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Improvement of the Transient Response in the Finite
Settling Time Control

Shuichi SASA and Akira WATANABE

ABSTRACT

In the finite settling-time control or dead-beat control, there are some systems
that do not have good transient response. We apply the optimal control theory to the
dead-beat control of a single input/single output system to improve the transient
response.

Two solutions are derived; one is an open-loop solution, and the other is a state
feedback solution. The state feedback solution is obtained by the application of the
principle of optimality, and the feedback gains are partly time dependent.

The characteristics of the optimal response are shown. Also the effect of the
system parameter deviation from the original system and the effect of the state dis-
turbance are examined, and it is found that this control low is robust in both cases.

This method is applied to a higher order system, that is a Yaw-Damper of an
aircraft. The Yaw-Damper is a control system that damps the yawing motion of an
airplane. The response of the actual Yaw-Damper and the response of the Yaw-Damper
designed by the method mentioned in this paper are compared. It is verified that the
latter is almost the same as the former in transient response and that it has the addi-
tional feature of finite time settling.
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7 .36896 - .87877
8% | - .19999 -1.17886
9% | - .19999 -1.17886

*

BEDO2 AT » F3hE7 4 —

KEOKRSD, 2 TRz u(0) ZH LET, "D
V)V IBRAT (ZOES 1 Bik) L7 O
x(1) 2~
u(1)=9(1)x(1) (63)
20, mOFBA D u(l) ZROHUL L0, B
DL Eu)u(DFTTRDHITL, £LT
B#D2277TD 9(8) & 9(9)it, A= A+BY
MA= gEHRS 2L D75, MBRET 4 — Iy
2 JIIE>TWVBOT, DY), 99 A2BT,
u(8), u() ARKHhiF LI &l b,
6, TokHcLTESNILI0RT v T
BEEIH4288B AR, BETHL20T, BEHO
FECLINGE, 20RO E KB OTH
Bo T, FIZITSRT v 7TEESHENEG, £
1D gBE)MOIEICHKEET 4 — KNy 24 4= b
V72 ELTROEL L, BIE
u(0) = 9(5)x(0)
u(1) = 9(6)x(1)
: (64)
u(4) = 9(9)x(4)
EFhiF Ll CHIZUB) R~ S LM TEH B,
Uthn, R1DOLH78, KRET 4 — Koy 2175
ABHRHELTEHE, BEITORXT v 7BEE

Fetv 7z BLTH, MLLONERLDOT, BRFHEIIRIC
F2 2FOREET 4 — FNy 71CL 2RE1S
HIRE ER B OILE (5 27 » 7#5%E)
time (sec) u Yy Xy X2
.0 .60134 1.0 1.0 .0
.5 .60134 . 34650 .95278 .18188
1.0 68296 .18544 .82817 .30408
1.5 .68296 .34965 67223 .30657
2.0 40550 .25765 .53364 .23739
2.5 40550 .41007 .41015 . 24607
3.0 17229 .35796 .29734 .19659
3.5 117229 .51522 .19283 .21242
4.0 19025 .49737 .09349 17725
4.5 .19025 .29568 .02408 .09593
5.0 .0 .0 .0 .0
5.5 .0 0 .0 .0
6.0 0 0 .0 .0
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2R Xt EBCHBLILBEOREERT, BE
FTCOXTy 7H¥ES AT v 7& L, YIIHRRE
x(0)=(10, 0) 47V VIBREIIPTH
3, R0OKBE T, BEX EAE150D0 VT 7
SPACEOHFE L1, B, #I8ANw, BHY
RiEx=(z, ) 2K 2IRT,

COREET 4 — NNy JiCX B, 5 RT v TEE
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MLTHB, 1AV T 7 v BECLIEHEED
Zzohdn, 2.0, NERLUTS 74 DRRT
i3, R3ORE—FHLTW3,

4. FHBFRXOUR

4.1 BEBROHR
BEROBE L L TERDOIEMNEZ 5.

ME2FEFNOB/NME, minJ W) BENICBELT
[REOHBH/NEETH 5,

(3E8R )

ANFFE u(m L (w(0),u(1), - u(m-1)} T
b, wW-1)nJ(N-1) OB/NEZE 25
155, u(N) = {uN-1), 2, /B, } Ik D, HRE
ETHY, OB JWN) =ming (N) <minJ (N-1),
Q.E.D.

VLo BERR 3G I (Nicky, RENTL3,

EOIRIBKOEZHICIOROBEN DS,

BERMMSE LS, BEITORAT v T4 E
BfEICT 5L &, BEZFENIERRBNT S,

4.2 RSA-STHOKR
ERBFEIIEE OBRL, ZTORBHICH B,
VAT LT AL ORMICELY, ARBEESHN
ROVt 1520l MNH 5, I Tid, VAT
LN A = BEEICH LTRENEDL D ILEBD
, BUESEICIORT, M6 daiid 2B iCEL
T, 5RAT v TBEILBZLIUT4—F»Ny T
AVEROT, N7 EERBESICVRTLOD

1.0 A

® 0% CHANGE
A 5%

O 10%

O DISTURBANCE

0.0

1.0y ] 2 3 4 5 6
STEP

K6 7 -2KXBHEALOER

REETRT,
OHIZ 0% OEH, BlL vy X7 4ailBE LICKRE
Ta4— Ny IFAVEROKBATHY, BEW
2.2 (4) OREBELRLTH 5,
OAHWIYRAT LADRINTF -85 5 BT HEE 1
HOTHY, COBYZFLEROLIIICUL,
F:[ 0.0 LO] o —c
-1.05 -0.21
¢'=(10 35) (65)
OH ZRBKRICI0 R EB=H7.bDTHD, &
FA-ZFRDHDTH 5B,
W:[ 0.0 LO] ¢ —c
-1.1 -0.22 '
c'=(10 3.67) (66)
Ré6 o BOMLELIIC, YRATLNFTA—4
MEEDVYRTLAPLITNE L, F—/N—Ya—}
MPEAL, SCIKERBERBELIREFILLNI L
hord, LhrL, BEERIATOREONEVE, &
SICEHEEERLILE, RENTCDORT S &M
55
FAONHEBEICEALTE, BRD2 (—Kicidn)
27y T EBWTL, FIBRE DIV RT LABIE
s, 274 =2 FBICLD, ZLCHEHA-KL

This document is provided by JAXA.



10 NEFHERAAERRSG 8235

WLW-»TH, FAEECHHTIHENLD, &E
W O REENSRIEINDIIDEEZLNS,

4.3 SEDOEE

I THEHIRE TO2ZHFRIC, FHRBELS1
BiC, REE2aHIMc(0.25, 0. 25)T BT LS
AEEEZ, TORET 4 —FNy JRTOREAL
F#FND, ChERRLLONMRG6 OJHITH D, 1
BPEOSAROERE@HIETRTLE D &MY 5,
L LIDFThilbmhrbod, BERERLS B
THRECHEINBET L LMD L, ChiTRE
D2R2Ty THNET 4 — Fxy JiCIE-TWHB 1
HTH2, 5 CBRBBHOEEDS, O OHE
FEAREEA ) (0.25,0.25)T & ¢ 24 25 4 TE
ETCORBREICIE >TWVEDTH5,

PEoZ iz, v 7)Y v ORDTHENMA S
BE BREKICK YT 5, B A @A R 12K 1B A
KK L THELFRRTHE EELO6ND,

4.4 mMZHI-—5~DOHEA
LOBRDOR~NDEM, RUH Y 7Y v 7rEea R
DILEDOKRFAR2EH%K T, fiFEBICAON B3
— A VNNERERATEBHRLTAS, RT7i23—4 >~
NOBERERT, EAMCIEEHT HH 0@
EH(I A7 )2y HICEIOREL, 74—
AT 4 —F~xy 7FB58DTH3,
CCTHBREMZEFEERF R CHREDD
STOLEBERTHUHMP B WS 2 3 -4 /90>
WTEZ D, EE 200kt , &S 20000 ft TE K
ERTHSOBMNEAICHNT , BEH R OBFAL &
NIBBHERCEZ S, A6ILTF—ANIET%
74— Fxy JRTHELZDT, Tivo ‘/7\731; 0 &

oyt TABVAR Oa
N{ay b ﬁ%}t*& !
75 —AN £ 59— | &

s N

A

Ay €| I—L—}
7o g P

. 21
M7 3—4#v e Fam

LTEE, ROLOLBVADTLVEAZEMNES NS,

x= (4P ¢ r) u=2odr (67)
(-0.175 0.0  0.053 =-0.990
. -353 -172 0.0 0.481
X = X
0.0 1.0 00 0.0
[ 316 -0.158 0.0 -0.552
[ 0.063
1.38
+ u (68)
0.0
L-296
¥={00,00,00,10) x (69)

CITH BT~ P.o—nwbL—1t, @
VIR, r.3—VL—+}, Or. 38 —fEBATT,
I—F e LT, X AvEY 29 vaTy b
DR R, ROATEDLEINZ D EL T,
T:GYD‘;%;T
50 OMITRH T, Gyp= 0.325, Typ= 2.0 (sec)
E LT,

B8 (a) L HIARIEA Xx,=(0,0,0,1])7 & LB
OBHILET, HEEhIIRERT (sec) , KMz 3 — L —
M R(deg/sec) TH B, 4 v Fo—nx— Fpilib
NT3,

NI (M) KO3 —-F % dm L ok
(b)) THYH, # o LTOMEMNLILERDNT
Wh, CITERERRENGICESEODIIE, &7

0 (70)

R

l\
0 ™ e
\
N
-1
0 q (sec) 8
(8) Yaw—damper off
R
1
0
\—1
-1
(4] q (sec) 8

(b) Yaw—damper on

8. STOL K CLEAN FEEYIHALEE 5
(200k1t, 20000 ft)
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MM I 74— F Ny 7B THEANRA U
(deg) D70 v b L1, SAMIBRBELTESL L1
7cdd, AHRGCH T 2 HEB O K Hi ks LT
WEZEICEREES 5,

CDBE, ANDBBNTH 50, BEHE
HOMTRIENHD, a—Vv— MY VI 4252
SHOFRHRNTEESHIHBDOHS T L1553,

10, v+~ 7Y y7IEH% 0.5 (sec) & L1

R, u
1
NN V4
. /
o 4 (sec) 8
(a) 4 R¥27
R, u
1
0 F—X =
N
-1
0 4 (sec) 8
(b) B8 =¥y
R, u
1
0
‘_//
-1
0 a {sec) 8

(¢) 8 2527

K9 BRELAREEHE T= 10sec
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RIERICR 11z, 7)Y 7 EBER0.25 (sec) ©
BOTHY, 74— FNy JBHMALT B &
Hi53,

X9,10, 11 DL DPAL, BEKMEIETT &,
TEREEEIRD L, +2EINE, BED1 257

R, u

T

o 4 (sec) 8
R, u (a) 4 R¥27
1
0 M= aa i
s
-1
4] a {sec) 8
(b) 8 AFs7
R, u
1
0 -
-1\
0 3 (sec)

(c) 18 RAF¥y7

X10. BBLEREEHE T=05sec

R, u
1
0 et -
-1
0 4 (sec)
16 x¥v7
K1l BESEBREEHBE T= 025sec
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