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Abstract: Based on the analysis of the MEO (Medium Earth Orbit) orbit for navigation satellites,
a design method of MEO lunching direct injection with upper stage is proposed, and orbital dy-
namic equation and iterative calculations model are built. For sending more payloads into orbit,
the key factors that affect launching capability are analyzed, and the objective optimization model
based on adaptive genetic algorithm is established for optimizing launching trajectory. A numerical
simulation proves the validity of the design method and optimization method. The result shows

that the optimization method is favorable for increasing launching capability.
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Tab. 1 Main characteristics of upper stage
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Tab. 2 Main initial orbit parameters of upper stage

BB S K Bl
T 5 B /km 200
T AR/ km 20 000

fifh /() 55
HL A/ O 0

4.2 FEUHESER

AR 4. 1 BUE PR SBEE HIR 14
BRI E B, —WesE g — kAR s
Mo R HARE N 22 150 km, TR ABLE KA
28 378.14 km, JFJE L &S MEO #if %1t
BRI EESHNER S PR, gRER,. &
A TR H S R RAYEA 22 000 km 75
S5TRLIA M AR A R BGE . TR AR AR M,
oAb e A BT o 45 SR R O I Rl S AT 1A, R
iR A A TR TS AU R BR DL M .

)3 ItEHLZIEHEHHNMEONERETENESH
Tab.3 Main orbit parameters of upper stage and

satellite after MEO injection

MBS HH
BUIE 2Rl km 28 378. 14

BHUIE R O % 1x10°7

i fh /() 55.0

4.3 BEEERUER

BWCEMALTH B R 60, B REEIE AL
H 50, BN 0.8, BREO0.1, 2% LiRWIHIT
BEE, WE b A A R G A5 I 0 G b R
W Ha, WBUE LR 18 000~21 000 km, FXt K
fli % CZ-3B iz 4% k &7 iz 2 fig J1 6 [l 5 800 ~
5575 kg, f£ Ha, WBUETEEN, B K §iis 26
JI/NERINFF A LA B bR — kAR
HUEARPUIE T S R E Ha, B9 BUE TS ) 22 000 ~
22 200 km; ¥E BT A HUEB E R S AL T



48 FRL AR AR 2020 4F 11 A
YEHE 7 5 10 R i e 400 A i E) T, 8 HRO(EL Y [l —10°~10°, wfE#Ef 50 )5 %4 S5 Ak
200~ 450 s, X L 0D M @, BUME S Bl 2 firR, HARIE N EASE B A 3 FiR .
x 10* x 10*
2.1 W 2.216
L] *
=205} 221482
= *
= ;i* Eo212ly
LT B %
= I 22105
B * = i
‘,],':])1-95 il m
g -t @2208—*-**
& L9 i 02206 Bhiiins
R B
1.85 W 220445
* i*i‘ *
18607510 15 20 25 30 35 40 45 30 220205710 15 20 25 30 35 40 45 50
P biix AW
10r= 450 T e
¥ : PR N : e i
S-ﬁ ok 5** e fo - *y i
H * *
< o 400%%@%%@@%“3%*
¥
S [l L
i 2%‘% = 350 et S o
- = ¥
R} Y o g%oo ***Hk:ﬁ*; :i ok o
&L Bl
= ¥k ek
» 25075
-8
_jol 200
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

AL

AL

B2 #USOREHESHTALTER

Fig. 2 Schematic of population variable parameters after fifty generations of evolution
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maneuver phase before and after optimization
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