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NEEREBEREFTHREEFSH—HIENLAK. BRREFPIERVTUREMEE
%, BHTREXNHEEZNREE, REEFLFHEFIEL4RNERS IR T
EXMHBEORTHRIBRHFONEAZS, HPABERSBPMRANZ. EBRAARR
HEEBEFME L REZRFRE ATHRXRHEFHMNIHEONE®, SIREI%
XM EHEOESHE, SAoMAEXERERE, SRBRLANRAED. £TEN
AMART, —MEFEE B LEANNREEH — KT, BEEY—HIE
REEBEANGRANBREIYHRS. HUFHEIEERRAANNMKS, HEEHE
BHERFaMERNTE. FURREENRAFANAAEENEL. AXEZERIDEH
MEBFE, £DEZEMMAEXZAMIHABLIEOBREEHHBLT, TRTIEER
KRS E N EE, H45H—1 12 FEK Wallker B B R S HLR.

2 DERSEILATRE

RAREFHAREZ BT RZEEASSN, FFUAHHE D RZBE KRN AR
ERFZEFERKNRZ. WE 1 .

BEAMHEOFE, WNHEMES  FUTREH

(1) EXMITHEBERHREHE L >4, siXHRITHGER L > 180° —4, MAHEHAR
1.

(2)FL=iHL=180°—i, MEFE-INRHEN. & L <igf L <180° -1, N4F
ERNMAHED.
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launching window
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DEETRAAHERAE2 M3 RBAHETRSIERT AFE S K F Kk A
(Ha). BEXKHSHERMBEIE, WARENPTE KHSIEMMBOKMABA

EZE5TEMBREAN ©, WO KEMERN T TERE T AR 2K FH K &E A
a' =90° — 9,

H, = arcsin[sind sin §4 + cos § cos §4 cos(ag — a)]. (1)
A, it s REKRL o TH 2,4,6 X5

a = 2+ arcsin(tand cots) (FH#L),
a = 2+ 180° — arcsin({tandcot i) (R&EH).
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Fig.2 Geometric relationship of Fig.3 Derivation of the sun-high angle

the sun-high angle
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Fig.4 Geometric relationship in the shadow of the earth

B CIEN r — R, XAFEERE L, B HELTBOKA

RsZRe), 9 = w—arcsin (¥)+arcsin (Rs — Re

. [(Re .
1 = m—arcsin { — ) —arcsin
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K, Re HMBRPHEE, Rs HAMER, A XA FHER.
HPEMAREMBOKA v < HIEBELFRER, v <v <, HEELFEEY
K va<y HIEELTEER.
EMDECER, TLHEH ¢ 5 ¢, HATES H O &4XHE LEHXMT
WEAE, Bt WSK, ESUHEREDEHHBENE.

5 PUEHBMARA AR

LEHAH, —BMRERIGEROEANE BEBASEENESIE AXR
HTBEREBRFRFEEBHE-EREBHE.

BLEMNENEHBAGRETGECOERN, Y TR LAHLRTAL
—BRMAE XMEHEOTS, BEXE —£AMAERERYGENE. R GHE
MBRAVERZAYE, ARFE, WEEOMHIEREACHE, ERESTEDS
PE, HAEBRNEROAAN S ERTFERILAMERR, EX—NE LETER
BEHA-NEEHBIE. ENHNE EOSHRER (6 — 6+ 2k7)/(Wine — wige). B
AF, ¢ RESHBRMMLA (BRBMLEBBE N MIE) o HWBHALAH, k HXL
MEHFY, wn BEBBONEAEE, we RAROAEAEE. Bif L ST
wigt RUBESHEBRTHINE, o BT 180° — o . RLFFHIN B4 S0 N LES
B YE L1 AT .
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6 MRS HREEEAR

AMAEFHBERETRWELR ERITREERNOMFRE, —BREFER
—BLEANMBREARD —ENMHRKY, BEEY B ITEMEREANG ARG
BEAKRE. BN RTRAMYEEKADTFERE, BAXNTARNKSEE, =EKTF
ERBAR. fl, REEHKIBILE, TURAEE-IHETL, BL45HE
E3MHEELEH—NMEE 1 BE, 5—0EE 2 BE. HEZEARYERZEE
HARR, TROASHTABES. §—HEGMN—IFEE, ENOEZHERR.
el ARETEENBRENRE, NAESHEREE BN ERERSIEPEENRE
RIFH R BT, RO IR T BT 8ot 0 B2 e o J00 B 3 S0 0 o 1 X, 76 1% K UMb IR R b 2 S W
R, BHESMUN S BEEPERE, B B AT R B AT IR, XA R B
HEHENEFAR, EHCEANNIRMABRNTFEEAATBRRER MR AXURS K
) % 1 0 B3 K B 5 1) BR O 48 bR B 5L R A R 4

J = min { Zn: max{Coverage Gap}}. (3)
=1

HERHATEN, R 1 BILE, ZIEWRBETE-ITHARZENHER L,
HARMTRAS - RE LM AREARCEFHER—) ATREEIENHBARLARK, B
WA RA——#ROTE, HHERE - TRER THERMES R, A M4
BPNREASARORMNE. BIIENFEIRHTRORHT X, URTREHEM
B A4

7 RETSEH

THE UGB R A 800km, i A 45°, B 12 B2, %54 12/3/2 () Wallker
BERES AR, Xitit B4k R K K5 .

FRAU LR AMIEPOERESEEF RO AR, ZER K5 O FZHEm
HS HEEZNBEEFETUEH, XENZHBEASE. BPEBATZARS, Y#
ADENPEAA. DRSNS N A S MF.

Bi& (1) TEIEHEXHIEEN 600km (EANE, REEBIEEN 800kn
KESHIE, ANBRFZTENMEMN Q) PEASEHNERMNALTIERRE, M
MAI LB E DELENES). BUM4E 1 FELAHE, GUNERVEEL, THEHL
BE—MZHMNE, EETHATIENFEAMABNTHSE 1 BEHKER. )1 FE
BHE, Tt BV ESAAN Mo, WESHSE 2 BEN, LEAKNWE, ¢t HhEE
RHEENFEAMA My, WHE 1 BEKFESMH

Mi_2 = Myo + na(ta — t1),
EXRB2PEAESYE LN ZHENHAMNXER
M, = My{_5 + 60°.
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Fig.5 Coding of satellites

XH, ABEAET Mo, t1. My fit; MAGKME, id EARERBER, it
HEE2BEXNBRNENEERZ], FfnE, $BNEEEREES. K, 1)
UE1BENSE, TARKIEERESREN, ERAPELTWEHAMLXE

Mz = M;_3 +120°, Mi_3 = Mo + (t3 — t1)ny,

My = My_q +90°, My = Ms +90° = My_s + 60° + 90°,
Mg = Mz +90° = My_g +120° +90°, My = My_q + 180°,

Mg = My +90° = My_g +180° + 60°, My = Mg +90° = M;_g + 180° + 120°,
My = My_10 + 270°, My, = Mg +90° = My_y; + 60° + 270°,

My = Mg +90° = M;_15 + 120° + 270°,
M ERFIEEOLMEZ G N, F-FENPESA (1=1,2,--).

BERHAHNTEETAKHEAXT 30°, EEAMNFRHEAXRKX, HETF—K#
ABERZBERTIEAYK 1/3. ISHEGARN —BIE, tHEHER, RIE
APLTE Omin, AEKRRETAAHEEAIMERAGETHRE, FWE, WEIAH
RZ, EAME, NRET-IMRANZ, ASIMERGREEMENE Ri5, HEHE
HERRORENE, BRAKRRZ], DR & R E F B HLa X B ) B 2070 5 f ).

UTFAHERERRSHAR, HhBERReEiElRNZNZE, T2MPETLHR
EERTLEWE, BREUNNEMENZKFERARREERENE TR IMIE
XU, TLEBAMCRERAEE, LUK TERMIEH.

VPHELSE 1 BEENRME. 1999-01-01-000000, 5L fr K& & Ff 6.  1999-01-01-
001539,

BEWMMASE: 1999-01-02-001539, FiE S f: 1.047198rad. BER A ELZH R
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®1 BEERANMERH

IPE&S 2 4 6 8 10 12
2 K 5wt A 02-01-000000 04-01-000000 06-01-000000 08-01-000000 10-01-000000 12-01-000000
3R R 3 ) 02-01-061723 04-01-182447 06-02-062020 08-04-181157 10-06-060334 12-07-175908
B S B M e ) 02-02-061723 04-02-182447 06-03-062020 08-05-181157 10-07-060334 12-08-175908
FiE A A (rad) 1.047198 1.047198 1.047198 1.047198 1.047198 1.047198
Boax 61.022724  61.022724  61.022724  61.022724  61.022724  61.022724
HENE (m/s)

B=BARX 60.529979  60.529979  60.529979  60.529979  60.529979  60.529979
HENE (m/s)

AAEME (m/s) 121.552704 121.552704 121.552704 121.552704 121.552704 121.552704
DEEBI2FIY 1 1 1 1 1 1

WA KB 02-03-124221 04-02-193102 06-03-230922 08-06-045607 10-08-141905 12-09-021909
St/ - 38 02-03-133154 04-02-202034 06-03-235854 08-06-054540 10-08-150838 12-09-030841
%M (s) 109498.9077 3975.263585 60542.04755 38650.89892 116131.8252 30001.34604
PUEHEB LR (s) 112471.4353 6947.791205 63514.57518 41623.42654 119104.3528 32973.87366
PHEEBHLFNY 2 2 2 2 2 2

E—-RAKHH 02-04-223841 04-04-052722 06-05-090542 08-07-145227 10-10-001525 12-10-121529
BoXKAKNR 02-04-232814 04-04-061654 06-05-095514 08-07-154200 10-10-010458 12-10-130501
SRR (s/) 231678.9469 126155.3028 182722.0868 160830.9381 238311.8644 152181.3851
VHEB LI (s) 234651.4745 129127.8304 185694.6144 163803.4658 241284.3921 155153.9129
JUHEBH ST 3 3 3 3 3 3

B— KA K3 02-06-083501 04-05-152342 06-06-190202 08-09-004847 10-11-101145 12-11-221149
B A KRS 02-06-092434 04-05-161314 06-06-195134 08-09-013820 10-11-110118 12-11-230121

HHEME (s) 353858.9861 248335.342 304902.126 283010.9774 360491.9037 274361.4245
REHBEE (s) 356831.5137 251307.8696 307874.6536 285983.505 363464.4313 277333.9521
REHBHRFIIH 4 4 4 4 4 4

F—WAKER 02-07-183122 04-07-012002 06-08-045822 08-10-104508 10-12-200805 12-13-080809
B kR 02-07-192054 04-07-020934 06-08-054754 08-10-113440 10-12-205738 12-13-085741

Lt5utE (s) 476039.025 370515.3812 427082.1652 405191.0166 482671.9429 396541.4637
PUBHBERTE (s) 479011.5529 373487.9089 430054.6928 408163.5442 485644.4705 399513.9913
PHEBHNSFNE 5 5 5 5 5 5

E—WAKK R 02-09-042742 04-08-111622 06-09-145442 08-11-204128 10-14-060425 12-14-180429
B RAKE R 02-09-051714 04-08-120554 06-09-154414 08-11-213100 10-14-065358 12-14-185402
SHem (s) 598219.0645 492695.4205 549262.2044 527371.0558 604851.9821 518721.5029
NUAKBRIE (s) 601191.5922 495667.9481 552234.7321 530343.5834 607824.5097 521694.0305
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B 800km, i1 45°, BE 12 R, £HFFN 12/3/2 i) Wallker B, &&A KRS 1
BILE, — %R 1L2BENRISESFAGTHTTRAFOREHRE. HESRER
M1999F 1 A1 BREE—FED 1999 4 12 H 14 H 18.54.02 if 12 FE LA M K
.

FESL BRI E B R SRR, BN % R E KA RS ME E R &N ARER. FLk
EEWMBE DER B RN, &L — P RARBR.
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RESEARCH OF LAUNCHING WINDOW OF
SATELLITE CONSTELLATION

XU Min CHENG Fengzhou CHEN Shilu

(College of Astronautics, Northwestern Polytechnical University, Xi’an 710072)
Abstract

Launching plan of satellite constellation is a problem to decide proper time that
launch satellites on the ground into demanded orbit place. Under request satisfied
phase among satellites and launching a satellite restricted conditions, launching
window is discussed for the Wallker-12 satellite constellation at 800km highness
and an inclined orbit at 45°. The results may be of reference value to research
launching satellite constellation.

Key words Satellite constellation, Launching plan, Launching window



