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TR FESE/ M BRI NP~ LRy, T5E
RN = A BT 2, 7RSI E R R B ErT R
R,

2) #EE0A, VFZ/MTERmMAB A RUUT hERE
TG U9 A /AN A RAETE, RN LK, AR
BUNE/IMT R TRG SN A /0 AT T RETE 2 — 2k,

3) BA: REHUMTEREEMAEE A, JLHEE
BUNMO/MT ER I E SN EAIBE R (Wltokawa)
RECE AR/ K R LK, 25 EEK.

4) Bibn: NMT R K 2 A7 LE A B ) B o
Pu, MTEG I  TEEK B A A 2 T A R R Y T
T RLE. R REARKEREL, RRENZ
B AR BT A 7R JR PR 457 (Rhea Silvia) BeEdg (AR
NEEHD , HEARAS505 kmo iZHT I BB HHb T 211K
13 kmo PAFHEEZE AT ph ERiE R, Zhy
AR AL LZ, ATREIRBINE . AN, HFEREA
BREM/MTEREAGIETZ M, TtokawafLBRERZh
40%, ErosfLBRZ21°525%.

2 ERSMNRIERERRIVR R & Ritas

2.1 ERIMRERFIR

FIHBIE, BRI S T IE20505 N KA
RTERM AT, X LEPRM 25 B /N KAk, BUE S K
INRAE, BETE/N R B R, B SRR E, DA
[ JE 2O /N RAREAT AR . 7F S5 S5 (0 7R 23 BRI
R, SR BRI ARAR A 3E /N R AR IR [T 25 (1)
S, EEAEEE T 20164 & 5 A BRI H
(OSIRIS-REx) /M7 BRI [H] BRI &5 PA A BRI ) 1
AL -R/NMT B R IR BRI 25

1) “B45” (Stardust)

“RASTRFEEMTMNIRG (National Aeronautics
and Space Administration, NASA) H&E i+ L%
—, T19994E2 HOH KAt TH4t. “B AT il E
LR AR [AIAR AL, AR R B wild-2 5 R R )
BiA AT AR P B, R R e R R
FEIR B 55 FHR I 25 .

Stardust#f i RS (Stardust Sample Collection,
SSC) RSB HAT T, LI EE ., Elrd
BEATWCEE, BRI — PR L. HEPE. IR T,
MG YERE . Z AL IR EARADRE, R 1) 2% FEAX
NYEIEH) T 72—, HEASBIRRE T ERK, 9
TERB TP B T K EIRKE (Pathfinder) %
AYIEHLEE (Sojourner rover) o SEAHT KR,
a3 F TR A R VKL

SSCEMERFPIRZS, W 15R, HHEE1304
RSB (2 cm x 4 cm) FI2ANY /N 25 TR A5
Be, BB P 2 AR B U A% v, BT R OR AR

E1 SsCrmAE
Fig. 1 The picture of SSC

BRI

M g IR

B2 RARIEERAEWIL 25 B A4 5 I (1 R4 T AR 1
Fig.2 The structure of Stardust sampler
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HFKTF 1000 cm®s SSCE W) i R4 1 1A &K 5
N3 em, BERYIFCREMIZEE AT cm, SSCHREK
R IR 5 R T o Rseil, RN 1Ak 2 B A X 45
i, BEBEIRBEMIR N R K. SSCRES B ABRT
TRt 20w .

TERLFH RIS AR, il B rTak6.1 km/s, i F
MIANE . S5 AT BRI IN, B e 205tk
AWEIRRL T eV, SRR SRR 2 FLE5 1
FEREE AR L, 99.8% M2 (M ZS B, Bk <k
MBS, HEBIRIEM RN, R KK BB, Pk
J F R AT R KB (120045

BT A RI B R 3R 00 R 7 7 AR
TEFLAT LLE Ik ST AR BB IR 25 5 #3, HETE 16 B K TT
AL N A, R T 58 B (R AF AR A SR b o AR IX
—JEUHL, BTN BT DL E R s R N B T T, IX
J2 SR FH BRL S % o A SO0 THI R A 5 2 7 ol R B I v
TR . SSCHTHITRLFRAEVE R 281 pm~ 1 mm,
B E B RAR15 pm BRI EE TR 7T

20064F 1 H15H, 3 1KY 56 B E BRI
StardustiR [ i 45 Fili bR, Bl f5 1E G R AR B B
[ HRAE . BN WAl T SSCHI 7 B e Hh & 2T
BE AR T10057S, AR T0.1 mmiiki£) 104,
RN L mm, 7522 bR R &0, RILZ)

B3 e B B R

Fig. 3 The trajectories of particles in aerogel

2) “45%5” (Hayabusa)

“RESEY (Y 4 Muses-C) &2 HAFEHT W 57T
KAL) (Japan Aerospace Exploration Agency, JAXA)
AfF 1] (18] — UL 3 T R A IR [l /MT R 28, 20054F
11H20H . 26 H X Ttokawa/IMT B BEAT T 2000H: il K26 -

WE 4fR, “HEET7R NKE /M7 ERFE
IR BRI, A RS /MT B R SR TS
FIR M 25, #MEDE (Touch and Go, TAG) HIE
fifi. KA, AR AR L.

'IO
T

& 4 Hayabusa> At R & K
Fig. 4 Working principle of Hayabusa sampler

HH T Itokawa/NMT AR K E SRS, E1E
55 SI it 71 M DA 5 JHG 2 T i DR AR 10 2 A 3 2 SR A
2+, JAXAA NHayabusa %52 B K 55 Bt Al R A
T R FH A2 900 55 SR A 75 2N P 717 ] Rk R 255 44 B9 /)
1TH, [FHayabusa>f FH SR AE 7720, FRM0 #4857/
ITRFmEAS RS, T NMTERE, &
PR S R BRI A ORI S, e S AROR 3 i
HETE Bk NAE i A B AT AR

Hayabusa R Ff 5 B FZHIDG &% HEZ R, W
R, GIBEAR, WK SHR. YL A

Kl 6o, AIR S 4 G st o MT B3R, s
ATEEME, SRR T = &t, Hayabusa$: @4
KA B R CAT DURZE 55 IFE i 23 BT
W), JELINS g, BT EHEE R IA300 m/s, R
/M R R TR BRI, WK TR, SHEE
R ORI T, S B S IR AR A R SR A
VIR La

Hayabusa>¥ ¥ 3¢ B 5 /M7 B R R, 8=
TES5 KT B RS, 7E B 97 PR 38 52 28 i e 1 )
B, SRS HRORIY I R BRE SR PR M HE
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TERNIZF), HEAFEREERN, JFmd RN A 0% BEAKRT1.33 P, 1l 9FTR. Ff 74 2 2e0r
HURLKE R S e 4% R 538 1 . Hayabusalit B FFE i 25 BWE 105175,

i 8N, HZ SRR E N7 kg HAE 400 mm,
5200 mm AR B G . HayabusaFe i FEAF BUEFE T &
AN, B A AE BRI S 48 S S A
(R P, e U 3 B U T R i 25 4 N 0 P
HRE, REIHLERS (IS RAETRD 100 hn fRAE P &6

- -

6 Hayabusallll 5} %% B /R &
Fig. 6 Catapult device of Hayabusa sampler

5 Hayabusa X FE3: B R &2 7 Hayabusalff #ER R 2
Fig. 5 Hayabusa sampler Fig. 7 The bullet shape of Hayabusa

(a) FTIFHTRES (o) FITFEIRE

& 8 Hayabusaff it 28 2~ & B

Fig. 8 The sample container of Hayabusa

ALOHL 5% J4

K9 Hayabusat il 2% 45 2% 3R B &
Fig. 9 Abdichtprinzip of Hayabusa container



250 TR 2 BRI 2 20184F
4¢—024 m———»
JR R~ i A N
Ve 43

0.2m

Hayabusa

i i 2Bl 7 45 4
RS RER IR D

f PO T

Ha ik

(& 5
i3 bR 2 44
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10 Hayabusal¥f fh 2585 2347 Hn EE

Fig. 10 Installation of Hayabusa container

i T& T, Hayabusa JoiE i 2 RAE RURE, K
FE B et ML T AR, E T 5 R R
% . Hayabusaft/MT B RFEIR [AIAE 55 ORFFAE S5 5
SCHIBEDIFIGE I I H AR AR T 3R HL 73 3R )= B i
REHER, w MY R R IA BT TT, S MR
A BEAT B[R 7 28 HL B 1A

HayabusatF i A iR [F3UER G, BT F0N B3R BURE
BN BRI 70 ), 8 CTH R LA RS 2 kL
BRT 1 mmFE s, BRDRA££70.01 mm. RAZJAXA
frortir, FEE S A RRY /MT 2R, B 32 el
1 500 M /INT B Aok . TF 78N 578 X6 5[] Fr) BiohE
BEATWET, TEBFE Ry PR AF A R
KAEENR R, X®E AT S 20k
Tk 55 U ER B R TR — Rl B A A — B 0 HL Aok 32
PG P AR AN B R FURRAE s TEX 5 A R
Wb AR AV BOTRE S A ar A R,

3) BZEH (ROSETTA)

“BIEELT RN 23 1] )7 (European Space Agency,
ESA) S — R & BARNAESS . “F FEB 5 7RI 2%
HHELE LSS A — N “TESE” (Philae) EHFESRAM. “FJE
PSR S B 213 000 kg, P E A W S 1R T
BAIN100 kgo 20144F 11 12HRINERERE, &A
K FERERREMALS . DRSS RN
FEHEMEN HFREE (67P/Churyumov-Gerasimenko )
AT HE R, PRE46ACFHTKFH R B IE 2wk, L
N B R A R BR TR AL T AR A AR N BT 2R K g3
FIE WA . Philaed fifi 5 B D) 200 & B GRS, #
F B & RS ESD® (Sampler Drill and
Distribution subsystem) JT Ji& £ & T IBFE 5 oREE, Hol
TERRARE J) o PRARTRIAEE NoREERES, SRR T
i XA BRGSO E A S BRI, PribEEm
F900E R 5 71 FkIR™, PhilaeRAE B & W 11HT7R.

Bl 11 PhilaesRp: 3% Eon
Fig. 11  The sampler of Philae

SDPSTRE 3 B b 5 W ERITRE BLI LR,
295.1 kg, HLrHRBENLIN3.T kg, WIFSHIG] kg, 2
0.4 kg, FFALFEH, “FTHEELL.S W, &t B RAE

SRR, FHIFELI6 W, mKIIFEI4.5 W,
KAERT, PhilaeZE FEAS 2 SARML. SR &Rl
FOHATERI, WRIEREL AT oL, s RS A
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ZER, (ERFEHLA SR M X AR (AL TR L, B FFIEAT FAE G AN AR B A [ K
TR, RS S B AT 48 AT R Y R, TR Rosetta{T. 454, Philae i 4% AT 76 £ B R
JEAT AR} AR . SDURAENUI LEEE B Fh A 1, Rk KRR e R AL ERI T AR, SR T e B AT
YRR RFERS IR G5 4, 38 S A1 05 Y ik N % . Philae# i 8% (1158 2 32 FLHH VKRR . WS 8%
SN P o WAL R R T R AR AR TN BE, AT AR E B AR, WE 1B3FR, UKk S50 O E
(0. R PR B R SE RORE OR AR, R Gl L SR HFHE—ERIUREMER . Bt fEd, &S
W, KBRS G 12018 MRS E 7 58 R 5 R B ] 42 i 1) UKOME A4 K S 2 Bk 2% I bl TN B R R
85, SD KA i KRR E 9023 m, SRAFId 2 T, 4SS R, PRIE3 VKR I\ £
nE 12875, BRI, R0 XEERN, HRAERERENZ A
SD*RAEN UM REURE i, AR A3 TF Rk 23 e BN, SEIER S S5 EEE T . Philaeta X3 HE K
an AR REAT R, R BE AR R Z)10~40 mm®, FEC 190 mm, 95104 mm, /71 mm, FEN440g, FIFHK
DAPRBNZE B, AR bl B 25 28 AT 2 B, THEE WS, W 5ERE R A I e . B R R IE N
SR G R R GURE A U S TN BT R 4T 90 #T B APRHRRE AT S T AR,

<]
]

R
ere
W]

e,

)
K
bl

225
o

-
%,

o~
>

{2

¥,

=
ol
o elel

o
X
ol
ha?,
2
R

-
X
&

ot

e
>

5

RS 3
..:.:.' |
otatsl N
o 1. .

L
sjejasee:
o¥e%%e%e%,
P ata VY,

P !
) KA (X) q
e XX X] P o
5 ot ] %3062 I %5 %%
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Petetetetetetels 4! eetiteletteled teteleiotatitedy eteretitity!
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k2 Slin)IFavic] AN AR FEORE S B TR i 56 K It

12 SD*Rff RIS FR &
Fig. 12 Working process of SD* sampler

(a) VKIZHE (o) At (o) X

13 PhilaelKiR k. Ui, i X EIR 1A
Fig. 13 The bolt, airbackstepping and harpoon of Philae

2014411 H 13 HPhilae5¢ &, ESARAR T [ 4) fEAifi—+1 (Phobos-Grunt)
SEPhilaef1fa X 25 B R &0, HAT{UH %% R Lok Phobos-Grunt T-20114E11 H9H &4, JHEit &

BREESE K 1 R R ISR, BEXT K1 (Phobos) SEJifiRAFIR [BIAE 55, Hoidk g % il
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AL T E-50~5°, 4 %230°~235 N, HhG
F N2~ TR RAEATSS
Phobos-Gruntlit B K FE 5 B a1 1457, KA
BB TS BLEARZ01.3 emFIRESCREE, DRSS A o
PRRFEIRTTTE TR o RAE 2 V5 ZE FDIG R S A

TEA R F, MR E TS REL T KT A
FRAN85~160 g LIFFE N, AGHEAT 15 ~200CKRFE, FEdh
BRI, B R AR R AR
PR e G, HAEEEHREIT, NREIHEE K
L2 )

© 2010 :Anatoly Zak | RussianSpa

& 14  Phobos-GruntR % B 7n &
Fig. 14 The sampler of Phobos-Grunt

RIS 1T E RN, KA N HE,
55 KM

5) “4£52°5” (Hayabusa2)

“#£1925” (Hayabusa 2) & “H# 557 /NMTEFEN
WEENAY, 4K T “EL 5. “EE25 7R
ML E 28600 kg, K KA/MTAE1999JU37, %
MTEALT“R 857G HRE RN /MT EMHE, B
BRABACT K, |IRi%IMTERAFEN K WAH
MU, X SRR BT NI T 3 K PH 2 1) A L U
TTF201 845 BIA/MT B, 47 /MTESFRWN, I
FETRCHE ML A8 N 50 3G 0 8 /N BLE BEER I 2%, 20194F
VR T 88, ISt /MT BRAEAE S, 202043 [A]
HEK .

Hayabusa 275 KAf 77 204k 7K T Hayabusaii i, 1H
FERE R S 3 T7 AT 1 Ok sevh . 7ERE R AR
Jil, JAXAWFFN 5N N1999IU3 /2 £ 45 A [ CE M
TR, 1EF R I7 AT R FH P05 A0S KA, (R4
SRS B TROIR BR R R B BRI, YR B R T 9 0 HE A 1
A, i 15ErR",

! ¥

(a) Hayabusa S #fEAR (b) Hayabusa 2 S # R

BI15 SR R s B
Fig. 15 The comparison of bullet shape between Hayabusa and Hayabusa 2
IR TEN G2 70 M A LB 5 S 3805 (K38, 90°#E T
S G TUACR ATA B B AT 305, RIS xR AP
(1 5F 5800 S5 B S AR AT 7O M, H . B

e AT FE W 16J7~ . Hayabusa 2 4 7 {5 5 4 i
d/MT R RIS, TS R Bt — 2, 45
SRR O R A R AR R, PR AR,
BRI, R BT I B K. kA,
THayabusaP X fili i 835 K 2 & 5, Hayabusa 2%}
KA B R i 4 g Bk AT 7 ot SR NIRRT TR
Wit (EH/MTERIEAIE R SR SE 1 ~5 mm
WORLKS B B AE S B BN, RIS 80 I, 1 Uk
ImivE, K REARE S E . R, FERA
AR &R % SR IER T R BRI 7
Z. BEBEATEH ST BN TSN AL
FERUAL ,  HLERE i 2 A O G A SR R .
e AN E A N48 mm, BENS7.5 mm, B
70 em’, FEMBEREENTS00 g, HAPBUEHALIE S
250 ", AAEWE 17HR.

& 16  Hayabusa 25 #{ilk i £ 5 F2 s 2 K
Fig. 16 The working process of bullet of Hayabusa 2

20144E12A5H, JAXARVCRFESR BIESURTI R
F¥, HiiiHayabusa 245 7EHT A 1999JU3 1% & H .

6) Kk7G B (Osiris-Rex)

“BR VG BT R NASA TR St (1 — T/NT B R FE
REMTS, A4 NGRIE. LR . RFERR. %



% 3 40

B DNRICRERAEA LR 253

Ay RALE”, “BRVE B PRIES B9 e A i T A F
W, T20164E9 HiBid Atlas VRS T4, 201745 H1ER
77, 2019410 H Fi&Bennu/MT A (1999 RQ36) i#
ATHRIN, 20234 3R [A] Hi B .

-

&\\\

P At
i) (RS
i)
M e B

€ 17 Hayabusa 2Ff fh 28 27~ & &
Fig. 17 The sample container of Hayabusa 2

IR PG BRI A S AR R B ] 18R . R
MEERRE @R LG (QREMRO) , Tk
B 7 IREAEARE R . JERCE 8.5 m? R FH I
B BAT HEIXEh D RE . AT AT ELAR2 mi e 23 R
LM SRk, RIHATE 7295200 NI E KB,

Bl 18 Osiris-Rex A% 3 H 7 &
Fig. 18 The sampler of Osiris-Rex

HRYE BT AN 7T, Osiris-RexI H 1A ABennu
NT BAFAE B AL 2 BURL I P BEPERLR, B 5 1&
itk d . NS5 RFES . e 1Bies. &8
Biv 57 BT AEBU S AR, AR
TR R T R BB KA T R A T
A AL (R Bl AR AR SR ECRT R AR A, PR R LR
RrtkRE, FFHRFES LT R A L. Osiris-Rex it & 1)
KAERE  (Touch-And-Go Sample Acquisition Mechanism,
TAGSAM) HURAFASAIHUE LR, SRAF A (R 1y
FERN A, SRAETE BT KA &8 S A7 i 72 3R [ g
IR [EHER, R AR 4k K T Stardust R 85 HI T . 2
FE ARV BT BRI, BURERR [F)/MT 2
AL Z W R R FERRE TS, fiMT R
T FE S PLARAL,  BE A — B IR 2%, BURE T AE

K5 sHTERR" s

Osiris-Rex>RFEHT, H4LL0.1 m/s(1)3e & 22 18 20T /)
ATERI, 0 2 A e =K, PRI #S T B 1 2 B A
ARERTF0.12 m/s. KA E MNIRIRESTFEETE, A
¥ G0 52 B35 Yo R FEARE R I AT b Tl &b, degh &
WK 19F7R . E G M BN U b ) s 30K 4T
FifgArae R, FMPLAIELA fpsic SRR AR

B 19 Osiris-RexRAE4e B Rl & om = A

Fig. 19 The sample container of Osiris-Rex

KA AR, BRI S B SR R E R R
), R Bl b ) SR R A RS SRR B I R 2R
i, G0 2007, Osiris-Rex AJ 3@ HUME EHE T 2S00
AR ASUCKAE IR, B REES RS sPY TR,
W 3KIL60~2 000 ghfft, FIRAE2 cm AN HRTRIA 5T -

P20  Osiris-Rex N2#JshRAEER B
Fig. 20 Working principle of Osiris-Rex sampler

HRAEOsiris-Rex AT 45 BT, I #5545 il (i 120 7 5]
/NT25 mit}, Osiris-Rex>RFERE B 1ICRFEL) (> 60 g)
IRERIEF] 1 98.3%. BEHRAESIERN ST et f#
2 Osiris-Rex RAF 38 B 0l & B KT 15t A FE
KA 5E UG WIS 53 S, RENMLARUK S T IMT R
M, MPEZAER G, W SR 5 & 022
SEFE SR B (%7 v W T R 16 8 7 PR 25 HE gk
FUMEID) , SRJE TAGSAM A 2812 3 2 58 M A HL
SamCam C(ZIKE 21Fr) MY, @dEEGEEM
IR R R B ) CLE An R FE 25 A0 0 4y 1 - 45 0
K, — BfARE SRR S R R R R, HURE R
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IEEEREMR BIAG (4K K Stardust) b5 HEAT 0 AE X HE
Wl 2270 B  TEFOA N R HLStowCam
XX HENG LA T AN, X S 5 R AR 28 5 LA
B, WS SRR, IR AR OGP IR T %, BE
JE IR FIHLER o Osiris-Rex RAF 451 75 H 25 F Rl R
TR TR, 50K RS AT A
Z)H T IRIUK F60 gffIFE S, HuTh RAE RS0 Wi 23
FiR e

Rk, 202349124 H
E77-8:53, RE AN

& 21  Osiris-Rexd 341 2 K iR [l ks & &

Fig. 21 Sampler packaging process and container return of Osiris-Rex

22 Osiris-Rex Kb it 7R & B
Fig. 22  Alignment ring of Osiris-Rex

Pl 23 Osiris-Rex IR 6 R
Fig. 23 Alignment ring of Osiris-Rex

7) Ha[P % (MarcoPolo-R)

“Laly % ” (Marco Polo) ZESA“FHIERINE”
R TURIEAE S, B AESRBUMT BRI %24
REHER . BEEFAGE, MTE REWE K R &Y
TE R B 5T A B T4 58 29464255 1 R FH 2 19 TE B

L. MarcoPolo-Rit &I ir i CHI/NTE2008
EVSHERAEIR ], Tt RAEF MEZ100 g, 12029
A2 AT IR [E] R

Marco Polo-RERHITAGH 3, KAEFEE M FEH
NUBE 5 RFEAE LS, A b A7k 7 THD U 25 R RE il 2 2%
HiR B R B RFFREEE T T LR
OR 3R 8100 g7e A IFE S, FFRER EIHhER; @1
16 3 P b R K 2 R R DL R K 2 /N O (ARl
F=RID .

TERFESR T, W T 2 B4R SR AL AR FENL,
IR R O AR AR 980 5 PRI 2% 1A
TEMs @R FAZEMERIR> 142 . @K —AFE M HEUR
SREh: OFEREERAE AT, AT RFERR 225,

AT, 155 B ABWS B . SRAERT
HRES), FEMEERSTIITR, RVERESIEN. HEhm
il ¥ 5 R m A, R A E LN 3 em U FE &
T . FE R FE R TE AR T P AR R T 2 R KL Bl B
FHRAERE S . BWSTE AR B, Hal7EAE1 shif
[ SRAF TR IR (0.35~2.1kg) o KEFBEN A
L1700 ml, R[0T 8EAE0.35~2.1 kg, FARE{E Bk
TRREE.

R /MT R R AFIEG A L, AAY)H 5
WA B, 70 SR AR 2 B Hb T AR 90 37 15 B AT Wk
€, HEERS. EE/MTEEM2 /5, FEMEERT
W01, BWSTEEEEMIAE RSP T UE H. BWS
ORI, HENE, mERE ), KEH CRA
BEKC-135A KN N7 TIRE, FEER0 2R XA
JERBAN AT 7RSS, e — oy T R AR A ) H
MR E L. A RTISER R RS, RN EAUIE
& LAEB BE AT P2 A FUSCEE B 15 g it (HEAER] 7R Bk
KED » FEMSCER &RV S LAE. BT hMT
BRI Bt CHXEE . LB A
EVE, BWSHER 1925 A V) 2345 A o v] S 3R By
1. Marco Polo-RE fifi & RAF L FE QK] 24 /7R, Hh
DI i AL ) 2R AL 2 W 25577

20124E7 A PR, ESASIXT TAGREENIALEEAT T 4k
SEHECRAETE, GFRRYENR . HEE . s, Yot
5T (Hayabusa) « VI%|#e. /PNE. BMER. K
k&% . HarCim 7 WA B AR MRFE T R
TASHRAN Astriumfit, WKl 2617

PRI 5 /T B 3R B2 i 1) {4e 55 JLRD, Rtk
BUE 7 RHEHE 3%, HREME AR AETIRE, KRR
B (TASHO N— I TEHEM, 36 Bl I 42 fid 4 FH oK%
Hr Bl SR R AR, DR PR B TR R B AE R A AR
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H, s 270 R, RFEE, ERIBREIGE, JRRESRAE T UM RR BIAE . SIS R R L 2% T RAE S
HEGR B o as A oy — Nk, Jld2 B fEZ T LA 5 S R -

KAT B
(10 mm)
- o
T e l .................
(50 mm) \

Pefi v
(4 mm)

24 Marco Polo-R#5 i S RAE BT RE
Fig. 24 The landing and sampling process of Marco Polo-R

25 HATUIEE BRI SRR SRR &
Fig. 25 Rock chisel and wheel brush sampler

PRI 2
(a) TAS i (b) Astrium hit

B 26 Marco Polo-REFESS 7~ B
Fig. 26 Samplers of Marco Polo-R
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K27 MPRISMRHERE Kbt 4%
Fig. 27 The sampler of MPRISM

Marco Polo-R A5 & 1 K FH Osiris-Rex £ 5 & it
FIRFERE (TAGSAM) #EATHuH i, ER A AE
WOURHEAT RE SRR [FI, 5 Osiris-Rex AT 45 AN A 2 Ak
f£T, Marco Polo-R{E% % H IMPRISMAE A 1
TAGSAMELGL A3 A Has, s 27578

MPRISM B AT HEAT3UCRAFAESS, AT 3RAS B e i)
IERE N, JE AT E DR R S AT R L, (RIS R] SR
TWOK 2 Z KR AR RN, SRR IR A SR T
1 pm AR EOBARRL 75 4, 3 [m] 3 BR J5 R 0 25K
HHEHALT0.1 ppm.

HERMN A5 /M7 BAR TR, H MR i,

N
(a) W

A R SHATE, ARG BIE . M7 R
JR T BRI A Z kL, 7F = E RS AE A FMPRISM
() Sk BB K WO B B FEAE R . MPRISMER A 2% 1 4%
B X, BEGLFE 5 Osiris-Rex (T 452440

20134, MPRISMERAE#s (UEF1/MAEHE) JofE
Z UKEF X Osiris-Rex TAGSAM KR 35 B 1) K FE AR I X
F (ZE) SEMBRE 5 KRB IR T K
MR, il 28FR . MIRFKE, TEA R S IE
N, MPRISMK K %% B Osiris-Rex TAGSAM K 2%
IRES1, TEXGINA M sk — DI EeR e s, IRt
TR KA IR IE R RE S

() FFEFEA

(d) REFFHEA

Pl 28  MPRISMRAENHR
Fig. 28 Sampling test of MPRISM

8) HAZLKFEIR[E (Triple F)

A KAEIR [A] 4 45 Triple F - (Fresh From the Fridge)
FRESATF i A BRI H R IH 2 —, RIT
20184F4 H RS, BT &FIEE, R KS, JefaHH
J Bk HUERE 77, 20234E 1A 79P/du Toit-
Hartley £ /2, SEJiCRAEIR FIESS, FiiH2028 4% [l 4
B, RIS 29577

Triple FAE55 048 & B R0 A R 1) A B 3R 2 D
3AES, HEAKAEALE BAA AN &) KT s
R, UKJE T o XS EOE 3 X U E N & IR A AL AR
JE ¥ R AR TE ) XA il DU 505 3h X0 b 2k AT
XFEG,  f R G BB X (Il XD BEAT R AE .

BT

PN,
HlAE
B FL i
YR
AT
IELLAME R
P& E0)

R
WK R
FEAGE R
HLTIILR

5 i

R A%

K129  Triple FARII 457~ i K
Fig. 29 Triple F detector
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UEAb, Triple FAE S5 RAF 20 3 N 3K 25 8 R HE 25400
Tempel 15 52 [P 4H X, BF 7NN IX R XA P )i
IRATRER T IR IZWUR -

Triple FAF 55 AR A T7 2R 5L R I it (1 45
Fy o BRRAN KRR, AR R AR AR R N 4 1 7
EN PO NE 72 € S0 /8 NI Y NG O
PEZAE SR T BA AR ke vk (0 BRI,
K 30fT 2 R NAAT.5 mm, BEJF0.25 mm ¥R
REEAT B R BAUDIRE o W50 R W R dh i
A58 L /N T500 Pa,  (HERCRAFEAREE AT 1 mm FLIFA 5
HA R A

FENIR B
IR RS B8

A3 IR FELI

30 Triple FRAEZE BREE
Fig. 30 Triple F sampler

TERFEN R FERE St 5T, Triple FAE 4545

G T Tempel 18 2L LEIS TN, HED
Tk I PTBY SR L N1~ 10 kPa, PUIELESREZIN10~
100 kPa, HRFEHLA AT IE S 58 FE A1 MPalfIFE 5t 7T o

Triple FAT 2 #8045 R I TAG 7 AT KA, K
FERFEIAN R T2 s, AT 55 30K & W B TR 1 X
1, ZE I gkK T Beagle 2% 11, Triple FRAF 2
BEA3AGE, 758 B3N AN [ X AR R
BEEAANS em. KEAN50 cm. BEJR0.5 mm, FiEN
200 g. JEISHAFHLAL 4k 7K Philae B HLAD FIN
HERM, MEHCEREMER12 m/s ChtE
FINGE S, % &K Philaets YIS K LR,
AL O B IA F90 m/s) o I TR REEL A,
N AR T, B IR RS I AR R TV, AR
BRI T AL .

FERCRARTERSG , A B A R 2R [ A Hh 1 v
FEAE A AR, TR R 8 AL VR, T
WEGRE A X5 g% . Triple FAE S5\ NTE TS 3 IX 35,
B R AR UR BEIA 350 el o] AR EI/K VK, 5 FERE %
[E4179500 kg/m’, KM @EJN50 cm. EARNS cmH
FEARRE L2828, FIER15 20500 g5 BYIRR . NRAIERE
(YRN8 A6 350 R A2 Ak, AT 253 (15 4 sk A5 it ik 47
T, FEHE AT AR R AL T 133 KA
FERRELN, R [EIHER2 h IR B 2163 KA A,

B AR I TR R AR RFEAT 55 - ZEAR bR AR
FET BTHE S IR AR 2B 7R

® 1 ESMDNREREESRERIEEEIRIRXIT

Table 1 Main indexes of sampling and surface operation of foreign small celestial bodies missions

HARfaIR prgan £ YR f:1=) R 7 L 4 =N A% 2 iR
F bk 7] TR 7] TR TR N 7]
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KA PRI 25 & i
Ayt ki TAG R TAG TAG TAG TAG
e
ﬁﬂ(ﬁ;j:i <1 <1 — <1 <5 <5 <2
PR =100k 01~10g BYK10~40 mm’® 0.1~10g 60 g~2 kg 100 g 500 g
PRV = 10075 21k E2/4 =2k =3k =3 =3
BCRFEIREE / e 0.23m RE. WERE xEZ xREZ 0.5m
P = E20N Z4 E20N Z4 Z4 E20N Z4
FEMRIAT 1 um~1 mm / Sl 1 ~5mm BARZ2 cm TR 21 JE K 2% Hizl
P2 A2
. #i>1 umffy #i>1 umfy TR
L inm T Y
e | rrg GR IR GEEER  ORTISR, BFi5 %, A< 133 K
FREEPREOR | RS s / FIARSE BRI L T
v F100D) K100 h) JERER I RS e 0k
- GES =SV S < S
{&F0.1 ppm f&F0.1 ppm
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Table2 Summary of Sampling methods

Fr5 KRET7 i R SR e L AR HEERN
1 PRI R Kk JHHE R TAG i 5 ok M TAG e #
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3 PR =2k E2N =3 = 3%
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5 PRI EY EY £ £ ELY
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7 B AR 1 pm~1 mm k2 s K 2 JE K 2 B
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Table 3 Key techniques of sampling technology
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Summary of Sampling Technology for Small Celestial Bodies

LIU Deyun', LAI Xiaoming', WANG Lusi', LIU Xiaoging', ZHAO Zeng',
ZHANG Jiabo', QUAN Qiquan’
(1. Beijing Spacecraft Manufacturing Factory Co., Ltd., Beijing 100190, China;
2. State Key Laboratory for Robotics and System, Harbin Institute of Technology, Harbin 150080, China)

Abstract: Small celestial bodies are important carriers for humans to understand the origin and evolution of the Solar system,
and they are also rich in precious metals and rare elements. Sampling exploration of small celestial bodies has a vital value for
scientific development. The environment which has influence on sampling missions is concluded through the reserch of the surface
characteristics of small celestial bodies and the existing sampling technology. The technology requirements of small celestial body
samplers are summarized.

Key words: small celestial bodies; weak gravity; sampling techniques

High lights:

o The target properties that affect the implement of the sampling mission of small celestial bodies are analyzed.

e The existing sampling technologies of small celestial bodies are conclued.

e The environment effects of small celestial bodies on the sampling missions are analyzed.
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Processing and Analysis of X-Ray Pulsar-Based Navigation Test
Satellite Observation Data

YI Weiwei', OU Xiaojuan"’, XU Jingwen', LI Jing', LI Bing’
(1. State Key Laboratory of Astronautic Dynamics, Xi’an 710043, China; 2. 63769 Unit of PLA, Xi’an 710043, China)

Abstract: The first batch observation data of the X-ray pulsar-based navigation test satellite were released. We get 35 files of
the time of the arrival of the photons using the standard basic astronomical program library proposed by International Astronomical
Union and the JPL ephemerides. Using the method of epoch folding and the known ephemeris parameters, 35 pulse integral profiles
are obtained. The kernel regression method is used to reduce the noise. The influence of the folding bin number on time residual is
analyzed. The results show that the observation data is effective, and the pulse integral profiles can be obtained, and the detection
of crab star is realized. The kernel regression algorithm effectively reduces the effect of the bin number on the time residual. The
rooted-mean-square of the pre-fit timing residual is about 40 ps.

Key words: X-ray pulsar-based navigation test satellite; epoch folding; kernel regression; timing residual

High lights:

e 35 pulse integral profiles are obtained by using the standard basic astronomical program library, the JPL ephemerides, The crab

ephemeris provided by the Jodrell Bank Observatory and the released data of XPNAV-1 satellite.

e The influence of the folding bin number on time residual is quantified.

e The effect of the bin number on the time residual is effectively modified by the kernel regression algorithm.
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