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Fracture mechanism of fiber terminal-faces and their fabrication
LI Dian-jun, LI Shi-ming, MENG Fan-jiang

(State Key Laboratory of Laser Interaction with Matter , Changchun Institute of Optics
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: To study and fabricate the fiber terminal-faces in both theory and experiment, the fracture
principle of a brittle uniform solid material is analyzed and discussed concretely according to the solid
fracture mechanics. It is concluded that the fracture route in a point of the columniform uniform solid
material has the characteristics of stability and uniqueness in spreading trends. A simple fabricating
method to cut the optical fiber terminal-faces is proposed, and an experiment device based on the
method is developed. During the cutting experiments, the optical fiber terminal-faces are fabricated
with different diameters of 0.2 mm, 0.3 mm, 0.6 mm, 0. 8 mm and 1 mm. Then,a reading-micro-
scope and visible laser transmission methods are adopted to measure the optical quality of the obtained
fiber terminal-faces. The testing results show that the fiber terminal-faces fabricated by this method
can well satisfy the practical application requirements and the probability of high quality for these fiber
terminal-faces has reached 100%.

Key words: Griffith crack;fiber terminal-face; fiber cutting;solid fracture

Y5 B #3:2010-06-07;; 4&1T H #7 :2010-09-07.
ELTH b ER =GR TR % B A



114 2R A7 T U T 1 DT LT e 46 7 2363
1 3 = 2 R ) SRR AT

Y2 17 JTT 60 7 B b A 2009 4F i85 TR 4 8
A8 08 5 46 A R LA G 3 13 T BT B I
BT — BT BB R R C A R IR
OF 4 {5l 74 0 B 5 4 A R T S T LA OB £
BRGNP R P L R G S 2 4 P
T 6 S T A0 6 1T 0 R A O 6 3 T
B LT 52 B B FTUAICHRA 2OR RO .
TOERTE AR T G 1 5 LA 0 K R A 06 T S
B PR Y2 1 £ 55 T 56 £F R M TR 7
BP0 25 SC AT 6 38 2 B X 35 b 1 3
B 5 1 R 6 4 25 B T 8 2 o O
8 50O Bl 5 10 96 2 ST 0 30 R 2
8 0 Y6 2 00 Sk B IO 6 2F 3k 4T FR
S S 4 LS 2T Ol Rl P A0 T O 1 2 e
5 Y I S BB A T 5 R A
B 57 0 T T 33 M 0 62 T I O 24 9
1SR 45K 28K G B PR3 5 R L B 4%
P, DR 45 47 465l 0 5 2T R P 2205 — 61 4 £
SIS 62 S5 T 0 5 2k 0 1 A 0 %
J I Bk Nd ¢ YAG HOE G B4 k 2%
50403 T 7 5 39 0 B

LT Ot 27 8 467 T 136 C BT 4538 L
S ke A TR K £ 0 P 55 1 52 I ) A A S e 4
T 7 2 92 T 80 43 W7 R 55 T 6 £ 3 1 4
e VI AR 55 45 SR 4 0T — 6 27 3 i
GO . VT B SR L T
T EL Y 45 406 0K TR 7 6097 2% ) 46 6 £ S
T S Bx T 4  104% P R IR) F4  2F o T
13 7 S BOKG A TT DS o 45 40 4 5 E W O £F
ST B L. A S BR TR A JER  A
SR 0 46 L S B T T 2
ST T LT T RO 4 VB L LT (T A T
i3S R B 2 O« B0 T L 3 3 A T o BT
23 T AT YV BB LT 0T LR 4 52 B L 6
S T2 U 0 A ) A I e 2 OB £
S T 01 T ) B

N BUR o R BRI W 2R L 6, B
A e

d

Kb E Fonty ARG,y e #0711 BLRY 3% 1T g »
d Fn BT R B . — B AY G R AT ORE I L B L R
3 AL B S L SERR s 1 9 R EE IR A (D) P
T A 2R 1~ 3 AECEZ . M HLAE T B AR AR
U i R R B AR N T I 0 DR R
] % D7 588 3 10 77 7 3 Bl /N RS0 B O A LA S 3¢
20, ERAE RIARRE A 97 R s » 2 R I T3 K
KB INRE ) 10 45T & 100 f5LL E . SEERIER
RIS 2 0 R 4 D' 1 I 4 B R HG R T A A
EAM/N R, S AR T T O A
BRI T 280 0 A 4l O B A AL B R A T G
17« BEAAT AT DX 38 N AR A7 A8 3 R/ AN [ TR
AN T T A% S 1A I AN 2L

a,l,:(E—y)l/z, D

Scan rate
Number of
image data
Data scale

0
0 1.00 2.00 3.00 pm X 5,000 um/div
x = 100,000 nm/div

Bl 1 Zead JaF 4ot i ol fh B i R S8 3
Hg.1 Metallograph of ZnSe crystal by optical polishing

AR 6 LA 30 2 X M 1P T A 2R 0 £ A 1
PRI TT 0, A

ar:<@/)w» (2)

A s BLAEIT AU B, K ST SR N
0 (2) A B 5 B Rk (D XS Eb vl 3k

Om r 1/2
) U W A H w5 8 T 0% 1 5 v o 0 5

JSE SRR T Cr/ D)2 A% o {1 Jay 968 3 81 TR i 2 54



2364 P o

K% T

518 &

(IR 2 U SN B R e S Y SR (B g )
TR R R S R R GURE I S A ik
B 2 s, Tl d=2XX10 " m, — P RKE r
=2 pm [ S0 AT RS W 256 JBE R R 2 B M 19
L0k A . BEBL A A (A5 I 2T e A 5K 0 AE
AR - L S O 5 27 4R AR AE LS AR A1
S TR LA BOK 2 2 BR3P IR R
Y 22— AL ol A 7 A D I 380 B R 5 5 X
[Fa (¥ 52 1) K 24 DA N S i s ) SR8 0wl DA fie fi
JEEF TR . T XA L AR 1R O 2T i ik o
I IEA

100:

80

60

Om/Or

40¢
20}

ot

0 0.5 1 1.5 2
Crack size/um

B2 B ROR 5 REURGT I R 2

Fig. 2 Theoretical fracture intensity ws. crack size

R Fh 5 i W 28 T R, ply 3 T AR 51 AR A S
S AT LA BT 7 3 58 27 Ak A — B AL B Ak o]
T T 25 P S0 il R LA A A ) B 2T 4
TR VAT RN E B DRSS WA N 3
JI 7% 30 L o PRIt R L2 30 B AN Tt o AR O 14 107 A3
AT RURESCEF BT R A 1] AR g A A ) i
% 2RSSR UE B U0 ) S 6 A — AU 1Y AR

A

FEJEAT 2SR N T3 53 A 2Z i A B IX
O REUNLRS 1) = Fp AT (UL AL 3) B O 5K T
RUCTAD L3 1 29 CLL B A 97 84 (T 2 . 78 3%
SRS T R B — b B Ak O B [ R R AU R
KA FR AR TS AR T 5 56 £ s 1w U] %1
AHERRNKITR L,

DA% HLIE i 28 50y Rl i 7 B [ 1 1B 238
P A TR — [ 2 A RE A D

=5 =2y crmnin . ®
ngi%gzlzzy CERiRA) » (6)

K3 Wiy = Fh A S A
Fig. 3 Three basic types of fracture

P G KRR N2 BE R A . K 47 iy 248 5 i [A
T E R IR .o RoRIAM L,y o 53R
AETA K R MSK J) EAER T R8I T
— HLIR 8l 3 5 B0 Z 18] ) ~F- i 52 3045 R F R
Yol HEBURIF MY 5K . XA T2 R
TEE 72 40 6 RE o 06k 0 S PR Oy 1) BT R R AR
8 o A A 2 o X T 4% T [ ME RS R G TR e
R RE B R G W RME 1. X FAEE
VEW — L B R IE R SE  r IR S HE RS,
FESE TR AR N R AR 5 B 7 K CR AR T3
Rl TRUMBO MR S o 76477 ) L 43 i oy AR
WERRWM T

"u:(zfﬁcos (%) [1—sin<%>sin<%” )

(7
o, = oy () [ ( )n(3)].
(8)

T2 ;129”1< z)cos<f§>cos(%;> W
0. =7 (6. t0,) (10)

6. =0, =0 . an

X o WHFAE R F r B8 B T 1) 5 A AR A
P AR bRl e . AR S - WR R BR AR
], 5 2525 TR N A 1 DL T X R B G i Ar
WES 85T mn s — MY R RE . W
B4 iR, fERD 4 inie A bR R 45 1 T, R A 2
PR FP AR IR D0 OB = ARG B2 2% OY Bl ig§% (A X
FEASE 2 B0 Jr ) KA AR w0 T 3 8L 4R
OZ Bl —1 0 1 (& 4a) MR LT 58 OX Hilie
e—A- ¢ (K 40) . XTI A TR L0 & Ar
0 J7 1) Tjé 5 T B 14 i 1) ST T 46 3k A8 4 TT LA
B AT 5% 15 7 8 R g 4 (UL R R



%114

P PBCAE L A T i T ) W SR B R T vk 2365

(@)
4 gy R
Fig. 4 Crack spreading model

ST A KRR RSO

ay'y/:ﬁcosz(g) , a2

a‘l,vr:(Zi{ﬁsin?(gFOSZ(%). (13)

6.0 =0. (14

TR SN 1 B8 A AE FH T 38 3 W 8 ) 2

GYATEEN AT LA B S BT RS 1) I AR RE B R
G HEE 0 fm BRIk

2nroyy (1—) + 2nrory (1—0)
E E ’

[FRE XTI 4 i B Ar 16 T7 1S B
JICFRY I 141 T 28 3 6 ABh 14 2 ff s T LA ) 1 i
REB R G BEH ¢ M EAREX G .

2nroy, (1—) 4 2nrots (1—0)
E E )

i A M R R G R B L AR R
FAE 24 Mathematica5. 2 ¥ K%L G(9) FlG($)
AW B S Fmy Ry GO EE—fbE. £n7ER
S5, MWEIS Al LLE K3 G FE0=0 il $=0
BF A A AR, U W B g B ] T A BT T 4k
SRy R, P, A LA XRS50 TR S Y
YERTR 1 B i 50 28 B A7 7 1) b AR A E 1P
XA RT LN, FXF — A5 b 3 &
BEMTE XA Ve Ul W I 5 T 2R T Y R R R AR AR

G =

(15

G($) =

(16)

J7 1) _E R AR E W RIE — Y . AR DL BRI A5 R ]
DAHE % F — A ot 5 1 4 B0 3 5 B0 A AR T 5
A 55 AT (A e B0 D7 1) A SR AT N A i (A
WA ) R BURD 8BRS T 46D 2 RIDG £F
BT 3 H R 1) 194 2 80, P A A 1) B 2 )
it — A R KA Al T Bk N g, m] DL B
I8 AR A 220 Ja) Ak W7 28 AT A 1) — A~ R4 L o — A0
R E F9 W 28 9 1A

GIG(0)

0.8} G(6)
0.6

0.4+
G(¢)

Normalized function

0.2F

O/rad

B 5 TRIREY R IH— 1k sk 4k

Fig.5 Normalized function of crack spreading model 1
3 R E ke @ e

R b3 56 2T S 1h ) o B 2 B 4 SR L BT
T — Ot T 2 2 v ) V) R U e B LA IE
RO A58 T2 15 A5 A 52 B o TR I UE B BT 0 B0k
£ vy 18 V) 02 R B S SR
HEMERME 6 frn. FiREREE SN
i 1 2B Wt 2B T 8 5K N T3 I 58 B 4 i sk
IVANE RSP AN IUE S (uR N
Bl 7]

JEFERE

6 OLEF U g R A

Fig. 6 Diagram of cutting device for fiber terminal-face



2366 e K TR

%18 &

JCEF IR AR AT i Se AR 2 A K YO
£ RO B AN G 2T e A 1Y) DR P SR K 5 SRS TiE
S SR e O LT K BB > B iE R R,
Y Bl UI R JT e R P Al 2 AR R VI RDGET R I K
1) ) 2L 5 B R INE S T Bl T A 3 8l
P BEAT E— 2Pk RO B AR LR R, i X
— 3 A B AT AR B A RO EF I . SEER R R
B TE MR b B — 2 IR B R 2 mm 22 45 1) i 4 Ak
AT A5 M 4 0 B 4 R B AT B TR R e O £
JGEFUIHI I I1 AN b Ry — v R B AR A S
A2 18] 2 B T 5 06 £ b b O AE ] — 2K S E
X RE S AE PR I VI Y i 3 R ST l  RE0. REL
RAPXFOaE 2 — M EEN SR EHEY
Wi ' £F 301 2% (14 A 46 2 B AR BT 5 i o ke o2 g #9 OR
/W

HTFIRE Y%A 6<<0.2 mm fl $>1 mm
G 27 4 PR A T I8 e U0 &) T AR 0 0
0.2,0.3,0.6,0.8,1 mm 91 5 Ff A [=] B A% 19 BE
WOGCFETYE, Fr LA ARSI 45 3 BE XS B 1 1k 26 KL
A% Y 62T it 18 U0 30 4 5 A 00 A8 D (H AR 4
AR SCIE 7 A G 710 0 5 BRI P A 1) S 2 ) S
B 22 96 4 W7, 3 5 125 AT LU0 HI H AR /N &2 50
pm AR E 2 mm 7247 O S 2474

TE S50 v 4 B0 50 A [R] B A2 OG22 1Y)
it TR X9 TACAE 30 X BRI BB T R AT WL S5 A U
R WD) B s 1L P B AT 2 22 5 3[R
SR AT 2] S G TCAR A+ X 25 R U R
AGIEN Ty v AR AR 1 G £F v 180 5T 52 A 1 HE A3k B
100 % . [l 7 S8 A J2 B AL 3 30 A SR T A 91 1 O
ARAFHY $0. 8 mm SEET I # i 11 A ) 55 I
T 5 5 T B 56 £F s T CZE D Y 2 fRE L AT LA
A A A IR LT TC vk 43 B U030 8 BN
SEECHY TR AL P AE Z AL Ul BTN A 1 3 Y 2B L 8
NGB R B SEPR T . 7 Al L X PR
DG ET i 1T 52 B Y ' 2 o ek R 22 AR R R il e 3
G

Shy 20 S R 4 D) B D' £F o T FY O A B A
57 o T T LSO RO 52 4 o
) IR IS 1 A U0 0 O £F I 100 Y O 2 BT i, A
FES ILE 8. [ S o 0 7T MO o
Bt bt pth th KA S ILIE 9 R | 9 b e
0 4 6 B A P17 SR 5 5 12 5 BT ) D' 4 S

K7 $0. 8 mm St £F g 173U o0 ke

Fig. 7 Comparison of fiber terminal-faces with a di-

ameter of 0. 8 mm(left:snipped fiber;right.fi-

ber made by terminal-face cutting device)

I e

4T BE

WL AT

iy

\
S i TCRLESE SR
[#'8  Ha AT WL OGE i $0. 8 mm Y 4T I T 46 56 U 1A R
Fig. 8 Examining fiber terminal-faces with a diame-

ter of 0. 8 mm by visible laser

B9 $0. 8 mm ST & i 't o5 B4 I A O A LU X

Fig. 9 Comparison of laser beam spots from $0. 8

mm fibers and direct laser beam(left:snipped
fiber ; mid: fiber made by terminal-face cutting

device;right:direct beam display)

He-Ne SO, Ha] 9 ' BE 2 R A 1056 3 % 1



%114

P PBCAE L A T i T ) W SR B R T vk 2367

G i i i He-Ne SOG4 U DEHE R He
Ne #Ot H 3% BT 2 5L ag#Oe R, v LUE R
JH 38 777 3 V) 9 6 £ S TG A — 1 W P
ST B, i T80T 280D T A SCAR 19 07 125 1)
IR ' £ g 18 hg — > R 1 [T o0 A, LT 5 3
JCIFOC AT B4 06 BE 23 43 B A A 42250
X — FE S U AR SCHR 9 U ik T LY H JCRE
I BESR Y S T

AR SO T 1 B 28 g 24 BAE R & 43 B 5 5T
W [ A R ) DT 22 ] AL RS i) S X T R T Y

S Lk

(1] sk ez acmmion R ] Z%m B,
2009, (20) :14-14.

ZHANG J. Gao kun achieved the nobel prize for the
fiber researches[ J]. China Internet Weekly, 2009,
(20) :14-14.

(2] &AL, 2R £EFH.F. LT HETECME

WERE PN HI] &% %% T 4,2009,17
(5):943-950.
ZHANG ] L,WANG K R,YU CH X, etal.. Ap-
plication of fiber loop mirror to demodulation system
of fiber grating sensor[J]. Opt. Precision Eng. ,
2009,17(5):943-950. ( in Chinese)

(3] #F.MF£. L& BHEOGLTME LIRS W I
[J). &% 4% 142,2009,17(11) :2657-2664.
JIANG Q,SUI Q M, MA B. Design of single mode
optic coupling sensor [J]. Opt. Precision Eng. ,
2009,17(11) :2657-2664. ( in Chinese)

[4] WEIY, SUN B. Wavelength spacing tunable dual-

R OC T L AR W7 R P AT T AR IR
TSN RGP R G R AR
SEPERIME— PR S5 . B RIZES I R T — A
i8] B 1) G 27 U) ) 5 B L O X AS R AR O 5 £ 4
HEAT T S 1 1 5 S 3 LN, S Gl HEORE R AT O
O A i Sk 7 P R 1 R IR T A A O £F g T 5
. WA E A 0.2,0.3,0.6,0.8 F 1 mm)
LRI B) S22 AS TR R 25 i T 1) ME 3 )
100 % » 58 4 B0l T AR SCHEAE 43 M1 4518 1) 7T 52 14
ERTE . RO A8 SO b i O 07 AU A
T T 3 R O £ U0 e R AL T R AR L
R RIGEE R A i 6 5 6T ) A B R A T
HARTFE.

wavelength single-longitudinal-mode fiber ring laser
based on fiber Bragg gratings [J]. Laser Physics,
2009,19(6) :1252-1256.

[5] DOMINIQUE B. Optical fiber amplification technol-
ogy [J]. Annals of Telecommunications, 2003,58
(11):1603-1639.

[6] ZHAO L M, TANG D Y. CHENG T H, et al..
Passing harmonic mode loching of soliton bunches
in a fiber ring laser [J]. Optical and Quantum E-
lectronics , 2008,40(13):1053-1064.

[7] TFENG D. Metal Physics [ M]. Beijing: Sciences
Press,1999. (in Chinese)

[8] LAWN BR, WILSHAW T R. Fracture of Brittle
Solids[ M ]. London: Cambridge University Press,
1974.

[9] CHENG S Q. Fracture Mechanics| M]. Beijing : Na-
tional Defence Industry Press,1984. (in Chinese)

[10] GELL M, SMITH E. The propagation of cracks

through grain boundaries in polycrystalline 3% sil-

icon-iron [J]. Acta Met. , 1967, (13):253.



2368 e K TR %18 %

EER N

FREFE (1957, , HEMEHE N LIFR
G, BEEMNE AR S TR A
g FH A9 I 5%

F=IEIL (1957 —) 5 BBV AL ST N,
BIWESE B, EEMNFOLFHE AR D% T
T T IO P A T 45

ZHBR (1964 —) , 5, ARV HSHT A,
BB 52 51 o 35 0 DN SRS 2 ML A 485 4 A ikt
TR AT .

o THH L
08 i ZC 053 B 4 By SE B A 1 B2 IRt

18]

(FREIA% MEMS BEHE AR F QLA B 210094)

SN T e ek R =0 B A B, M —FP T DDSOG (Deep Dry Silicon on Glass) 1. 25 B fi

T PR 2 BE SRR LT, BR 1 03 B2 T A 25 0 T D7 R R g R IR S B T A A

Tﬁﬁ@fﬂi;ﬁ;ﬁ% W R AR AL AT =38 40, R ] 22 Sh 45 M R i/ N IR B R 22 52 . #E DL gk rhR AT T B 3

g 2 ) F B R AR T R A P IR R B SE LT VS IR 2 0 P BRSO s RO A T . A3 T T R =

B TR S ER AR CR . LI R, DDSOG T2 "2k A B 3¢ 55 A4 FH 6L A BHE E R

BOANTE] 5200 1 Ik BE T AR BE R . I 25 R R B ik SR R o B AR AL W] LGRS B A0 R M gE &=
P50 g hn %L 143 Hz/ g, FfaE M 1.2 mg , FME L 0. 88 mg, H{H 170 pg.





