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Abstract A stress element analysis method is proposed for calculating the stress field and birefringence at the center
of fiber core with any shape of fiber stress region. With the help of solid mechanics module in COMSOL Multiphysics
software, stress field distribution and birefringence at the center of optical fiber core with the different shapes such
as rectangle, square, triangle, circular stress element are studied. The results show that the stress field and
birefringence at stress—induced optical fiber core are independent of the shape and direction of stress elements if
the area of stress elements is the same and the stress element is small enough. They are only related with the distance
between the fiber core and the center of the stress element. When the stress element is close to the core, this
relationship between birefringence and distance approaches inverse square. The correctness and effectiveness
of stress element analysis method can be verified from the results. So with integration of the stress element, stress
distribution and birefringence at fiber core with any shape of stress region can be obtained.
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Fig.1 Ilustration of the stress tensor
&1 8 9 A 43 a5 ] DLAL B — A B
TXZ
T= T, €Y)

g, T,\'y
T»X g,
T

TZ) O-Z
KXo o o HEWNT, 7 7, 7 1 7, Tt HEN L Hr =7, T =T, T =T, .
Kot TG EF A Y 0 7 A A o R RN, PR O AR . SR R
do, JT,,
— %+ =
0x dy
do, 97, ’

7+7':0
dy ox

©))

IS 77 R 75 7 A

111;(2? =0

x

B , 3
KC) -0

2
Vo, -

Vo -
7 1+v ayz

2 O=0,+t0,+t0, .
JGET Al T AU A A 4 S G PR SEE R AR £, b ek AR R R, A e T AR A R TET Y B TR T T AR Y 1]
R, [AL M R R 1) 4 B 7 R AT A
0. zv(a'x +0',,) - EaAT 4
Ko A L, E N IR, a BT E K 280, TOR IR L o ()R 580 1 TG EF h I ) 39 93 A Y FE A

020604- 2



52, 020604(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

D50 DGR R A RIS R DX A 1 A, BRI RT SR i L 58 R 1Y N 1 .
2.2 SR

XU SR 2 5 TR S 810 45 1) S e 0 A 0 0 A SRy 79 R OYE O 90 AN [] 5 1) 47 50 ) B 4% 3K I BRO J2 R 3 )
TAREE AR ARG . I AR ] TR A SR an R AR — A R A ) S v n A R 2
ST SR PR J5T , o 7 1) A% 3 1y 7 ) A% 6 1% 9 SR ) T SR SR AR 45 e T 5 0 ) 0 A A G IR 42 B Ry o £F
TG SRR RN .

FE e N JIRASTS AR BB N 7 T FH N TR ER 3R s, W ER i 30 3 Al BRI A iz a5 i 1 0 2, N 0 A
BRI N

x—i+£+z—2:1. (6)

2 2
0-1 0-1 0-1

JCEF AT — G2 M B AE JL AR bt ] LU — AN 47 55 R Kok s o BRI 34> 32 4l B R 32 a5 )l 2
T A, YT R ER 1 R R
ﬁ+%+ﬁ:1. )
V43 BT A SE B0 UE W - 6 28 Hh N g 5 Y XU S SR, S T G 8 5 0 g Y 2 8 g O 1 AH ) 5 7R ARUE
L,ﬂ?ﬁt}?ﬂ’]%‘“«%'ﬁiﬁj}%éﬁ AR OE AR
N.=N,-Co,~C\(o,+0))
N,=N,-C,o,-Cy o, +0), ©)
N.=N,-Co.-C,(o, +0))
KFPN N N GARE gl 2B ERIT R, oL o, o, RERNTT, Ny RSN ) R R R
AT, €, €, S BPBHI I g G5 R 4 (8) 2 e 9 =X T 7 A il
N.-N,=C(o,-0,)
N,-N.=C(o,-0)), )
N,-N.=C(o,-0.)
K C=C, - C, A MRAEXT R )G R E . X TR ) B EF |, 25 SRR E PN Y N ) AR £F S A 5 1R A 3L
Pt W RIEK B=N-N,=(C,-C)(0.-0,) -

3 BOLRL 135 B or B
FI I COMSOL Multiphysics 81 H i [ {4 g 2 5 BB BT I 1 X6 21 78 25 Ak 14 1z ) 3 53 A
FIXAT 5 KN o FERFROCE MR S5 A S S B0 T, 2028 1 T3 OoT B AR O T o) b JE B £ 5 i e
WS G EF TR 27 0 Ak 17 3 3 43 A VST 36 IO/ A8 4 o 3R 15 Bh el OB R 280 R 1 o,
0 s o, TP IIRE LR )R N X RZ K R N s N s N, 2000 R RTAR I T, (N T30 0 i 2788 4
J2 BT DT Y A T R DG LT I BRI AR IR, T, 2 HS Y R
1 LTS E

Table 1 Fiber material parameters for modeling and simulation

Parameter a,, 107 (O] a,, 10 (O] e, /107 (C)] Noeore Neua N
Value 2.215 0.54 1.45 1.4558 1.4478 1.4418

Parameter E /(10" m*N) v T, /C T, /C C, /(10 m*N) C, /(10" m*N)
Value 7.8 0.186 1000 20 0.7572448 4.18775
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Fig.2 Stress o, distribution on fiber cross section Fig.3 Stress o, distribution on fiber cross section
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Fig.4 Birefringence B at the center of the fiber core with different shape stress elements. The areas of stress element are
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Table 2 Birefringence B at the center of the fiber core with different shape stress elements

Area of the stress element

T 2.25 4
[ ] 2.5806x 10 5.8027x10° 1.0322x10°
- 2.5929x10° 5.8723x10° 1.0544 x 107
| 2.5798 %10 5.8096x10°° 1.0321x 107
* 2.5781x10° 5.8072%x10° 1.0329%x10°
A 2.5927x10° 5.8102%x10° 1.0322x10°
> 2.5758%10°° 5.7969x 10 1.0285x 107
| 2.5959%10° 5.8260%x 10 1.0375%x10°
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Fig.5b Birefringence B at the center of the fiber core with various directions of the stress element. The areas of stress
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