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Guidance of Last-stage Rocket and Sensitivity Anal-
ysis Program in the Deep Space Missions

By

Toshimitsu NISHIMURA

Abstract: The MS-T 5 and Planet-A are the first interplanetary
missions for Japan, and will be launched in 1985 in order to encounter
Halley’s comet in March, 1986.

Since both sattelites are launched by direct ascent scheme, skip-
ping a flight along a parking orbit, the guidance of the last-stage
rocket becomes one of the most crucial strategies to be established for
these missions.

In Part 1 of this report, an algorithm is derived that provides the
optimal guidance for an impulsive correction to achieve a given exit
velocity vector from the Earth and a software package called EHTOP
implementing this algorithm is described.

In Part 2, a sensitivity analysis is performed for both rocket and
interplanetary phases. Namely, the sensitivity of the exit velocity
vector elements is obtained with respect to those of the impulsive
control vector as well as to those of the initial eliptic orbit (free-flight
orbit after the second-stage burn-out) in the first part.

Then the sensitivity of the encounter coordinates with Halley’s
comet is derived with respect to the elements of the exit velocity vector
from the Earth.

Finally these two sensitivities are combined in order to observe the
effects of such impulsive correction carried out by the last -stage
motor on the encounter coomdinates.

These sensitivity analyses are incorporated in another software
package called SAP.

This document is provided by JAXA.



LA BRI S

I. ¥ L A &

kD EEMOIT LR, TATCHERAEMETH Y, oy v MREEOHIEI
AR 3 AE OIS S & USRS S HEE b e s JE, b LK
%ﬁwlxwﬁ—ﬁﬁﬂf%ﬂﬁ,%ﬁ@ﬂ%%&b#if%@x%wﬁ—%%ﬂ?éb
DTHo70 LHLESEDTS 2y b-AFHETE, 13U THERENBE BTS¢, Kb
EEEE IO, MS-T5 TR 1 E¥#% 772y b-ATIE8 BB — L A E R L EE
XPBLDOTHD, XSICEEOEFHERE TR, —~EHELHRAROMNIE (/¥—F
L) IO®, Xy A 3y 7 ERE o CETEPUEICKE S £ 545, FElE Direct
Ascent 38 & Vs o TERKEEENC & > CEBHIEROMCL & & 2 O T, HiBkO Bz % £l
LT, BUIamEEY 4 I 7RI LD, REEFREL LD,

- CEARHSESEO B Y LTk, — L A EEFORETEMRE R/MET 5, b
2D SN ELCATEOMBICERET 2 L Lo I ENEZHNLM, DD
13 S S O HUERE I, ABEHBOREICIOVT, PEOKERD 2TV, =2
by, TV LEOEAEC X o TRERIEN 2 PV EFET S 2L, LEEL D,
CHd, 2EREEERTE, BB oo EEET, #EE TS L, FHEHARER
(ACOS-700) DBESF IS v-> T HFHFHHEIRNETDH %,

z -, HERENE - KBEIEY S T, RREHIEO B LT, IRk
B L EHE L THIERE O A 2EEL T, THEERT S LD CHIE~y PL &G
B2 Er Ui, ZOBABENEORE L L Tid ZOBEARY b EHIEROHE Y
MLDARIR Y bk, FIEER bLe LT, KBESCET 2 JAREE LT, $UE
ko, IEBENCIEEROBEZER TE S L) Vb 5 patched conic #o A
ThH b,

2y, WIREGE L LCEZ S N5 2 BREREROMBMILER, RtREEER (158H
HKE-X -0 7 ) =y F R E X i T2 HLLREERR (Geocentric Equatorial,
Local) TiREEZ 2 5 a4, K707 7 A3 ABEAODEE L O¥EME L5 ET, I0x
Hb e BESEHAE X e+ 20 HEEEZESR (Geocentric Eclipic, TOD-True of
Date) =Z5# L, EREBIH~ARZ B XUZIUCET 220 ONEMEE L TT, BED
FERERTITH 2 & &T b,

¥ 1 ERIE T AT UTC (RBER &35, &5 ICARHE QBT T3 RRBHIEI 1
@@4ywaﬂ@%ﬁ%Lfméﬁ,%@mu%%%vhaA%@T@&4%@§%@
B2 ThILD, LizhioTID7as I ATEDSNBHENT b, BIUA /LA
ﬁkﬁ%%%@@3A&®%@&7bwﬁ;@ﬁkﬁ%mﬁﬁﬁéfnfaAu,ﬂﬁm
Fanb,

This document is provided by JAXA.



1984 43 A BFEEHI v Y3 B2 07 v b RS E SR 3

II. FHEES LUHIEBR
1. wHAghE
2 BRHBRBER THRO BHRITHOMBHIE 7, 13 58I1R <72 X 5 I FATHLLIRE R R
THZ N5,
L= [dL, er, i1., QL, (UL]T ( 1 )
BATIR
[bn, ,rad, rad, rad]”®
Thb, EBO70 77 ADAHNNTHABR TN TEIERENA TV S,
2. HEBRHEE~NZ bV
HIE O BAE & 72 BHIERBLHE R 7 bV ve (MU B EEAZER-TOD THEHZ 5415, ROH
EX7 MNVTHD,
Vo= [V, @, B,]" (2)
[km/sec, rad, rad]”
Voo IXHIEIR ORI REE I BT t—0 E LIOEETH D, a, B ITETHRO LECE
R EOFABE L MATH 3,
3. HIENZ Mo BIROBTHESNS
ve=[ve, Ye, 8c, Bo]" (3)
ZZTocld, 34BOHENC L2 EETEZ A L/ OV AL IETH Y, T E]
EIRELD 720 7.5 km/sec BEEE XNANETIEH 508, EBRCHIETEZ2E8TE L
Ve o i3 A >V A FUKEEOBIE OYIFHEGETE D BEUL A (true-anomaly) TH %,
Ye, Oc BHIHAN 7 MVHRERTH, yo 3O L DHEHEA 2B IEROERE 7 X7 b
VE DB IR bVORETHD,

flight path angle=-"—y.

2
DR D 5,

T2 013 7 RZPVEFIEN FLVICE o THESNAED, ¥IHEER:2TATS
D, 7OLA»sRTRIFEIAREERARAELTWS,

4. IR

PAEZE U 7-VTHR8E 7., G~ 2 bV 0. & HEBRHEE R ML 0. EOMICIE, &K
D & O IR T %,

Do=f(71, Tc) (4)

OB ficonTid, UTTHET %5, ZoBRCEANICE=2— 5
7Y CERBEALT 0. BL U 7. BEZ SN 0. (ZOR |7 ]=vc REEEH T
B5DT, 7e,0c 60) B ROZZEBBBTHD, 20128 EHTOP (Elliptic-Hyperbolic
Transter Orbit Program)hFE E L1z,

5. [EAEA

i) EFFRERLD, TOD FERADLEH

This document is provided by JAXA.



4 T BT R W S £195

COEMMIBLUAERTH L0, ZEAROEEEOATHD, RATITbILS,
Qie=2:+8¢ (5)

Q¢ 1F—EHFEHEEO TOD EoE AL V727 = FHAOBETH D, L 21k
BT B (X ) ICEE S N EEER (EHEER) BwTr ) =y FTans
Ao ARERETH S,

o 4 BHRIFE S L\,

i) TOD ##EH & » TOD #iE R~ DA
COEBMIBHEAAEEEE L THRERDL S EERAND e:=23.442° OREETH 5, #T
BEE A 7, & 31U,

ﬁo:[d(), Co, io, .Qo, (UO]T (6)
Ligans, 22T

ao=ai (7)
co=¢1 (8)
COS 10=C0S € COS 7.+sin € sin 77 cos L.

0<io<rm (9)
tan 9, = . Sil} 718In !21‘(;_ . (10)

—sin €£COS i1+cos €rsin 7,c08 L1
tanz = . :?‘in z-:f:sin L _ (11)
COS €£SIN 7, —Sin €£€0S ;€08 L1¢

Wo= WL —X (12)

THZz 505,

___—orbital plane

__—ecliptic plane

-
\equatorial plane

Xy

P01 Al kD WG R s DB (g =)
77

nm. & & & @
1. FEMEE 7, CBW TS S EILHBEA 0, Bz S, ZOHICB T 5 3HEN
7 NV v,
Vo= [v0, Y0, 00]” (13)

This document is provided by JAXA.



1984 £ 3 B FEFEI v a v ItBI207y R H SR

5
IR TEE %, 72720 8o 1ZRICHBN X S CHHEFR Y (FBH) $hlEIc: > T b
DT 8o=07ThH2,
_ bo ., _ .,
1+4eocos B0 bo=ao(1=¢3)

(14)
wob2- 1)

e MIBROE 1128 (km®/ sec?)

(15)
cos %Z%Z*(fo*)wsin Bo
0<£yo<snm (16)
2. HlEBEORE~Y bV
FHASE LD 0o i BW THEFIE 0. 21T o EREBSNZHEENY b Lo,
vi=[v1, 7, 61,]7
R TRk 5N B,
o =[v§+ v:i+2vovccos x ]2 (17)
COS X =CO0S 7oC0S Yc+SIn ¥o8in ¥:C0S ¢ (18)
cos 71=(0cc0S Ye+ 00C0S 70 )/ 01
0erdr (19)
tan &, = vosinv;osﬁinvi/;isrinrfccos Oc
—n<6 & (20)
IITnErAransfllofk o OAETHY

8113 [7, 0 ]D 7% THEEOYVIHAEET [, vol 2> 5l - 72 FEEH TEEI 7o, 0 DD
LRBETH B,

orbital plane
after control

-

initial orbital plane
M2 HIEE N7 R L ou,, B~ B v,
1ok ORI PR HE X7 b L v,

This document is provided by JAXA.



6 T R R FE R W B19%5

3. MEhRBEDOFTHE
FEROHEEIH O/ RE S 0 5 DHRYE 7,

ﬁlz[dl,el,il,g,wl]r (21)
D5 EFEIZ, FIFHiO 70, 7, ve BE O 0 ZPAOTROEATHEZI NS,
dlz}*ﬂﬁ a, <0 (22)
20— vl
3 2712
ex:[rﬁi@igﬂlﬁf] er>1 (23)
Ha
COS 1= C0S 70c08 81— Sin Zesin 810 G (24)
. éozﬁo‘\l“ Wo
0£n<r
~ sin 8:1sin o
tan £2,=- =
' gin 7oc0s 8,14 cos Zosin 8icos G
(25)
.Qx:.Qo+Q1 (26)
Lan 6, = sin 7osin &,
1 —~
COS Zosin &1+ sin Zecos 51cos Go
27)
o sin 27’1
tan 0,= —[cos 2+ 7/ (2a,— 7)) (28)
w1 — 51*(91 (29)

UEo#EERIZ T NTHER—TOD Tatdhas LT %,
4. BEHINZ b VORME
B 7, BEL DHIERBEHE N7 bV Ve
1;001 - [Um1, ah, ,Bl]T
DRDHSNBH T ZTHZED S NHRIERNOFIIRE TOHE ¢ ZBAT 5

orbital plane
after control

~initial orbital plane

coordinate plane

Xy

B3 WIRLE S gt OS5 BT 4

1

This document is provided by JAXA.



1984 £ 3 H EFEIvYarkBdsar

v Y

4 ARhERSLE 7, &k OBHSEIEN 7 F Lo

q1:7r—¢'1+a)1

ZIT i, PLELSHIRE COAETRATEZSN S,

tan 1 =(ei—1)"?
e db
Ver = (— pt/ @y )

_€0s ¢ sin £:+sin ¢: cos £, cos 7,

tan a1 =

sin 81 =sin ¢;sin 7;

5. Bu#{bF&

COS ¢1 cos £, —sin ¢, sin &2, cos 7,

v N R EE S A 7
—» X,
ecliptic plane
0< (/)1 < 71'/ 2 (30)
(31)
(32)
—n/2£B £/ 2 (33)

(4)XOBEKEFRIZ LD G~3N R L > TIRTHEINZ EBICIIFERTH 2
7t DRV ICEERTH 2 70 2WHAEER L LTHW 3,

ZORT vo=[ve, @, 8] B2 T 0. 5 KDBZRTH 205, ZOW |vel=vc REESH
TVRBEDTEYD 7e,0c, 00 DIBREFHEL L TRKDEZZLERE, ZOFEELT
E, THCE =2 - b e IV VENH B, THIBRD & S TR J

EED, IO ] ER/MET B L% 0t BRD B
1751 (3%3) TH %,

(34)
THb5, 2T W IIFMEDIEEREH

%

D] R0 CEoTRMBL, 2h%0 LB uLABROBERD S0, =2—
Ve 7Y ryERERTNE, ROFIEREES,

Ve(b+1)=0c(B)+ F 0= f(0c(£))]
_of

F= V¢

(3x3)

(35)

This document is provided by JAXA.



8 5| BE W JE AT O 5195

Z O F 381158 Rocket-phase 12 B W TRD 52 EEITH] Se O—ETH 5,
A R=0,1,2, LRV L
|V — vea( £)] £ S 0o (36)

LA ETET A, £BINEL A0 =N THY %,

COFFEFEROEMN 70 7 7 LA ST REREE TV HH, T I TIESSL O
PN —F > EFEL, UATOHELRAT,

FRERETHEZ 2 — P B EREINAROD LD BFETHL, CHRIE T W ve O 2 KB
BTl S N B354, Buh vt OMETIE

J=J(08)+ §< Do 0V B(pe— %)

(37)
YA LS, BATHEAKRMNICIE J DAY T UITHIENE, v \CBET B 2 IR T T H
D,

B=F"WF (38)
ZOW, vt IR TR LN D,

vE=0v(k)+B 'gs (39)

Ge=F W [0 ve(F)] (40)

BIRD X, BO#THARD S Z LI, ARENS HENTR G20, 200
PUFHN % Be & L CIROREARIC & T, EHERVN 0L 2RO BRTH 2,

kak::gk (41)
velb+1)=vc(k)+ 0upn (42)
Bra—Bet Ex (43)
kAO,]. Z ......

ST pe it 0ck) B, BUNEICE O BERAMAERT XY MATHD, onld J(velk)
Fobs) DS, RFTHR/NE R D LD ICEDLEBERER TH S, £/2 Euld B #8RT
5527 2D TH 5,

20 41~43) RO F1E1Z FACOM-SSL e B W TH 7L —F b E i, MINF1 &L
NTWBDOT, FLIEEEBRINT L,

IO TL—FrOFEICE T, BGHROBEIE T ALF—LRELNDOEHER, XX,
BRI RENMRETE S Lz, ORI OWLTIRIZK T,

6. HIHAZRMAEHOBEE

gz b bz k9w (4) RIFBOFEEBE LR > T DT, (35, 39) XD DELET
O WHIGEE 0.(0) ORI, e a Nl A2 ERK T 2 0 OICIFERELERERF D, £ 2T
HUEE O EEE S 153/ b D & E 2, BEEGD v. & o 2R T 2 WHRIE(a),
e1) L WIHREIE (a0, o, wo) &0 SMIED, FI—HEWNIZH 2 & LT, BIEME ve OFIENIC L -
TBELSTIZEICEZLDEE L2, #LTZOROFRIELO BT EBEA 0o H 5\ idr
PR TFRCL->TKRD B,

SOk FEER, SEBOBEIENTETH LA, 3RORBGEADORE L

This document is provided by JAXA.



1984 £ 3 A EFHIvyya sl suy vy b BKREFEES MR 9

LTKRDONDZEDBHIONTED, ¥ TICFHWORKREBEIH Y75 A C KR
NTV5, FIEHBROMEI RHIRTE TH 28, AERNICRS Z L3k < G T, flight
path angle DRLD 3 RARRDEE REHNTRD T3 8EKIBRETIE » D 3WHBRR
OfFEE L TRD %, HEAOFMILFERICEE T,

CDHEIBERINCIE, 3DDIRERAAREML D 245, ZOBETES (bo=1) XD
I Go<m TH2 LI HREFRAMICERZ L LT3,

r BEENE, (A-1D) Rk o>T 6D, (A-24) RICE 5Ty BRHD BN Sc=0 & L
TRIEIOBE LHEOHIME L L THET 2,

7z, SWABRADENFEELZWHEICE, HEITH52%D, =n, 7’<:=g,5c=0 =

PRI E L THW S,
7o HE O BENHFIE (a1, e)) DA a) 13,
ar=—plvé (44)
LT, Koondh, e iFEBRHWLEIRBLETH S, L LEBENIIEG2)RT i,
=0&EZTE:

.Q1+(1)1:..Qo+a)o (45)
EEZ2TC, AAELD
‘/)1:7T+Cl)o+.90—a/ (46)

BT, BOXEZHERALT, e, 2 RKDBZENTE 2L,

M, AEITIEN/:Z 2id, SETHE= 2 — bV EEOBERICE L T2 L WHHHEEE 2
SiEERLIZ b DTH > TRETCRE L i U BRI R DO B BT 2 b DTk
BRI EEREFALTESL,

V. B v & R
7o xy F-ABEDOIT T2 EHTOP 2@/ L7 1815 LT icsd,

T R 1985 4 8 H 14 H 0 ¥ 20 43+ (UTC)

?‘BE@EJL;‘E ar cL it 0 |14
(FRE% TOD) 3767.81*™ 0.75584 31,0804° 41.1892° —81.362°
e HH B a el i 2, N
(#:E% TOD) —45196.63*"1.4637 9.1045° 38.186° 70.1897°

HHE (FEARE)
ve="7.5365"""¢ y.=90", dc=0, 00=180°
L6=—30.265
B H~ 2 by
(#:E% TOD)
Ve=2.96973*™%  @=—101.255", B=—5.949"

2 TW R HEE I, FIEHYGEC B THIEE (EAHE) oRT iS5, E

This document is provided by JAXA.



10 F O R o 5 A W #1955
Aflﬁ 00 AT sec Te Ar. 0. Av,, A, Aﬂ
Q. 15° 176.1° | —116.85 | 88.81° | —10.62° | —8.59° Oms 0 0°
7.5 178.0 ~60. 14 89. 46 -5.5 —4.25 0 0 0
-7.5 181. 36 40.91 91.92 2.29 4.27 0 0 0
-15 182.90 87.06 | 93.36 5.53 8.67 0 0 0
i, 1.0° 179. 98 —0.605  89.94 0.01 2.80 0.011 0. 005 0.03
0.5 179.995 |  —0.154| 89.98 0 1.43 0.003 0 0. 004
-0.5 179.995 | —0.154| 89.98 0 ~1.43 0.003 0 0.004
-1.0 179. 98 —0.605 89.94 0 —2.80 0.012 —0.003 | ~0.03
w, 1.0° 179.58 -12.65 | 90.20 ~1.5 0 0 0 0
0.5 179.79 ~6.33 | 90.10 ~0.65 0 0 0 0
-0.5 180. 04 1,197 90.30 ~0.16 0 0 0 0
~1.0 180. 09 2.70 | 90.59 ~0.32 0 0 0 0
a, 100%™ 176.41 | —107.64 | 98.69 -19.6 0 0 0 0
50 177.45 ~76.61 96.16 | —13.99 0 0 0 0
30 178.02 ~59.53 | 94.77 ~8.88 0 0 0 0
—30 179.73 ~8.13 | 89.79 ~0.62 0 0.105 0.015 0. 002
=50 179.54 | —13.85 | 89.65 -1.05 0 0.177 0.045 | —0.005
—100 179.04 | —28.9 89. 24 - 2.01 0 0.366 0.221 | —0.025
e, 0.02 178.92 | —32.5 89. 08 ~2.91 0 0.485 0.336 | —0.041
0.01 179.49 | —15.36 | 89.58 ~1.26 0 0.235 0.071 | —0.009
—0.01 176.94 | —91.85 | 97.06 | —15.92 0 0 0 0
— =0.02 175.58 | —132.26 | 99.97 | —21.99 0 0 0 0
h, Loo™ 176.54 | ~103.78 | 98.23 | —18.55 0 0 0 0
50 177.56 -73.3 95.82 | —13.24 0 0 0 0
-50 179.62 | —11.44 | 89.70 ~0.89 0.97 0.157 0.034 | —0.004
-100 179.20 | —24.08 | 89.36 -1.89 0 0.322 0.153 1 -0.019
Va 0.2 174.13 | —174.83 | 103.17 | —28.41 0 0 0 0
0.1 175.99 | —120.12 | 99.25 | —20.6 0 0 0 0
-0.1 179.08 | —27.69 | 89.24 -2.3 0 0. 398 0.226 | -0.027
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