NAL TR-1304

ISSN  0389-4010

UbDC 629.7.018.7
629.7.077
629.782

Wi 22 3 i P W 5 P W S

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-1304
/IR E Bl e J2BR
BB RATRH O E T VIC X 2 S B FFEHHT

x4 KEB-HF EBH-tE4 (5—
TH 8- gk -

1996%F 8H

i 22 ¥ Wi B W BE 7E M

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



L A O lT v 2
2. BERITL I a2l =2 gy O T T o 3
21 BRB BRI BT I cor e 3
211 BERITETIVOEEE - o 3
212 EERHE - BRRIEIBEETE <ot 3
2013 FEEEFRGISERE vt 4
D04 BB AR o 4
215 A ITOFETIL oo 5
R i s 2 |V 6
217 E{‘{_ DA R I LR I I S et e 7
D18 T F LTI FETTIl v r ot e 7
219 BIHZRTE T IL oo 7

22 TUTTLDHERL 8
221 BUDAUAEFEER e e 8
222 FETGALSTEIER - oo 9
223 FEBRBID I 2L — g UBD e 9

3. SEEPEMEREAT oo e 9
S1 SETRET v e 9
311 %%ﬁ;ﬁ:@, ........................................................................... 9
3.1.2 S HEHEETAEE - 11

32 FERBRUS I A Lo S g o v 20
4. 63) t fﬁ% .................................................................................. 20
o R R R R PR 20

This document is provided by JAXA.



/R B A B 52 B
BRRATI ORFEE T IVIC X 5 EE R

& KB #WE EHRT K4 B
TH #HFMT YR K

Simulation Analysis of ALFLEX Constrained Flight

Taro Tsukamoto * !, Masaaki Yanagihara *!, Shuichi Sasa *!

Toshikazu Motoda * !, Masakazu sagisaka * ?

ABSTRACT

The National Aerospace Laboratory (NAL) and the National Space Development Agency of Japan
(NASDA ), cooperating in the research and development of an unmanned re-entry vehicle named HOPE (H-
11 Orbiting Plane ), are planning a series of automatic landing flight experiments (ALFLEX).

ALFLEX is aimed at demonstrating unmanned automatic landing technology and evaluating low speed flight
characteristics of a vehicle with the HOPE configuration. In these experiments, the experimental vehicle, a
37% subscale model of HOPE, is transported by a helicopter with hanging equipment to a predetermined
release point at a height of 1,500 meters, and then released at a velocity of 45 meters per second (90 knots) to
land automatically. Before releasing, the vehicle is supported at its center of gravity with gimbals to fly with
five degree of dreedom. This configuration, named constrained flight, enables the vehicle to be released with-
out sudden transient motion. Furthermore, before the experiments, several constrained flight tests will be con-
ducted to verify the control system’s performance, and the aerodynamic characteristics will be pre-estimated
by wind tunnel tests. This report describes a mathematical model of the ALFLEX constrained flight system
and analysis of its dynamic characteristics. In the constrained flight, different from free flight, there are modes
in which the vehicle and the hanging equipment oscillate like a dual-pendulum. On the other hand, the modes
of vehicle’s attitude motion resemble those in the free flight, so that the same contro! law can be applied to sta-

bilize the vehicle’s attitude as in free flight

Keywords: HOPE, ALFLEX, constrained flight
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1.0000 0.0000 0.0000 0.000¢ 0.0000  0.0000 0.0000 00000 0.0000  0.0000 0.0000 0.0000

A, = 0.0000 1.0000 0.0000 -49.8146 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
0.0000 0.0000 0.0000 00000 42.4237 -395.0843 -0.1755 0.0483 0.7454 603.8390 -212.6971 1001.0409
0.0000 0.0000 0.0000 0.0000 -468.4920 4864.6909 -0.0170 -0.0313 49.8082 -587.5458 1117.7233 -7586.7650
0.0000 0.0000 0.0000 00000 00000 00000 -0.0010 -0.0121 0.0000 -2231.9642 14595674 -138.7703
0.0000 0.0000 00000 00000 00000 00000 0.0000 0.0000 1.0000 0.0000 0.0000  0.0000
0.0000 0.0000 00000 00000 0.0000 00000 09999 -0.0150 0.0000 0.0000 0.0000  0.0000

L 00000 0.0000 00000 00000 00000 00000 0.0150 09999 0.0000 -49.8138  0.0000  0.0000 J

0.6355 -0.5191 |
11.2448 0.3694
52002 0.1899
0.0000  0.0000
0.0000  0.0000
B. - 0.0000  0.0000
lon 0.0000  0.0000
0.0000  0.0000
0.0000  0.0000
00000 o000 K18 5 HHEHEDKOLVEVIRE LB €71
20000 20000 (% HE 1500 m, EFF 45 m/s(90 kOEAS, K FEMMIT)
L 3 : J

DEBRE - BOHYSVREBE - £V SVESR

v [m/s] | p [rad/s] | r [radss] | ¢ [rad]| ¢ [rad]| y{m] | § a[rad]| & r[rad]
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OBRER - B#o8Y SV RER
va fm/s] | po [rad/s] [ rc[rad/s] | ¢ o frad} | ¢ c [rad] | yo [m]
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1 APPENDIX A

AT RBAE EEEENS L TRIES 7 V2B L 7225,
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OBEOH o7V 7N ENE LTEEREL, # - BoE R
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u——gcoseo-—qu+-;n—-

. dz
tb:qu—g—Slneog‘*';;

M
qg= 1,

0=gq
Z = ucos By + wsin By — (Uy sin Oy — Wy cos B;)8
Z = usin By + wcos O — (Ug cos Oy + Wysin 8g)0

Y
v=-Ur+ Wop+gcosé)o¢+ ‘—1;1—
p= cadL + c4dN
7= C4dL+C9dN
('b:p+rtan90
. r
v= cos ©

§ = v — Wod + (U cos ©g + Wysin 6g)y

wg = Usogc — g — sin Ogefg + —
G Gogc — 9 oG e

p dMg

o= —
o

e = g

T = ug cos Bgg + wg 8in Bgg — (Ugosin ©ge — Wap cos Bg0)0g

z?; = Ug sin egg + wcos 6(;0 - (UGO cos 900 + WGO sin 6@0)9(;

dY;
vg = —Ugora + Waopg + g cos Sgoda + *m-Gg

PG = deEG + cagdNg
16 = cagdLc + cogdNg
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da = pc + r¢ tan Ogg

. _ rG
¢G - CCS@G

Yo = vg — Waote + (Ugocos ©gy + Waosin €gq)ye

I CERFOESI AVERATOREBREERL., NTFRHVE
WEEAD S ORUNEBI R ESRT 5, T, T3RER & ORX AN T Bk
33, b2, dX,dY,dZ,dL,dM,dN, dXg,dYe, dZg,dLg, dMg, dNgiE
ERER VR ERIZERTIBEHAUNDANRTE—A Y b ORINESS
ThHY, BESOEE L r—FNHOERy DSR2 5, BRIOMK
INEBRV A RTTRTIR B E O TUT D L 5 1cHT 3,

dX = m(Xus + Xyw + Xow + Xoq + X5,6e)

dZ =m(Zuu+ Zyw + Zow + Zog + Z5,8.)
dM = F(Muu + Myw + Myt + Mg + M, 6.)
dY = m(Yv+ Yo + Yop + Yer + V5,60 + Vs, 6,)
dL = I.(Ly + Le¥ + Lyp+ L,r + Ls, 64 + Ls,6,)

AN = L(Now + Nod + Npp + Nyt + N5.8a + Nu, &)
dXg = ma(Xgugte + XouwsWa + XeweWe + Xcaq9a)
dZq = me(ugue + ZouaWe + ZaueWa + Zge09c)
dMg = lyg(Mgy uc + Mow,we + Mgystic + Maeogc)
dYs = ma(Yauave + You U + YopePe + YorgTc)
dLg = Lg(LgugVe + Lougtc + LopsPc + LarsTc)

dNg = I6(Ngygte + Naug¥e + NepoPa + NargTc)

=T NIHEOWTIRFEREETNOH TR LI L 5 ICERE, HRE
WONE, %, EFE, AEEIEELTED, BROLy 7Y V%
AT HIROETCRBATE 3,

dX = m(Xotit Xo10+ Xeb+ Xsi+ XaF+ X eu B+ Xy 2+ X g+ X s W)
47 = m(Zuu+ 2w+ Ze8+ 233+ 232+ ZrgZo+ 21526+ Zugc + L)
dM =0
dY = m(Yov + a0 + Yy 4+ Y55 + Yiotic + Yvgug)

dL =0
dN =0

dXg = mg(Xgyu + XouW + Xgu,uc + XgugWe + XGealc
+Xg:t + XgiZ + XG.-;“GfG + Xgipda + XGOGOG)

dZg = ma(Zgyt + ZeuW + Zou UG + ZowWe + LGeglc
+Z2g:3 + ZgsZ+ Zczb:fg + Zg,bzb + ZGOGOG)

dMg = Lio(Mg,u + Mg, w + Mgy uc + MgugWe + Mga.Gc + Mesi + Mc:2
+ Mgy, %6 + MeipZa + Mag,9a)
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dYs = mg(Yo v+ You e+ YopoPo+Yor Tot Yo+ Yo Yo + Yogo b6+ Yoy Ye)

d-[:G = IaG (LGVU+LGuva+LGpGpG+LGrGrG +L0fg+LGybyb+LG¢g¢G +LG¢c¢G)

dNg = I;:6(Ngyv+Nouo v+ Ngpobe+ NorgTe+ Nagi+Ney Yo + No g6+ Nayo¥a)
Lt & O BRRITREON S ORUINER IR IR E T —T NV ITRADE

e LTERDEIICEEND,

dX = m(X,.u + Xow + X + qu + Xob + X;5,0.
+X5Z + XaZ + X g + XepgWwe + XepTo + Xz2e)

dZ = M(Zyu+ Zow+ 2ot | Zgq+ 2o+ Zs, b+ 223+ Zet+ Zugua+ Zugwot Loy To+ 24, 245)
dM = I,(Muu+Mow+ Mu+ Mg+ Ms, 6.)

dY = m(Y,u+Yed+Ypp+Yor+ Yo+ Yoo+ Ys, 6+ Ys, 6,4+ Y59+ Yipvc+Y vore)

dL = I,(Lov+Lyo+Lpp+L,r+Ls, b0+ Ls, 6,)

dN = L(Nyv+Nov+Npp+Nor+ N, 6.+ Ng, 5¢)

dXg = ma(Xgy + Xguw 1 Xewgtc + XeugWa + XeugWo + Xage96
+XgsZ + XosZ + Xgzy@e + XgzpZo + Xco0c)

dZ6 = mg(Zay + ZguW + Zauotic + ZeweWe + ZgusWe + Zceq%e
+26:% + Zgsz + ZasnTe + ZagZa + Zaegba)

dMg = Lie(Mgu + Mg w + Mg, ug + Mg, wa + Meu Ye
+Mgestc | Mgs® + Mi:Z + My %o + Mo Zc + MG,Gﬂo)

dYg = ma(Yo v+ Yougva+You Yo+ Yop, P+ Yo ra+ Yo+ Yoo+ Yo 0 +Yoy,va)

dL¢ = Lo(Lew+Laosve+LevgVe+LopePe+ LergTat Lot Lagyio + e b+ Lay,¥6)

dNg = Lg(Ng v + Nousc + +Nayste + NepgPe + NorgTe + Negy
+Noyue + Nosgba + Naysta)
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APPENDIX B

ALFLEX 818810 K, K, 70y 7 OWEERT, Zhid, MHI ver.33.2 LPFHIN 3
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