§3% 52 W A EHRMNZFE R Vol.3  No.?2
2016 &£ 4 A Journal of Deep Space Exploration April 2016

K EBRMES RBIRTHREARERZ S

Perh, INEM, AR, B, T

bRz ) WAT SR B TH R, JE 5T 100094)

W OE:. KEHAN. THEEHEMEAR (entry, descentand landing, EDL) & kK EHFIRM B AFEIAT . KES5H
FRENIR EEFRARLG, BT KB KA MRS R SRR ZEN, HEBERKAHEN, X EEDLIET
W (AR RSB, XRGEMEREE R, BF RS . M LFRSTILA B BT e TAESS b, 03 T K EEDLA T [

I P I AN PRAR, S H T OB T R RIS B
KR KB Bl T5A0 ERER
FESES: Vil XHAFRIRTS: A
DOI: 10.15982/j.i55n.2095-7777.2016.02.004

XEHS: 2095-7777(2016)02-0121-08

SIAMN: Geki, NN, SRR, SE R RRNE S R T EORR AR T )], RS RI 4R, 2016,

3 (2) : 121-128.

Reference format: Rao W, Sun Z Z, Meng L Z, et al. Analysis and design for the Mars entry, descent and

landing mission [J]. Journal of Deep Space Exploration, 2016, 3 (2) : 121-128.

0 5| &

PR — N E R E E M E RS, K
B RR BRI R FERIATHY . 20184
AT G A FEDRE 58 iR A R 3R R & T 4™ 9%
‘BT, RERERENBESERER, &
A, ORI T R A R 55 B3R H AR

KERMBEE T . B BORMERE . R
Ko RAETR A LRE LAl F gt — 20 SRAl— B % O
TR, X FHESIBRE PR SR fedt R EBR K
e HA AN E S

AR K BAERGIRIAES, L BRI TAES
ARAE SRR, I R R A R AT REAT T ROR
AP SRS

1 EFRKEEERARD

&4 ik bR B3 743K BARIGE S, fE
KERE (ANEKEWATE) HRFMES15K; %
8 TR LTy, 1RRMG: BTIR 6 I 5k I,
VIRER o T B2 R 1R, 201643 A & 4111
“ExoMars” #RM #% IE7E 75 Kig o MAT 5% 58 i ol v]
LB, KR ERER BSOS, X R 28 5125 56
W, & Rl RO L8 R AR AR R K B R T
(JEDLILFE

FEK BRI AE R T, RE DL s 774

KR HE: 2016-03-15; &[EIHM: 2016-04-08

TEN KRR 25 5 Bl o 3 28 3 T St 1) kA 3 N8
MZSEDLCHEZH IR 177R.

R [ bR b ORI SR 74N TN KR RN TR B
(R 5 il 2R GE R R

D 124 N1k, BRI K B Bl R SR 3
RS R AR, B/ NI A 21600 kg. KR %
T Re-2" A [l B b — St /N B K B A Bl AR TS5, 2
o ety A A 5

2) BT KERREERK (LN HER KSR
1%) , TEXERMELIHER, BBk TERESD)
IV T VK S I Bk R AN LS, R AR,
A H SR BRI ko i 3 55 2% G ko
I S SsE

3) BT KBRS, WNZRE 288N, —
HE/NTF 100 kg/m’s

4) TN A, BRI KR RS EE
1F4.7~7.3 km/s 2 [f];

5) KR 5 I BRAT 55 (1) B v < 2 R B T
VR AT S R - AR T VR A, ST <k
G PSR ETEL.1~2.018], Z)ETE350~750 Palil;

6) KBRS AT 55 1704 £ (1 Bk
HEAME, RATREIRAR M P R A, MR, @
— BRI < RS

7 RE A KRR B AN B A E 3 A A D



122 A R 7 4 B
=1 BMBIAESREDLARSG KESH
Table 1 Critical parameters of successful Mars EDL system
I ERA k1S B2 WikE B Bl R Rz s
HENTHE/ (kmes™) 4.7 4.7 7.26 5.4 5.5 5.67 5.8
PG R (kgrm®) 64 64 63 94 94 70 146
N kg 992 992 584 827 832 600 3257
it 7 kg 590 590 360 539 539 364 900
B KILIRGE KEINGE W 2 it £ X Hh 2% Xt £ il 2
BIBREN BUEREN L7RERTIIN HUBREN LIRERTI DN LR CRLIN BUEEN
THE] f El 7 7 i 5 El
HENT 7 7 7 7 7 7 El
FFBH L 0.18 0.18 0 0 0 0.06 0.24
Sn#E/ J-om® 1 100 1 100 3865 3687 3687 2827 6402
WA A/ (W-em™) 26 26 100 44 44 47 226
KIEHAE/m 3.51 3.51 2.65 2.65 2.65 2.65 4.5
[%9& - H A% /m 16 16 12.5 14 14 11.5 21.5
ESIRAEY 0.67 0.67 0.4 0.4 0.48 0.62 0.67
TFp g B/ Ma 1.1 1.1 1.57 1.77 1.77 1.6 1.75
FF4= 5 £ /Pa 350 350 585 725 750 420 493
TF< i i FE /km 5.79 5.79 9.4 7.4 7.4 13.3 12.1
F bt w3 77 3 BHESIRBNL AR TR I 4k K [ K BlfkKE  AREIIREINL AR R EHL
b EEEE (mes™) 24 24 12.5 8 5.5 24 0.75
HREACFHEEE/ (mes™ <1 <1 <20 115 9 <1 <0.5
F iz v 77 2 b il il at ot k4 i R AL
%ffi%i%/ -35 -35 25 -1.9 ~1.4 4.1 +1.44
5 il A 53 05 RS P2 ke 280 x 100 280 x 100 200 x 100 80 x 12 80 x 12 110 x 20 20 x 14
HEHE, RAFZEE2011FESMKE KEE . b, R S B FA TR B R

HUBE” BE 7 -
2

o 2 odr

o

SR R M R E LA 70, A& e TiRE

A Ao

o TR, R BE AR

a8 2NN I

2 KEBRESEAER

KEPRMED LA A AL T F K B 2R R ) 5 B 4
Rz—. SEECHRFENXTE. #A CHHEL,
KEHFNFMIRHFEN S B 5 E R R — K
Ak, B H KRR TZIE D B 5 i ER
MR SAFERRIZER, KERKTEARKATE
P, JEREAAIER . AR, JORBE AR SR
UEM IR iz, % NEDLIEE “f 4 |
M CRSRIR, IR EOR G, AR5 KR,

KERMEDL A G v it A4 H H Shs m fER, &
H R LU BORAE A

D) BRI AEE KRS IEDL R S 8L

HoERIR [0 5 o2 PRI AE 55 IS5 R, T K R BE A
Bl R 55 (T 06, X 35 i vl 52 428 A 22 4 42k 1 82

WL RV S R PR B AT A B 2 4
K, AU R RN B REZ TS T B
BAEDLI AR — M FE BN E P 3 el i
SAHERZINLB) SR AN R aA B By, R E AR
RAWI G4 B e — N A VAR, GRS
FEAR R S5 1 7 o

KR RABRG A S F B, SRSt f
EORBIAHE M, BN WEA S ATR IR .
IeAh, KERSHETHEmMARRE (FN, B, X
BRE) , KEDREHIRTE N E ., D RF 5 XE
2150 m/s, T ARIEZI150 m/s, IXEEIRE R0 %
PR E AT A R MR O

KERMMILE R, WAAEA. Rk, HE8%ERE
139, RETS A WU R I s 7 (Y B A T 22 4
KRS R B REEN. £ LENHY, &AM



2 W

DRSS R RR RN 55 R B T BB AR i 123

PRI 2 e /> A N7 IR B 5 45040, o DA e L S g ik
6, IR R 1 A 55 TR 2R 980 T B R AT 4 1 22 A B
FMAFZZIT

2) "B RTT

H1E B SBNAE R IR OR ENIRI 2% 22 4 il
e R RAT X, I e A S IR K OE i 1 AR
B o ARAE LA KR PRI S B, kN KR KT
G, BREVEITDTER, PRI R IE B LR
RN B LE KRR A, XA B R R AR
WS E S BB BAT RoE . H2& Tk E RS R
R, AHLLHLER DA B, RIRE A R 7
SR ELAR I G 5 A6 F1 5 2 1) B TR R

3) T VA s S S

TE KRR DY F Beh, 8 18 B v i B M
KPR BT KERREEMR, HEE.
FaE M R A Re Al 2 AR KA, A4, AUKEE
PRI ZE S BN e AR B 75 e 5% 1R, K BRI AR
P TR BRIl KB R, fAIEJF <
PRIME S TF AN 4 i)

BT KR RS  PEREF S o R 10 K S AELE
BEORZEG, K EGRI 2R I 80 R G 0 V& < T 5%
PEL TFe g 0 v H S R Bk B R 5 B R AR — R,

MR TAEAER R, B, sk 5"

R AT AE T 104E I (] o

4) TN T R e P P s

Hb ok 22 18] 38 TR AE £ K 299920 min, 1 K 2 it
A~ B RoE BN S R AR5 86~8 min, PIILKE
HEN PRI 25 6 250 F 28 B M BT R A H I MLRE S .
KRR e PR RO IR 2, FENAIIR S AR 22
SR BT A RO, T RO A P v a2 4
YR

5) b 156 560 I 17 et

e P IR =Y 1= NI 0 B it e Wy /5 B
A RE T A S B A T R BB e 4, F AT
T B AR T R R U RS R A AN R 1 R T A
RETEE o B A0 TRE AR

534k, BT KERE SHIREBECRIAR, H 45
SELE IR T AR G BERE LG, KR BRI P P <
(I ATF i X s 5 3t R L [ WSCATT OR 48 I ek 9 <p= RO AT 1) 3k
BAFEEAR, TRRMRITVE W55 F R
PAR B R ) B BORZE A, S B G AR e
BERAUR I E LIRS, ER TS, 3k Joik
[ P ARAEL, IR0 IE X S K, X AT ) o R v 7 B
A R L A FE D ] AL

3 KEEDLARXEIFHEARRRESHN

3.1 EDLI#EMEZXIS

KRR ZE IR0 5 il i R B AR 43 A B

BB E: KABOEBL, HENBUURR A e 75
B RN G BRI, AR KR T E4~T ks
], AR B 4K S B BE R P RN B2 MaZe A,
HFEHBNAENI99% . HEANB KL S E125 kmAibFF
i, BIRESTEERIAE, 2EAEDLIREA N
BB B B, W2 P 8. s IR
BB

F2B B S AROEEL, YR A R PR R —
FERE, Fik— € m LI Bk =T T ik — B W #E 3 RE
FH T BV <P S2 AR A TR R 1), 5k P < sy B R e
B—BAWR, EHIFm BN, RN TR 2%
I ) 465 38 B8 Rl /N 28 P Z IOV B, B E e FE R
AT RE AN R B R . B, EEEPEK T2 Ma
T, TEHEEPEMT0.9 Ma. 2 E(KT0.65 Ma
I, BRI, RSN & Rl BE %

S B BB, HTKE RS, £
SENSME RIS R f5, 5 2980 m/sIEEE, ik
i BB s >R Y AR R S AT A BITLIEAT B0 3 ek

WA B EREZIEL, R AERGTEKER
T, PR 25 AT KB 1) 2 g 2 Z0 A f b 7T 56 42 B0 LF
SEATHEREL . X KRS, &5 RS ReS%
MOEHE A R CERRRT T, e R B S
BRAVE P (MR P RE i R 2% B i
3.2 HANFRIEE

BT HATHE AR, KBRS R FEH
A sE-TE 028 . AR T R B BRI
NN RGhae. BE. Jd8&. B, T
V& RS FE A5 2 7 T ROTHIRES

D #iE: EANKERRZE R A IIA 4
F 71, FHBHEE RO,

2) gE-F K. 7EE NG B, s
B0, WA KR KRB A —E Tt
73, FHHE—BAEZ0.5, W 1R,

VB2 B H A E B D 7 IR KR AT S
“REgE” (MPF) . @& (MER) MRS
(Phoenix) #RA T “#iE 0" HEANTT K. “BES”
(Viking) F1“Bl22s6a” (MSL) R T “#iE-J+
JRFN, HFHEGARX . WSS R
AT, XTI A I AR R A,



124

TR S R 2 3

H36

B #iE-J AR ) .
Fig. 1 Illustration of guided trajectory %% ’ % Zj‘j;ﬁ [FIHEATT 5 B‘JI%%%‘% EEXS
®2 FRBEANFAREE

KT AR R el 1 D9 36 B B IO R B B AE 55
BT FEARAR 55 RS, A BE N BT 22, PRI L
W (IR R A RE ST, (BAR RGP, R
S =7 B B SR BRIE- Ty 3 HE N A% il
R IR A, A2 O A SEBL TR R S
(5 THE s w21 2.4 km™) o AL B KR BENR
M ES, FCoiE BRESKS FEAT = rORS REBE vy, I i 2
EAiK.

HXAFEMFEANTTR, LEZEERFEQRER
GRCE . ABRHE. BOREE . TR TT &

Table 2 Compare of different entry methods

TiH HIEHEA FRIE-TH Iy

Lz i . B BAEHEN G 0Lk, AR 2%

- R K HEANPUE B S T E, AN REHEAT %ﬁﬁﬁ$:E%A&ﬂ@ﬁ%@ﬁﬁ&%ﬁﬁ%ﬁﬁ,ﬁ@ﬁkﬁm%
A, EASHE RIS i A IROK BB B EBINLEN ATREST, I/ N TR 2% B 7 A

R URINIES (¢S ON BHL T3 B A, AR — 5 T BHL b AT i e o 2R A AR

HINBL - M IERAEN, S IMRE I KL25%

Tra i L BAK R EmI e, alitm3 kmbl b

T3k - T B IS HATIX /N, AR T IT

ARG E BLE M, HER N SRR E, X E

é;;if e, X TR iiﬁi@%ﬁ:E%ﬁT,&kb%E%ﬁ@t%%%%TyW%ﬁE

2;i§f R, W B R zzimﬁﬁ:M%ﬁb,ﬁ%m%ﬁﬁéﬂﬁﬁ%%ﬁhymﬁﬁiﬁ

it bk, #EHATT ARG RGN E
ARG 17 5, (O EEBOR, X T KR BB B AN e
LRE LSS s s - T ) 2 AR ORUE S B AS FE A L
XPRMAVMERZE . RAEERZE. NS ERE
RGNS, BRTRAETEMEEME. ETRE
FEFRRE R OB 57 VAT IS 28 A 55 St A 1)
FOREER, KRB SR IIAE 55 v] R A o -t 7y =07 gk
ANTT
3.3 SEMEIEE

MIEN KR RSIUG, BREECIF D58, PRl
A5 R BT LT oK A AR s s B L E KR, XA
B B R MR AR R 25 B & BB B BEAT Bk . ok
BN ZE BN AN T F B &R 45 B R R
Thy dENBUE BTE L SR B Bl R G B R, 2
CH S il RG0SR VT R B A R 1) R

BT KR RAAEFE M, KRN RI &5 80 F
BRI, S@ERRBIMNERMIR KRN
PRI 28 22 418 e sl AT X, IR Al K R 3K

b ) R OR B, KR BE NIRRT T
JELLR JLANJ5 T «

1) R AURAT = U Bk e, AR
D% BB R R AN it i) B 58 R R, L8
PRI FEAERE NSRS P RE 8 TR AT ROt sk s 808 = fig
A A& IT 2%

2) BB I I e B e L

3) JRIE B BN BRI TS A
e, ATIIRARRS A R GE it i fdH, AR 2
e T LA REFIIEhAE 1, BREREEN KRR
FEFF, BEMSHERF/NECM, 3 Gt IR AR E

F AT I A1 K 23 Tl A O 58— Rk A4 K
MIERHETE, 4 — it 700, #0E R ¥/
T100 kg/m®, XRAFE T WESTHRINNEYK, 25
PRER T R RS T R R S R A AR R K
MR AN G, i 2. xR EREEABL
IR HE N TOORRME I B G 8, A R i 2 AR A L AR
55w R AT B AL .



52 1 GRS IR BRI 55 B AR 4B 125
vine MPEMER Phoenix - MsL RAE T TIEMR T, TR AT R — 2 45
Ol IO, 3K J2 o R 4 0 P 4 4 0 B 25
’ Fo R NTRISE 0 W 75 0 TR B A 3 1
TR, RENE A A, R R KRS,
s 2 S L 5 T X A T S 26 (1 FF R

(a) 3.505m (b) 2.65m (¢) 46m

B2 700 4B AMEY
Fig.2 Viking-heritage 70° sphere-cone acroshell

34 ERFBIREIT

SR TN K BAIRIRRE R RS T =, #R
A 3 — A S P 4y o B sl 2 A
R S e, RN N R B 3 R
B, Wit ERF RS M E .

BT KRR UE RIS, R F IS T LA
M, HEAMPESET AT, HEAT

Bio AHEET BRSO FEvE =, KR RE SR 45 1 F#
AR AE TAR AR e T e . TFAFasE . BLI
RBOP AR, Rk, AR, 5
AR A T I B ARV REEAT 2%

FE RIS 7 BRI R I ), SE B BEAT KRR
EAIEBT T BEXT RS . MG R IR
3Fpp Y, BEAT TOREI R Tk,
R 5. B E AR AE TR e By
PE. FUETERRIEAT 1B 58, XTLLANERAE, 3Fh<pAYghty
N I E 3R

B3 M-, T B EE
Fig.3 D-G-B parachute. cross parachute. ringsail parachute

FAE1960-19704F, &EBEAT 1 K& K 5 |
PRI, XA A G K P 3
PAITERE . B WA R R AR
BHOJRRME . FsE PEREIEAT 72, XFELAIERIE. MK
e R AR s, TR A AR KT &R
., (AREEFEEMEE R, +Re2IHERT
WG, Aom R 22, T SOk (R BRI < R 48 5% i <=
7E1.6 Maiu [B P9 #R RER U 1o TAF, R e /e 3 5 356
Rk a2 St PRI R 4 5 <= . B 4T NI
SRR SE I AT TR, R B T BRI 45 % < 1 B

TI R AR LA, Z R T RIAIRE .
I AT IR AR

A ARRE, SO P L R £ 4 H < 10 2 A M E
T, “HEE S N SHIEG, BT R 1
KB RETEAHT LR RS TR 95 Hh 24 4K
ARAEH TR A, B ARR KBRS, EHAIME
Bt 7RIS, H AT IEAR T BT B, LA A 4%
B ANE REXT UG DL LR 3R . ZREHLEBORE,
- A R I 2 A K AR S5 o
R NESE, AT IR BRI 55 ¥ ik



126 TR 25 PR 2

H36

0.80
075 1
0.70
0.65 1

0.60

cd

055 r

0.50

045  — DGB
--== Ringsail |

0.40 e
0 02 04 06 08 10 12 14 16 18 20

Ma

(SRR SR CWIES (i Ry TR Y
Fig. 4 Resistance parameter changing with Mach number of DGB. Ringsail
parachute

®3 TREABEZEREIILE
Table3 Compare of Different Parachute

I AR
o wwE w L I

I e, 1 wEE &

Mk MR ANls HRR%: K15

B RE Z181.2 Z141.4

RAGERE AIRES MR

TEEW R i

3.5 BIRERGIRIT

By R AR KB T N YR o B R B — 2R
BB 57 11 2E N\ PRI 25 B e 0L 7= A I AR B i
TR S F 22 4 . 3 B 205 M A B o AN N T
1110%~20%, [KEAUA BIEBER AT SR, 1A E b
MEER RS R R, SN RS,

e By 2 N 2R 35 By #4285 ) B R 7 A
TE, B DAB AR . 8 2RI AR
(R B E NN AL . AR (e b R
MR- . BYEE-FREE . SRS E SR

e LB R 25 R 1) T A AN 52 AR 2 B ) PR A, 3
WMIHEARE 158 . B beilbd B B AL, ety
PGE A I R B T 5 BN . TR, 5 el B A A A )
TEE— RN R BT o et b # 7 R s
VFHRE . SHmRER. LEML, Ui 6
EAEH

RERE T A FE . KRR B e 58S B #4
J7 AR K et B #4750, FLB7 B R AT T ok R i
TR 2 NI 1B S5 R Tt o KR KR i
T Bk, LB LA, HIRE S HU T4
B, BPMEFEAEXTIRAR, ATk A &

3.6 ZEHAZFIKIT

BT KRB, — M R SR N AR
WA AAG) SRR )G, KR B T %
MR, FHEEREABER ., YILAEE . kK
FE RV, Zrhid SRR KR
GrrEEVESE . WE T RAFEREGE M. RS
JE 3R R

1) AP FUAR AU o5 PRI A 16 25 [R] /s X6
FH Rl mIR BT TRAR, SRR PRV R, 4
MR E BT RRERGHERLAIEKR, JFHMEE
5 Bk BRI, S A B BE O, SR R S T R
ERFFARETAE . 7y 20&E F T 45 fh i & /N T-300
kg B EHA/NT 1.5 mPR/INE i FURAE 55 % i
HIGE 2% AN i 5 S S B SR AN T4

2) ERiRZ W R RGN A
A, 1 il R O % e B 1 R 48 AR TR T R A
REE. PG — IS m/s, W Rl A AN
H T PR A — e R . AR ARG R A S
HERUN, AT R Rk R b, A R AR
U Ao ERg, @ amiit, ol g
B PR S s R A TR B AR R G ) A B
BAS . BE RIS 0 35" H BRICE BT 5K H
iy v

3) FRiGEM: FEIGErR 7 St e s G54 . IR 4G
P SERA 8, TSR N TR 2% 7 A B 9 3 i, AT
TEA R FE = A R 4, Mol ae R . AR 4
fEl o, EERIY: SRRSO s e E R AR K
JEAiATHE

MEEARBCEARE . IABEERLRE 1. Bl A O K
MAT S s | J5 AT S S AR G %8, &
M7 ] R B LA T 20

4 ZERIE

KEEDLI B2 H AR 55 o o KRB IB B, R
SEHBA KRB RS 1. Hd e 24
REEIAE, T TE 2 BORME R AN E i 2
BT AT 7 AT, TP 7SRRI BOR
BARPILANERYS 1L TREAE 55 S b 75 78 7015 %6 [ 4
RN I AN RIGEON, 455 % T AR KA T RS
Bt MAE DT RIRAIEARILAS, FFIT R 7 1
17 F 531 5 TR G0 BIE -

2 £ X W

[11 R, TER WERWARS RKRBEOR]. R HRN



F2M

DRSS R RR RN 55 R B T BB AR i

127

[2]

B3]

[4]

[3]

[6]

[7]

[8]

[9

[10]

[11]

[12]

[13]

i, 2014, 1 (1) : 1-17.

Wu W R, YuD Y. Development of deep space exploration and its
future key technology[J]. Journal of Deep Space Exploration, 2014,

1 (1)« 1-17.

Manning R M, Adler M A. Landing on Mars[C]//ATAA Space 2005
Conference. Long Beach: AIAA, 2005.

Braun R D, Manning R M. Mars exploration entry, descent and
landing challenges[C]//2006 IEEE Aerospace Conference. Big Sky,
MT: IEEE, 2006.

Prakash R, Burkhart P D, Chen A, et al. Mars science laboratory
entry, descent and landing system overview[C]// IEEE Aerospace
Conference. Big Sky, MT: IEEE, 2008, 1-18.

Rivellini T P. Challenges of landing on Mars[M]. Washington D. C.:
National Academy of Engineering, Frontiers in Engineering, 2004.
Chen A, Beck R, Brugarolas P, et al. Entry system design and
performance summary for the Mars science laboratory
mission[C]//AIAA/AAS Space Flight Mechanics Meeting, American
Astronautical. [S. 1]: AIAA, 2013, 413-422.

Anon. Entry data analysis for viking landers 1 and 2 final report,
NASA-TN-3770218, NASA-CR-159388[R]. Denver: CO Martin
Marietta Corp., 1976.

Braun R D, Powell R W, Engelund W C, et al. Mars pathfinder six-
degree-of-freedom entry analysis[J] Journal of Spacecraft and
Rockets, 1995, 32 (6) : 670-676.

Desai P, Schoenenberger M, Cheatwood F M. Mars exploration
rover six-degree-of-freedom entry trajectory analysis[J]. Journal of
Spacecraft and Rockets, 2006, 43 (5) : 1019-1025.

Desai P N, Prince J L, Queen E M, et al. Entry, descent, and
landing performance of the mars phoenix lander[C]// AIAA
Atmospheric Flight Mechanics Conference. USA: AIAA, 2008.
Edquist K T, Dyakonov A A, Wright M J, et al. Aerothermo-
dynamic design of the Mars science laboratory heatshield[C]//The 41st
ATAA Thermophysics Conference. San Antonio, Texas: AIAA,
2009.

Willcockson W. Mars pathfinder entry heatshield design and flight
experience[J]. Journal of Spacecraft and Rockets, 1999, 36 (3) :
74-379.

Kipp D, Martin M S, Essmiller J, et al. Mars science laboratory
entry, descent, and landing triggers//[C] IEEE Aerospace

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21]

[22]

Conference. Big Sky, MT: IEEE, 2007.

Dickinson D, Schlemmer J, Hicks F, et al. Balloon launched
decelerator test program, post-flight test report, BLDT Vehicle AV-
1, CR-112176[R]. [S.1]: NASA, 1972.

Preisser J S, Grow R B. High-altitude flight test of a reefed 12.2-
meter-diameter disk-gap-band parachute with deployment at a Mach
number 0of 2.58, TN D-6469[R]. [S. 1]: NASA, 1971.

Eckstrom C V, Branscome D R. High-altitude flight test of a disk-gap-
band parachute deployed behind a bluff body at a Mach number of
2.69, TM X-2671[R]. [S.1]: NASA, 1972.

Moog R D, Michel F C. Balloon launched viking decelerator test
program summary report, CR-112288 [R]. [S.1]: NASA, 1973.
Henning A B, Lundstrom R R. Flight test of an erectable spacecraft
used for decelerator testing at simulated mars entry conditions, NASA
TN D-6910[R]. [S.1]: NASA, 1972.

Lundstrom R R, Jumes L, Raper R J. et al. Flight tests of viking
parachute system in three mach number regimes TN D-7692[R]. [S.
1]: NASA, 1974.

Bendura R J, Huckins III E K, Coltrane L C. Performance of a 19.7-
meter-diameter disk-gap-band parachute in a simulated Martian
environment, NASA TM X-1499[R]. [S.1]: NASA, 1968.

Eckstrom C V. High-altitude flight test of a 40-foot-diameter (12.2-
meter) ringsail parachute at a deployment Mach number of 2.95, TN
D-5796[R]. [S.1]: NASA, 1970.

Whitlock C H, Poole L R, Talay T A. Postflight simulation of
parachute deployment dynamics of viking qualification flight tests TN
D-7415[R]. [S.1]: NASA, 1973.

TEH A

RO (19719, B, WA, EEHRITE: A BRI SR
PR HAR

JEfEHE: JbRHIS1425 4 1124048 (100094)

HiiE:  (010) 68745804

E-mail: rauwei@163.com

:RE (1980-) , 5, WFLOL, EEBFTM: HERR TR
SRR, ARSCREES .

JAfEHhhE: JERTS 1420540112504 (100094)

Hiif:  (010) 68746879

E-mail: 13661078229@163.com



128 K

Hi

TR 2 3 H36

Analysis and Design for the Mars Entry, Descent and Landing Mission

RAO Wei, SUN Zezhou, MENG LinZhi, WANG Chuang, JI Long
(Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Entry, Descent and Landing (EDL) is the most pivotal phase for Mars landing exploration. Compared to the
Earth reentry, EDL process of Mars has some similitudes. However, the composition and physical characteristics of Mars
atmosphere have much discrepancy with earth atmosphere, and it has quite great uncertainty. As a result, this makes the Mars EDL
process quite short and changeable, which requires high deceleration ability and makes a tough scheduling. With consideration of
project realization, the problems and challenges of Mars EDL process are identified, also the technical solutions of the pivotal
phase are proposed.

Key words: Mars; landing; mission analysis; technical solutions
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Analysis of Key Technologies for Unmanned Mars Sample Return Mission

MENG Linzhi', DONG Jie', XU Yinggiao', WANG Shuo’
(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China; 2. China Academy of Technology Beijing 100094, China)

Abstract: Unmanned Mars sample return mission is of great significance to obtain scientific results and improve engineering
ability. The mission period is longer and technical risk is higher compared with several foreign Mars landing and roving missions.
The top-level system design is determined by the mission flight mode. The rendezvous capture and sample transfer process should be
completed near the Mars orbit. Therefore, two probes with different functions are required: one is used to perform Mars capture,
sample storage and Mars-Earth transfer, the other to complete EDL process, Mars surface ascent and sample delivery. Such key
issues as EDL mode, Mars ascent vehicle, Mars orbit rendezvous and capture, sample transfer, earth entry vehicle, system

scales, rocket selection, etc. are analyzed in this paper. The main technical difficulty and solution approaches are discussed.

Key words: Mars; sample return; scheme planning; mission analysis
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