MODERN CONTROL ENGIE~
ERING,3rd Edition”, Prentice-Hall International,
Inc., pp.190-194, 1997.

{10} Ken Dutton, et al., "The Art of Control Engine-
ering”, Addison-Wesley, pp.397-412, 1997.

(11) B. Shahian, M. Hassul, "Control System Design

Using Matlab”, Prentice-Hall International, Inc.,
pp.262-306, 1993.

- 582 -



