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Abstract
elaborates adaptive design of extraterrestrial objects’ characteristics, sampling method, and sealing container.

Based on the review of extraterrestrial object sampling and sealing technologies, this paper

Then, sealing technology characteristics and leakage rate are analyzed respectively. Meanwhile, key issues
during the sealing process, such as dustproof design and biological sterilization, are carefully researched.
Finally, the prospects for the research and technology issues needed to be resolved are also analyzed, providing
a reference for the development of extraterrestrial object sampling and sealing technology in China.
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Fig. 1 Structure diagram of Luna-16 detector™

FEVREESN 350 mm, FEUTEE T 101 g M ACIREE &b, #
R EAA<1mm'™,

Luna-16 5 [ RFE R QIR : 2 RAEFF IR AT, R
FEFF T £ e 1200, E5AE A% 5 A R, SE1THE
on B HUERAE o RAEGE IS, SRAEAT 10 B 5 ], o
BiRE 2R P2 Tt 2 5 -FAT A B . B S B A RR SR
FEFFh ) T 180°, KB A L HERE S A OB R i8
RSB BRI . BB T R RR WA AR T [
FPA, SERURE S AR R B, RS B R A R
O HET R SR A 2(b) Fs .

(b)

iR iy

P2 R B R AR A R R AL E Y (a)i& AR 45 4
(b) FEAN B AR AR L F A

Fig.2 Structure diagram and position of sample sealing con-

tainer”. (a) Schematic diagram of re-entry capsule,

(b) Structure diagram of sample sealing container
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Fig. 6 Sealing structure of Apollo lunar sample return container” (a) Translunar seal configuration, before sealing , (b) Translunar

seal configuration, after sealing
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Fig. 7 Photography of seal & dust protector and sealing surface protector'” (a) Seal and dust protectors (b) Sealing surface protector
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Fig. 11 Sealing structure of Chang'e 5 lunar sample encapsula-

tion device™ (a) Lid before sealing (b) Lid after seal-
ing
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Fig. 18 Schematic diagram of the sample catcher and container of Hayabusa™ (a) The sample catcher is transferred forward to the

sample container and the re-entry capsule , (b) The sample catcher is combined with the sample container in place, (c) The

curved-surface lid is thrusted on the edge of the sample container by release of the spring tension

257 FEAEAE A ZR AT R W 20 BT, B ) e
FEAE shis (NEA) 3K 20 [B A JE 43 B #s e s , (1 7 01
i AR [R] AR SRR IR, S8R AL B C =AM IEARHE
an AR, SE IR e, WO I G P . Ol T kA R
U oy B, 4 B R B Al 2 ) R A TR B, 4
AN A7 TR A B RT e, DRI /N O A AR
RT/MTEREERFE, “BE557 %4
4 5 U2 Rl AR 8 VL, 25 A6 AR [ 3K 179 3
HR R, B JEE 5 KPaY, MRS 2 57 EEE
ST R A, DR ISR P T 3 S AT 1) 4 2 3
G EEMRHE B AR ] Dl A A SN, 2

R 1 Y [ B o e T AR R BB S LA A BIL B T L
HERYIE Y, BRI F LN 1x10° Parm’/s™, “ 4
52 S ERE BT T BRARGH, WE 21 R
B A2 50 9 ELAR I K T B 2548 AR, S AT LA K
TR AR N B A0 0, 702 B 25 70 M BE (Y BH Y
T, B AR T, 2% ) R A G ALK
CEEL 2 ST HEIN T ARARKRE SR DI RE, A AR
TR0 JEE R Rk, 158 AR 2 1 mm SR EORE T,
W 19(b) T o A 5l 2% B 25 28 3R 0] M 1 ),
B 2 SR HURE 11, TSR 25 2% N AR S B OGS IAR,
FF 5 825 43 oA

@ gispii it

;\\\m\\\m\\ NEA AN \
i & == ; ;\‘.‘
[

XUZFREEAR L
gl

®) gLty

SMREUEEN

19 ARSI BB A SRS ™ . () RS SR AR (0) 25 2 SHEM 4%

Fig. 19 Structure diagram of sample sealing container in Hayabusa and Hayabusa2™ (a) Sampling container of “ Hayabusa” ,

”

(b) Sampling container of “Hayabusa-2

32 EEEARHMTERBES
“ PG BT (OSIRIS-REX) 5 2 6 [ & 5 09 &
AN SRR (BRI 2%, BRI H bRl B 2885 Sl BR

RANMT B Bennu™ ™, F G T H ik FIG WL EAS
HA R AR Yy 5 28 08, 3% i XA = D 40 /N UKL
FHEIRAR/NT 10 mm™, F A 5 A R &7 A



280 H o= B2 5 #H K % # 43
JEEfA A JEEA B e g
K24 em® A 12 em? >k A &SRR
N /o PiRATIT PO
weiiess T 78] Ta 5 WL R B
FTme | M\
R (7 8 2R T 2 [ bl \\
e L —
mkc — B =
2 12 em? store sample to store sample to
3 chamber A 7 chamber B
A B A B
C C
store sample to  after 3 sampling mission
chamber C (close all chambers)

BI20  “AE 5 257 RE A AF A A AR = UCRE B I R AR
UKo
Fig. 20 Operation of the sample catcher for 3 sampling in
Hayabusa2™"

K21 “4E55 2 574 R B b 4
Dust-sweeping Al foils of the metal sealing system in

Hayabusa2'*

Fig. 21

S ()BT R Y

T L S R g (4 SR AR Xy < — i Y
HORBE. SREERHRI AR BT N, fERi B /IMT %
T JLK o BB, SRABESL 5/ T R R E . AU
Mt 5 e 4l 2R e R T A RO 2l 3 o O
TR Ak, SRS 2 TR 5 TR T F 2R ik TR 2 1 4
M AR Rk v, A DACRAE Sk U )0 I 37 4
B W BB TR BE S IR . MR TR/ T HA
B RE(EL T, 2R PR ST, FE A A BE LR B Sk
SRR I R 222 5 s, RAEKE S BLAR B 1] 3k
20 mm, SRFESk TAER ZE N 22 FiR. REESEK
Ji, < A VG BT S 0 el e A R R RS AR I R

K22 RbEk THERERDT

Fig. 22 Working diagram of sample acquisition mechanism

[57]

Ji@ 5% Ik 1 sy 9 A8 A R Ao A PR . SRR R
1L 60 g I, AU R SRAE Sk Iml 32 T 3% [m] 65 o0
R it 2 i AL, MR DR SR Sk RL B 22 )
(1) 32 2 150G PATI [T, 5 B it W 4 2 1 ol
TORUERAF ), By B Al 3 A i SR
L, ATHEAT 3 YORFESS

N T FEARAE 55 AR, B8 PG HLI " S
BB A B ALk T R ST, 5
iR AR A X7 B RZs R an ] 23 Fs
ThE A

ALY

oz

L 72
AR WM

JE PR A e

P23 KGR AR LS AL P, B 52 8 2 TR [ g
Fig. 23 Structure diagram of sample return capsule (SRC).

Sample canister is located inside the SRC "

2020 4F “ PG LT S 58 ERAE IR, Skl L
ARG R, R SRR A RO I T H AR
SRAF AL, T EUH T B3R a0 2R PR A R K
BT, LR AR TR AR . O Tk
PR TEZHERD, NASA W LFERNPR LR, EAERAE
i [ R



%4

O S MM AARE AR AR R R ORI R R R 281

4 NEHRREZIHEAR

KRR G171 R 3R T 704 38%, HR-IN 7% 7T B
P& IT I TR S R A B A KR R T M T
gEM 5 HERARRL, 5 T EOKERAL)ZE, KAL)
FER LT AR A BRAEE , P R AR A T =
FZRE IR, WERE X LR S E AT R AR 4 BT,
MBEPRIERE S B Z R B . TR B R
I3 S HLERANL, A AR BERIERER . A AR B
FRER W I, I HKTF- 9 S L0 AMGEIIE 52,k B 2 1
A VKA EoKk a4, BA — @ L1, Bk, 78
IR (7] Ml sk 26 as A G KRR i LS R e, R A A
KA, S0 S L 843 53T

T 2020 4 TF JE KR FE G Y SR AR I [0 4T
55 —— KR AE SR B3 %)) (Mars Sample Return,
MSR)” o L RIAS R — PR B RAEAT 55, TR —
RIVESS AR BRI T AR, 34 TR R =B
TG SRR B B . NASA & 5« & & 2020 (Mars

2020) " R 4%, 18 #EAF A “ %% 157 (Persistence)
KEEAERS A3 AT B IBORAE, [8]— Ml sk
SEEE BT REGAE T Im AR R AR . 5
BoR s R B BRI PUE . NASA 155 [ BL
- TR N N o T S L < T
(Sample Retrieval Lander, SRL)” I ““ Hf1 Rk %L i 1% [7]
7 (Earth Return Orbiter, ERO)” . #f & [H1IiC 25 i #%
A7 ok B E Tk Ei (Mars Ascent Vehicle, MAV) | £
Sh U BE kB % (Fetch Rover, FR) A1 il AL 5 25 7%
(Orbiting Sample canister, OS) . F£ MU kK 2R 4 FH
Biti Tk B, WOAR B S B AE R R T R R AL A
AL L iE BPUERE AR N . BUBERE A
B T KR BT K Rk BARK R E . 5
BN IRE € A= B A I Be B N 82 &0 BB EI RS LR N
HUBRE S A A8, R T 28 B R S iR Wi
PEHT IR B ER T JORBE SR R Bk
55 LB 24 fiR"™,

gg.IIIIIIIIIIIIIIIIIIIIIIIIIIIIEI

K 2020 KA gy

K& BT

il e pen
1 R oy A -
| @ B 57058
I “‘ t  wie , ,‘#uu@%&
l ‘m&’-'ﬁka
f‘ N =
t = | o
) )
q iy
lﬂ I ‘

i I I | S [l

Lotz | Despputimpnss | [ sk | |
El24  “JORBEFGR ) TUYR AR A
Fig. 24 Notional MSR architecture!®”
41 HEBEEHET RS Eer

KRR R 1R S YR 43 R,
Horfr s R i D AN TR RAF A Fh O A R 28 DR
FURLTS G, T Mk B 202 Sl R BRI 15 e 728
o, HAx 38 M FE Sl N Rl b s A A2 1
BEAYFE i 2 BT G M B R DT BRE A, BESE
ORI AR AR, SOREG T AN [ L DCRE

FESRAE AR 25 i, R AR 250, R R
@25 mmx 140 mm, F£ 5 B E R T 15 g AR
FEKE 4, R THE TIN Z B 1A LTS5 G 4 0% [,
HNRTE R A AAR R 2 AR v A R, AR A A
KRR FRTE I, N FRFE AR A FARIR . B RE
B RELZA G T, TR AT AR s ok A



282 H = B

5 8 R o

25 KRR S P
Fig. 25 Flight sample tube assembly™”

B,
P T4l Sk A BORE B RIORE A s P B 4% T, L
FE SR 2015 Ju i B, S H A B A — B
BRI BEA B G B /DR KR R EAEAE UAE, KR
T AR 2857 KR R WA B RV L IR B R % B
PRASCRIFAAR ; B 5L TR IR [0l HbBR A 1 f 2252 K
BT A& 4T . HhER R 0] 4 4R 3l R b SRR S
BEPRERFFAL . T LR %R, NASA #2111
A% B 28 AR B, SRS AHEE S BIR
O A& S 2R By 17 il ad K il
5 BT, 45 G K B RFE ) SE PR R, e ek
£ T Kristopher 2548 H (28 B 2547, I 26 iR,
Wit THERG. RE. RERES. 5. KER
FEIN . RE LA [ R | 9 B 55 O P R %
A,

p=t
g

1) BE G 2) I RE,

HA2: 13.4 mm

142.25 mm

W 55 [ R R
E26  #5EHH LM R

Fig. 26 Hermetic seal assembly

[71]

BRASHE NS, B B AR S N, A
[#] 5 5 WA By 1 B AR AL RS L B
WA R EM G E B BN Tiash, RERmE
B F % b 2 PN T R 3 ELAR BN, AR A IR &G
W EARWRZ G, SRR G MRS 2= KT
FE S INFR T, TR SHE A N EES R, T
WAR G5 H HD R THI 9% 4, 7E8F He B 38 40 Vi IR 4544 7T A
FE A N BE R AR B AR, SR THTEE 4 S R A LB,
W B SRR A 2 R B S B
SERIBIE B R | % AR B B ) AR L R g
AR S 27 iR o

KRR RSE N 500 ~ 700 Pa, 561 e RE L
PR T 5 ok R ER IR R . R Sl AR ] ik i
W, D KRR R R LS BT AR R R A
Z RN, B A 0 B 5 R T 4 0 AE A
TR AR T BRI, NASA XA 1 %

3 RIS 4) BRI 5) BRI 6) AR

METHE FEZsiE® SEREEM  HREK IR, SEREN
T

i AL

BEJE W )

EEARIE /mm
P27 i A v st e AR A e 26 AR A i

Fig. 27 Sealing force application process and sealing cap deformation during hermetic seal activated” "



% o4 M

O S MM AARE AR AR R R ORI R R R 283

a2 MR | R A LKA TR SN R PR EE 4
ik, BERZRLT 110" Pam’/s.

42 HEHEERFELIT

BB AR S 2525 (0S) 1) 32 BL )R8 M WA A7 it
FERLE, I HAE T 2K B HE . OS By ZH L
ZhRan & 28 FiaR, T2l OS S5l OS HEMARL K.
OS WG A 2 A TIARRE IR X, 5K
A I A BRI ) PR R 3 58, S AR AT AR 140 ml
KEERAFER . OS Fh7e 48 mL 1 7 o AR B 45 A
TE K5 B AR KR BE e, HBRaR [0 88 A] 58 1o {5 br ks
BERIEFR OS. OS #h5e P BEA il ) 2 7 5 AT 1]
5 RERSE L HTHUAA LA, 58 OS 8 B AT
TORE A 0 [, KRR bR L R [T ek
FpvE i BF, AR5 OS PN SRR 5 5 45 Fy g 30

0S #hit

0s fifEfk

28 OS AR K"
Fig. 28 Current OS baseline design

[66]

@ LI
K
Her 4ty

‘ B RRLH
e R 55 HUR R
JEEHH PR

[EESIBEIN

FEdh

ing, (b) Structure of sampling container after sealing

- RN
T P AR ek

RAEAT BRI BOREOR, KRBT BRI AE R
RV, AT R T R . RBORE R 5k
B SRS 3R 1A 55 A O 11 4 8 255 o R H AL 358 474 1 >4
5 KR PR BT AT B 4% filh 5% 7 (Break the Chain of
Contact, BTC), HV 45 1 [0] # BR () A R EBAS BE 55 K
BRI A, BT FIREOR, WK OS B
BET DM b ok B IREE R A A, BN
BERLHEA T RS T

NASA 2 AR | ST BB AR AR REAS 5231
55k R ol T 8 1 % st 2, O FL B IR
BEALHEAT RS A L R A/ P i PRl 2 e 4k 2
75 AT A KT o Yoseph Bar-Cohen 554 1} T
“S3B” (Separation, Seaming, and Sealing using
Brazing) % 2 i 25 B A5 M7 145 R Sk XU RE A
TN TR B, 7R R B R AT T, BEREfE OS
5 ORI HE Al T 58 2 BHF TR B A RN, XRE R IR
PR S % B A 4, MRS A R I AR 48 40 1 A= )
TSP B A SRR N AL AL, AT 29(a)
7R, H A SR R | RN 2 R R RL A5 2H
AT ARTE K B3 TR B S — A, TR Z 1A
NHLERIE IR o 5 AR 5 AR ] o0 B AR R S —
I, SRS R A ORI Ak, AR TR T
e gna , MEFT IR SR A A SR P P 5
S BN 2 B I AT RE 20 A DL b BT 30 Hh R R
(B X 4580 F1 3 2 20 (R DI 78 32 U5 A T J i
R TEN RIS E T, AN 355
b4y s, s 29(o) s o RN £ Bl 45 E S
PERLEE ], 55 1A P B8 A B IR il — K, 58 A
FES AR IR & . B K R BT A iR
SRR R4, AN BEIR [P R [0 B, SR (] A0 R 55 4

(b)

LRSS

3
129 BTN “ S3BREMIR MBI () BEEFHTRE S 2 8R4 A0 (b) BB R i 2 28 4 A

Fig. 29 Structure of "S3B" sample return container before and after encapsulation”*"” (a) Structure of sampling container before seal-



284 H = B

5 #H K ¥ M 543 4%

AFEAL )
FEAL AR

i
.\ =
@&

—
~

N

AN \\

P30 AR SoR
Fig. 30 Schematic diagram of brazed sealing joint'
PN EIRZER OS izik bk, T s ARy
PRAMI G 2 R T 58 T oK R I8, SR AR kB 3F
Bev5 s, BHWT T K B AEM L Y it AR

74-75]

N T AT AR A, LB AR SRS BT B,

Xiaoqi Bao St 2 B A g & wEkB"" . ik
3 2 2 R AN B AR S R AR R AR AL, A i R A
K31 R . s (IR 22 18 5ok gkt 4 hy
— Ik, SARIMNEEARN S K BRI A AR RS
[ JE 25 a AR 4 E — B AUZ 450 o U ISR 58
WG, SRS RRRC S, JH SR AR Y, AT
BERIEREE, WAME AR 8 . A NS w5
(b)

PRIREE T, SMA MR TS

Yuki SEHL T AS BSR4 Y, SR S
$5 OS 3 TR 4 PrkE S A1, 5 MU BRI 5 3R B
JTE B B, B OS 5 M ER IR e B b . 548
0 LR R A0 32 2%, 4 OS B ARE 4%
T PR IIECRE SAS AT, S5 OS ) I 52 b
HERL AR T . FEHEAES S SR Ab Y PR
ShAS, SEIR OS HIEHSE AR R ASHO S BT . A48 B
FURRE . 505 00 A, 05 15 2 RO AR OB i 2
HAICHL .

FG, RES 5230 BTC T AE MR E 4549 T 7E DT
R B rh, B2 SRR R IR [ 1 Jal” 36 0 5 4
Ha i R -

5 REZHRAREKRZE

T 7] R SR B2 2% 1) AT PR 85 AR A 22 BR A AN
SETE, HIAPRUCREE B BORBA LT KRS

() AR B 3t A0 IR A R 1 8 9 5 3 ) R AR 2 )
Jrak

W 5 PR B AR 11 A J, R She e 2 TR B 0 O
T, T PREE B RRIR | SRAEME RE SR A1 K A
S B SR it R A IR ] AR, B IEAE il AN E
IR R RAE S BRI R o ARRAE
AR BB I AR 2545 %5 18 RATI ] | IR |
EIPAP NN Y W S SR T S S E R 7
©

(@) |
( \ YIRS LL <

8N
AN

N\ 5

AN RARER S
(B T A )

W

)

/
v
/
L i
N

HERIEEAE RGN
(d) (e
i | @90

GRS

i
WISRINEST

J 099]]

UL

TR

M(ﬂ

H

o

RGEZNED

EI31 BRIERUREFAR S B2 TR E
Fig. 31 Working diagram of spherical double-lid brazing vessel””



£ o4 M oot A MM R i RAE B R E S A 285
KRR P— A P A 1, A BB B 2 T B

(GHIYREE S78:9)

HuBRIE TP

HuERIE IR

1Y
Wi OS

P32 AN B R
Fig. 32 Bagging break the chain concept schematic'

SR VCC AR A 25 B 07 =00 X T RAT I T Y
AR, e 9% 3 oA A | A REPE T | PRBE T 52
PEEEGF %) % 7 2 Aok i KA JZ RN BOR S
PRFE I RIK, I EEA DML % E= T
KB T AT AE A B A S48, ke 5L 20 5% ) 5 B 00U
B 0T 3 T I B ) () KA, TE SR AR BRI
IV P AN 42 ik R T (1) A 7 o, SRSk 5 KA B 0
PR, SE G SRAE T B R ) R AR B 1 1T B0 £
X215 | 73R H I 5 T B 25 0 R A4, WAL
B 1IN 2 2 i J Al B B SR s % R
PR R TR E R MU G O, EAERT AL A B
BT B AL _E, A 0P b R AT R B A R O
LS R BRI B 250, IF T AR S PR
1, A 3R ] ER 5 55— B 8] 20 B AR RE s X
FU RN R MR 1 KA, BE AT DA BE B
23 B, T DUASOGT B S ol ) SR A T L D,
WEGRLK | AEURN 2% B ORET5 GAE  o
(2) TR A FERIBE 22 7
GIM LAAE By S it A A o 5% 4 55 W] LA
H A b 25 4 0 B B A IR K B 52 . IRk
A Luna 225 Fl1ZE E 1Y Apollo ZR ¥ FE il 25 7 10 25 £}
SER IR T H A RBIR, B B A AR AR R 0 K S
W E BT 2D RAE, Bas kM. BT
PRUE B SRR T BEAS 70 IR (0] b BK 5 PR AR IRURE, TR
FAE A RARAEVE, 2R ke 7 T 555G 10 2 25 2 14 B
23Tt 7E Apollo F F1dt F i (1) 7 55 By 242 1) L il
b, FEA TR ERAE L HLUKBRAY L wRELERAY | EEEE R A

78]

Wi, $ T B AR

(3) P A BEME I W e i B | I [) R4 AR
Py

W 7 AR A STE 1 3 TR AR RN B AR B AN W7
J&&, R A RN B ) M TR KR RE
R AR AR RS BRI | 3R (8] AT I (] B A R
IRELAR, b i BHEOR A 75 SR B AR 7] B
KT Xk s B R P S A A et I [ )
SREE . HAT, AR H BREE A 00 B 7 AR AL
GERYAR B % B P AR AR S HE A5 5 Y TR By
3, IRV 2 2 A ELARTRL B8 S PR 0 P 22, R
B HA K B R 2 AR R A X L
6 1 B ) B EOR . ROR VAR SR B B M AR R
PRARPE  TRATERBERE IR | 3 [0 i) [ 55 38 0 56k 1, F
o R o ek N & TR O SR E N E VA S R N
[Fi) B PR Y B, 00 LR AT B S A A
IR B Uk, 6 AR R TR A R INAT 55 e b B Y

(4) BT BA 11 R DI BE % K B 7 2l 5
Eet7/ )i

I FEAT B R 5 T BIF S 1 Ak AR AR B B
FLAR X7 Az i B9 KA BEA TR AR 0] 4, BUAT Y
M AN KRR B A AR AW S AT BRI BET .
A b E RS R 55 AT RE i I kR L R T
S5 R REAFTE AL fir (A RAR, TEIR [ 2585 i B
e 2 JEAT ORI BT, FEAR I RE S A B ER R R
15 3% 0[RS A ol 7 i A P s 4 7 BROR sk
i

(5) TF R BAT TRIR DI RE R b 7 2

BEE NN Al F5 2 A A IA D)5 5K, HuAh K AR
2 I K G B 23 A 2 AT B AR A R 2 H AR Z
—, KRR DK/ UK AR A IR (] X A 52 3 5B KA
HREPERATR AR L. HATC#E A B XA
RT3 3 DX A KA K DK/ UK, AR B A
B K DR/ DRTEAN SR R 1 0 T DR B AT [l
T R DR B TR R R I T R AT DR D g
AR T 2 25 4, 6 3R [ Ml R 1 o R v R L A Y
IR ARLARAR [ A5 SRR, B SAY 1073 A EL B DR AN,
XPBIFFE R A B SRR W) B 2H A W R o0 A AR IE X
AEEFTL



286 H = B % 5 H K % # %43 %

6 it chanics & Foundation Engineering, 1986, 23(6):
A SCIIR T E A AN R AR A 2 B R R Y 2417244

[3] TangJY, Deng Z Q, Chen C B, et al. Review of plane-

K IR, 1B T B X AN [ 26 5 2R A SR BCR) SR A
B 7, e AR B LT 458

X TR A R AR T S Al R 4 5 =X A
NIE TSI KRB KRR, AIFEHR AT 2 12K
RAE, FFRENCER B T — i TR A RE A, G (] R
Janl o R SR BRAE B AT A, (R SR D R
v e AL R MR L, FEECRIES | BRI Hh
FENLM . BT A sh LS4, R E .
TR/ IBORE ff 22 5 | S A MR 2 SR A i R UL F, A
(14 % A A B T I L 5 R T Y Bl 2 )
T, sl G S AR A B TR, T A AR TR

XFFRER R B RAETT S AN IE T 2
S5 ISERT Ml A i (4 AR, AT e fh B AR T £ 15
DL 58 R AR, R s DA S RE WS 31 il N A A
o, I HSREER BN I TR SRS, H
AT A TSN, X AR i A AR R BT Al AR
FE BB R BT A, SO R S AT B A, s A
2 ONSREE 2

Xt TR A RAT 109 05 3, PR aE T 0 A
AR AR AL/ N AR, ELXT B R SR T 4 JE ESRAR, Bk i
RAE RN, HAELUORIERE i B2 BRAE B . FEdh
g B BT ME A HORE 5 A A 8] 4 11, 7R R IR
FEABERS RN IE AR AR AU RTHR T, b G015 e b
AR

T8 SCE ) 5 J X RO A A A AT T R B,
i A TR SR 58 AR W AT R AR B — R
SRAF 9 1) TR 25 RN v S 2 BRI AR SRR B A
X A7 AR A A 8 G KRR A 5 B A A AT AR IR AP
BT, MK IR/ UCRAR 5 B A AR A T R B4
ARSI R E R/ IMT IR KRR BAEA
BRI DRI 45 3 A1 IR AR Ao a8 [T 4 55 19 B -4
T — 2T AT YRR BB AL, AP R AR AL 2 B 45
e IR AL TR A R

& % X o
[1] Beaty D W, Grady M M, Mcsween H Y. The potential
science and engineering value of samples delivered to
Earth by Mars sample return[J]. Meteoritics & Planetary
Science, 2019, 54(3): 667—671
[2] Cherkasov I I, Mikheev V V, Smorodinov M 1, et al. 20

years of soviet investigation of lunar soils[J]. Soil Me-

(4]

[5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

tary drilling & coring technologies oriented towards deep
space exploration[J]. Journal of Astronautics, 2017, 38(6):
555-565 (JEBIER, AR5 4r, Brat, 55, T ) PR JR i
B BRE BUR P R Z3R (0], T2 4, 2017, 38(6):
555-565(in chinese) )

Wang Y J, Zhao C X, Li D T, et al. Progress and develop-
ment proposals of space dust detection[J]. Science and
Technology Foresight, 2022, 1(1): 38-50 (£ k%, #X &
e, AR, A, a3 (A AR BRI P I 5 O e e[ T]. S
FH¥, 2022, 1(1): 38-50(in chinese) )

Ou-yang Z Y, Introduction to Lunar Science[M]. Beijing:
China Astronautic Publishing House, 2005 (KXFH H iz, H
ERBHABEIEIM]. JE 5T AT R, 2005: 124-
153(in chinese) )

Kemurdzhian A L, Gromov V V, Cherrasov I 1, et al. Au-
tomatic stations to study the lunar surface[R]. National
Aeronautics and Space Administration, 1977

Vinogradov A P. Preliminary data on lunar regolith re-
turned by Luna-16 automatic probe[R]. NASA Technical
Translation, 1971

Robert Christy. The Mission of Luna 16[EB/OL]. http://
www.zarya.info/Diaries/Luna/Lunal6.php.

Erickson R J. Luna-16: an outstanding new achievement
of soviet space science[R]. Foreign Technology Division,
1970

Vinogradov A P. Preliminary data on lunar soil collected
by the Luna-20 automatic station[R]. NASA Technical
Translation, 1973

Institute of Geochemistry. Advance in the research of lu-
nar geology[M]. Beijing: Science Press, 1977 (H [E£}2%
Best kAL EAT ST, A BEat s gk M), Jbat: B
Riitt, 1977: 41-48(in chinese) )

Robert C. The Mission of Luna 20[EB/OL]. http://www.
zarya.info/Diaries/Luna/Luna20.php

Sagdeyev R Z, Shtern M 1. Mastery of outer space in the
USSR in 1976[R]. National Aeronautics And Space Ad-
ministration, 1979

Robert C. The mission of Luna 24 [EB/OL]. http://
www.zarya.info/Diaries/Luna/Luna24.php.

Mundt F D, Schreyer ] M, Wampler W E, et al. Apollo lu-
nar sample return container: summary report [R]. OAK

RIDGE Y-12 PLANT, 2013


http://www.zarya.info/Diaries/Luna/Luna16.php
http://www.zarya.info/Diaries/Luna/Luna16.php
http://www.zarya.info/Diaries/Luna/Luna20.php
http://www.zarya.info/Diaries/Luna/Luna20.php
http://www.zarya.info/Diaries/Luna/Luna24.php
http://www.zarya.info/Diaries/Luna/Luna24.php
http://www.zarya.info/Diaries/Luna/Luna16.php
http://www.zarya.info/Diaries/Luna/Luna16.php
http://www.zarya.info/Diaries/Luna/Luna20.php
http://www.zarya.info/Diaries/Luna/Luna20.php
http://www.zarya.info/Diaries/Luna/Luna24.php
http://www.zarya.info/Diaries/Luna/Luna24.php

O S MM AARE AR AR R R ORI R R R

287

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Allton J H, Bagby J R, Stabekis P D, et al. Lessons
learned during Apollo lunar sample quarantine and sam-
ple curation[J]. Advances in Space Research, 1998, 22(3):
373-382

Allton J H. Lunar Samples: Apollo collection tools, cura-
tion handling, surveyor III and soviet luna samples [R].
Johnson Space Center, 2009

Taylor L A, Schmitt H H, Carrier W D. The lunar dust
problem: from liability to asset[C]. 1st Space Exploration
Conference: Continuing the Voyage of Discovery, 2005
Ou-yang Z Y. Scientific objectives of chinese lunar ex-
ploration project and development strategy[J]. Advance in
Earth Science, 2004, 19(3): 351-358 (It FH A i2. F[H A
BRI ) SRR E AR R SR R[], bR i Ji2
2004, 19(3): 351-358(in chinese) )

Ye P J, Peng j. Deep space exploration and its prospect in
china[J]. Engineering Science, 2006, 8(10): 13—18 (if
Fradt, S0, S PRI 45 7 R R s R S R 0], vh [ T
TR, 2006, 8(10): 13-18(in chinese) )

LiHL, Wang CY, Liu Y X, et al. Gathering and sealing
of lunar sample in container filled with pure nitrogen[J].
Chinese Journal of Vacuum Science and Technology,
2017,37(1): 7-11 CEREBE, 55, Xk, 5. Bk
A SRR R BRI )], HAS B S EOR R,
2017,37(1): 7-11(in chinese) )

Wang C Y, FuZ H, Li H L, et al. The lunar sample en-
capsulation[J]. Vacuum & Cryogenics, 2021, 27(1): 100
(EF T, ATEIE, 4= 5B, 45 1 BRORE bl 2 3 3%
). ELZS 5%, 2021, 27(1): 100(in chinese) )
Wang CY, Li HL, Sun L, et al. Experimental investiga-
tion on adaptability of lunar samples vacuum sealing
structure[J]. Lubrication Engineering, 2017, 42(6): 88—91
(BB, R0, AT, 55, BREE b B s R A5 1
SR IE TE[T]. W 5 %, 2017, 42(6): 88-91(in
chinese) )

Wu X J, Wang K C, Yang Z R, et al. Study on prepara-
tion and characterization of In-Ag solders[J]. Precious
Matals, 2019, 40(1): 57-62 (R %+, E 5 i, By i s
S AR ET R B A S AT PERIT ST ). SR, 2019,
40(1): 57-62(in chinese) )

FuZ H, Xu M, Du Y G, et al. Noval ultra high vacuum
sealing technique with soft metal knife edge for space
crafts[J]. Chinese Journal of Vacuum Science and Tech-
nology, 2014, 34(3): 221-224 ({81, 58, A KR,
. R LA IREE T ARG R ) BRI AL []. AR

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

H5E R4, 2014, 34(3): 221-224(in chinese) )

LiD T, Wang Y J, Zhang H Z, et al. Applications of vac-
uum measurement technology in China’s space programs
[J]. Space: Science & Technology, 2021, 1(1):21-36
LiDT, Xi Z H, Wang Y G, et al. Vacuum metrology
technology and its space application[J]. Chinese Journal
Vacuum Science And Technology, 2021, 41(9): 795-816
(AR, A Pete, FKZE, 5. HA M HoR K OH
L K R[] S B 5 BRI, 2021, 41(9):
795-816(in chinese) )

Duxbury T C. NASA Stardust sample return mission[R].
Jet Propulsion Laboratory, 2004

Zega T, Zare R N, Young E D, et al. Comet 81P/Wild 2
under a microscope[R]. Lawrence Livermore National
Laboratory, 2009

Willcockson W H. Stardust sample return capsule design
experience[J]. Journal of Spacecraft And Rockets, 36 (3):
470-474
https://solarsystem.nasa.gov/stardust/tech/index.html

Tsou P. Stardust: a comet coma flyby sample return[C].
2009 IEEE Aerospace conference, Big Sky, MT, USA,
March 7-14, 2009

Brownlee D E, Tsou P, Anderson J D, et al. Stardust:
comet and interstellar dust sample return mission[J]. Jour-
nal of Geophysical Research, 2003, 108(E10): 1-15

Tsou P, Brownlee D E, Sandford S A, et al. Wild 2 and
interstellar sample collection and earth return[J]. Journal
of Geophysical Research. 108 (8113) (2003) 3-1-3-21

Xu W B, Zhao H B. Deep space exploration of asteroids:
the science perspectives[J]. Advances in Earth Science,
2005, 20(11): 31-38 (FRf1is, B, /M7 2 IRZS R
MR} 2 B8 SO R B[], HhBRA} 2% i 2 | 2005, 20(11):
31-38(in chinese) )

Zhao Z X. Design, analysis, experiment and research of
the asteriod impact rock crusher[D]. North China Insti-
tute of Aerospace Engineering, 2020 (BRI, /MTE
dr A AT 5 520 UFSE (D). JLARMUR Tl 2B,
2020(in chinese) )

Siddiqi A A. Beyond earth: a chronicle of deep space ex-
ploration, 1958-2016[M]. National Aeronautics and Space
Administration, Office of Communications, NASA Histo-
ry Division, 2018

Binzel R P, Rivkin A S, Bus S J, et al. MUSES-C target
asteroid (25143) 1998 SF36: A reddened ordinary chon-
drite[J]. Meteoritics & Planet Science, 2001, 36(8):


https://doi.org/10.1016/S0273-1177(98)00034-9
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://solarsystem.nasa.gov/stardust/tech/index.html
https://doi.org/10.1016/S0273-1177(98)00034-9
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3321/j.issn:1001-8166.2004.03.001
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://doi.org/10.3969/j.issn.1009-1742.2006.10.003
https://solarsystem.nasa.gov/stardust/tech/index.html

288 H o= Mo 5 B R E R 55 43 4
1167-1172 the Hayabusa 2-asteroid sample return mission to 1999
[39] Miyamoto H, Yano H, Scheeres D I, et al. Regolith mi- JU3[J]. Acta Astronautica, 2013, 91: 356—362
gration and sorting on asteroid Itokawa[J]. Science, 2007, [52] Sawada H, Okazaki R, Okamoto C, et al. The sampling
316(5827):1011-1014 system of Hayabusa2 missions (abstract) [C]. 63rd Inter-
[40] Keller L P, Berger E L, et al. A transmission electron mi- national Astronautical Congress 2012, 2012
croscope study of Itokawa regolith grains[J]. Earth, Plan- [53] Clark B E, Binzel R P, Howell E S, et al. Asteroid
ets and Space, 2014, 66(1): 89 (101955) 1999 RQ36: Spectroscopy from 0.4 to 2.4 um
[41] Tomoki N, Takaaki N, Masahiko T, et al. Itokawa dust and meteorite analogs[J]. Icarus, 2011, 216(2): 462—475

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

particles: a direct link between S-type asteroids and ordi-
nary chondrites[J]. Science, 2011, 333(6046): 1113-1116
Yada T, Fujimura A, Abe M, et al. Hayabusa-returned
sample curation in the planetary material sample curation
facility of JAXA[J]. Meteoritics & Planetary Science,
2014, 49(2): 135-153

Sei-ichiro W, Yuichi T, Makoto Y, et al. Hayabusa2 mis-
sion overview[J]. Space Science Reviews, 2017, 208(1-
4):3-16

Saiki T, Imamura H, Arakawa M, et al. The small carry-
on impactor (SCI) and the Hayabusa2 impact experiment
[J]. Space Science Reviews, 2017, 208(1-4): 165—186
Sawada H, Okazaki R, Tachibana S, et al. Hayabusa2
sampler: collection of asteroidal surface material[J].
Space Science Reviews, 2017, 208( 1-4): 81-106
Arakawa M, Wada K, Saiki T, et al. Scientific objectives
of small carry-on impactor (SCI) and deployable camera 3
digital (DCAM3-D): observation of an ejecta curtain and
a crater formed on the surface of Ryugu by an artificial
high-velocity impact.[J]. Space Science Reviews, 2017,
208(1-4): 187-212

Okazaki R, Nagao K, Miura Y N, et al. Noble gases re-
covered from the Hayabusa sample container (abstract)[J].
Lunar Planet Sci, 2011: 1653

Ryuji O, Hirotaka S, Shinji Y, et al. Hayabusa2 sample
catcher and container: metal-seal system for vacuum en-
capsulation of returned samples with volatiles and organ-
ic compounds recovered from C-Type Asteroid Ryugu[J].
Space Science Reviews, 2017, 208(1-4): 107-124

Yada T, Abe M, Uesugi M, et al. A nature of particles in
the Hayabusa sample catcher and contamination controls
for Hayabusa 2 sample containers[C]. 77th Annual Meet-
ing of the Meteoritical Society, 2014

Yamada T, Yoshihara K, Yamada K, et al. Development
of a Hayabusa-2 sample return capsule [C]. 30th ISTS,
2015

Yamada T, Yoshikawa M, Abe M, et al. System design of

[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Hergenrother C W, Nolan M C, Binzel R P, et al.
Lightcurve, color and phase function photometry of the
OSIRIS-REx target asteroid (101955) Bennu[J]. Icarus,
2013, 226(1): 663—670

Delbo M, Harris A W, Mottola S, et al. Thermal inertia of
near-earth asteroids and implications for the magnitude of
the Yarkovsky effect[J]. Icarus, 2007, 190(1): 236-249
Emery J P, Fernandez Y R, Kelley M S, et al. Thermal in-
frared observations and thermophysical characterization
of OSIRIS-REXx target asteroid (101955) Bennu[J]. Icarus,
2014,234(1): 17-35

Clark B C, Bierhaus E B, Harris ] W, et al. TAGSAM: A
gas-driven system for collecting samples from solar sys-
tem bodies[C]. 2016 IEEE Aerospace Conference, Big
Sky, MT, USA, March 5-12, 2016
https://solarsystem.nasa.gov/missions/osiris-rex/in-depth/.
Beshore E, Lauretta D, Boynton W, et al. The OSIRIS-
REx asteroid sample return mission[R]. NASA goddard
space flight center, 2015

Bierhaus E B, Clark B C, Harris J W, et al. The OSIRIS-
REx spacecraft and the touch-and-go sample acquisition
mechanism (TAGSAM)[J]. Space Sci Rev 214 (2018)
107

Ajluni T, Linn T, Willcockson W, et al. OSIRIS-REX re-
turning the asteroid sample[C]. 2015 IEEE Aerospace
CONFERENCE, Big Sky, MT, USA, March 7-14, 2015
Nilsen E, Whetsel C, Mattingly R, et al. Mars sample re-
turn campaign status[C]. 2012 IEEE Aerospace Confer-
ence, Big Sky, MT, USA, Mar. 3-10, 2012

O ’Neil W, Cazaux C, et al. The mars sample return
project[C].
Amsterdam, USA, October4-8, 1999

50th International Astronautical Congress,

Monica M G. Exploring Mars with Returned Samples[J].
Space Sci Rev, 2020, 216(51): 1-21

Farley K A, Williford K H, Stack K M. Mars 2020 mis-
sion overview[J]. Space Sci Rev, 2020, 216(142): 1-41

Perino S, Cooper D, Rosing D, The evolution of an orbit-


https://doi.org/10.1126/science.1134390
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1126/science.1207758
https://doi.org/10.1007/s11214-017-0377-1
https://doi.org/10.1007/s11214-016-0297-5
https://doi.org/10.1007/s11214-017-0338-8
https://doi.org/10.1007/s11214-016-0290-z
https://doi.org/10.1007/s11214-016-0289-5
https://doi.org/10.1016/j.actaastro.2013.06.028
https://doi.org/10.1016/j.icarus.2011.08.021
https://doi.org/10.1016/j.icarus.2013.05.044
https://doi.org/10.1016/j.icarus.2007.03.007
https://solarsystem.nasa.gov/missions/osiris-rex/in-depth/
https://doi.org/10.1126/science.1134390
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1186/1880-5981-66-89
https://doi.org/10.1126/science.1207758
https://doi.org/10.1007/s11214-017-0377-1
https://doi.org/10.1007/s11214-016-0297-5
https://doi.org/10.1007/s11214-017-0338-8
https://doi.org/10.1007/s11214-016-0290-z
https://doi.org/10.1007/s11214-016-0289-5
https://doi.org/10.1016/j.actaastro.2013.06.028
https://doi.org/10.1016/j.icarus.2011.08.021
https://doi.org/10.1016/j.icarus.2013.05.044
https://doi.org/10.1016/j.icarus.2007.03.007
https://solarsystem.nasa.gov/missions/osiris-rex/in-depth/

O S MM AARE AR AR R R ORI R R R

289

[67]

[68]

[69]

[70]

[71]

[72]

[73]

ing sample container for potential mars sample return[C].
2017 IEEE Aerospace Conference, Big Sky, MT, USA,
March 4-11, 2017

Neal C. Issues involved in a martian sample return: in-
tegrity preservation and the curation and analysis plan-
ning team for Extraterrestrial materials (CAPTEM) posi-
tion[J]. Journal of Geophysical Research, 2000, 105(E9),
22487-22506

Mepac N. Science Priorities for Mars Sample Return[J].
Astrobiology, 2008, 8(3), 489-535

Younse P, Thimal A, Backes P, et al. Sample sealing ap-
proaches for Mars Sample Return caching[C]. 2012 IEEE
Aerospace Conference, Big Sky, MT, USA, March 3-10,
2012

Bao X Q, Younse P, Bhandari P. FE simulation of SMA
seal for mars sample return[C]. Sensors and Smart Struc-
tures Technologies for Civil, Mechanical, and Aerospace
Systems 2013, San Diego, California, USA, April 19,
2013

Kriechbaum K, Youns P e, Kulczycki E, Design of ro-
bust sealing mechanism for mars 2020 sample tubes[J].
Journal of Spacecraft and Rockets, 2020, 57(5): 964-974
Gershman R, Bar-Cohen Y, Hendry M, et al. Break-the-
chain technology for potential mars sample return[C].
2018 IEEE Aerospace Conference, Big Sky, MT, USA,
March 3-10, 2018

Younse P, Strahle ] W, Dolci M, el at. An orbiting sam-

ple capture and orientation system architecture for poten-

[74]

[75]

[76]

[77]

[78]

tial mars sample return[C]. 2018 IEEE Aerospace Confer-
ence, Big Sky, MT, USA, March 3-10, 2018

Bar-Cohen Y, Rivellini T P, Wincentsen J E, el at. Sepa-
ration and sealing of a sample container using brazing[R].
Jet Propulsion Laboratory, 2007

Bar-Cohen Y, Wu J, Olorunsola A K. Simultaneous sepa-
ration, seaming and sealing using brazing (S3B) for sam-
ple containerization and planetary protection[C]. Smart
Structures and Materials 2005: Industrial and Commer-
cial Applications of Smart Structures Technologies. Inter-
national Society for Optics and Photonics, San Diego,
California, USA, May 5, 2006

Bar-Cohen Y, Badescu M, Sherrit S, el at. Synchronous
separation, seaming, sealing and sterilization (S4) using
brazing for sample containerization and planetary protec-
tion[C]. Sensors and Smart Structures Technologies for
Civil, Mechanical, and Aerospace Systems 2017, Denver,
Colorado, USA, April 12 2018

Bao X Q, Badescu M, Sherrit S. Heating and thermal con-
trol of brazing technique to break contamination path for
potential Mars sample return[C]. Sensors and Smart
Structures Technologies for Civil, Mechanical, and
Aerospace Systems 2017, Portland, Oregon, USA, April
10,2017

Cholakian T, Chung S, Kulczycki E. Bio-Barriers: pre-
venting forward contamination and protecting planetary
astrobiology instruments[C]. 2007 IEEE Aerospace Con-
ference, Big Sky, MT, USA, March 3-10, 2007



	1 月球样品采样密封技术
	1.1 苏联Luna系列月球采样任务
	1.2 美国Apollo系列载人登月采样任务[15]
	1.2.1 月球样品返回容器
	1.2.2 特殊样品容器

	1.3 中国嫦娥五号采样任务

	2 彗星样品采样密封技术
	3 小行星样品采样密封技术
	3.1 日本“隼鸟”系列采样任务
	3.2 美国“奥西里斯”小行星采样任务

	4 火星样品采样密封技术
	4.1 样品管密封设计
	4.2 轨道样品容器密封设计

	5 采样密封技术未来展望
	6 结论
	参考文献

