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Guidance and Control System for Lifting-Body Flight Experiment
- System Evaluation and Flight Control Parameter Optimization -~

Toshikazu MOTODA™, Taro TSUKAMOTO ™, Yoshinori MINAMI? and Yoshiro HAMADA™

ABSTRACT

The lifting-body shaped vehicle has been studied as the candidate for a future re-entry vehicle. Because of a wingless structure,
there are several advantages, such as structural stiffness against atmospheric heating, greater payload capacity, and suitable shape
stored in a rocket fairing. Furthermore, since it flies utilizing aerodynamic force, the vehicle motion can be controlled more flexible
compared to a capsule-type re-entry vehicle. However, the controllability is inferior to a normal aircraft and flight control becomes
difficult at low air speed because of a low lift-drag ratio. Especially in approach and landing phase, accurate flight control is
required while the air speed is quite low. To establish landing technology for a lifting-body flight vehicle, LIfting-body FLight
EXperiment (LIFLEX) had been planned. In this experiment, the key technology to be developed is a flight control system. The
experimental vehicle has to meet given specifications and land on a run-way against various uncertain conditions such as
environmental uncertainties and vehicle model errors which are expected to exist in the real world. This paper describes an
overview of the control system design for LIFLEX, and system evaluation by a numerical flight simulation. First, the system
performance and robustness is evaluated incorporating those uncertain parameters. Then, the control design parameters with the
non-linear system are directly optimized to maximize a probability of mission achievement. Finally, uncertain parameters, which are
inherent for the LIFLEX vehicle, are revised for more general flight system, and the revised system is evaluated to confirm its
robustness as additional information for the development of a future re-entry vehicle.

Keywords: Monte Carlo simulation, Parameter Optimization, Robust Control, Lifting Body, Automatic Landing.
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[01] (Eg m -3 2 (kg) —#k
[02] TR Iy -20 20 %) EH
[03] I, -20 20 (%) "
[04] I, -20 20 %) "
[05] Iy -100 100 %) "
[06] DY VA Xca -0. 008 0. 008 (m) "
[07] Yeo -0.0173 0.0173 (m) n
[08] Zeg -0.0148 0.0148 (m) "
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#3-2(b) FREE/NTAH . ZHETNEE

No. WA 75 oAl @ | s

[01] EEPLES CLo # 3-3(a) - EH

[02] Cpo # 3-3(a) - "

[03] Cio % 3-3(a) - "

[04] Cyo -0. 0022 0.0022 - "

[05] Cp -0. 0023 0.0023 - "
jfosr v Cpo | 00013 0.0013 - | R

[07] 72 iR C. #%3-3(b) (1/deg) "

[08] CocLy 0 5 (1/deg) —#%

[09] AocLy 0 10 (deg) "

[10] Ciu # 3-3(b) (1/deg) E#H

[11] Oocma 0 5 (1/deg) —kR

[12] Aocma 0 10 (deg) "

[13] Cyp #3-3(c) (1/deg) E#

[14] Cis #3-3(c) (1/deg) "
oS Cop | £338() (1/deg) | "

[16] B 22 iR Bk Chg -100 100 %) —Hk

[17 Cip -86.5 86. 5 (%) "

[18] C., -100 100 (%) "

[19] C,., -150 150 (%) "
I Cop | 7180 180 W L
[21] fresh & C, [¢®] -24.5 24.5 (%) EM

[22] C, [®] #3-3(d) - "
[23] Cy.s -0. 00092 0.00092  (1/deg) "
[24] C, [d] # 3-3(d) - "
[25] C, [4a] -50 100 (%) "
[26] C, [or] # 3-3(d) - "
[27] C, [or] 7 3-3(d) - "
[28] C, [dr] # 3-3(d) - "
[29] C. [d8b,, 1 #3-3(e) - "
[30] Cp [Bby,1 #3-3(e) - ”
[31] C,, [8b,,] # 3-3(e) - "
[32] CL I[BDy aero] # 3-3(e) - "
[33] Cp [BDBy aero] #3-3(e) - "
B C, [ p_rd_aerp_]_ ___________ #336) R B r
[35] 1 T 25 SR Cae -100 100 (%) —E
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#3-2(c) FHEEBNTRAHZ :

T Faxz—F « BF)VEE

7972145 1] o T i) A

[01] TLRY (EE) ToueL -10 10 (msec) —kk

[02] EpLeL (T -0.1 0.25 (deg) n

[03] KoeL -0. 05 0 - "

[04] @ el -12.57 37.70  (rad/s) "

[05] ¢ ouel -0.2 0.2 - ]

[06] AgueL -0. 05 0. 05 (deg) "
Lo O | 0.3 0.35  (deg) | r

[08] LRy (BHE) Toer -10 10 (msec) "

[09] EpLuer (T -0.1 0.25 (deg) n

[10] Ko.cer -0. 05 0 - "

[11] @y .er -12.57 37.70  (rad/s) "

[12] $ouer 0.2 0.2 - "

[13] Ag.uer -0.05 0. 05 (deg) "
I Oguer | - 0.3% 0.35  (deg) | r

[15] LRy (ETF) ToeL -10 10 (msec) "

[16] A Gax ) -0.1 0.25 (deg) "

[17] Ko.teL -0. 05 0 - "

(18] Wy 1ol -12.57 37.70  (rad/s) "

[19] CoteL -0.2 0.2 - ]

[20] Ag e -0.05 0. 05 (deg) "
B2 R <3 T N 0.3 0.35  (deg) | ho

[22] TLRY BT) Toer -10 10 (msec) "

[23] EpLer (ST -0.1 0.25 (deg) »

[24] Ko.er -0. 05 0 - "

[25] Wy 1eR -12. 57 37.70  (rad/s) ]

[26] Coter -0.2 0.2 - ]

[27] Agier -0.05 0. 05 (deg) "
s Omem. | 0.3 0.35  (deg) | (.

[29] 75— (k) Tor -2.5 2.5 (msec) "

[30] EgLp (1) -0.5 0. 25 (deg) »

[31] Ko -0.03 0.03 - "

[32] [ -5 5 (rad/s) ]

[33] CorL -0. 05 0.05 - "

[34] Ao -0. 05 0. 05 (deg) "
B O SO Opn | 00 0.0 (eg) | A

[36] 75— (hH) To.R -2.5 2.5 (msec) "

[37] EpLyr (S -0.5 0.25 (deg) "

[38] Ko -0.03 0.03 - "

[39] @y R -5 5 (rad/s) ]

[40] Corr -0. 05 0.05 - "

[41] Agr -0. 05 0. 05 (deg) "

[42] Op.» -0.0 0.0 (deg) "
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U774 7T 4 RATER (LIFLEX) #FEH1H R
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K3-2(d) THENSTZAHZ: wUVHABRE
No. T 8 ofasiE () 5
(-) (+)
(& EY]
[1] N Ay~ AT -0.015 0.015 (m/s?) E#H
[2] A, N ATR -0.015 0.015  (m/s%) "
[3] A, n AT -0.015 0.015 (m/s?) "
[4] A, Wr-n770% -1.0 1.0 %) "
[5] A, rr-w770% -1.0 1.0 %) "
[6] A, xr-w770% -1.0 1.0 %) "
| . P hgin | - -0.01 0.0  (deg/s) | o
[8] Q rim -0.01 0.01 (deg/s) "
[l R »q72 -0.01 0.01 (deg/s) "
[10] P xr-w777% -1.0 1.0 % "

[11] Q #7774 -1.0 1.0 (%) "
I R w710 Lo W (.
[13] R O N y7rERZE -0. 015 0.015 (deg) "

[14] O NATRRZE -0.015 0.015  (deg) "
) W ordamdoe | 70.015 0015 (deg) | L
[16] *of b i VN AT AR -1.0 1.0 (m/s) "

[17] V N ATRRRZE -1.0 1.0 (m/s) "

[18] Vg M ATRRZE -1.0 1.0 (m/s) "
e | wE Anqragss | 5.9 59 | v
[20] TR n N ATARRZE -5.9 5.9 (m) "

[21] Y 452 86 h,, /47785 -11 11 (m) "
2 | wewm | 5 5 (msec) | —#&

[ADS]
[23] T P n 472 -60 60 (Pa) E#H
[24] £ Py » 472 -34.07 34.07  (Pa) "
[L—Y BEftET]
[25] i b F T OREE LA 0. 05 0.05 (m) ER
[26] To 77 R -5 5 (msec) —#R
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#3-2(06) FEEENRTAY : BREFBEOLES

No. L% o SIS (i) 57
[(RBEEM]

[1] YT 7R -10 10 (°C) —#k

[2] i BT -2000 2000 (Pa) "
B EIEE | -0.015 0.015 /s | IEHM

[4] &' T L TR RS 0 1 (m/s) —¥E

[5] E R JEL ) 0 360 (deg) "

[5BfEAKEE]

[6] P X -100 100 (m) —iR

[7] Y -50 50 (m) "
ey L -0 80 m o

[9] T VEAS -5 5 (m/s) n

[10] X -5 5 (deg) ”
B O A 5 5 (deg) | o

[12] LB ()] -5 5 (deg) E#H

[13] 04 -5 5 (deg) "

[14] p -5 5 (deg) "
sy 159 = -10 10 deg/s) | v

[16] Q -10 10 (deg/s) i

[17] R -10 10 (deg/s) n

#£32(f) FHEENRTAY . T FAEE

No. THE, o 2oREE (8 fi) 575
(Bt ]

[01] Tk A, -0. 015 0.015  (n/s?) EH

[02] A, -0. 015 0.015 (m/s?) "
LSy A, | 0015 | 0.015  (m/sH | ~nm

[04] bipudics P -0.4 0.4 (deg/s) "

[05] Q -0.4 0.4 (deg/s) /]
sy o] R |04 | 0.4 (deg/s) | m

[07] U ] ) -0.01 0. 01 (deg) "

[08] ® -0.01 0. 01 (deg) "
Sl oo ke SR 0.01 | 0.01 (deg) | 7 .

[10] ot HiLER A -0. 15 0.15 (m/s) "

[11] V, -0.15 0.15 (m/s) "
I 4 N D Ve ] 0.22 | 0.22 m/s) |

[13] s A -0.4 0.4 (m) "

[14] TR n -0.4 0.4 (m) n

[15] Wt h,, -0.4 0.4 (m) "

[ADS]
[16] FE Ps -60 60 (Pa) Ff
P, (a<157)| -32.17 32.17
[17] Bl (a>15) -56.55 s6.55 O !
[L—YEERfET]
ns] | M kx o L, | 021 | o021 E#
DE#EZERA]
o] | 3 e 2 Ugyy | &@.15), [36  (w/s) A
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V7T 40 TRT 4 FATEER (LIFLEX) FHEHIER  — 2 AT A5 & RATHIBE X Z 2 & fwfl — 39

#33() oKEARMEE T AZ D3 o fHYSE : (7 RRBE

o C LO C DO CmO
(deg)

-7.0 0.0289 0.0109 0.0060
-5.0 0.0277 0.0103 0.0055
-2.5 0.0321 0.0104 0.0069
0.0 0.0287 0.0103 0.0064
2.5 0.0280 0.0107 0.0061
5.0 0.0289 0.0107 0.0064
7.5 0.0288 0.0112 0.0065
10.0 0.0289 0.0117 0.0069
12.5 0.0290 0.0126 0.0061
15.0 0.0285 0.0121 0.0057
17.5 0.0319 0.0133 0.0049
20.0 0.0308 0.0139 0.0061
22.5 0.0346 0.0157 0.0057
25.0 0.0349 0.0170 0.0061
27.5 0.0431 0.0197 0.0065
30.0 0.0357 0.0198 0.0051

ITIREEIZ & > TE#IAVIREED o T2 L, FATHRZers
ZIX 5(deg)fRETH B0, EHRERFIZIE 15 (deg) RifE &
7%, (3.1)& AV, EREROH IR OEE R

AT A#EEC, D3 o HYMEE Y b RELRoTLES.

Lo THE OFEL LTRAT 54510, BLENTHEY)
RIEAFEE XN P EoZ s, X(3.1)EH
W ZETIRRZENE, RERATIIIER Lo b & L.
C, BEICHOVWTHLRABETH 5.

YT NV aFETORA
R LEYT AV aRHEICE T, Z ORMBRE
RO L MAATe o0, R(31)DRb VI, ki
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oAC! [a, ] _
60! — MLa_err ( 34 )

FoTH(32)EAVNIE, a=qa, 2B\ TC, ii#to
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# 3-3(b) alRGFERHEE/NTAX O3 o FAMMHE : HOBMAERZE (0 1)
a CL-a Cm-a
(deg) (1/deg) (1/deg)
.00 0.0113 0.0015
375 0.0104 0.0015
125 0.0103 0.0014
1.25 0.0104 0.0014
3.75 0.0105 0.0014
6.25 0.0106 0.0014
8.75 0.0107 0.0014
11.25 0.0109 0.0014
13.75 0.0111 0.0014
16.25 0.0113 0.0015
18.75 0.0115 0.0015
21.25 0.0117 0.0015
23.75 0.0120 0.0016
26.25 0.0123 0.0016
28.75 0.0125 0.0017
#3-3(c) ofKFERMEE ST AZD 3 o HYHE : HHOMREREZE (F02)
a C,, C,, C,,
(deg) (1/deg) (1/deg) (1/deg)
245 0.0020 0.0014 0.0009
25 0.0020 0.0014 0.0007
0.0 0.0021 0.0017 0.0009
25 0.0019 0.0014 0.0007
5.0 0.0021 0.0017 0.0008
75 0.0019 0.0014 0.0008
10.0 0.0025 0.0014 0.0010
125 0.0019 0.0015 0.0007
15.0 0.0021 0.0015 0.0007
175 0.0019 0.0015 0.0007
20.0 0.0019 0.0016 0.0008
225 0.0018 0.0015 0.0007
#33(d) o kKERHEERTAZD3 o HYE : fEHEHEE (0 1)
fE £ AC AC, AC, AC, AC,
(deg) [3] (3] [OF] [ ] [F]
30 0.0199 0.0081 0.0137 0.0123 0.0096
20 0.0157 0.0022 0.0083 0.0072 0.0053
10 0.0088 0.0019 0.0057 0.0034 0.0025
0 0.0000 0.0000 0.0000 0.0000 0.0000
10 0.0111 0.0017 0.0052 0.0025 0.0023
20 0.0166 0.0023 0.0073 0.0064 0.0025
30 0.0130 0.0094 0.0147 0.0126 0.0057
#33() ofKEARHEERTAZD3 o HSHE : fEHEBRE (£F02)
st AC, AC, AC, AC, AC, AC,
(deg) [ 5Sbelv ] [ 5Sbelv ] [ 5Sbe|v ] [ &brd _aero ] [ &brd _aero ] [ &brd _aero ]
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10 0.0030 0.0104 0.0019 0.0100 0.0031 0.0048
20 0.0102 0.0191 0.0046 0.0095 0.0051 0.0068
30 0.0412 0.0379 0.0162 0.0081 0.0141 0.0083

- 3Bb,, 1EETIBIL i+
- dsh P L B 7+

rd _aero
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4. 7E 2.7x10° 4.04 180 1947
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3. ca. 7.1x10%" i 6.05 303 1969
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6.1 FREE/NTAIDREL

ZIZTIE, RETAREEE T A ZIZONTIRARD.
DFEBRY AT KL I L TRICZOMENKE W 178
ETNEE], KON TV Fax—FET NVBEEICERL,
INLOREEEFRELEZ. BERHIZIE, LTI

WRE LT, YAT7AFHMIZE/R L. 2k, &
D EHT VRO S R T AT ANT, FOmAR M (e T VBREORR]

b AR TX A LDLEZ S B LT-2E JRi7#=T T V%, LIFLEX £F V&L

T 6-1IZRT. ZIZTiE, & TOEIEEET LTI

#6-1 —RLETFTNVTEELEEHETNVEZE

LIFLEX £ —RRAEET b
No TH4 i 3 otHEE 3 otHLE By
&) &) &) &)
[01] EEPILES CLo -
[02] N T A Coo a K AF DR -
(X 6-1 THLHK)
[03] Cho -
[04] Cyo -0. 0022 0. 0022 -0.0013 0.0013 |-
[05] Cp -0. 0023 0. 0023 -0.0014 0.0014 |-

[06] Coo -0. 0013 0.0013 -0.0008 0.0008 |-
o | W c. | (1/deg)
[10] | Ze/ymsss Chia (1/deg)
3] Cr ot Ik (1/des)
[14] Ci (1/deg)
[15] C.s (1/deg)
2 | ommz c, %1 | 330 | 23 283 |0
[23] Cym -0.00092 0. 00092 -65 65 %)
[24] C, [0a] % 3-3(d) -12.7 127 |
[25] C, [/a] -50 100 65 65 (%)
[26] c, o7y | -32.3 32.3 (%)
[27] C, [or] % 3.3(d) -18.6 18.6 (%)
[28] C, [dr] -25.4 254 | (%)
[29] c 1&b,1 | -20 20 %)
[30] Cp [Bby,1 -20 20 %)
[31] C., [dsb,,1 -20 20 (%)
[32] C, [&Bb,1] % 3-3(e) -20 20 (%)
[33] Cp [Bb,1 -20 20 (%)
[34] C, [&Bb,1 -20 20 (%)

*1) HALIE% TR <, 1Udeg
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WL FETHEL TS, Z0LEDREEDITSHE

#62@) —MLEFATERLET VFax—% « FFN (/) IFNVHE)

TLARY T H—

NI RAH (Hhr) LIFLEX —RALET Y LIFLEX —RALET Y
Aq (deg) 0.35 0.0 0.15 0.0
w, (rad/s) 37.7 62.8 45.0 62.8
$o - 08 0.7 0.65 0.7
EpL (deg) 0.5 0.25 15 0.25

#£620b) —MIELETNVTERELETVFax—F - ETNLFERE
LIFLEX £7 ¥ —f&{bET v
3 o FHYME 3 o FHYME
) 6) ) 6] HAL
T LRV &g () -0.1 0. 25 -0. 25 0.0 (deg)
K, -0. 05 0 -0. 075 0.075 -
@, -12.57 37.70 -3.0 3.0 (rad/s)
<, -0.2 0.2 -0. 14 0.14 -
A, -0. 05 0. 05 0.0 0.0 (deg)
O, -0. 35 0.35 -0.5 0.5 (deg)
7L — gq (S -0.5 0.25 -0.25 0.0 (deg)
K, -0.03 0. 03 -0. 075 0.075 -
w, -5 5 -3.0 3.0 (rad/s)
<, -0. 05 0.05 -0. 14 0.14 -
A, -0. 05 0.05 0.0 0.0 (deg)
O -0.0 0.0 -0.5 0.5 (deg)

This document is provided by JAXA.



#6-3 —BEFNVIZEBELT I 0 FERERE

= EREBEE %)
[RAT ]
AT RZERE 0.0
_____ Ne st | o
______ Pkl | 00
_____ o ZiWyel | 00
Yoo ] 0.0
(2]
_______ Xpcllh |00
_______ Ym0
O S W 09
IS S SN 0.9
IS SN .9
B, 0.1
%N 19
[ERERXFE] [00, 21]

Z, K627 d. ZORETHL, VAT 0N
A MEIL ALFLEXX X° HSFD & & 72\,
ETNVERE LI I LD ERARE ST A X DI
{bZMERT D720, ZAVE T L ABRICEUE T 2 S50 L
To. FEREX 6-3 1277, RHEENT A ZEHEFTOM 5-4
EHBLTYH, BMORIEE T A X OEL L TEE
MFERERMETR OGNV, o & bBHERENL
WRDHDIE, TRATHOBRKRENEICHT 5 Cp iR D2
PNESL o TNBHZELBLWTHD. ErT il
i R IT R & < WFE L TWBHDS, T OEWITIRERT T
EHFEVPEICIT R ERNT LD D

WIZE T NI B W TERTRMEE NT A & &
B LA R, £ 6-4 1R d. BRA IR L7 3HiE
BOPT, TEALOTHHIEOZ L © Thd. MO
EBRREVDOIZINETLRETH LN, ABEEHTTICH
HENT b ORI Z 1295 C, B35 Th 5. Hilh

W@ IR LTI, C, BsEp i E N, Tiudk 54
TIFEENTOVRWD, FELRTD Y AT L OR R R
ThHRABIIFEEND. Lo TC R, DR~
DRFHZ LV EBEORE SITEHTDHH0OD, HOLE
BN 2 BTN E < RN E VR D,
THETERKRIS, BH SN ARHEE T X Z D%
RHAE LIRS, #6-5 1R, HHIZ ot 55
BRRKENE L TRIHENEC, 782, v, #Hll A 7 2
R, BEMFEThZThllRTsE, Wihosr—2b
e 7 SRR OB A TERERE, b LITERLLTF
Lo TG, Lo THRHINTEZNEDORME T A

ZOEEY, Wb REVWZERbMD. 5T, B
HiRE @ (R LT, BRMROC,  #ENEBORE /2

HOE LTRIHENTWD. £ 6-5 DREEND, ESM
ZHIBRT 5 Z L1 Ko TEREEBE AL 0.0%L 725 T
BY, R L BROB@EFGH 0.0%E 2>TD.
JRSAFIIBEBNC 0 LT, FERICHBNRE N L AR
LTW5. ERAMHIBRC L0, HEH Z o %RisiE
FEH 0.5%F TIET L, &RFHEHEE 25 072 ZOR
EELEEXMEZZEE LT TETIRTT5. ko
TRHEENRT AZOHFTY, JBARMAEOBEITFRFCRKE N
Wz b,

This document is provided by JAXA.



U774 » 7T 4 RATER (LIFLEX) FHEHIER  — 2 A7 L5HME & RATHIE N Z X 2 feiifb— 87

E‘J:J—-j])ifugqifﬁ &iﬂﬁ%i Fig: HEM
8

20
6 ~
10 N i
2
e~ £ .
E o < 4 L T e
- "Ig " '.. ant |
-10 N % P i
2 e 3
=20
0 bl
0 500 1000 20 30 40 50
X (m) Vg (m/s)
20 ¥
15 30
10 20
Fi " ? 10 -
2 0 2 ‘.
® 5 ® 9
-10
-10
-15
-20 : -20
=20 -10 0 10 20 -10 0 10 20 30
Bg (deg) O (deg)

X 6-2 (a) —BILETNVICRITBELCTHNOEEE :  EHREE

EVTHIVOGEE: RITHPORKIER) &/IMEFE)

iR HEE
6 6 3000
5 5 b
- ; 2500 | |
4 . 4 ¢
3 t—— R 2000
5] 3 S W N ©
> 2 . 2ok e
= i ! 0 1500
1 1
g <3 o fl] wo ||
_l 5 _I L) : :
500 :
-2 -2 !
500 1000 1500 2000 2500 3000 20 40 60 20 40 60
P, (Pa) FWI-1 FWI-R
30 30 10
!
20 200+ 1] §lfiiiq
- "1le (B S AH
& 10 g 10 & |
= 2 A BER
=] = Ll @ (1]
0 0 [ | : | |
EL -5 |
-10 -10 =
-10
-20 -20
-10 -5 0 5 10 20 40 60 20 40 60
B (deg) EH-2 Bly-x

6-2(b) —MILETFNITKTBEL T AR . RITHFORK - &/ME

This document is provided by JAXA.



BEEF X

BiRF X

Bz

BtRF Z

- Az-Ar-I779%
+ vd

+ EEE (ZI'ETJ, -8)

I+ + 1
TP
o

+ Az=R=77%%
- Ycg

- Az-A=I779%
+ vd

- vd
+ Az-Ar—N 77943
- h_alt (INS)
- Ycg
+ Ycg
+ Cmq
- Mass

-Cm[fel

- Az-Ar=N7794
+ vd
-vd
+ Az-A=I7744%
- h_alt (INS)
+ EEE (+[, -8)
- CD [GE]
+ CD [GE]
+ h_alt (INS)
+ ve

- Az-Rr—=I77%%
+ vd
- vd
+ Az-Ar— 77943
+ EER (+F, -B)
- Ycg
+ Ycg
- Cmq
+ Cm0
+ h_alt (INS)

BREMRITER. BHROREE

(JIFIWT—AEDE)

X 6-3 (a)

-
+

+ 2
-2
+ Ycg
- Ycg
+vn
-vn
-n
+n
-Cn0
+Cn0

+ Ycg
- Ycg
BR (+&, -fA)
®RE (+&, -R)
+ Cn0
-Cn0
- KO-ueL
- KO-ueR
+ KO0-ueR
+ KO-uelL

+ KO0-leR
+ KO0-leL

————— [ [EEEEEEEEE
————— e
,,,,, - - - - - - _ _ 1
77777 R e
,,,,, - _ B 0 __ _ 1
77777 R e .
,,,,, - _ B 0 __ _ 1
77777 R e
,,,,, - - - - _ 1

| | [
””” \””’\l””T””T

1 1 1 |

-5 0 5 10

Y (deg)

REMITRR . BHREBE

This document is provided by JAXA.



1520 25 30 35
+a (deg)

+f (deg)

(INS)

+ vd
+ h_alt
- Ycg
+ Ycg
+ Cn0
+ RERF R
+ CI0
-Cn0
- KO-ueR

- DEEEE R

+ Bt B
- SHEEE B

|
- =71

|

|

40 60
40 60

&Ey1-1
20
20

0

0

40 60
40 60

&Ey1-1
20
20

0

0

FTIT—AEDE)

N
<

B

REMITER:. RITPORK-&/IME

/
=/ME

- (deg)
-B (deg)

-15-10-5 0

+ CLO

+ DR o
+ vd

- CDO

- Mass

- SRR v

-CL[de]

- DHERF o

+ D BERF Veas
- EEA (+M, -18)

3

+Az (G)

-10

40 60

20

0

40 60

20

B B
KRR
I+
\T\\f\\%\\‘#\\i\\\
| | | | |
Lt _1__1__]
| | | | |
| | | | |
e e e |
— 099 0600 0 0 6 0
| | | | |
\T\\f\\%\\‘#\\i\\\
| | | | |
Lt _1__1__]
e e e |
| | | | |
| | | | |

0

-Az (G)

[23:07%)
zZTZ
SEse
- -
SrsopoBus
< c g TOEX >
TETST AR+
P K
413 +
!

TEOT T T T
| | | | | | | | | |
et e B A e A
| | | | | | | | | |
| | | | | | | | | |
\.\l\\,\\,\,\\,\%\,\\,\,\\

BT T T p——
@ 1:Aﬁ o _
§ Gng, gep
o>ocw. T8 9w
Qp Ad— < go—o
C.uN,CD._GmML <=
 #+oa® OO0
I Lo 4
R
| Iz
+
\T\\T\\%\\%\\#\\\
| | | | |
L _L__r__+r__1__]
| | | | |
| | | | |
-9 -0 000 90-0 9-0
| | | | |
| | | | |
s
® o ! ©o 60 06 0 0 o
L _L__r__+r__1__]
| | | | |
| | | | |
L s R B
| [ ] | | |
| |

e —
~ o wn_..__.c
[ o Z —_
I BT om SE
= et » [}
_dVA|aOS mw+
L.Ivﬁ. _ma._m.mC ~
~ 4 <cOo=2g £
LCOBEt R+ OH
N
CY L
! |

This document is provided by JAXA.

24002602800
+P, (Pa)

20 40 60

0

0 20 40 60

BREFTRER . FATHOZK - &/ME

600 800
P, (Pa)
X 6-3 (b)

400



FHIZEWE T B R FEBR T 7S JAXA-RR-10-007

6-4(a) HHIFSZ EREBBICKHTSREER  (—RLEFL)
(N, =3000, N, =369)

No. HETE PF-J' ZF-J’ M Fj MT~j
dakd CGEEREE) | (o)
1. Cia 4.3x10% 103 329 1954
2, Vg M ATA 4.3x10™® 8.59 313 1940
3. TE A 1.6X107%° 6.29 294 1947
# 6-4 (b) HEHIRF O ERERICXTHHREFER  (—BRILETL)
(N, =3000, N, =129)
No. tERE P | L, Mg M.
i CeAiE) | (off)
L LR 2.7x10™ 8.64 129 1915
2. TE R 3.6x10% 8.07 127 1947
3 Cip 1.1%x10° 4.25 108 1980
65 NIFAIRHBEROMER (—RILETNL)
LT A K C,., 8= Vg NATARRZE JR S C,.,mE
STl = (ZREm, %) HIlBR HIBR HilBR HIlBR
[FRAT ]
AT RN TE 0.0 0.0 0.0 0.0 0.0
_____ NZlsocter ) en e ez |oor L o1
______ Posirte | oo | 00 | 00 | 00 | 00
_____ aZoim | 00 |00 |00 %0 |00
P 25 s e 0.0 0.0 0.0 0.0 0.0
[BEHuR ]
IR, A S N 00 | %0 . ! 00 | 0.0 . 0.0
_______ Ye® | 00 ) 00 f 00 ) 00 | 00
__________ Z 409 | o4 | 03 | 05 | 08
IR S B 0.9 %0 0.0 0.0 .. 0.0
ISR SN B 09 | o8 ] ! oe b W 0.7
B, 0.1 0.2 0.1 0.0 0.2
L7 1.9 15 1.3 0.6 1.8
[ERERX ] [00, 21] [00, 1.7] [00, 15] [0.0, 08] [00, 20]

This document is provided by JAXA.



TEED
V7T 4 v IRT  BBNERERY AT Aaxtg s
L, HRx R RHEENTAZEZBR LT, B’ITVIab—
Ta ViMliE ER L-. F0%IC, 2T hLa R
HAEERETA-DICEHEELET AT Xax2 M
WCHBERIBER OGN T XA ¥ Rk L, VAT LD
RHEEMECKT T DR AR MEZFBE L. S LIZAHD
BEGRET D720, SEOFERY AT ALK E O
HIFNC L 2> TRELSREEZ D &G0 0 To Rl E /S
T AL %, MOERL AT AL FFIC
AP A e L. EARNA L RS A, DITFICRET
ATV I 2alb—rvarE T LE LT, BITICHWE
HEN SRR, BRI R T E, BIRET L, BREESME
ETIIZDONTE E DT,
FHEHERHFF OB T &, TOBEBL Y >
7 O EEZR LT
REFENTCV AT M T HRITY I a2 b—a v
M XD, SAMREA R L, BEHMEREIC XL T
FER DN KE N & 2R LT,
RHEE/NT A X BTN X D REMBHTIZE Y, W
FTNOREE /T A XKL THEREZBIET 5 Z
EIEBNWZ L aMER L. E£72,
L THEBORERAREENT A Z 2P BT L.

ELTYAT A

AT LEREIT

BT ANEFHEIZ KLY, RHEENT A X OMBE
DEOKELED TR L. ZORE, RITAR%E
TE LR D RIGDMARE, BREREBE LIZHEICE

NaBE T 2FE9. 8L T THD Z & aiMER L.

T HNAFMICEWNT, BREBRS — R ZKE
S EHESTHRMERT A ZHE LT, ZhHETR

BENCHI B L lg o T RSO RED R E I3,

SO THITIC L > THRER TE 7. Zofl, C,|
7=, A FHEIRRZER C L REREBL KT N
ool

FBUT AN TR R A WET DO LT
N Y X LER, FHEHERORE T AL 2 H
B TFa—=273 2, matiibs I L.

%

FEORER, FATARLZEDOEGIXI%LLT, 2HEHE % If
7 ERE IR E G116, 3ULL T CHETE 2.
K= 2 N ASHHROAREGREE TIINHRE T A X &
RESABLDMERH ST, 5HOBELTD
e, INHEMOIBRS AT L ERFICERELT
AT LA EM L2, EOREER, RITRLES
(356 SR S, AR A &5 o T H 2R
WEIG T2, LA TR c& 5 2 L AR Lz, fil
DR AT K& bR SR MEERREOZ L
EHER LT

LIk, LIFLEX#EHIER OBRFHEE, > AT L,

BRI N T A2 DOFGEIZ OV TR T2, TRITERE
WIS NTZbO0, I 2 THRF LIZIREHt 2 o

IR D A BN,
Z ORERIEE L O I

VAT LOFHlTFE, KOG RT A

I, AROFHEES ZT LD

RAHRFNZ B W T ORI ATRER BN TH 5. AR OB

WA,

oY=y hZ

1

2)

3)

4)

5)

FERDFHHRE S 2T ARPF DO 2T 7
, ATHEPOBTHELE TENEENTH .

SE R
LIFLEX F—2A, TU 77 4 V7 RT 4 RATER
(LIFLEX) A7 AP, JAXA-RR-10-004.
RS, BAKES, TV 7T 4 v 7 RT 4 RITHER
(LIFLEX)FFEHIE R — YEHLE L OFFE 0%
# - 1, JAXA-RR-10-008.
EHERS, Bk,

AT EBR(LIFLEX) MR -

TEHWWRES, TV 7T 4 v TRT
FRAT A0 5% B Bt
- J, JAXA-RR-10-006.
NAL/NASDAALFLEX 7 /v —=7", [/NR1 B @) 35 [ 32k
WORITY 2 2 L—3 3 VBT, flZe T B
JEHTHGE TR-1252, 1994.

Stevens, B.L., and Lewis, F. L., Aircraft Control and
Simulation, John Wiley & Sons, Inc., New York, 1992,
pp.51-110.

Miyazawa, VY., Ishikawa, K., Motoda, T., lzumi, T,

This document is provided by JAXA.



7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Sagisaka, M., Hata, T. and Onuma, H., "Flight Control
System for the Automatic Landing Flight Experiment",
AIlAA paper 96-3782, July 1996.

NAL/NASDA HOPE #ff423k R — 2 ALFLEX 7
sn—=7, DINVUEEEREIER (ALFLEX) ),  f#it
ZEFH BRI FEFT R  TR-1369, 1998.
TUEPTRES, BRI —, BAKER,
7 = — 2N OFEHE AR, JAXA RR-04-002,

[ e AT S ALE

2004.

Mclean, D., Automatic Flight Control Systems, Prentice
Hall, London, 1990, pp. 127-144.

JERBR, (£ T B niRIZ KD VAT LOKEHY
A, JAXA-RR-07-005, 2007.

Mooney, C. Z., Monte Carlo Simulation, 1st ed., Sage
Publications Inc., Thousand Oaks, CA, 1997, pp. 1-5.
Conover, W. J., Practical Nonparametric Statistics, 3rd
ed., John Wiley & Sons, Inc., New York, 1999, pp.
130-133.

FORRFHR AT FHER, [FEHEAM, R’
TURZFHRSS, 1997, pp.94-99, 111-113, 229-230.
Motoda, T. and Miyazawa Y., “ldentification of
Influential Uncertainties in Monte Carlo Analysis,”
Journal of Spacecraft and Rockets, Vol. 39, No. 4, 2002,
pp. 615-623.
Motoda, T., “Simplified Approach to Identifying
Influential Uncertainties in Monte Carlo Analysis,”
Journal of Spacecraft and Rockets, Vol. 41, No. 6, 2004,
pp. 1071-1075.

Motoda, T., Stengel, R. F. and Miyazawa, Y., “Robust
Control System Design Using Simulated Annealing,”
Journal of Guidance, Control, and Dynamics, Vol. 25,
No. 2, 2002, pp. 267-274.

Miyazawa Y. and Motoda T., “Stochastic Parameter
Tuning Applied to Space Vehicle Flight Control Design,”

Journal of Guidance, Control, and Dynamics, Vol. 24,

No.3, 2001, pp.597-604 .

18)

19)

Schubert, W. M., and Stengel, R. F., “Parallel Synthesis
of Robust Control Systems,” IEEE Transactions on
Control Systems Technology, Vol. 6, No. 6, 1998, pp.
701-706.

Motoda, T., Miyazawa, Y., Ishikawa, K. and lzumi, T,,
“Automatic  Landing  Flight Experiment  Flight
Simulation Analysis and Flight Testing,” Journal of
Spacecraft and Rockets, Vol. 36, No. 4, 1999, pp.

554-560.

This document is provided by JAXA.



H8%A ZHETIL

AR AT AOBFRHRIC T, 22ETMIONT

LY. LATIS, ZEHET O, EOMEME, St
DB, V-y BEEEHIZOW RN, F& Ik~ 7Rk
fFTFICRT 22085, Sk, V-y X2 LDr T 7
ZIRY

Al ZAETILOHERK

FINTKIET 222 1R EIE KA LV EHI D,
FNENOXEDORED, BET—2 L LTEHEABN
Db OEBIEHE LT TH 5.

Col@ B &, 3, O, g, Bbyyy By 8,0, )
= CLbaslc(a' ﬂ)+ACL«>e(a B, &)+ACL5&(a’ Vg 53)+ACL0‘:(0‘: B, &)

+AC, 4, (0t B, Sy )+ AC sy (cr, B, 8Dy, )+ AC, sy (et . B,y )+ AC, (. . &)
+AC, n (@0 ,3,8)+ AC iy (@, B, 52, O )+ AC g, (@, B, 32, BD,,)

+AC, sy, (00,32, By )+ AC sy, (@0, B 50,8, )+ AC, s, (@ 5. 50,6y )

+AC [P (0{, B.or, &by _aero )+ AC L-gtrésby, (0!, B.or drg ! Dy, )+ AC Lgrd (0!, Hg )

(A1)

Colar, . &, 3, o, &r, B, B,y o 0,11,

= Couacl@ B)+ACs (@, B, &)+ AC, (@, B, B)+AC, (@, B, )

+AC g, (0 B, g )+ ACo s, (a1 B, 84, )+ ACo sy (01 B, By )+ AC (e, £, 89)
+ACp (@, B,%,30)+ ACy 45 (0, B, 38,0 )+ ACp, 5, (@, B, R, B, )

+ACy s, (€082 By )+ AC s, (@0, ,52,88D,, ) + AC, s, (2, .60, 8T,y )

+ACp a0, (a, PO, B0y ey )+ ACp 1,8, (“v By xbelv>+ ACp 4 (a, hy )

(A.2)

Colar, B, %, 3, 6, Byyy By, By ror 3, Q, 1)

=Co_sasc (@, B)+AC,, (@, B, 59)+ AC, (@, B, 38)+AC, 4 (a, B, &)

+AC, 4, (@0 . 0y )+ AC (e, . 0,)+ AC, 4y (o, B, 8Dy s )+ AC, (. 5. 5,)
+AC, a0, B,30,82)+ AC, 15 (@, 8.5, )+ AC, oy, (a1, B, 5, SBD,, )

+ Acm-mrd,g (a, B3R,y )+ AC,, s, (a, B, &b, )+ Acm-&mrdm (Ol,ﬂ, A, Iy )

+AC s, (00 5., 38yg o)+ AC 5, s, (@0 8. Oy 80, )+ C o -Q + C o (a, By )

(A.3)

Cyla, B, &, a, o, &dr, 85y, BBy urer 50)

=Cypaic(@, B)+AC, 4 (@, B, &)+ AC, 4 (a, B, 3)+AC, , (e, B, &)

+AC, 4o (o0, B, Oy )+ AC, sy, (@, B, 83D, )+ AC, 4y (@ By )+ AC, 4 (@, . &)
+ACy (@ B3, 52)+ AC, gy, (@ B, 33Dy )+ AC, sy (@, B, R By o)

+AC, g (@0, .50, )+ AC, sy, (5,608,850, )+ AC, 5, (@0, 550,07,y )

+AC, s, (a, B BBy e )+ Acvmm,sn,w (a, B, &8y, gy )

(A.4)

Cla . 3, 3, O, Oy, B,y Dy ror %, P R)

= Cpasic (a, ﬁ)* AC, 5 (a, B, &)Jr ACI-{S&(“* B, ‘S‘a)+ AC, 5 (a, B, 5")

+AC, ey (a, B Ky )‘*’ ACI»&be.v (a, B, &belv)+ ACI»&bm (a, BBy e )+ AC, 4 (0‘: P, 59)
+AC, s (@, 5,82,32) + AC, oy, (. ,80,88,, )+ AC, o, e, 8,5, 0Fy )

+AC, 55 (a, B, A, ‘(5")+ AC, Sadby, (a’, B3, ‘%belv)+ AC, s (a, B, R, &drg )

+Aclomshm (‘ZVﬁ!&Y&brd_aero)+ACImr<%h[,v (avﬁvtﬂr'&belv)+clp y §+Clr ‘R

(A.5)
Cola, B, &, 38, O, Sy, Bys BBy sorgs %, P, R)
= Copasic (@ B)+AC, 5 (@, B, 5e)+ AC, q(a, B, )+ AC, 4 (a, B, o)
+8C, 5, (01 B By )+ AC i, (@, 1 8D, )+ AC (01 B, B,y o)+ AC, 5 (1, 1, K9)
+AC, g (@0, 5,52,52) + AC, (1, 5,0, 8D, )+ AC, o (@0, 5,52, )
+AC, 5 (01,88, 8) + AC, s, (2, 8,58, )+ AC, 5, (0, 6a,5rm)
+AC, i, (00 8,3, B0y )+ AC 1, [, B, (%be,v) , P+C, R

drg

(A.6)

A2 EDAIEMIE
FREAL TR SN D ZENRENTL, EHEERICEB T

HHNEXT=A MERTENMRETHS. ZHhITHLT

FERHEOEOIEILE N EES L bETHIELTE
0, ELED DZESE— AL MIR(A 3)(A.5)(A.6)T

RINDIARBRT -2 DL TR s. 22T, K
(2.2) 0D Z%EN)ET—A 2 b Loy, Mg, Ngg 1231595
ZEIRE A RD D .

Mo =M+{-r@xFl=M+{-r@ xR, -F}

(A7)
Ry & T,
Lee L Xeo cosa 0 —-sing||-D,
Mg =M+ -V || O 1 0 |V
N N Zeo sina 0 cosa ||-L,
(A.8)
Wil %, ZEOREERCTERT L,

b-C, % | [cosa 0 —sina] [-C,
Lovislec, | ovisivals 0 1 o ||c
b-C, Zeo sina 0 cosa | |-C,
~2../b Yo /b | [cosa 0 —sina][-C,

“x /5|l 0 1 0o ||c,

0
/C 0
“Yeo /b %o /0 0 sing 0 cose | |-C,

(A.9)

This document is provided by JAXA.



ZHTHEOLE DY ICER LT — A v MRED S
b, R (22) ICBIFHZESFE—AL b Ly, Mgy N
NEHND.

A3 Hhtbev-r BEREH
BHE, ZEHF—4 C, ROC, &M\ CEHEES
ns.
L/D=C,/C, (A.10)

B A1, B IRIZE < F108E 0 BV ERT. 2 b

RADERNFLND.

1
EpoVEZAs 'S'CL =m-g,-Cosy

(A.11)
-S-C, =T, —m-g,-siny

EAS

1

Epovz
ZIZTCARERVAT AT, HEHZ0OTHS. o7,
KA W)CBNTT. =0 L35 &,

. 1
m-g, 'SIn}/:_EpoVEZAs -5-Cp

. (A.12)
m-gO'COS}/=EID0VE2AS SCL
KA 12)DF D EE| > TEHES S &,
-C
=tan™ = A. 13
, (C] (A 13)

(A 12)DF 2L b,

V = w (A.14)
= \p,-S-C 12 '

KA 13)ER(A 14)LY, Kol LTy &V, D
RBEHAL, V-y BT 5.

A4 ZEHFFEITOv b

B A-212, BATIRT A X OEBIHT 5 6 HD2E
IIRE L, B, V-y AR T. FRICBNT, &
NS85 A 5780 (HEERD NI Ny 122 Tk
EfE) OIEMEREOREL, B TRL TS, Zh
HIL, ANNFGAZZRMIIELERT-bDTHD. &
BlZi W TEPibiE, HiZX(A. 10006561 5%
RLTEBY, E—AL PO AEWVITEEL TV,
F7-, WEEE, C, C,, C ol LToOREE
TEHETNELTERINTWEED, C,, C ) C o
DORENIR LTV [KA-2 (K)].

K A1 #toHogsn

This document is provided by JAXA.



95

Tl & AT T A & il —

[-5 5] (deg)

fi

— VAT A

[ L ” _ Pt Por
\a.\\,‘\\\ \\\_P,\\_?\O I TR S R \\\,a.\,“\\ \\,\.T,\\\O
\ ,ﬂ -4, ¢ | A | I 1| ,ﬂ— ,ﬂ— 4-4, @
v _~, I ,/ | I 7, ) ,_— [
/, i ,\ Y | -_, / | __,_ ,_- |
| | | | | | | | | |
Po-b Lo \\“\ih\\\m \T\—ﬂwf\\\ \\LJ,\\\\L\N Feer-ve L Loy o 1 Q ¥
-—, H ;- oy ~_, ;) ! | /,—— ,\ | )
| | | | | | | | | |
] \ / B
\ o CIIRY NN, IRNE £
R SRl R R S T b Sl (A AR SRRt B TRRERR
] 1 v ] |
M % I s ” \ 0/ ” s SR TY R S >
[T reon_ | Y I | | ol 1 | *
\\\\Wr\(\ g B B NIRRT W A AR Loy, o ¥
4 M [c __5“”.& I | —— w\ | | | ,_N_w A—, | *
F | | | | | | | |
I N S N I ooNL e | | iy 1 I
"“. U W _—_U_, "Mﬁ I I —f N\ I I I ,-_“ _-, I
x R | | | | | | | |
[———F-71-- \\T\A\\\\w rr=——~r1--1 —v\\\,\\\\,\m L L \\—ﬂ\\\,\\\m
1 1 1 [ I I Ijn I - I i [ | |
1 1 1 I I 1 I I I 1| L I
[Tp) o Yol < N o N < [ae) N — o — N [ae]
3 3 S & =) S S & S S 8
S S s 8 s 3 ss8 83858
A 90 90
0 10 ud

This document is provided by JAXA.

Viag (M/s)

V7T 4 7RT 4« RATER (LIFLEX) #5555

sokk ZE FPREL wokk

a (deg)

a (deg)

a (deg)
srk IBHLEL $okk

o (deg)

X A-2(a) ZEhfsE (L2



JAXA-RR-10-007

W FE R SEEAS T 2 B S TR TS

go
Z

fi

FHA

96

[-20 20] (deg)

e

skk Z8 PRI wxk

30

20

0
a (deg)

-10

a (deg)

o (deg)

a (deg)

a (deg)
sk V- ¥ FRE] ook

a (deg)
ook 5 HLEL sokok

Vias (m/s)

a (deg)

=R (0 &Ab)

X A-2 (b)

This document is provided by JAXA.



97

Tl & AT T A & il —

fi

— VAT A

V7T 4 7RT 4« RATER (LIFLEX) #5555

[-20 20] (deg)

Sa

sk 28 FREQ dokk

Pl ]

N

Y o

S | T

| 1 11 |

A
Lo _\L 4

| \ 11 |

| V21 |

| [ |

T
[ S W L

, (Wl (W] !

| 1 |

| [ (] |

| | I [} |

| I h |
it W 1 el ity

| | RA ALl |

| ] 11 |

| rjn |

| 1 (] |
r~—~r - ~A7gFrr~—~7-~717

| Hiqni |

I 1 11 I

o o o)

[ S

S =

A
0

30

20

0
o (deg)

a (deg)

Y
SERIE
| e gl |
L. ___ e od. - __ |
<=5 o

NP 1oy
” ”_____ (Il _: ”
I ,-a_aawamaﬁ, I
R E A
I 1t L I
I 1l I, I
I I “__ “ I I
ERRE oS RN RS
I Ll L I
I o [ I
I vl [ I
Lo oo vuyer |
| 1T LI |
| o o |
I vl [ I
I ol I I
| 1 | |
N I O AN Ee E
| [ | |
I I L1 1 I I
<t o~ o o~ <r
[ = S [
s o ¢
[3]e}
ko)

20 30

10
o (deg)

a (deg)

T T T T
IR (T B
LN o
AL ]

I Y { I
I ,———V ~-, I
R
I A I
I o v I
I ,““ “, I
] TR R
I o I I
I o I I
I BN I, I
I b I, |
R R
| T 1 |
I i v I
I i I I
| 1R 1 |
r——r- Tt 1477777
| il 1 |
I | L I
®» N — O = o
S & o S & 9
Ss38 §9 7
OOCO

20 30

10

o (deg)
sk V= 7 FRE Hoxx

a (deg)
ook UL ok

Viag (M/s)

a (deg)

=A% (0aZE{L)

A2 (c)

This document is provided by JAXA.



[-20 20] (deg)

Or

7)

This document is provided by JAXA.

Vs (M/8)

et (OF &{k)

WFSCERA SRR IFE R R S JAXA-RR-10-007

go
Z

fi

FHA

98

bk Z8 FPREL wokk

b
SR S [ T EIREE
| | | | | | | ~ lo's |
\\\\ﬂwwhm_ +--1---18 \ﬂ\\\A\\“\—_ \“\4\\\4\% \\\ﬂ\\wa\/\\ﬁK\J\\\OOu
I _— 1 I I b I I T ERER
! —.— .s ! ! o ! ! ! I __-._ﬂ..__ ,
| | | | | | | |
| _“ 1 | | | -_—_ _— | | | “m.v WTW_«M |
\\\\fwwwr x-—\\\J,\\\\m Fr---t-17 yot---18 - \—\h—\\iwwwm ¥
| | | | | | | | i |
'L [} [ ] 1 1 *
| | | | | | | | | |
(¥ ? [N} 1 1 1 !
I | ~ | | | | ~ | | | | ~ B
| g | % | | ““ “ | I o0 I 1 I | nauoﬁw
l___o___mMjn___,_ o 5 1 \-\p\\\L\O ° Lot v YLy O o
| _-4_ —_ | - = I I :H HE [ I ] ___, | A
| | | | | | | 1 n | |
| mn | s | o b [ I s I 1 (] I S >
| 11 1 | | bl L | | 1 1y | *
ISR BN [ O R I B (R I A D S W N *
[ 1 r | | roar = | [ A L *
| /71 \ | | I [ | A Iy
| 71 \ | | on | I | A N
I “ “ “ I I I ““ “ I I I _~ I “ I a_ I
| | | | | | | | | |
r———r-11 ‘\-\\\,\\\\m rr-——717~- 141 w#\\,\\\\,\m r——rtft-77- \—y\,\ﬂ\,\\\m
I 11 1 | | | o | I | [ | NI I [
I L1 1 I I I | I | 1 I I [ | IV I
1o o o < o~ o o~ < ® N -~ O - N o
S S S 98 S oS S & o S o 8
S S s 3 S 3 SS83 3533
A 90 90
0 10 up
i
! o
I =3
|
|
|
|
\\+\\\\” \\\\\ m x
, X
—~ —~ | —~
o 8 , et
e o JE ) © T 2
~— ~ | Rl N T §
3 3 ! s I
! 3
\\\\\\\ [ %
|
|
|
|
! o
\\\\\\ [ =
| |
|
(=}
]
1
wo

a (deg)

X A-2 (d)



99

Tl & AT T A & il —

fi

— VAT A

V7T 4 7RT 4« RATER (LIFLEX) #5555

o = [0 20] (deg)

J'sb

bk Z8 FPREL wokk

30

20

0
o (deg)

a (deg)

o (deg)

o (deg)

20 30

10

o (deg)
Kok V- y $RE] Hoxk

o (deg)
sk IBHUEL *xx

Vs (M/8)

a (deg)

B A-2() ZEh%H (5Bb,, £k

This document is provided by JAXA.



WFSCERA SRR IFE R R S JAXA-RR-10-007

go
Z

fi

FHA

100

[-20 20] (deg)

<‘5sbrd

sokk Z8 FPR I wokk

30

20

0
a (deg)

-10

a (deg)

d
rd
rd

d

La- Botga- - L 1]
Snm,s (27
€O O O @
ao, el
| |
MCRBERHE
| | | |
I I I I
o o o o o
a
0

10 20 30

o (deg)

-10

20 30

10
a (deg)

20 30

10

a (deg)
sk V= 7 FRE *oxk

a (deg)
ook FEHULL ok

)
N
E
[%5]
<C
w
= 3
P
®
e
&
m_
2
N
#
#
R
£
>
N
<
B
“ob
[5)
=
e

This document is provided by JAXA.



101

Tl & AT T A & il —

fi

— VAT A

V7T 4 v TRT 4 FATER (LIFLEX) 861 %

[0 90] (deg)

Og

skk Z8 SR B wxk

10 20 30

a (deg)

-10

a (deg)

30

|
|
|
e ——_—_
|
|
|
B
1

|
|
-10

-002F-+-----
-004 -

|
|
— \II,
Lh) o0 |
O~ O
EERESES b
2ases
|
cfiges
(1]
wtqu\g\ginv\\,\\\\\
€0 030 D |
ee el b |
[ |
| BEHDRSEHS
| | | |
| | | |
L < el N —
o o o o o
a
0

20

10
a (deg)

20 30

10
a (deg)

| | | |

| | | |
| A A [ i B

| | | |

| | | |

| | | |

| | | |
A IR A

| | | |

| | | |

| | | |

| | | |
L L __xr_ 1 _1__

| | | |

| | | |

| | | |

| | | |

| | | |
I [ R I

| | | |

| | | |

| | | |

| | | |
L L L |

| | | |

1 1 1 1
(e} N — o — N [ar)
S S e 729

OOCO

20 30

10

a (deg)
sk =y $R] swokok

a (deg)
sk B ok

Vg (M/s)

a (deg)

X A-2(g) ZESEE (00 1)

This document is provided by JAXA.



35(m/s)

P =[-40 40] (deg/s), Vias

i i i i 1 i i
| | o | | 1 | o
e At S RESRC R S I )
I I NOGNS ] I I
I I N T T I I I
| | So 288 | |
o |
| | o Mm\/\/.n\umo 1 | | o
S o — - --+---44 *
| | N :n_/_O.t.A_.. “ | L %
” ” ey __, nool ” ” =
— ~ - |z
, , ® | faodo | , , o o 22
L __L____}____1___J1© —© \F\..\\r\\\_ ___1___14© ©© - =
- < e 12 - < -
| | L N A = -
| | | | I | | >
| | | | I | | *
e L T A A = A *
i i ° i i 1 i e *
| | | | I | |
| | | | I | |
| | | | “ | |
R S =) L \\\,\\\_ R =)
r T — r T T T -
| | ! | | 1 | | |
I I I I | I I
[To] o 0 < N o N <
= = = S S (=
A 90
o} ko)

This document is provided by JAXA.

Viag (M/s)

ket (P 24bk)

WFSCERA SRR IFE R R S JAXA-RR-10-007

L e
Ja
-

L

FHA

102

skk 28 FREL wxk

o (deg)

a (deg)

o (deg)
sk I ok

a (deg)

X A-2 (h)



103

Tl & AT T A & il —

fi

— VAT A

V7T 4 v TRT 4 FATER (LIFLEX) 861 %

35(m/s)

[-40 40] (deg/s), Vias

Q=

sk 22 JRB ootk

o (deg)

a (deg)

10 20 30

o (deg)

-10

a (deg)

NS

= ey

A ——

-

20 30

10

a (deg)
sk V— 7 $RE sk

-10

a (deg)
sk P sokok

Vias (M/8)

a (deg)

M A-2 () Zehrt Q%)

This document is provided by JAXA.



WFSCERA SRR IFE R R S JAXA-RR-10-007

Lt
o
o

L

FHA

104

35(m/s)

R =[-40 40] (deg/s), Vias

sk T2 FIRER dokk

30

20

0

1

a (deg)

-10

a (deg)

a (deg)

a (deg)

i T [T i
| [ BN L1 B |
F——r-——7t-pfH-7-—71-—-
I T T I
I T T I
I T T I
I T [T I
PSR H i
) Sum 1
wotww N
egﬁbew npn ! !
S8l njm ! !
== -t -4 - -+
Sol&2 uln 1
rResT Al
(U U U U T [T ,

o LR L |
\ID.n.,xI!ﬂ\_w _J\\,\\\,\\\
2 I I

HXsss oo
| [ LN L1 |
I [ RN LU I
F-—1-—-7-H{H-7--7- -+
| [ B L1 B |
I I D 11 I
®» N = O = o o
S o 9 o <o 9
Sss $¢¢F
90
up

20 30

10

 (deg)
sk V- R Hrk

o (deg)
sk IR sk

Vipg (M/8)

o (deg)

ZEhRtE (R %)

X A-2 (j)

This document is provided by JAXA.



105

Tl & AT T A & il —

fi

— VAT A

V7T 4 7RT 4« RATER (LIFLEX) #5555

Ground Effect

a (deg)

o (deg)

o (deg)

B A2 (k) ZEhst (h,%1k)

This document is provided by JAXA.



106 FHIZEWE T B R FEBR T 7S JAXA-RR-10-007

f18kB fERTFEE/ NTAFDIEH

BT AR D, fERARRE ST X 2 i
EOME AT, BT WA nFHiiicNT, RITRE
ERTHI DR e &, BR AR RN — A
FAETDH. LTFTRRINEDr—R&2F LT, RS
=R EMERZ LT D LR —AIZBNT
ATTUTeRHRTE/NT A X OFBEDE, OF D RiE/N
TAL X7 M EERY T, € DEREDOWVTILND
HLOR, Ky —ADOREICKELFGLTND I LI
N THD. LT T, WEBORERARFENT AL &,
MERATEE /ST A X | LRI ST 5. BT AL
BRI CIEdH 5D D RIEE T A X &, FFEZ, oK
EILTUHANTMA DT, fERARHEE/NT A X &
ET DI EIFBERLS TRV, TITIE, Uk 149k
W IR E D, fEBRARHEE /ST A 2 HE O
ik 5.

B.1 1RHFIEDHIRR
PRI A ZBEEOEEZ, RIB-1IIRY. FTEST
AN FERERN S, K — R 2 AT € 21
DT RFIEEIKRELS DT T, 2 DDRAT v THBRL

5. F1OAT v FIIT A MNASOERKEE T LR

e
) ey | B
£(2)
&(3)

3f £(6)

fill s(7) | HEEREE

h R N | T
&(n)
—

e

i

T SaiEEe

#1 —| &) TV W ‘:>
L £(5)

[

T THY, FE2DAT v AXRFREIT L D AT
ENRTAZOMETHS. ZhHITHoNWT, LUITIZIEIC
o

B2 TARAMANDEREEVTHILORT
FH—DAT vy 7T, SIZEENIRMHENNTALZD
MAGbEET U EMIERLT, BT AAaRITIC
IV ZORBEFMT D, OV ERME T A X %A
BTNz D TIER<, € DEFRE TV F MR
EIRTE L, MK RTEE ST A X O BEETET D
EDEFLET H DTEE LICAMEE T AXRT ML
Z, [TARNAT] LS EIZTH. T A MATIOER
B%, ’IB-2IlR7. € DFEFEL U2 OFETT
LIZHIBRLT (0L L0, 7AMATIE & N EERT
5.
HFTARANT€ITIE, D& DEENK L2 EEN
L2l D. KoT, N HOTARATIRY fLh
iz, e 0BEH JIREn RN, [2EERD 2 LTk
5. ZON DT A MANZHNT, ErThLrER
FaFETTSH. 22 TEDERKEEN, 6 | FHOEH
BN DT A R AN MAFICEENDEEE M,
j=1---,n t3%.
TARANERDOBECRAND € THDHN, T IV

;
i E % N
Nz i %
2| D E | =7
- B # 7

a =t A
i % ;
Ly uf "
& Hi
3

B B-1 fEBRAHEE/ ST A ZBRIEOFIE

This document is provided by JAXA.



X B-2 FRBMAART bADAERR

(a) I 1Tkl — A lz@8e

(h) B § IH B Ar— R Im B A

X B-3 EVTFINLaifTREOLE

2RI BV TR — 2 I L h 17— A THERL,
WHIIERREAET D, U OEBORIR — R 5T
AR b BORZ I RME T A X i L&D
EEHTAHAITIE, T A NANEROERC, EEEO
e xaTHVWIIELWV. 2F Y & ZIEFICANEZ )
b, TAMANEAERTIUTI .

B.3 REREICL D, BIERFHEE/NT A2 #&EH
H2DAT v T THE, TAMNAOERHWEEST OV
mERATRORZ BB L, (RESURRE IS KV SEBRAHEE /N T A
ZEET 5. WE, N HOT A MASEZRNEZEY
T ANnaBATORER, N BIOKKr —ABHAE LT L

T5. 2ok xEeoBEEe(j)omKicERT 5L, N,
HOPICEENL2BRELIM,, ThbD. ZOM, O
BT, KT —ACEENDEREE M, 75, Th
b OWOER%E, X B-3 7R

= zcmF () Bk — 2 LI ERR 7 L,
&(j) & Eter — 2D KHHHE(M . /M, )iE, 2IED%
MER(N /N, Y EREL ZEDARVWZTTHS [N
B3(a)]. — 5T, bLe(j)mkier—AlckaHLL
TWD EFhuE, MB-30h)ICrT & 5ic, M, OfEiTk
XL RHEPTTHD. ZOMHERALT, £TOEE
(i), (E1---,n)iconThpiErEiEL, Kiky
—A~DHEGEHET .

This document is provided by JAXA.



(R E I, IR (RcoEE e(j)1F, Kir
— AL EEBMHRCTH D] & LT, OB ERHRRIE L
LTRSS T AN T TRAELZ M| OFAMERZ R
DD, ZOFEMRDEE I/ S WK )R R 2 JTA
L, cmFe(j)iF, Ry —ACHEEL TN LHE
T5.

AR T T, R — 2B M BLE & 72 B RESR
P i, KA TERISND.

PF-J = xf)i (MTJCXXNT’N: CMT-j*X)

X=MEg j

(B.1)

xmaxzmin{MTT_j, TIJ\IF}
ERTIHMAE DEEROEEN G TR TEY, N, 2
REL 7% LA EHASTY 2 2 HIE2 BB LTLES
ZEBEIY DD, ERAMICEBIEEEAVIE, 2
D5 ARRRIEAR 220, E IO TR
V. BEEERAAICBOT, M, 15T 5% 2, &

ToL,

S (M, -v2)- (N NN,

o \/MTJ'NF.(NT_MT»J).(NT_NF)

NT2 '(NT _1)

(B.2)

2O Z; o LRSS, K(B.1)D P IS TS,
Z,, i Z0bwd “offi” ZRLTHEY, ZOEBREN
EE P N EL 2.

RBICK B2 IREND, T A MAIEAERT BEED
FEFLHIRT DEAEICONTERRE. 2 TOH
TIX U2 L7y, FEEILTLE 12 TR EH L.
TAMANOBRENE, —HOBERLHIRT DI L THE
FOKkx RMABEDREERL, TAMNTHZLTHD.
KoT, BREEHIRT 2FE1E, 0 30F 1 ITHEVETA
U kv, ERICRR — 2038z < <, M 23
Ul N SUVME L MG BN WIGEITE, MEILEL DT
AZRRHPNEELL 72D, ZOBEIITXE LT I aRIT
BN, 20T HFikIEH 203, S OICEHRIFM A 29
5. BlOJiEE LT, 7 A MANAEROEE DB % Bk
TOEGE U2 L0 /S TIEM bRESARD,

R E DRI & 72 2 TREMEIE ® 5

This document is provided by JAXA.



	表紙

	目次
	ABSTRACT
	概要
	記号
	1 はじめに
	2 実験システムと誘導制御系
	3 設計評価条件
	4 システム評価
	5 飛行制御パラメタの最適化
	6 一般化モデルによる性能評価
	7 まとめ
	参考文献



