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Sealing performance analysis and space environment verification
of through-cabin optical fiber connector
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Abstract; The sealing reliability of through-cabin optical fiber connector is curcial for maintaining the stability of
air pressure in manned spacecraft cabin and ensuring the safety of manned spacecraft. In order to ensure the
reliable application of the through-cabin optical fiber connector in the complicated space application environment
and long service life in orbit, a high reliable bi-au-tin optical fiber sealing structure of the through-cabin optical
fiber connector is proposed, and the mechanism of optical fiber metallization welding seal is analyzed. Based on the
requirements of the cabin connection application sealing capacity <10~ (Pa-m’)/s and ambient temperature —100 °C
to 100 °C , the structure of a multi-core through-cabin fiber connector with double gold tin fiber sealing structure is
analyzed. The sealing reliability of the multi-core through-cabin fiber connector is ensured by structural design such
as pressure degradation, temperature buffer and low stress structure. Through solder selection, CTE matching
analysis, secondary sealing process validation analysis, and small batch trial production, research on the
metallization fiiber optic welding sealing process is performed to validate the rationality and stability of the double-
gold tin fiber seal structure design and process technology. The experimental valudation demonstrates that the
optical performance and sealing leakage rate of the multi-core optical fiber connector are qualified after the extreme
space environment tests such as temperature shock, rapid pressure drop and high strength sinusoidal vibration. This
confirms that the optical fiber connector using double gold tin optical fiber sealing technology can meet the long-term
requirements of manned spacecraft in orbit and has good reliability.

Keywords: through-cabin optical fiber connector; sealability; metallized fiber welding seal; space environment

test; manned spacecraft
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Fig.3 Schematic diagram of gas seal structure of through-cabin

optical fiber connector

DB R X 268 EHH KX

3R EEH X

2.1 EHRFSZHEWET

JE 7 RSB B A B TR TR T B 2 B
T ITE K ONIE DL L ) B2 B B XY
Gz 0P A5 S e ) A% 386 3] 3 9 3 DXt 15 380
FIEG TR0 T R A A 5 2 B DX i o LA i T
B IX B 4 B URSS R B B 2
LR BB X, 1.5 400 R EF i B % B X, ke
FR X R LT 4 B B X, R Aug, Sny KR8
FHAET AT SELT & R Ak IX 35 5 9% 4 T (R AS I — 14
TSI B, BB B X 1.5 BRI s R 4
(PSRBT B, A T & 1 IR 4 ) Ak X 2 1 [
PFSCEE ST, 4 b 3 hse ik E®E X, 4
FEREE B B X, SR B X R 4 e
X, Fhse R 5 LT 4 I b 2 BB AR (0 5 4 m AR A
¥R A 4, R PE S A, WA Z R
Aug Sny BRHET KRS0 B B, 7 (A% Bl 25 3 X R H
Tl B A R ST B S G 2T 4 T b 2 BB 4
FEAMSEAAR Y [ (] A 81 78 A4 B 2 AR
I AR AR X st + PR HE Bl Bl B R
RS BT 0] A R R B IX,
TEE TR,

AT Bh B X SHA B EH X

\\“‘“‘\“‘L“\“\“\‘“‘“

jui

SO A A N A A A A A A AN NN

-
) w =

JuLr-& R AL B IR A

\_Ahrefk

B4 BRSBENTE

Fig.4 Schematic diagram of single-core gas seal structure

2.2 BREZMEmEt

U 2% w5 A I T R AR R SO G AT i e
TEMUR A TR A TR T, SRR 4T i Hi e
GARETWUR A RE | H— v b T R 28R % 45 36
58, 73—k AL R A0 PR AR UL 5 TR
P EER TR AR 4 T A S ST IR ] i 32 %
KX &R AOLET 595 4 v S 1Y 1 8% BRI A &
FERE N IR B v, SRESR AR AL T - 100 °C 5% 100 C
V1) B i Uk T, R A 3 3ok e AR B ) L Y 22 b R
PPREE IR I , 3o 58 T 5 8 XA IR L 4 IR
FRIT P IGLRE XoT J DX (%) 5 W) 2 2 /DN IR AR DX A
T E AR PN i Y 45 4 AT A R S R A BREE X AR IX
(R, DT R IR K DX 3 0 Tl S e

SRX AL E

e P -

Ao

Es5 RBREITEHERE
Fig.5 Welding zone design structure diagram
2.3 R A&
hy REAVR 5 48 J0E 3 K 5 DX AT S P ) 52 ), 435 40 1
T EROGER 4 8 AL JHR AR S e R T i AL



F12

s S0, AF R CET R AR B TR R BT B s W] FRBE B 37

IR B A 45 R (I 6 () ), A5 3 e A AR 1 R
e L T s et DX iy 7 A2 B8 RN ) o3 A 24 A L )
AT RUEARESFA R TR . B IRALBETT R £ 1 R

(a) B RALIE A A 4t

P ETZ5H (LI 6 (b)), AR AR X5 76 P K- i A
[Fl T ELAN 3, Dol 1 3 8 A2 A 3 R M <6 i
TR TR ) BRAR T X2 B0 T B R

(b) AR & HEEL

Bl6 RENEMTE

Fig.6  Schematic diagram of low stress structure

3 BET LT EMSMN
3.1 SRIERMEE M

Aug Sy B4 B L A Akl B T2 Sk
Fer BB ATl 2 4F | B BRI B R K
B BRI B . Aug S, KRR 5 F 1O ST

24U AuSn Fl AugSn WYL RA L EE TS5
SREUARIN &8 R G YR G A2,
AR HEE S, Wik, &8 6 &1y
MRS AE, AR R , R B R LR > >
21 R Aug, Sn,y 54 H IR T RYIEYERE,

£1 Aug,Sn, 7 20 ‘CRHE IR 1 E >
Tab.1 Physical properties of Aug,Sn,, at 20 °C "

o R/ PRIk R B PFR/ hifdug g, SRR, DY R/ — R, R/
T (gem ) (10°6-¢ 1) (We(m-K)") GPa GPa " (1Q-cm) %
EAEIER 14.7 16 57 68 25 0.405 16.4 2

H128 1 AT HI1, Aug, Sn,, & 4 B IR 22 805 HAE
EROICLTE A P AHAB M R4 (14.2 x 107°/C) |
ARE4 (4.6 x107°/°C ~5.2 x107°/C) IRk
AR 22 R AR/, CTE DEfctE R 47, BES A SR IEAR X
% BEE = R T AT SR

Aug, Sny, 283 T A A ARRE 2L 5 A B A AN
H 280 C , FEEEIRE 2 300 ~ 310 °C, A Fb H 5w
420 ~30 C,FFEEREALH A B B, %
JREELA A/ NE 5 1 ke AR g 1 5 38, AR 420 3
A[GAE 47.5 MPa, FbH FH Y SnPb,, IR 423K 85 1)
SREE 26.7 MPa 25 2, LA Aug, Sny, M RHE 3
$EHL T i op HLA ARG A5 A AT FEE L Aug, Sny,
GBI IRLEA IR R A AL TS (1018 TR RE, e
LI B PERRLT , AR A% Dok U 7 9% SO eF 54 4]
HRAF AL Z ] B REE TR 24 Aug, Sy BRHA 17
S8 DA SR SRR AL R I RR I A RURE T B 361
SUBPERI T REME . [RIET Aug Sn,, &BILRG S HA
e UG AR T RE AT S5 PEREIE R, R
SR AT LI R LG AR R 575 [ RS AR AR A

Aug, Sn,, 48 3 A A JERE O B 4 2 oA AR
BRI G , &8 642 5% Z N, i
P HBONAR D )2 1) R R FEARAR, I Aug, Sny, 42
BT ELEETERE 4 )2 DR e A St R &8
SORHA RN 3 BOR R 2 MR IT SRR A AR AT T
(9 BV
3.2 IENWMERIE
3.2.1 GEMOCEF B NEE T 2R

B, B CLT & 8 A B B 4 T AR
5 G AN ek Z 58 1T Aug, Sn,, FEBHE BA RS
PRI AF AR BT AT 2R 1 38 % B X (Se A% B
X)) s R 5, ¥ EF & Ja Ak X k5 8% 4 vT AR (f
AugySny, HEEHH BHAETHETE RSS2 16 % B X8k (O 2F
LX) s BT, TECER i Bl 2% 5 DR ST A 4 Bl 2
DX 3 iR A BR AR T 28 e L A

ARUERR LR A S A B S b B v
AZ M RIR & SARME AR SR i R 4P S
PRIR B T AR B, T e KRR EE BIERR T
JEDCHR JIRUNE T A (R A5 T 2 s i R A



.38 - R

Tk

BORIRUE T 2EA0 6 21 7% 12 25 WA 8 285 3 DBl i AR 42
i A a2 s DS AT T A A
PNIEL 7 95 3 % 3 DX 870 T AT 1A 8 AR X SEM JE B ]
T, P EE KR DXAS R Fe B 2 K ARG | JC B 2R AL
AL, T2 i R R K

(a) A -G P AR AR B K I T T 5

P

(b) P T AR —-Fh T AR X S TSR
BRAFBRFREINR IR

Optical microscopic examinination of welding zone

7
Fig. 7
morphology
3.2.2 AEFERHE
LR AR BEAE PR AR AT 60 1F, &4 59 1R, &
K& 3K 98. 3% 5 IEFEAEB B A PP HEA AT 70 14, &
M 68 11, GA%F N 97. 1% , HIPE/F FIEREPF 2 &
BRESRI R 100% , 72 H AN B b i 32 B o e
Hic iR 25 FEYHE ASFERAR
H b IR T 2T S B B N B A 7 IR
SERATH S R XN S B R R T2
WM LR, T A FRE, AA RGN T
AR,

(b) FTRE S FE R IR X IHSEMTES

8 JEX SEM 3%
Fig.8 SEM images of welding zone

4 KI5

R B UEGET 4 i A KR 4% B ] S IR ECR
FHI 2 BB 8 (O EFI LR i H 88 I R 1F 544k 50
B PR it B o A PR g | Pt gl X 4 2 [
IR PR 0 A T 36 E
4.1 IEZIREIERIXIE

X F A O £F 3% 422 4 MK Uk HE AT 20 B EE Oy
196,294 392 490 m/s* SR 4 ~2 000 Hz A9 1E
SRR BN PR B Uk D R R0 S ) %8 i s 2
HABFEM LS W 2, d 2 2 w20, iR 56 A 5
TENNEE R 490 m/s® (14 1E 3% 4 21 i 56 J5 it % i
6.9%x10™" (Pa-m’)/s FFEZE 6.7 x10 " (Pa-m’)/s,
LT R SRR

F2 ERRIMKER

Tab.2 Test results of vibration

J0EEE/ (m-s~2)

R
R 196 294 392 490 BRI
R/ ( (Pasm®) -s™!) 6.9x10~ ! 7.0x10°" 8.4x10" 9.0x10" 6.7x1071° <1.0x10°1°
i A€/ dB 1.14 1.09 1.20 1.27 1.37 <1.60

AR 55 B O 2T 2 4 o 1) e T 45 4 0 D
PR BN O A R AT S B T A
]G I (5 1 AR X)) DL R 6 ml R 5 4h e
PRIA) BB R IX (55 2 GE AR X)) | 4R 3l i 7 A2 B BL

AR g ik A it D T O A R O B ES S )
I, 255 Ak B RO AS A8 22 S LR U I 77 A SR ek o
JE RS, P E 7= A SR =, AT e 2R
LRI



F12

R TE AR A 490 my/ s> i ki 258 2 2k 114
R BORE AR YR CT i & e (3B 5B K
2 HIEE GRS A M SEM A6 A 25 T B gk AT IR A
AT, JRIX CT Yl AL B8 F- & 9 fiR, CT Kt
S50 MR A AR X R R I B B 2

§ ) ©
=2

E9 BX CTEFER
Fig.9 Welding zone CT images

P B BRI SS R BN, B GRK WE R J0
AR (AN S5 E B 3 B 6w, B R & AR AT
) UEWT YL (038 35 1 00 R & I % B 25 M A
TN, LA 10,

(@) F1IRER
10 REBEEERSE
Fig. 10  Dye penetration test images
TR AT SEM A5 A 45 R W], B KR X 1)
RIS o= N X B A, LR 112,

(b) 2K EF

(2) 58 1R X &1

SHRR

11 BREAEZFEMFEREMALR

Optical microscopic examination of welding zone

Fig. 11
morphology

i SR GO R R B B 0BT S () PR B SR IE -39 -
%-
%
b
*
b
&
T
2
B

i L;v»;r.-fn,o:':v m‘:o:iz :’.’«:‘:;ﬂ \\\\\ ]

(a) F1ER X SEMESL

&
B
17
¥
b
2
T
%
&

[~ -~

(b) 521812 X SEMFE SR

12 EX SEM #353
Fig. 12 SEM images of welding zone

BT CT fudr B idkd OG5k L
K SEM K45 2% S 35 6 e BRAR DX A A7 7 B Sk i 24 8L
KAy RGO, 256 e R T BRGS0 RRAE , BRIk o3BT
AR 22 BT IOUR 5 ) 80 7 26 1 SR s sl o3 )22
TR S il 2 B R B T R, B LU
T A IXOR A ) 0 % b 435 A TR 0 L E 490
m/s” IESZ AR Bl i G ) N FH R EE T A AR %5 B R R %
Ry kash AT ZE IR 392 m/s® M DL R IF 5% 4 3 BR 4
N IR AR O TR AR R IR 14 g 4k
SRR FHER
4.2 REHHHRRIAE

XM EF AR AT T 500 YR LB o i ik
B RIS IR EE N - 100 ~ 100 °C , # BR A5 L i 1]
30 min, 55 B B R R A ASFES R LR 3,
TR0 J5 0 W TE AR XHEAT T A, WA 13, s it
23 RN 13 Al50, ZEMRCET AR 2 500 YRR i
AR IR 5, 25 B U 2 R AT FE (I — BT R
FI W] 5 e B A AR B AR Z A 4
BRS04 ] (A Z MR AL T B, S
AL TR G r=  )  H JC B B AR R, K5
MECLF A AE M S ME B A AR M5 T HAT R APy AT
S



- 40 - I R S S A S 556 4
#3 BREAHLBER
Tab.3 Test results of temperature shock
. (EER/S 2N
a 50 150 250 350 450 500 SN
MFZ/( (Parm®)-s™!)  6.5x107! 6.8 x10°" 6.5x10°" 7.3x10°" 6.4x10°" 7.5x107"" <1.0x1071°
1 A#AE/dB 1.24 1.26 1.25 1.27 1.20 1.29 <1.60

AT w0
LR R

Tl A8 B¥ -
Waps  MOX Toms P18,

(a) ARBEATIERE b i R G0 A% o )

[ 13

(b) i B ot A F A o T

mE IR A R R X EE

Fig. 13 Welding zone profile images of before and after temperature shock
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