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Control of the Experimental Model and the Data Acquisition System
in ALFLEX Dynamic Wind Tunnel Tests

Toshikazu Motoda, Yukie Sakoda, Takashi Shimomura, Masaaki Yanagihara
Taro Tsukamoto, Shuichi Sasa, Minoru Takizawa, Masahiko Nagayasu

ABSTRACT

Dynamic wind tunnel tests have been conducted at the National Aerospace Laboratory (NAL) since 1989,
while the Automatic Landing FLight Experiment (ALFLEX) was being planned to develop an automatic land-
ing technique. ALFLEX is one of the experiments supporting HOPE, the Japanese unmanned spacecraft
programme.

Prior to flight experiments, dynamic wind tunnel tests were conducted using a 40% ALFLEX scale model
in order to evaluate the performance of the ALFLEX control system and to determine aerodynamic parame-
ters. During the tests, control surface deflection commands were sent to the model and measured data were
transmitted to an external computer and stored.

This paper describes the control and data acquisition functions and algorithms developed for the dynamic
wind tunnel tests. Data acquired from the tests demonstrate that the system performs well.

Keywords: Control of model aircraft, data acquisition, time sequence data
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ELOMBIZIBEOLED ¥ — 4% v b2 O EBHL VT
OKDLND, LoT2HDY =4 v b ENEN
R AELMEBREIETELZ I LIIRAN, 2b
EHEZIIE—FT2E3TTH5, UL, EBIZIEL
CHOEMEECITEBRIIBITABRENFET L0,
FERIIE—F L%,

LED 7 — % v MIERE, FEFNAFILUI2HETON
DTSR TEY, FRFAOBREIIOVWT 2 ODE L

TENFFEEINDL, EBILE 0220080 1 L -
TERFhOEROELMEE L7,
FVT.OFHIMEIL DWW THEET REZ L, TV A X
7 CEWTELIRTMLERIEHEI S, ERO
MBEZL > THHESATRE AL THE, 20N
HiZiE, s, BOMEBEOEE L THENMEL 3£
Bio-fErEHINTLEI D, 2OBEIZET
FS—Ayb—INF1 AT EIZERENSL,

332 EUOREOEH
INFITHOCMS L A2HMRFARBIIB T, BE
HMERS CZ% 74— F\v s LTwnizzoils, MeHh
DHEFHCTIORYBEHTLLENH -7, 5HO
ALFLEX #mEHABROGIH AR, ZEEAL TV AL
HHERED FHEIIIT-oTVwd, E->T, WBRELEEL
TEHLOEEPLELI LB EILE, 22 ClREsHE
FHOWTERLAEYEHTLZEAMEETCH L, T2
TR, X YOBETEBLTWE, 20OFTEF
FIZDOWTRIZARS

HLOEER, VIF- I hBERSNACELEBE4X
DN —T—=AT 4N (@B L, BEMSIZED
K7z,
BHRRADARDNT —T—A7 4 VT IIRKTRE L
5

2

H (3.8

_ 1
“]_[7£)4+2ﬁ[?&13+34[7&)2+26[?L)+1

S 77 WA 7R (H (f) P = 5]

DT AN E, H—REE (TustinBR) *HTH
b4 A, M—XZ#EiE (3.8) BV Ts 2 RAD &
HEBEBEZ THESNLS,

2{t-z71)
S—)T(TZ“—') (39)

(T : ¥ > 71 v 7 EE)

(3.9 ROLEHIZL), BEHRADNI—T—ZA 741 %
H(z) SN B, TDONY =T =7 4NV ZIIRITR
FTHTERISNA,

Hl(z)= (3.10)

IDTANIDANTHAEnBEETOMNES u (n), HH
By (n) 3L, 740y OHNIE,
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y(n)=H(z) u(n)
(311
y(n)=-Alz)-y(n)+B(z)-u(n)

&&éo

Kz, SOy (n) I3 L CEERD 2T, HEZXK
»5h, BlEMFOLRRX L),

y(n) = {Vﬂ)+%v®wn%vww§ (3.12)

ZIT, viIREESFERTHEETFTHY, UTD LI
EFEINRDL,

Vy(nj=y(n]-y(n-1]
V2y(n)=Vy(n)- Vy(n-1) (3.13)
Viy(n) =V (n)-Vy(n-1)

(313) K% (312) RMITRALTEHT L L,

ﬂﬂ=6%~unwﬂ_l&qn-n+9ym-zy¢ym-3n (3.14)

IO (314) R, BELEBOBEEIRDON S,
333 WM T ARICE BRERE Y
HANTr T4 NTERET T4 VREEEDH

TUTD2oTH 5,

(1) EBBEMORER2LY, BEBUIETELVWREREY
WHETDHZ L,

2) WET-ZICEFHEBENS IR TS, ZOHE
MELTALILTRERE, EEYHET S I &,
COREHENFBG @I, LIz L ) EREE

LTWEHEWER /A XOEBEOVEVWERHIEHAICHY

HIELMRELLD

Erdoc el
MOEBHIEX, 447 - A EBEAREOME, HED
PR R 5 L AR S OBR L D KA D 2207,
U=A,-gysin@-QW +RV
W:A:+gocos®+QU—PV

©=Qcos®-Rsind
‘ Q (3.15)
Xee=UcosOcos ®+V [sin ®sin O cos ¥ - cos P sin V)

+ W (cos ®sin O cos ¥ + sin ® sin ¥)

Z,=~Usin®+Vsindcos O+ W cosPcos®

SHIGY AT A 11

(3.15) BT, REELHEGE LFILE I,
RADELHIIIHERIIRFOTEL, FHELNIXFET
£,

A =Ag+a, A.,=Ag+a,

Xeg=Xegot Xeg Leg=Zogot 2

U=Ugy+u V=Vy+v W=Wy+w (3.16)
P=Py+p Q=0+qg R=Ry+r
O=d,+ ¢ O=0,+0 Y=V,+vy

(316) % (3.15) MUIRAL, 2RUEOBU/NEL
WMLUTHRBAAT B, ILHERBUEBVCTHOESIZH
TAHREREIZOTHBEL, RO (3.17) ADPKD 7DD
DES B,

Dy =Wy =Py=Ry=V,=0 (3.17)

FRENTE, HEREBICBOTERBOREREIRO
ThbEThid,

Uy=W,=0 (3.18)
ZIoEE, (315) KDL HIIEBLE LA,
u=a,—g,cos 9, 6
w=a.-g,sinQ;- 6
b=g (3.19)

X

g =1 08 Og + w sin O

Z,=—usin@g+wcos G
ZIT,

HEET NS HEIRER

X = Iuw erg rgl

YAFALADAN u=|a, a, q|" (3.20)

VAT LDWTy={0 x

g zrsl

LT, “/7\7"/—\l7]a_‘_, a, gl ¥ L/ A Xw=
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JARv=(v, v VI BEET B LRET B 27247514,
B, CERDEHIZEL,

0 0 -geos®, 00
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A= 0 0 0 00
cos @, sin©, 0 00
-sin @, cos O, (U] 00
100
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00100
C=/00010
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(321) RiZBVTONHEIEIH LN LORELTHE(LE
HH Y, THRIEBBIREATED L) ZETHE
REELLDEERL TRET 5,

(321) Ry & HWT, (3.20) XoKEHEAK
U, MR EET L,

X=A-X+B-u+B-w

(3.22)
y=C-x+v
(322) X=@RILT AL,
X, 1=A; X, +B;-u,+B,-w,
(3.23)

yn=Cd-x,,+Vn

(1
(1
A

Ay,=A-T+I, B,=B-T, C,=C
(T3 7Y v VR, HIELATH)

FARAFRBIIBNTIE, 7054/ 4 XADEER
EF3 L IO TVAA LD 1% THAEREL,
S LA XOEGETIE LT, KROMEE BV,

Q. =E|ww, |

(05)° 0 0
0 (05?7 0
0 0 (0.04)°

i

(3.24)
Q,=E|vyv,"|
(002)> 0 0
= 0 (0025 O
0 0 (0.025)°

Q. QUEENER, w, v ORIWITHITEH A,
DEDEUDTTHLC Y T4 NS %42 &,

in+l=Ad'in+Ba" u,
(3.25)

inzirz-*'K'[yrl_C'd'in)

SITKWRALTYEA Ly, X IEEEERET. &, K
ERATH LN S,

K=5-Cl.Q;! (3.26)
Six, KO A v FHRREBOTESNS,

S=(M'+cio'c,)
(3.27)

M=A,SAl+B,0, B}

ANT oL B LOERLTEBE, YOy
LDI—=AT 7 ANy P LTBL,

(3.25) RoEIXTE2RIKALTI2oRizT
HbHE,

£,=(1-K-Cy)-Ay- %, +(I-K-C,))-By-u,  +K-y, (3.28)
PrEy, oOBEIKEEOHFEE
g=|aw b, )

AEOSNL, TNHLOBRBPHEGENSOEIETHLO
T, REEOHEME KDL /201202 (3.16) KD X I (2,
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0ELTWADT, “RMOKEBOHREMIIUTOLS
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CHERBLIEOHET BV, 2L, UTE A L
HEHNE ORI VT L AMESHIAE L {ThN T
WHEWEAIZE, ThAL0fEiR0icky FENA,

[ EE]
HOEENIZ 2T, KAV I,

V:A),+gocos®sin<l>—RU+PW
b=P+Osin®tan© + Rcos Ptan ©
¥ = Qsin P sec © + R cos D sec O (3.30)

Y., = U cos @ sin ¥ + V(sin @ sin © sin ¥ + cos & cos V)
+ W/(cos ® sin @ sin ¥ - sin P cos ¥)
INREROEE LRRIRELLT S L,
b=a,+g,cos 0 ¢
p=p+rtan @,

(3.31)

w=rsec @,

(v
(f

HET R ESEERER: x={v ¢ vy,
VAT LDAH u=|a, pr) (3.32)
AT LDET y=(¢ ¥ y,|

ELTHNT Y 74N 2T R, SHIOHBEDT
VEL)AXDEGEE L TROEE BV,

Elww,]=| 0 (004) 0

(3.33)
(0.02)> 0O 0
Elvyv,]= 0 (0022 o0
0 0 (0.025)?

HERMDOGE ERBOFMET, A7 4 &2K

OIUTHOBAREROBEBR = [0 §3 ) ko b
ZENTEL, (317) RDLHICHORKEEDHEMHEIL
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FEEX LD,
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HETCMSEBWTIERA L TAZHBRIIRAT, 4
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HMAHAAT, ZOFHB OB ERZIIERRABRO FE
ZEMD1IDOTHE, TMERMNOERL TEAHHA
L0 AmORE TS rrEIRITHI I N
¥ITH 2 &k, HERTRETH S,

ALFLEX %% B8 BB FH v 5 O IR % X
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R, [ M g 45, ¢60 X F NEIEE 45 (m/s),
60 (m/s) (BT AEEY, BAHEEIZSbLETATr -
ForLETH A,

MOBHARTIITIY Y Fida THY, 74— KNy 72
BELLTO, a¥nTwns, ThonEHFH34 (a) (2
Y70y JRBOKEFERICADENSE, TV R—
37 Fde td, TOREHAERINE> THHE IR,
COREFERILE34 (b) IR, WostECE A 1
T v, REHERXPDOITHIOM S ALFLEX £
BRCHERTAEL, ARABRERIEbYTAr -
Ty LD THAE,

HOFIHRTIIR3S (a) RUIRT LI, Afiaw
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EEBBERAOL LR 37> FDel, DeR_i¥, TV
NR—FawyF, ZAaryavwry FE8ELb0& L
TRAZLWEIEE NS,

Del .= de.— da,
(3.34)
DeR_= e, + da,

M, ZZIWRTHERIARRARNRBEEZIT--BEEAOLD
THhH, RBRHICWODMEADIERSh, 0%k
ALFLEX EEBOHMAI OB ENTTHbhTwni,

34 BMBT—4%

341 BBF—41EB

ALFLEX ¥R BEEABIIBIIINEF— s D—4 %,
31N %A, AEE, MEEOTFT— 51220 T
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- RARRENBA

S o
@ e 086
LR it —
X34 (a)
RAREHEX

X, =A, X, +B, U,
de! =C,, X, + Dy, Uy,

0.0 00 00 00
a . 15811x10° 00 00 -20507 x 10°
fo 00 15811x10° 00 -27847x10°

0.0 00 15811x10° -14032 x 10
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Cin =[00 00 00 10]
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X34 (b) HEHIHA (KREHFEFD)
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WO EBEOHEETH S,
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F— Bt RTEBE IO U TEHllS R LDT
Hbho KPSV AD,, 8 EHbH, ZHITEM
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EEAEERTERIN, M36IC2hERT,

Xow= Ao X+ Bo U,
8¢, =Cp - X, + D Uy,

SH

U, .[Q Q‘T I?)EEﬁ{l%

q,45 = 50592 (kg/m*)

HEHIEAL (72 v 7 [X)

20 ADFT—%

BEP, L, BRENEEOY F—FIZLOFHUL- 8%
BT, MIZEEEEOE FIZL R S s fmEE,
LBM, NHEFE L ADSIZL WEBIShAHET— 42
b,

30 VI.F— %

INRETFTA P Ty ML DEHENALED Y —4
FORABERS TRENIUBF -4 Thb, KED
BF3y—7 v rOFTEET, 1, 2FHINERED LED
y—4v b, 3, ABIPEADLED ¥ —7 v b Th b,
Ml EET -

33BEDANT L T4 VI ERCIF VT4 AHEELC
Ly, BonETHL,

5/ HEITFF—%

HKEIVY FF—5d, AL =415 F— AN S
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BTIFEI21IRT,

6 FoOOTFT—%

ZHRIRTEHEBOFTE SN AETH L, B
EEAVAEIIIMTERALFRIZLY, VILF— 4
POEHNSNLETHD, fEMI~ L FIZ334HIIRL
EHANCE - CTEM SN BB TH 2,

FLBRFITRENGT =Y a, B, Vi P. O,
RWETANEN) LV TENLETHLILETRT, IH5
DTF=5 3T XTHEALELZETHY, 71050 >
TEfTo e BIZHIHFR AN SN bDOTH D, EBRY
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A

FRALAE7A VI ERIIRT—ROT =827 4 V¥
Thh, BER & L TFOEREREF (5) (3,
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| 60
‘Ku., —— ?:_.. ey

qv

BiFRRE SR
=A, X+ By U
= Ca " Kig + D ' Upey
Y, =[sa; &7
Uu=[® B P R ©. 8]
X, NEBRERE (8K)

X
Y,

lat

lat lat

q 60
qV

Kuy - o

LN g

q,60 = 89.944 (kg / m*)
K35 (a) HEHIMAI (7o s4)

BRREHER

Xy = Ay Xy +By Uy
Y =Cp Xy +DyUp

[0.0
00
00
0.0
0.0
00
00
00

00
00
00
0.0
00
00
00
00

00

00
-37550 x10'
83737 x10°
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-14416 x10'
50459 x10°
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00

00
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13800x10"!
71637 x10°
-37732x10°

00
0.0
42389 x10
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—4.4825x10"
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0.0
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Vf[n+1)=Vf[n]+%- {V(n)-V,(n)}
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1 .
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35 (b)  HEHIGIEI CIKEE)FE30)

COEEOREHIET =002 (s) & L7, F MR
WAEH L 728+ g, 18, ADS 7— % X D35 M7k SR
PHRAUZL DR L7,

(3.36)

(3.37)

q,= %P()V?:Asf (3.38)
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