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ABSTRACT

This paper describes a reference trajectory generating function of the D-SEND#2
vehicle. The function is composed of two parts. The first one i1s to output
appropriate commands based on the flight trajectory data which was designed
beforehand to realize it on the actual flight in real-time. The second part is a
real-time trajectory prediction method, and it compensates for the differences between
the actual flight conditions and the design conditions. The designed function was
evaluated using single error analysis and Monte-Carlo simulation (MCS).  All cases in
single error analysis succeeded, and the result of MCS was the success rate at 98.1%.
It was found that the function has only a little tolerance for the uncertainty of steady
wind and the model error of drag coefficient because the vehicle has no engine or devices

for velocity control.
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Appendix. A £HET—X
AKHEITIX, AP TEHIE LIS NI A—ZDORT — X BT,

-G DP1 o0 +1 XLy Vlkm] +2 %X (L P[kml)2 )

SyBfm . (km)

0Kk 1 2k
26 -1328.5 1060.70d-3 -54.753d-6
27 2802.4 600.39d-3 -35.040d-6
28 3876.6 465.90d-3 -25.838d-6
29 11597.0 -423.84d-3 0.0
30 13471.0 -453.89d-3 0.0
31 13911.0 -432.25d-3 0.0
- G_.GM2 (=0 +1 %X L > [kml)
srBEEE (km) 0 1%
26 -3.1592 -0.57972d-3
27 -1.3525 -0.47062d-3
28 3.6778 -0.52172d-3
29 7.4347 -0.57378d-3
30 8.0777 -0.52172d-3
31 2.7139 -0.23808d-3
- G_RG3, G_RG4
SR (km) G_RG3 (km) G_RG4 (km)
26 5.679 3.860
27 5.660 3.824
28 5.815 3.986
29 6.153 4.322
30 5.958 4.130
31 5.952 4.123
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- C_GM3

H L VBN THERT 2608503, HMEOF 7M=L F— (B) (&5 3XHEIC
HESNTND., TOEICHTHEERBRER =R LT —DRIZ, %X THEMNT 5545
DR Z PR ER IR T

Oy i £ 31km
PR =X — (])

Loy (km) | BIXHE-HE2XMH | B2 — 53X [H]
19.8 294808.5 216685.5
23.0 295095.6 218399.0
26.0 295042.7 220613.7
29.0 295669.8 223426.2
32.4 296854.0 225754.9

5% (ye=0k + 1k XE)

LY F1XH 21X [H] 55 31X [H]
(279 1/ (29 1k (29 1R
19.8 319.19 -1.3427e-3 226.06 -1.0268e-3 -38.513 1.9420e-4
23.0 336.08 -1.3979e-3 229.58 -1.0370e-3 -45.428 2.2220e-4
26.0 373.54 -1.5204e-3 231.89 -1.0403e-3 -53.379 2.5277e-4
29.0 452.36 -1.7780e-3 233.86 -1.0390e-3 -59.769 2.7521e-4
32.4 549.23 -2.0954e-3 235.01 -1.0369e-3 -61.045 2.7450e-4
O %y Bl = £ 30km
REELE TR LF— (])
LY (km) | HIXE—H2XE | H2X M- 3K [H
174 283333.3 211726.4
20.0 283561.6 213123.4
23.0 285164.1 216131.1
26.0 283226.2 219472.0
28.9 286523.9 222567.1
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FEFE (ye=0R + 1R XE)

Loy 11X 2 X 23X [H]
(km) (0% 1% (0% 1% (/% 1%
17.4 305.27 | -1.3380e-3 | 237.27 | -1.0984e-3 | -31.144 | 1.6934e-4
20.0 307.69 | -1.3462e-3 | 237.31 | -1.0980e-3 | -44.616 | 2.2483e-4
23.0 380.37 | -1.5939¢-3 | 240.44 | -1.1032e-3 | -54.713 | 2.6242¢-4
26.0 389.26 | -1.6212e-3 | 243.88 | -1.1079e-3 | -59.325 | 2.7362e-4
28.9 531.97 | -2.1054e-3 | 244.30 | -1.1014e-3 | -59.168 | 2.6209¢-4
O 4yl £29km
BRIV — (])
Lo Y(km) | BIXHE—FE2XHE | H2XE -5 30X [H
14.7 300000.0 0.0
18.0 275441.6 209283.4
21.0 275384.3 212559.4
24.0 275853.6 215713.0
26.9 276850.9 218883.3
BEE (ye=0%k + 1k XE)
Loy X[ 21X H3IX[H]
(km) (0% 1% (0% 1% (/% 1%
14.7 251.93 | -1.1893e-3 | 251.93 |-1.1893e-3 | 251.93 | -1.1893e-3
18.0 361.91 | -1.5838e-3 | 248.07 | -1.1705e-3 | -45.699 | 2.3319¢-4
21.0 407.09 | -1.7420e-3 | 251.25 |-1.1761e-3 | -55.860 | 2.6872e-4
24.0 478.33 | -1.9907e-3 | 253.73 | -1.1765e-3 | -62.639 | 2.9012e-4
26.9 570.44 | -2.3125e-3 | 254.83 | -1.1725e-3 | -60.559 | 2.6840e-4
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O3 s £ 28km
REEE =R LF— ()
LY (km) | H1IXFH-H2XM | SH2X M- 31X [H
12.8 265940.3 0.0
16.0 268327.4 205706.7
18.0 268338.6 207374.8
21.0 265462.4 210294.3
24.3 267167.1 214712.2
fffE (ye=0%k + 1K XE)
[P F1X[HE 21X [H] 53X [H]
(km) o 1R 0K 1R 0K 1R
12.8 362.49 -1.6424e-3 253.88 -1.2340e-3 253.88 -1.2340e-3
16.0 432.12 -1.8977e-3 258.70 -1.2514e-3 -41.278 2.0688e-4
18.0 463.68 -2.0123e-3 261.46 -1.2587e-3 -52.941 2.5740e-4
21.0 457.41 -1.9860e-3 261.95 -1.2497e-3 -62.124 2.9135e-4
24.3 609.34 -2.5368e-3 267.66 -1.2579e-3 -63.729 2.8551e-4
Oy EE2 Tkm
REAERE LT — ()
LY (km) | H1IXFH—-H2XME | HB2X M- 31X [H
12.0 255359.1 0.0
14.0 255460.6 203708.4
16.0 255384.1 205217.9
18.0 255677.3 207310.6
20.5 252500.0 210893.9
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255 (ve=0W + 1IRXE + 21k X E2 + 31k X E3 + 47k X E4)
Loy 11X [H 52X ] 23X fH]
(km) 11/ 1 (/% 1R (/% 1K
12.0 383.24 | -1.7803e-3 | 266.26 | -1.3222e-3 | 266.26 | -1.3222e-3
14.0 400.77 | -1.8463e-3 | 269.31 | -1.3317e-3 | -32.374 | 1.4926e-4
16.0 42723 | -1.9458e-3 | 271.65 | -1.3366e-3 | -51.283 | 2.370le-4
18.0 467.51 | -2.0970e-3 | 276.11 | -1.3484e-3 | -57.571 | 2.6117e-4
24.3 *1 279.23 | -1.3459e-3 | -61.062 | 2.6767e-4
*1; AROZIA
(O BEIC) 2.4375eb, -2.8692,  1.1351e-5, -1.5441e-11, 1.3702e-18
O%rHErE FZ26km
FREEE LT — (])
Lov(km) | FIXKE—F2XME | H2XE—H3X [
11.8 245012.3 0.0
14.0 245101.6 202107.9
16.0 242000.0 204991.8
18.0 244500.0 207566.6
18.7 245000.0 207903.8
¥ (ye=0k + 1k XE + 2k X E2 + 37k X E3 + 47k X E4)
Ly F1XH 21X H F3XH
(km) (0% 1% (0% 1% (/% 1%
11.8 43420 | -2.0467e-3 | 285.11 | -1.4382e-3 | 285.11 | -1.4382e-3
14.0 450.79 | -2.1114e-3 | 286.67 | -1.4418e-3 | -46.420 | 2.0628e-4
16.0 *1 291.31 | -1.4491e-3 | -59.394 | 2.6172e-4
18.0 *2 295.03 | -1.4555e-3 | -58.074 | 2.4566e-4
18.7 *3 294.74 | -1.4538e-3 | -56.790 | 2.3703e-4
*1; 3ROZIEA (O BIAIZ)  1.3845e5, -1.6853,  6.8413e-6, -9.2668e-12
*2 ;AR DOZIA
(O BIEIC) 2.7307e5, -2.8968,  8.4355e-6, 1.6690e-12, -2.6171e-17
*3; AR DOZIR
(O BIEIZ) 1.1577e6, -1.6906el, 9.1603e-5, -2.1772e-10, 1.9080e-16

This document is provided by JAXA.



D-SEND#20 FE il 2 Ak RE (2 DU T 31

Appendix. B i FERNOE HHE
AEITIE, 2.4 #iTib~7z X51 Fh ORI FTIEIZOWTIRARD . B & & h, KAy,
HWEVEL, INLICE-oTHREEINAFHFEXE axXh+bXy +cXV=1%4t7%.
% ((FZHOD) BEIZOWTHER SR BPIEMRO S 2 2 EVERE I
[himin vy min Vmin]3H L [himax vy immax Vmax]: 95 &, DL TFOBEBRKE Y
VO, ZIZTNITEREROAK TH 5.

R min Y1 min Vi min 1
"}-‘1 LERN TH e /71 max a

I PN min YN min V:‘\'" min ¢

h;\" max  FN max I”N niax

Z & EPATH A& VT

oo R

E LTI RADREERD D Z L BHKRD.

Appendix. C EVTFHhinm « VI =2 b—a VORERREIIZOWTCL
BT HAE - Ialb—Tary (MCS) THELNDI vy a UI#E p X, AIREIO
RITIZHIET DD TH LD, BIEDOI v a VR p LIxR2 5. j(%(@ﬂiﬂl gy

AATEEL (MCS D7 —28) Ny NI REVE EICplEp D—EHERL D L
MENHAILTVD A, MCSIERHREAMNENTZD, Ny & EFSEE T 52 EBIFET

b7, T TRBHEEDE 2 FEINT, Ny %37 A—2 & LIESRAOEEKE O
EAS.

KEHEEIE p 3 5K [P, P, I A D HeE R 1—a (o 1 p BB A B 22\ ) LA

1272 £ IRET 25 ETH Y, [P, P, | HE KM LIRS, BRI 1-a =095 &
T 52 ENZ. MCS OFHREDRITRD N O —ETHESND 2D, p X IHy

HZHES . “HEAAOEEXH [P, B, JIxzE ik c2 L

This document is provided by JAXA.



32

FH ML LS B TR 2 B s JAXA-RR-16-003

. /15(1—15) . /15(1—15)
[P’P ]: P2y sP+Z,, } C.1
ey { N yes Nyes

THEABLRD. RC1ICBVTZ,, 1k B, FRZAZRORMERENRa/2 LR35 EXD

SRy NATH Y, BE MCS TfF 5 BEORITEEA 51 Z,, =1.960 & LTEU. 7=

72 LM ShR O EHE XM 2k 2 55121E, BHEOKIIRN FAMEER R OSMINZ H 5
ITZIEEN 22, N C2 TEREND AAEERE ZRDIVUT IV, Z 056 TR

RN LD LT EENDOT, Z, =1.645 & 720 WRIOEHXME L 0 b HEERE

T2 LN TED.

. p\l-p
Pll=p-Z, | ——=1 C.2
[P,.1] { | N(Mw

p =90, 95, 98%% a=0.05DFANEHIXH CTHET D/DICHELERD p &, Nyes 2N

FTA—=HZLLTEEDELDOEEC.LIZRT. 1000 [HO MCS 12X v, ZHHIELEIE 90%LL |
R TEX AIRIL, 91.5% &7 5.

#C1 HEOHARDE (p) 2HETIDICKELRDEMCS DI v a VRHED

p 90% 95% 98%
Nucs
500 92.0% 96.4% 98.8%
1000 91.5% 96.1% 98.7%
3000 90.9% 95.7% 98.4%
5000 90.7% 95.5% 98.3%
10000 90.5% 95.4% 98.3%
235 3Lk

C.1) JuHER, E2 7 WAL D VAT AOKEHIEHE, T MR R BT 7T
B, JAXA-RR-07-005, 2007
C.2) HURKFHEBFIMMGET LR, TR T REFAM), TR, 1991
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