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Abstract

This paper globally optimized the 4-D flight trajectories between the Mars and the Earth by using a
combined optimization algorithm. The optimization algorithm is comprised of static parameters
and dynamic control laws. The optimal program of the 4-D flight trajectory between the Mars and
the Earth is obtained by a great deal of flight numerical simulation. The numerical simulation re-
sults show that this combined optimization algorithm is very useful regarding on global and inte-
grative optimization of both flight trajectory and all design parameters.
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Table 1. The position (km) and velocity (km/sec) of detector from Earth
2l IRMEEMHBER % B4 & (km) A0 B (km/sec)

HIERAL B Xe HuBRAT . ye BRI H e RATERALE X RATEALE Y AT E 2
—1.09412e+008 9.92901e+007 2181.96 —1.09419e+008 9.92968e+007 2182.11
MHBER TRAT A AT L ER K A7 E D9 10000km

;{;’% WORRGERE Vex  MOBRERE Ve, MOBRERE Ve,  WAFREEV,  WAEREREV,  UTHRERV,

HhERIT) —20.4946 —22.1373 —0.000456997 ~19.3653 -21.8152 0.246573

AT RN IO BRI A [ AV, AV, ,, AV, , |=[112928,0.322028,0.24703] km/sec , AV, =12 km/sec

Table 2. The position (km) and velocity (km/sec) of detector when arriving Mars
22, RNEREE) K ERHYALE (km)FNIE B (km/sec)

KEGExy  KEGHy | KEMEn  GTBEEx  GFBNEy  UrEGE:
1.62913e+008 —1.27827e+008 —6.6804e+006 1.62915e+008 —1.27823e+008 —6.68074e+006

e AT R SR 0 Y 4485k

;gﬁ KR Vi KRB Vi KEHIE Ve UTREE Y,  GTEEEV, TRV,

J(Eﬂﬂ') 15.8272 21.1749 0.0548612 13.9376 19.5553 —0.182022

TRAT AR K R BB AV, = 2.5 km/sec

Table 3. The position (km) and velocity (km/sec) of detector from Mars
723, IWMEEM K E & B9 E (km) FOERE (km/sec)

KEGHE 0 R yu KEBE 2 UTREEx  UTERREy  UTREE
—1.93794e+008 —1.36973e+008 1.89077e+006 —1.93803e+008 —1.36978e+008 1.89084e+006

MK RAT SARGS K R AL Dy 9994.24km

gﬁﬁi SRR Ve OB Ve JORHERE Ve GTEEREV,  GTEMEREV,  GTRMREV,

J(Eliﬁ) 14.9461 -17.671 -0.737414 16.0251 —17.1862 —0.483896

AT RAR KR BN [ AV, AV, AV, , |=[1.079,0.484768,0.253518] km/sec , AV, =12097 km/sec

Table 4. The position (km) and velocity (km/sec) of detector when arriving Earth
F24. RMEFIEZ HOEKET RO E (km) FRE BE (km/sec)

HOBRDLE Xe HERELE ye HhBRAT B ze CAT AL E X KATHRALE y KATENLE 2
1.4991e+008 —1.08206e+007 -3118.31 1.49915e+008 ~1.08168e+007 —4048.64
MK B AT RS LR 67 B Dy 6491km
%B(%Jﬁ HhEREFE Vex HhIREFE Vey HhIROEFE Vez TRAT AR Vy TRATRVEEE V, TRATREEE V,
HOERHT) 1.65432 29.6116 —0.000127902 -3.19834 31.2142 0.312943

TRAT A AR HUERFE DY AV, =512 km)/sec
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Trajectories of flight vehicle, the Earth and the Mars

v : 25 3 B

Figure 1. The optimal flight trajectory from Mars to earth
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Figure 2. The velocity changes with time at starting
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Optimal control Ux
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Figure 3. Change of control volume with time
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Figure 4. The change of mass with flight time
[ 4. FRERETRERZEL

4.3. (hEGERSH:

(1) H i EER AT R3]
SRAEIR AT ALy
t, = 235.340+ 220.906 = 456.246 (X




ST A A KRR

Trajectories of flight vehicle, the Earth and the Mars
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Figure 5. The optimal flight trajectory of detector from Mars to

the earth
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Vehicle Vx -t in J2000 coordinate system
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Figure 6. The changes of the velocity with time when returning
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Optimal control Ux
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Figure 7. Change of control volume with time when returning

700
680
660

% 8. FREMERETL

Figure 8. Quality change with time

=)

HFEE

5|

‘ﬂé
YN

@)



ST H A AL K B R IBE AL

M 4 TP 8 WTRAE BRI SRR AT S5 AR AE 1 850 kg, Hrp G fd Bk WAL KR A
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