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Radio Guidance Concept. Part II.
By

Hisashi Isuitani, Yasuko Basa and Yukio MaEepa

Abstract: It is well known that application of feedback optimization technique,
a technique for detecting disturbances suffered so far and then optimizing the sub-
sequent control strategy, is most effective to improve the accuracy of the orbit in
launching a satellite. In this paper, a radio guidance concept for 3 stage launching
rocket with a thrust vector controlled second stage motor and an injection controlled
final motor is discussed as an example of real time feedback optimization.

As to a guidance method concerning the final motor, its concept and algorithm
have been already shown in ref. 1, and the radio guidance program was applied to
1.4SC-2 launching experiment. Therefore, the discussion is mainly focused on the
guidance scheme for controlling the second stage motor to compensate disturbances
caused by the uncontrolled first stage motor in an optimum way considering the
succeeding correction for the final motor. Though this is a simple example of
two step dynamic optimization problem, the precise calculation for the first step of
optimization (guidance to the second stage motor) becomes very complex because of
the following step of optimization, results of which are necessary to optimize the
first step. In this case, a time interval for computation is not long enough to
obtain the completely optimum guidance law, for the long time interval between
burn out of the first motor and ignition of the second motor cannot be allowed
because of the demand for effective use of rocket energy. However, as the
disturbance suffered in the first stage flight is not enlarged for the same reason, a
linear perturbation method developed at the nominal trajectory is applicable and
the criterion function of this step is approximated by a quadratic function in terms
of attainable trajectory parameters of the second stage flight. This function ap-
proximately represents the performance index for the first step optimization on the
condition that the next step optimization is executed.

With these approximations, the computation becomes very simple and a nearly
optimum solution for this step can be obtained immediately. In addition, all hard-
wares or radio guidance systems shown in ref. 1, are also available for this case.

The adaptability of the method for practical experiments and the validity of
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" assumptions are assured by the numerical examples applied to some typical flight data.
The accuracy of trajectory estimation of the first stage flight that is most significant
for the method is investigated, and the results of last few experiments show that

the estimation from ten seconds data will give enough accuracy for this object.
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LTHRIK, Sz arav¥F—3E7135DT, v,

wo X AEE, SKDOL S K EEE

RrLU, s, Xo ZHEZ oKD

HIAER &N Z 5.
PDEos%2ERT 5 &, J(X)=J(y)

Z, hv iCBET 3 ZRIEATEDLT 1o

ik, g O, THhmeE OC &—

SHBLLEDBETHSB.

#ikR, (7)) &L, .
5 6 X ELEHEIC X 2 RE A

D

V= Y-y Qy—go)  (18)

RV, Q OF#iAE OC ~—HIHTHL &, (14) OMEZEHE, OC LRIFERT S
Y, FlLEEOHMEICL-T, BONOFHAHIMIT 22 &ictsh, kD, Rk, L
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842 R R T HAET RS OB FELE

DEERZE W5 79 SRS AS A 3k 5

(14) 12, RIKHICE, (5) TRENBBEELER L, 51, XA(X) »b y ~OE
BmOEMIGEUZ NN Z C Eicdnid, uwlw) O HNE(ICELTELNS ¥y T EOHES
ERICIE S, &2T/ IFVEDOTHL D TEBTNE, = 0REEEI,

i
muwzémnhﬁ& QY 5x,

0Xsln 0Xr
ik, Xr OZRER &8 5.

2.4 HIEAHOER .

HIMATE LTI, —fBici3, SHEICBT M2 bv (3HEE) BEZ 5N 205
BfEar v OBAICE, HSOHHEZHIMRTRES O T, = OHEES I 2 80D A H3H1
ARETH 5. Licdio>T, CORMBERIRTOEIE~N bov du(t) ot L, %OBM: AR
BO XS ICEBHIC L BB HTERTELINZEE, BREKTHICE T 2HEMEED 2
REFMZB/AMEUT ZRIEICRE T 2. COBE4A, HmDE >z Optimum Feedback Control
MEBICEHE SN, EERSOHBERE 0X(¢) K LT, #E Feedback #if

du(t)=—K(£)0X(t) (19)
kb, BEANINEZ 5N E. itk Feedback Optimization %4575 5 & & ICfh?s
SRS, BIRD X S IR DR OEHEY:, BXLC, TVC EHBROAILDODIENT
EAEZERETNE, TVC BRARIORMERZNIC, PIkOBRMEHMAIEZRD T, chizEd s
FHEFE L. Z0HARF, BEKEUT, REK Steering (72 MEER) 2RI &
LTBICRDONE C LI 208, ZORBIEERETEIEMICKkDIZ W &, B X
U, EEEEE T2 EDRERC &, 20 &5 MITEEEICH: S SR EEE
DEBICHEOS 22 &5, FEIIRTREICHE . ERMEE LT, TVC REBEOKE
MK &L, bang-bang HIMIATT - T3 &, BRHHO 720 DREHE &1L steering TH
DEFET, KM THHBEEZTI. Lichi-T, HEATZBROEKDAAZED
I T, MR LKRBREOAIGEMEINS. 4, ZVREBRZKES R,

T1=XT3, T2=u
THEDbOIN B/, FHHEK
J:Y@wbux@aﬁJm”»

to
BT BHMAT u(l) 2R B &, ult)=const. HFEIE. Lichi-"T, HBRDX
SIFHE, TRbL, HIHMANBRECRESRICEABIA, L bkinfEs BEICE
SHBEEVHENO b & T, HEBOEIHFERS (EHSCHLT) ZRESRICGEMUT
&, AJ; (Pitch, Yaw ZH M) oI h2oiE, —EOA 74y Mok 3 ATEE
BiT-oTh, BLASKRBIRETENEZET 2 Lk s. CNSHIRD BFILLEIC—
SEDA 7y MEMAZ EWS Point Control ZfTHHEH LML > THD, T NITIEEEP
Hardware Z2BLLESICOMAEDINSD LA, ¢ O XS Byt flml 2 & nid,
1EEDATIRIE, RORMMmELEZ T, O Feedback %175 & L 5H[BETH 5.
FRICEKERIZ, THhE COBBRENRRKE VY, PIMORERME TOBREINMBE
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DERAEIBZDT, MBI E > BOBELBRLZNCHUEET 2 EBE T L. (T
2L BRI, #EmEET 4 — FoNy 2l 50D, AERBDEL - TH L OHMBRRADR
W) TDOEIBHELEFLOMEAZEELT (Fu /5 LDfER, Memory, Operation),
BKEIE X OHIEEER OB L T~ 20, AEEELMAZCEEEX 5. THD
b5,

uo(t):uo(to):i-a(t—to) % nominal AJ1+9 3 &,

1) du(t) itk b, ut)=uot)+dudto) t&[to, t1]
2) du(t)) ik, w(t)=u(t)+duo(to)+duty) t&[ty, tr]

D2EDEEICED, X(tr) OBRBEIMERZEDETE. ChPYEDT 4 —FNy 71352
BEOLDELTH>T, KAEMICRMAEERT 3 ¢ & 73 Bk~ O RN IETDH
3.

2.5 HUEEEICEREDHSZBE

FEIT LD, HEEBIER, t KBD3HEEE, I XE)ICXID—BIUCEE S, T
(2, H BRI X 2BHHERCESCHEREERAVS LIS, CnRBRMETICHET
AEFIEROL I TEBEEZ ONS Filter OERETHLIH5, fHICESEEENRTN
1, COFERICHED, FHIEAETO 5B, EE, 0z(t) OHEICEEND BHEAIKC,
J OHitEE EJ) 28N AEMAIERD B L, dx(t) OHEMEISEMBEIC—EHT IEA,
2% 0, RREHEERTHLN, TOHERENEMEEHFTHINE, E(J)=nmin. &7 5]
WRAIREB KD O, ROKDICRINS.
bx(te) DHEsEAE, G(to) (FHE n EHATOT

ba(to)=0a(te)—n Ficiz Ox(te)=02(te)+n (20)
ETB. KL,
mda(ia))=0 7=0 W=R X{REF3. (21)
CO&ER, FHEEORY ICZOHREMEE min. LT3 EiKBD,
J 52 E(J |§2)=min. (22)
C MBFHE LSS,

T D=0fa(t), N=Own £F3&, (10) L&D

(21) kv NC=0)

J=(Av+D+NYQ(Av+D+N)
Lizdio T ' . Je=J=Jo+ NiQN=J+n'[0'QDn (23)
czic Jo BBEDIKBVEAD (5) XD PX(t) 2 D EEZI:HDIMIIES I,
ZDEAIC PQO=S EBL &

n'Sn=3n;Sijn;=3, Ri;Si;=% R;jiSi;=tr(RS) (24)
tJ z,J 5,7

ThHaHhDH

Je=Jo+tr(RS) v (25)
L5 -T, 2D Control law LEBIRTH S Lick D, HFHANRZEZ LS TH XA,
#l# @ Performance DEFHEIIETTAHZEERLTNS. ﬁ%, HIBEE M O R E AT D
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reHITE, BEZLINNSLLT I EBNBETH B, Filter Hik, T TlccDc &3
ERLTOA20TL2], HEAREREIC N4 RETIRMBIBD. EEOT7 4 VA RS
3, FRNCEE SN TORVRETPEIME ST ONE O AL SR O BEEIE 2 AT /v
H % &BHTL. Optimal Filter (ZFFTEFHME LNBAICIE, ZOESTEHE sk
518, COEIBBETRBTUSERBLELBVEALS 3. $ic, FHICA S 12445
Db BT LEBET S L, HEELROERE HEESE) REMAE MY, Gkl
IRONIKKES. SHICEATHAM T OWETEE & THET 281657 4 V2 2 HEER
LTh, BHEOTF— 2 TRZNEBEFDEHRIB O, EBMEELTE, ok
DIBBAETS, FBELITY CEWBE (D Ld, ERETHOIRVBAICHTEN
WREDOR) LHBINZEOIE, YR, FIMEBEDESZETS cEMNEE LI, AN
DHWENBNMATETHNE, OIS BBEA/ICR, &L EENDIEOBE 4 EkEEE
EHEMF LT, CNICHLTEDNOEENRELYTH 20IRHEHKZ D, 4DBAIE
%@®%%wmm®f,chﬁ%%mmﬁbnmwmﬁmémm.74»5?@%E%ﬁ%
AHELTOE0DT, PRVELERAATEZONREEAHEL, CrucHisd 25RO 5
HERAALTETII, cn%%$6 BEROFEEIHESINS.
=A4AX 0X=4X—-4X odu=du—AdX
Thhid
0XoX'=P & l71:&& Odudu‘'=APA'=
THZbohb.
P 3BEOT—L2ICKOFETETH LM, HEEELICHETLIETH->T, MASH
Rocket O#EERERTIE, 10sec [HhIC, BB X ZHBERHEED 1/20 PITF &0 3 $EEEE T
5. LItioT, CORRDPOHEONG Pu ich, du 8 +ARk& i3 BEs Sl LT
K. TOXSBHEFIOFERICH LT, BEREH (FRBELRETOMN MFbh
N3, TNR74 2% )Ly PTBEDT, start B 295 7 C EFEETH 2. T OEIE
B du(t) 3, ANEOBRHEEZTHLET 2 00 RIERL o OBBFID» SFHE SN, KR
EUTERTACENTETH B.
ZDHAI
AX(2)=X(2)— Xa(2)
3, B EEIcBPEAML, 4X(2) DR ¢ iICBF 2835 4X(4) 17
. AX(tr)=D(t, tr)4X(2)
Dt tr) B L4, 60 ] ~OBBIITHE, tr—t BHSEH, AT bt iy,
O=E & LT\, |
L7edi=>T, 4X(¢) itk du(t) #RKH3 &
Au(t)=A4X(t)=AD'4X(¢;)= AAX(¢,)

EBY, INDBEORRICBOTHEINZFMBEIZEA T, cBAR—FETH 3
B, dX DHEBREDHIEIERT B, Lichi-T, s ¢ DD ORI & LTE
RTHCEICKD,

(1) FHNC du 2z Eicdky, 2@ du @ order DEMMITH T 2 HIFD 2D
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x5 5.
(2) du OEICED, ZORE/REEHTLCENTE, BEHoE U THKBTE
L1355, |
DA, Xa(¢) 12, Nominal HE%EETNIT LA, Memory & ANFEROBMDZER
Bl Xn(t) AERRTCEIC ¢ 13 3 kR

Xn( )—Xn(tr)"r‘a(t—tr)"“b(t—tr>2 (26)
2
CERILT, Xaltr) a="n | b=20% 0 6x3 ROBLEM 5. ok, Free Flight
ir r

iRz AL ¢ KBT 2 ZRATEDLINZEBIHY, Kb Air Drag A0
hEDBTHBDD, COFEMICE > THETEERER, du i LTHa/MSL, BEATS
3. '

26 g EH M@

pregehic, BEMERESZRIELT, ZOKAMMORHMEEREHENAT S, FROX
51T, BEEEO—BOWRENTETHZ. COEAVRERETEULT, RLHRICK
ofikﬁ@—ﬁ% BOT, AEMCRAECRALT B/ 5 LTEL, BREFFIPREEBRTIOK
ENBRBZKEITHS. vy y M BHETOH
BAREEREA & — 2 O 4, Thrust Curve

#
CED &S BEERE USTRENSS B, 7

BEE—2DB#ME LT, RETIHERNX "
CFEMIC—HTB. Licdi-T, BREERIO
BEDEA LRI, BIC epock BZ i %

EW T, HEREE X(¢:) & nominal JREE
Xo(t:) LDEEHERE 4X:(2) LT, U

% DEEAFTS &, Thrust Curve DI L . i
i%ﬁﬁ%%%?ﬁﬂﬂ'@f@ﬂi?%%%&iﬁé. . 7 R o
co¥ia, &Y O Thrust HFEED HAE (4s oFnE 4t OFNTREATE)
ISV, Bl LI, TnFETOE

EZDFERE > 72 Thrust dHDRENDH LT LITRD, 1@1}375)7,_,% by, £C
T, COMBEABRT B0, thrust curve DPFNZHMANICHEIER] ¢ DRE 4t L&
AT, BEREEDBEES, BIIKC, MBOIREDE:E X KAETECLAELS.

Fibb, X(23)=Xa(t) + 2250

dt+4X

ti, Xo
cZic, 4X, 4t (7@0351%%1%%&) L, #HEHERBOFEDOATH-T, dX 2 RETE
BODT, BEETIEFNERERACT, BE2ENS7d 5. 2% 0,

0.Xo
0t

X—-Xo=4=4X+—~ At

DEHT, _
' 4X R AX+4t-R, 't =min.
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L5 AX, 4t BRD B LI E, 72120, R=4AX-AX', Ri=4¢ L1:hi-T, 57 5
VY DREFEHK 2 AR,

J:%(AX‘R“AX—}-AI:-R;“-At)+2t<A—AX—a£° Az):min.
0
RAX—2=0
R\t — 1t65Y° 0
0Xo| ,,_
4X + 5 OAt_A
a _ P-1 - aAYO
sbhb, A=RL.4AX R, w(a >R14X
D AR AR
A,L(EJr Lol R (aZ>R ) 4
dt=R,. (55“) R1.AX

BRI, 4t TFNBIBOBAR, 4t=0,4X=4; 4t DFNBE OO TKRENE X, 0=00,
R71=0 LTI L. ERICIZ, 2OMO@EMEEELS.
(F) RM=0 oA

a5 e (e ] (5 s
ax=(e- (g oo ()] (2 o)

ERICRHETIDOEE (F113 4t DEE) I, du DEEIZBERT DT,

Adu=A4X

ElEX

. X, _ B

A—AX+~6- dt+ (2 DMOERIC X 2383%)
BNT
MEomE  ou=A.0X0 ar a1, 4.0%| g

ot 0t |o

LB, EDDTUNINBDEEZTEN. EE ¢t TBNT, 4X DFILH - 7218
A,

(AX—Cdu)'Q Y (4X—Cdu)=min.
bbb, CtQ—l(AX—CAu):O Au:(ctQ—IC)*l.CtQ—ldX
EBDT, du =(C'Q™'C)~ IC’Q—l Ntms
EH-TLES.

2.7 BERZEOHELELE
B2ERO TVC B, RBFEHE->THEINZ DT, FHIMEEENTH/NZ L, ik
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CRE>TRL & 5 FhIT, ZOHEHED SAICHAREDBELMET 2 C ENTETH
%-%%Khﬂsﬂﬁ7vFK£WT,%%&%~5®%E(~&K@%E%ﬁ)&6m&
DHBEEDOEND, EKBEoy v bOHERFMAEMD, RBHMELEDFMHEEZT-> TV 5
D, TNDMBBILEICHT AE—OHEETH B, EBROMRL & 5 Tlk, HMOBREZLD
5T, AT ULERBEOHERE LN, BB CHT 2HpR drift &, RAO
FRICHADCLRARETHS. i, RREOITH L3, AHEWRERKNZHETD
D, BREEEERIRBEEOBEICKE (RETEDT, TUBNCEEREDEERE
ThhiZ, ChAERBETZCEICED, 2OHESRLZO L ENTE 5. D EOREER
% (317b B, Gyro drift) |, HBEHEED7DD 7 4 WA ICHAS, BRHET L &b
WEETHED, AYIA4 VHEELTHELSERRILL, TVC &THRICERIICHEETHET
SNEB+ATHY, HEOLBOVESETHS. FZODICKRELERIT TVC FEITK
BEREDEEETLENEL, BTV AE) —BYRERCRENIZ, rl T LEEHE
DOEIRBLET4H 5. DTz DEANILEZ K EFBERERT.
Aty KB AEEIRE Xo=X(z0) A, Preset HE wo i, FEEER Ju 2N
ZCHEIm L7z & %, Gyro drift (offset error) du, 2SEETEEEZ D
Begl tr KB BRE Xr 3,

=X(tr)=Ff(Xo, u)
TELEELEOE LT, du,du;, 3+5/h2 N,

X&zﬂX@u®+§£‘Mu+Auﬂ
uio

LEb¥ 2. Xo Bk, nominal trajectory 25 4Xo WIFNTNWEDT, kX%
X=Xl to) @ibb’éﬁﬁvﬁ?‘n 2

X =1 X ) \ AXo—l— j tu+F of l du, @27)

EFDEE. br 1Y% nominal WA Xn, 0 L BER GUCTHEDRE) THY,

AXo, du 3FHEFEITHF C(}&ﬁén“a\éipb, X, gakEnid @) 2HOT du, XK
WA ERFHRETH . ERRITZ, Gyro DiE# du, Of, Total thrust OFEZEEHE U ST
Hednb o, 27)

| e oo
AX}EX}—<Xﬁ lAXk+a )

E150, AXr ZR->T AT, du, 2 RETHMEEE 5. AT, duy (LT, ZDEED
BEEZM-TONE, chid (28) OFHDL LT,

J=A4T* Ry~ AT + du,' Ry dug=>min. (29)
ETABRN2ERENEATE S, KL, ReL R Bezhzeh, 4T, du, @@%@f&ﬁﬁ
HTh5.

BRI & FRRERE 4 2ANT
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848 BRI Bom ma s

J/:J+2t(AXf—%‘XT£ AT—aXf, Aug>=>mm (30)
DRBEMFZRDNLT LN D, ((29) BORERTHFIEMAICHMI S L)
_ 0X ! :
rdT -0 2 =0 (31-1)
R, Au g-i’:a‘it =0 (31-2) (31)
0X 0X
anAT“'“’a L du,=4X; (31-3)
LiedinT, duy BehEDEBIC
_ p 0X(0X 0Xr 0Xrp, 0X,\7 !
duy=R,X [(67, Ry 67.) (au R )] AX(ts) (32
THAZoNS., Thid 6xX6 TR0 FIAFHET 2 IRk ONDED, AT754 Y

THRHTZ207T, FAHEORBEE TV, Hic <a&) (aa",ff) 0 41bb, AT DRk

X7 vk, du DREE~ I Y 7 AHE xé*ih , (82) F7213 (81-3) HhHEBIC

i ~19.X
PHBNE,
—RC, du, I3HE L ERT BREEFEDL, ATuﬁﬁf@@ﬂs@%%ﬁa@v,%@
0 0
#o Xr 0wk L U wmgmos<, mEmICR 83) SLTEO. (2) $103
g >

(33) EREMICLT, 4T 3R B T LINT& 528, %éﬁiﬂﬁlicic@‘f%%&&i%%&if;m. <
DAt
1) AXo OHEFEEE (du @ 1/50° fHY, 43ZHMHE)
2) X(tr) o »  (HERHZEY- < @ N, ROMERZD)
3) linear approx. (27) d#3% (i Check AJHE)
ENH BN, REKDBREDEESH > THiud, (29) XEkU (28) Ric, T hEDHEERE
ZE&Y, AROFEICK-T, du, 7&?&]&:?’56 EINTIRETH 5.
331 M E O &
D & & K
BEER O vy b OEMEREBERICE T 2 EHHERNRIRRNTEZ NS,

X1:X2
Xz:f(Xl, u,T):-—%_é_pIUIZ.CD.S/m..‘:j_!_,_T.n (34)
T2rZ L,
X =(X,Y,2Z), XZ:(X’ Y’ Z)’
0 EIEE

Cp: ZESIEHAE _
S ady MO
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3

:uly FPOHE

T: #Hc & 2 NEE. MEREHRICILEIONS.

v: HER & DA, o ZHRBESE S TRE

v=((X+0Y), (Y —-wX),Z)
n: BHRICEBGRalry FORBNI by, Dy 4 uRICBIBEEBE~I b (D
) IC—EEOTHEIT TRONS.

u: EoFruss=icky, u=uta(t—ty) THREH ET 5.
it/ I FVEEOFEREL, / IFVE Xa HOLDEE 0X Do TR, bt
HINE L, MEEUFTREE THE,

5 X1=0X;
- of of of
OX o= —r ) — 0 e N 35
Xz X Xn,u, T X1+8u Xn,u, T u+aT Xn,u, T ( )

ERDLENS.
Ltz oT t=to iICBT2 X1, Xe ©/ 3 FNVENSDEE, KU u, T OBREICKVET
B t=t; KBIFBZENEND/ IFVEIDDEEZ, (35) OREI LI to Ipo tr &
THALTELNS. CO&E, du, 0T ZBEICELT—ELT 5. T, 0X K20 T
FRIHEE

SO O O
OO OO O
QOO OO
oo»—aoo?
HOOODOO

? 14 ’ ?

LBINT, FRERICOVT (35) OB 1EABIIZ, EHRNL VREBBRTNONKE 3.

2) EEMIORE .

M3C—1 BMOMBEFRHBEIC L 27— 220 #EL LT (34) &, €D/ IFw
EEANT (35) 2HACLICHAT 5. COLE b=ty (Be SUKBR) LU, MBER
% 65 #RI & Lotz 5. AT, tr=65sec KB ZEIHEMRERT .

O BEEMCDONT

(35) 1, At 0X, RO ou KON THREATHTHS LS INED b LIT@ENBR

Thdh, EBTCCORESBRINZNE > nIZ, E#E Perturbation Zni7,
X(t0)=Xn(t0)+0X(t0), u=us+ou

LT (34) RMROIEERE, (35) ERALTEONS BRETAIOMKRE LR L TR
AT EMTE B, T, Perturbation & LT,

0X(20)=1.0, 2.0km

06X (2)=0.01, 0.02km

du(pitch)=0. 01, 0.02rad.
EBZ, ThENDF —RICo0T (34) OEBHBRAME, tr=65sec TD 0X(tr)=
X(tr)—Xa(ts) K3, th &, REFEICLS 0X(¢r) OHEBESE L RICRT. 0X(2),
3X(to) DB ICHTHREICDOTIR, EHLORELBEALHRICEINL, BWEE

?
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850 BT T e TR ok H4E
L FE K E Bl B
0 X{(to) dz(ts) ‘ dy(ts) E dz(tr) ; 04 (ty) % 0y(ts) i 02 (ts)
da=1km @ 1005 0.004 |  0.005 |  0.0001 0.00008 |  0.0001
p ® | 0.990 —QommS] —~0.004 | —0.0003 0.0 —0. 0001
pz=2km @ 201 0.008 | 0.010 i 0. 0003 0.00016 |  0.0003
09=0.01km/s | ® | 0.0 0.6485 | 0.0 0.0 0.00996 | 0.0
P ® | —0.0001 0.6488 | —0.00006 | 0.0 |  0.00996 | 0.0
39=0.02km/s | ©® | 0.0 1.2977 0.0 | 0.0 0.01992 | 0.0
96,=0.01rad. | @ | 0.260 | —0.3801 0.1580 |  0.00962 | —0.01257 |  0.0058
p @ 0.262 | —0.3789 0. 1589 i 0.00966 | —0.01253 |  0.0059
96,=0.02rad. | ® |  0.518 | —0.7632 % 0.314 |  0.0191 | -0.02527 |  0.0116
| |
© EHHERNIC L AR
@ RBREMEIL?®
tr=65sec.

ﬂ/JLck REEBITY O TARATTREE WA

CF 1, 0w DT, MHORERE

(K lI2h 74

) EBL L&, Al TiE,

|b2| =0. 511

£ bz, b;=90. 001°
oy FllpEE R THEE LT
L TRER

FEL <, L.@El’ﬁ@j\ér @O du Tt LT, 5X B2 RTREL 12D,
ﬁﬁé@ﬂ‘d@@ T (1) LS REHHURETEZONE D5
@ ZIRBESZRDEM

_of of of

L%dé<%)@gg@m§%lan,BA< o

EYES A:(E!O ! 1) &15%. B=(by, by, bs) 1ICDWWTIE, |b1]=0.55x107%
0 0

%1072, |bs|=1.0 ©, &~X7 Fid /b1, b2=90.02°, /b1, b3=289. 95°,
Y, BRERXTL. BRICREYyF s/ s<icky,
BNDT, ur & T IKDOWTRERICERZRTRIEOD, DEddEd w,u
AR DODT, ﬂ%ﬂF%%%ENﬁ,26@:&%%%K%%T%6.bkﬁafﬁﬁ®

$2.5 OEAFHEHTRETH
@ BE~NZ PvOBERNW
ROEENZ PVICONTHEDBELEAZTNE.

_0X(¢r) _0X(2y) 0X(¢y)
T ow , YT w , BT T
_0X(ts) _0X(tr) _0X(tr)
bi="F, " b=, b="%7

LB L,
lai} =48. 72km/rad, |a:|=48.12km/rad, |as|=2104.1km/kg
La1a;=89.99°, aias;=88.24°, /aas=89.99°
{61 =1.68km/s/rad, |b:|=1.65km/s/rad, |bs|=64.61km/s/kg
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/bib;=89.99°, /bib;=88.78°, 05 05 -
/ byb;=89. 99° : s
LD, fNs bvOBERESRER Vﬁ °
5. chicky, dw omEfE 0T 8 | ¢ *
DREE~R7 FIVRERRT BDT, HED T_~< ol TS 0 t (sec?
%Y, Gyro DEERIMATETHE. 3 | & %X/ 80
37, WHEHBOBAKR, T #F . | °
T B39 bbHEIHRICEEND 25
AieHLTd, LEABEDATHEN
BT B 7HDOFIEATIETH 3. -05%-05
3.2 Nominal #3380 =REHL %8 M B/ #ikick s Nominal HiEDHE
(2-6) (cik~Fe X 5, OX(tr) ERD B

%1% ® Nominal #E Xa(¢) 12, Xa
DERTLC ED tITET 5 2IRKXTHEMT 5.

ZcT, M3C—1 2 0 HETFHEEO Bu B T i
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