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On the extremum of the perigee height of a satellite orbit
By

Joji Hamasaki, Hisashi IsHiTANI and Yasuko TAMAKI

Abstract: At the launch of the satellite, it is desirable to put the satellite into an
earth orbit as far as possible, even if the attained orbit may be different from the
predetermined one because of the disturbance of the launch vehicles which cannot be
controlled now. In order to attain this purpose, it is necessary to maximize the
perigee height of the final orbit by controlling the ignition time and the direction of
the final motor on the condition that the suborbit of the preceeding vehicle and the
total impulse of the additional velocity obtained by the motor are given and estimated.

Though it is mathematically a mere extremum problem of the function of two
variables, position on the preceding suborbit and the launching direction of the final
motor, it seems that this problem is not analysed in the full range of the variables
due to the difficulties in the calculation containing the trigonometric function.

In this paper, this problem is analyzed for all conditions except when the final
orbit becomes circular one, and it is shown that the extremum of the perigee or
apogee height exists only in 'the so-called ‘Hohmann Transfer’ or in the condition
when the final orbit becomes linear one. These results are derived individually in &
each condition and some numerical example is computed, from which the validity of

results is assured.
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i a) FEEHLS
e C(72) (713) BEZDFTERUTADT, e<0 THbbEMATIE DO THATH 3.
ei>0 b bREMEIEHAICHENIE D>0 THRIEL 2. FIRSEERATEREIIC
T-C, ERBLEEHA LS5
Vs—Do<—Vs F1xbb Ds>2Vs
T NE ST, Vi+DusinB<0 THEHH ‘

, Fag=—2A21—e)?Dy Vs[14+V 1Fey/V1—e]<0 (78)
L120, (12) 55 Rmee<0 TROLEBARELS.

b) A

(75) (76) k1 es>0 Ti3, D<O0 TH,AEALITS.

es<0 THOLLERGHEISEMEAICIEE EXx, D>0 THRIEELIES. Fge i3 Dy DRKEX
KX bROBITIL .

1) Vs>D, 973D V3D, sin >0

Fge=—2A2V1+eDy Vi[(14ed)2—(1—es)?/V'1—€]>0 (79
L1320, (75) kb X>0 TH2h 5 Rmpp>0 $HOBENENLS.
! 1) Va<D, 3ib b ‘V3+Dusin3<0
L : Fge=—2A2D, Vi[(1+eq?+(1—e?V THeVI—e]<0 (80)
i THBD S, Rmep<0 THDBERENS.

PlEXp@Emsidsas s, Ssld, V<D, TN, Vi<D, TRALIE. $BE
DE4icid Hohman BTLACEBRIE L 5 VB T, ZORMEA Rn=0 BV THR/NE
BB EMNRING.

4.2.3 E=0, B=n/2

Y
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a) BETHIA
(712) BZDEERUT 5
| D= —D,%(1—e)es (81)
ENBDT, ea>0 THOLREMAMNEHA NS EE DO THALNLS.
<0 TROLLREMABSEHEICIE LT EITHDEIIV.
b) Rt
(75) rZzoFFRRILL,
D=D2eAd(1+ed(1—e)2es 2 [(1+es)®—(1—eq)'] (82)
LIEBAD5, >0 THOLERMANBEM A L 8ELE D>0 THRELNRS. TDEE
X<0 ¢ |
Fpe=2A2D, VsV T e (1432 —(1—e¥V1Fe]>0 (83)
» L1355, Rmpe<0 T13HOBHBAKENS.
o PILEX DS RER, BAREA LS.
4,24 E=0, B=—m/2
a) REHIA
(72) (81) kv, e>0 TRHLLEHAT DO L0 ERLNS.
<0 T3, D>0 CHMEED, X<0 o

Fga=—2A2D, Vs(1—e ) [1FV 1+e/V1te]<0 (84)
THE05, Rnpe>0 RO LEMATHRNEILS.
b) Kt _
82) X, ea>0 FHHLLEMAT D>0 LRROHEE LS. X0 T
Fpa=—2A2D, Vs[(1+e?F(1—es)*/V'1+e] <0 (85)

L12BD 5, Rupa>0 T10bBEBANERS.
<0 R bLEAMATIIER LS.

4.3 Rn=0 ICH133EH
Rn=0 itBWTiE (44) XDELBIK

3 X=1
%82, TH0BEA §3.2 ICRLBRIC Bl) MEIKRILTSDOT A)~(B0) kv
Rumpge=Ditgg/2=D,*(1—e cos E)?cos?g 87N
Rumer=Di2ps/2=D,%?sin? E sin® B . (88)
Rumeg=Di?eg/2=D,%e sin E sin B cos B(1 —e cos E) (89)
L1320, EEMIC
Rm?rp=RmeeRmgg (90)
Thabb D=0 HEKILT 5.
—7% (87) (88) £V Rmer>0, Rmpp>0 TH B2 5, ¢hé 90) XbEED 4E,
48 Tk U TIRD 2 RFER
Rumgs(AE)2+2Rmpg(4E+ 4B)+ Rmpgs( 48220 (91)
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BEEEMEEE. i B %#iliEd % E-8 @EOMMBRCH>T, Rn OFSIE
BER/ME Rn=0 2L 5 L%2RL, ROBKROBMEE BRSO, B/IMEEEZ 3T
EERLTNA.

42RVABDOHRLZT LD L, BEMAOHERRIBIURSITRINE. ik
E=0, 8=7/2 TRNIMBHELLOPTL, O & EEMARERAELEM, ik
RKEZBZNET—BEREDLIBO. LK LA ETORMSIEHSNEORM (led 1) TTED
T3, FAM3IDHASHICEK - BNMNIFLAEZDIIRA - B/NERBT LR
INT3. D>V OBAIGEHSEIKEBAN Z>BEbhss, C0BAR, Wohic
B=1/2 MERTHV, B=—7/2 IBKEITRE .

4.4 BHRLEE

4.4.1 =0

CoE, oMK Re BERISHBVOT, B DADEME LT Rnge 2HBTHIT
K. (Rmeg=Rmez=0 T D=0 135D T, Rn % E,B OB EAB L, HOEKD
BEELIIRSRERV). CoHiTE E=0,7 WFIbh—FDATRITHIET—BiEEL LD
Wro, BIOKEERNECLENTES.

a) B=x/2 '

D& EREMAREICTIAENLD, e>0 THB. Lizh-T, X<0 THby, (T4
o Fgg>0 THEME Rmes<0 TRHOLEBATHB.

b) B=~x/2

REMWATIE, ea>0 OB EMA LN EE, (712) (18) LDEKENS. i e>0

R O A
Vi< Ds Vs >D»
B A F 2N A
3z 3z Y x 3 /
1@ x| 1k & 1HE@
N . m=0 .
(B/h)
v X \7;
s y ) L
@) X il 5 OXC
BK , BA
0 £ E 0 K E 0 T E
. B3 R. OFER
# 1 R. OEfE
b3 H R i H A
/9. E T 0 T 0
/2 # A | = x | & x| & A
—r/2 ” & N = IN¥ ”

€ D>V TRIBALES. COEELARTTRA - BIEEDT.
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THOLEMAICLS & EE, (72) 8 ML T/MEZ & 5.

KA TIE, >0 THbbEME L & x (85) MRILLEB/NTHS. e<0 DB
Alciz, Va>D, Tz (79 » ok, Va<D, i3 (80)

4 e=1tEY ZEHEAEL

LOBRENLS.

PlEigens s, e=0 KL TER2OHEREBS.

4.4.2 e=1

E=0 i, EREOEAIZ0, S i3 BRRED
ZHBRAZIN TN S.
E=n i3, 42 0 BRz0T T RILTS. 772U
4.4.2 BT Va=0 TH o5 oA EHM R &S
2ExiT, BUBALNS. EHAOEIOKRTIIR 4ITR

Ihs.

% 2 e=0 1Tk} 3 Rn OEE

B o # & D.>1 = A

/2 i N L X
sinf=—1/D, o /N

-7 i N B K* | & N

* DIARBA - BNE1LB.

B rad)

2

rofeo

E(rad)
5 EHA—EDEEF
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A (rad)
2z

05 \07 \Lo\l.3

T
4

_ E (rad)
6 AHE—EDEER

|

|

o
INEE

5. & @E f

DEo¥ERE LT, e=0.6, D,=0.6 D4 O ERPEOEEHADENOKRFEK
5, 6lCRT. -

B E B i3EDICAN 2T OZABBELT Re k8207, BROBEBTHE—
B, F—32RROEBEEZIONS. Ru 25FHTRLTVWEDT, BEZHECH
TN, HAR X RioRsn . E=1 T, Vi=0.5<Dy Th2H>EHBESREDLA,
ZORPXF MU THBKERLZREEZRLTNS.

Axiz@f oy v b D Radio Guidance 17 R O ED—4 E LD TH Y, Radio
Guidance BRFZIWCE VO TERILID VAV ATIEHE W1V TH 2 HEERE, F%EZ, ®
OBh%iE A 2 UHBEEROL # ICEHOBAED LET. TAARERICE L THANIED
FHiE, EMEECEHTIRETHD. 1971485 4 31 B&HHEHE (T2

g2 & X #
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