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Fig. 4 Schematic diagram of probe position half year after Mars flyby
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Fig. 5 Cost schematic diagram of energy and time of emergency orbit

S ]

control strategy for Mars flyby

Hrp: OreEME RN BT, BINIE
W BTk dlSh, BT aA, AMEFE; QR
A AR BRI, 7R TRE R E, B
MMEZE . A EBEE X REREMAL . BRI, REE
B TEARA 4T o 3 75 TH T R SR it
32 HEEH

K KRS, B REHLEL, PRI IR KR
T4, KITETEPUE KIS H T, ik, A
FELERPH R AT BN I s TS A

FE5> BT HERE I, AR BEER I A8 0 5 4 ¢, HEE AT
PR BT 500 m/s. AT KIS,
KIS AE . WE AT RS N E, M T T B
RS HLAARFR I HLIS Z1 )5 14 he
3.3 BEEMILIREE

N BLRE R, E e T ELIE B AR I
o KEILFHW G, WNHEKET T, 5K
BRI E6eHTR.

¥ B /42km

R R R R i
I [ /4
Bl 6 I kAR IAT 5 BRI 28 ToHLEN AT E) 5 R B B
Fig. 6 Distance between probe and Mars with Mars capture not executed
MK AT TS5 R KEMMEXN KR, 1
H K A br 22 R Al LB AR, 7 frR . Hod,
PR 345 e ik Aor B O PR B K R iz b, IS 542km, B
Klorh 25 = fE AL

H: O @, @ @FFRILFIT
K7 PRI CBJCOR R 7R H KR AL bR & T LS 1L
Fig. 7 Sun-Mars rotating coordinate system orbit of probe after Mars flyby

67 R B M el 71, 203345108, R
e KR B (KESHeRE, HilEsH



214 WA R Ch3E30)

20224F

SHED o BRIRIN G T R KRR ER,
MAFEFFR S KB WP R ATiES, AT
DU I IR S LS, FEARIE KBRS G kKRB N T
KEFR 2l KR

LA20334F 10 5 B (3 K s v B B TR i b
PRI K 1) 50 vy B A R 28 AL sl s ol PR R VB L B, R
THLEN AT P F . AL TR NI E . IR
HUE (GREE & TR SR, N
1~500 , MAHBE NS EERE ERDN. 28 ERT
Mo, BRZE BB B 1 B AT LA FE 100 m/sBANY .

RIS A ROy O R EEEEE, Tk
S5 AT e 44 Ji R SR W St 48 P A i BT il R A EN
TR 5% (Entry, Descent and Landing, EDL) ;
@kl AT K (Kik12a) , 7 EHEHRN
BRAIBAT MR S )
3.4 EHEMLICIRRR

BT KRR SS A G, RINES 5 KR B AL B
PP, SR RAT 2, W I WL B B A AL 2,
s FHR B R TR, 1T KR 3 AR TT
PUG 4 Wb 78 TP R, it 174 hia b e I H .
L IR PR 25 L 22 S VR U 2B s K R S, 1
() I8 A 42 | il 4 P 2 )5 S dpe il — ORI KA B . PR,
I K KR4 hJE R IR B AR S H AT —RliE
K BT TAR B R R AT K By i BE A 22 K o 45
JEHE KR .

K8 Ik R4 hb e 2 AR Ul o B R B
Fig. 8 Schematic diagram of probe position half year after the 4-hours
supplementary control for Mars flyby

IR UE AT LSRRI 2% T 202345 00 BT 5 0k
BRI, LB,

4 o 78 4% il A7 B vHE AR BT K I 30 S 03 2K T
FE, HASHEFERELAI 250 m/s. 5 )5 500 5 ) 42
FRE 0L R A A R 3 B 20330 m/s, TSR EL KRR
3R, (HAT DASEELE KAl 10 5 km 4 3R K R U 3

2SR WS TR A

D ARA: K sTiadEh], RATE AR (4
2a) ;

2) B ATHIHEREREREZ, FIRGEELEEAN
R B K UIE,  TCVESEEEDL.

3.5 BEERTEMRN TP IRER

e B R T 2 % 25 B0 s 1) AR 0 R S SR R 3R
HAT CLSEBUAR B4 4) 5 5eib . 25 A7 R AR fa], AT
DA FE T H SR o B0 R ) — 5 ok R ) TRE Y
5, S5 A 6T IR RN AR TR KR SR IS E AR TE
s, 124Ff5 kS KEAZ TR AL BISE6sEm]
DAE S e s B (AR 47 r SR 2 BT R DR BT . BT
I, ABAR A5 T RE B TR AR 3 b SR T R 20T o

D BI6E N HLE)

TERATO4E, FRIAS 5 K R FE B8 R R 34z i 3
FE M EA R ST ALSY, ) B R A8 328 15 K R
PN EIR . BTN, B2 ARRE
BRI B, N U A AN O 1 AR
B, FRANREE KA @ )5 K1 AT Se i 5 KR
—B R ST, T B SRR e S B
BB L K R B B IR S .

W2 IR AR s I TE Bk K B S AT 64T L K
AT oI B R, PRI A8 5 KRR, BT TR YR AH RE
M, IS BOR AR R e AR, HREER
LS FA b, A S nkm/s B A DA

KM RN ERIZ T ZEAEEENRETE.

2) H6~12 FHL3h

1EJG6%FE, Z54 6 E7Hh IR & itk k2 5 1L
T8 ARG, BRINES R R KRR DL B, 5k
BPRBEIF AN o B IOAHAL 25, ATAT I AR SRS
H oV A SIS, B S A S it A1 3 338 R 88 H o0 B
AR, S I PR PRI A8 Se H 8 SEBLR AR, R3]k
SR FIE EERIEE M RCR, I B 23 2 PRI 28 (1)L
K25k,

SR, R SRS A7 AE DL R

(D FEHORT, WALFAT B PUE PR 48 55
WA RSB 5 R, REENEK;

(2) FEULH B STt aE P2 4, SRR DA TE
WK ARG H0E FRAT6F DL . ME3.3 T IR
TN, TR A CA R . R34 R
AR A SR, R RER ARSI — Bk, (HRkE
FBIAM, SACMIIEL km/skEA, RERETTTHI N HE
g

15 R AN AR T3 5%, 5% Rl



ER ] R ORI 57T KGR S SR BT T 215
A& G R TT % ANHIWFFE .

R 2 G e I TR A (1 S 23 A AN LB s AR
RIFR

®1 AN SIIERIEELR
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Design Method of Emergency Orbit Control Strategy for Tianwen-1’s Mars Flyby

LIANG Weiguang"’, ZHANG Yu"’, ZHANG Yao"’

(1. Beijing Aerospace Control Center, Beijing 100094, China;
2. Key Laboratory of Science and Technology on Aerospace Flight Dynamics, Beijing 100094, China)

Abstract: Orbit control strategy was designed for emergency condition of Mars flyby after non-implementation of approach
braking. By analyzing acceleration effect of gravity boost during Mars flyby and long-term evolution of the orbit after the flyby, the
strategy design was determined from two dimensions of orbital control energy and waiting time. On this basis, several strategies
were designed under the branches of energy optimization, time optimization and energy time cost compromise. Advantages and
disadvantages of each strategy were quantitatively compared after theoretical analysis and simulation verification. It is concluded that
energy optimization and time optimization can be the first choices. The designed emergency strategy guaranteed successful approach
braking implementation under control in the first Mars exploration missions of China. Research methods and conclusions can provide
technical support and quantitative reference for flight control decisions and emergency control, and can be extended to other
planetary exploration missions with similar background.

Keywords: Tianwen-1; Mars flyby; gravitational boosting; emergency orbit control strategy; energy optimization; time
optimization

Highlights:

e The effect and influence of gravity boost on Mars flyby are analyzed.

e The strategy of using energy and time as dimensions for Mars flyby emergency orbit control is designed.

e The paper effectively evaluates emergency strategy oriented to engineering objectives.
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