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Thermal Stress and the Associated Photoelastic Effect of
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Abstract In order to study effect of the metal coating on the macrobending loss properties of a fiber loop, two
mathematical models of the thermal stress and the associated photoelastic effect of the metal coated fiber loop are
established. The thermal stress coefficients and thermal stress dependent refractive index coefficients of the fiber
loop with metal coating are calculated. Impact factors of the thermal stress coefficients K, , K, and the thermal
stress dependent refractive index coefficient K, are simulated. The results indicate that K, is much greater than K,
at the same circumstance. Consequently, the metal coated fiber loop mainly suffers the annular thermal stress and the
radial thermal stress can be ignored. The thermal stress and its induced refractive index change alter with the
reference radial position and thickness of the coating rather than the bend radius of the loop. When the thickness of
the metal coating increases from 0 to 2000 pm, K, and K, both undergo a process of a sharp increase, and than
transfer to a slow growth and tend to a stable value. Since K, is negative, refractive index decreases as the
temperature increases. The presented models are feasible to explain that refractive index of the fiber decreases with
the increase of temperature, thus altering the macrobending loss of the metal coated fiber loop.
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Fig. 1 Schematic of a part of the metal coated fiber loop
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I 5 AT LA o B2 IERE 02000 pm
FELPA K 250U P 1 A K L 72 1 1

K TR (B K U Bl 5 92 )22 T2 5 348 o o 32 i 344
KAERE K g/ T Ko £ 2 42 9 ~ 15 mm i

1106004-4



BEAG

5 B B2 6T B A B g R HE T | B O

P Koo Bl 257 4 A0 3 DR T A 15 0 22 AN B 25
K, Fifig 25 il A2 0 T 2 s H e K AT 2 d
NF Ko

LRI 3~5 AIALOGEF 32 B (B i) by 838 KT

(2)

eI T S A 1) 13 3 T 28 W ANt s B A B V2 TR BE S
A1 07 T ST BRI N - 2 1% K I 8 TR E s L ET I
NG DIV B Nl e s IR S e T g S S P 3 '
ANCEF ARSI iR BE IR/ N2 TR

K5 il Ky Ml K..(2) Ky SRR KRR (D K. 5RHLMWXER
Fig. 5 Modeling of K, and K,,. (a) Relationship of K, with bend radius and coating thickness; (b) relationship of

K,, with bend radius and coating thickness

4 TR IEET N T 5 R B SR

T 5% 3 e A PR T A 3 3 e S 280 5
PRI A A T A R AT A g s
1l 162 EHTH AR B 028 K+ An 51 FIHLE
SRS L/ R AL/ REER A,
hF

1 1 1 — 2An
A(n') (n+ An)?*  7* n® e

AP FEER An /NF o WETIER.AQ/2*) 55K

" ) Pu Pz Pz | &
1
A (ﬁ)g = Pz Pu Piz| |&|> a7
) D1z P12z P ) e

o po M pr RCEF O R B HE S G AT
A E R AR KR A

An, Pu Pz Pz | |er

3
Any :_% b1z P Dz |& . (18)
An. P12 P12z P ) e

HOCEF IR A2 i B A Al 7 A AN A I A 2
P o Hh T SCHA B AT AT R £F T 32 AR 5 N
T KRR N

%[a,, — u(oy _’_61)]7

&
g | = %[ag*p(m#—az)] . (19
€.

%[az — plo, +05) ]_

1M X YGEF BRI & 0. =0, B T G R AR 10k

o
2F,
An,
3
Any | = 3F,
An,
— 3 -

{(pn *Z/ulplz)o'zr + [ — ) Pz *,UPu]Gze}

3
7; L= pie — ppi ] (o2 T 029)

{[(1_/1)P12_#P11]62r+(P112#P12)026} . (20)

H1 T o, /N T 00 T LA o, BRI, An, & An., Z00E XTS5 R0 S AT ASOGET - B 47 i A8 i An ly

ns

2E2

An = An, = An, =—

]11”%(7’2 +T§)

]zzrg(r% + )

L1 — 0 pre *#Pn][

]AT — K,AT. (21)

(5 — 1) r(ri — )

PG T LT RGBT
Ji 5 3 L O £F 2 T O B R AT 0.

SMF28 JE£F AT 5 RS 5y 47 AT B % ne, =
1. 4504 40 )2 Y7 8F R ng = 1. 4447, 454 (15) XA

1106004-5



2 i

CDALATADEE I 3 R IR RBCK, AN T
0, . 2 AT>0 B, An G5 2N T2 OGLF 3 i %
W oyt Matlab #8400 T K, 562742 £ E
r BRIRIEIE b AN AR R Z A A O

& 6 AT F L, R=9 mm,h=100 pm B}, K, i4
ANT O BE SIS L BN g 22 51 O AT B 3 B R 0
ANSTESCET Xy << <y OBEF L2 FNEF AL 1 BT
SF AN PR 2 2] o3 A1 T AT A 5 2 K
AL Ko #R 2B HAR 0 L8 ~ YR & LR
PEVINAY A TTI r F oy AR A7 55 3PN T R B
P EY(E R R LR 1P B3 S AR T R K 2F
A B RGHR /N AT BT S 24k R R AR 47 5
N TTFREL Ko TR £ 00 17 B 47 55 3 300 1 &
BN T R LUF L R J5E R R 2 A5 A [
Koo R T K5 Koo Fl Ko 575 i 2B A2 FOHE )2 )5
JE 1 A2 AR KR AR AR S B LT AN il 25 il 2 A2 28 1 T 1

K., /(10°/)

AR T I A B2 VR i S bR L P T T AR
SE 32 AT>100 CHf BIEEHEZ R AL 10 pm., i
AN T3 5 R A 3 B A A AL RT i g — 0. 0001, S i £A
WL 351 Y OGN C 28 HE B R L 5 A5 O
DAL IH S T o 2 V2 T2 2 ok A R i e A0 7 5
A P O8N » S RE S B AR 37 25 L £ IR

-3.36

-3.37
. -3.38} cladding L
O close to 7, —N_
>~ -339 cladding
S —3.40} close to 7,
= 341}
. 3.42

Tesar core

-3.43} X

.44 : : : : . :
8.93 895 897 899 9.01 9.03 9.05 9.07
r/mm

B 6 K, 5eam i E&me R
Fig. 6 Relationship between K, and radial

position of the fiber

10

0
h /pm 08

R /mm

B 7 B KoM Ko () Ko SEMERAEZIEENXR; (b Ka 55 MERAERIEENXR
Fig. 7 Modeling of K, and K,;. (a) Relationship of K,,, with bend radius and coating thickness; (b) relationship of

K, with bend radius and coating thickness

5 4 ©

SIHT TR A AL KA SR Ni B2 00 £F BF 11
R 3 A3 T Al P — 4 I 5 J2 10 5 27 BF 447
SIHT. AEREIE BN M R DRS4S A2 1Y
375 AR T AR ALt 5D 40 A A8 BT ST
fii . AEBEIRIRIE 0~2000 pm J [ P . B4 2 5L E
WK LI £F 17 52 1 4 9 T L B 1 37 5 54 Ak
ER4 e R KL TR RS B TR . B
25 9L FEE B L 30 25 B3 B 2T B4 59 280N A T
T R RS AR . XTI 4 R IR
3PN A T G L G £ 4T S R 1 2
RHEATIE 446 TE o WA T 5 75 06 2F %2 25 $514E 19 135
SR . TR A 4 B2 X G £F R 7 2 i B
9 B FER LT 52 25 RE 1 B 060 1 537 36 A3 45 0 —

T

s & X #

1 Liao Yanbiao. Fiber Optics [ M]. Beijing: Tsinghua University
Press, 2000. 90—95.

B . Seer et IM. dban . AR AL, 2000, 90—95.

2 Fan Yuqiang, Yuan Yufeng, Wei Wanting. et al.. Fiber bending
sensor based on LP;; mode [J]. Acta Optica Sinica, 2012, 32
(11): 1128005.

TR, R, BT, . 5T LPa A 6 Lr 4 ih 15 1% 4%
[J]. Jez2d, 2012, 32(11) . 1128005.

3 G Rajan, Y Semenova, J Mathew. Experimental analysis and
demonstration of a low cost fibre optic temperature sensor system
for engineering applications [J]. Sens Actuators A, 2010, 163
(1): 88—95.

4 A Zendehnam, M Mirzaei, A Farashiani, et al.. Investigation of
bending loss in a single-mode optical fiber [J]. Pramana-] Phys.,
2010, 74(4): 591—603.

5P Wang, G Brambilla, Y Semenova, e al.. A simple

1106004-6



A Ay
2 I@# :

5 B B2 6T B A B g R HE T | B O

ultrasensitive displacement sensor based on a high bend loss
single-mode fibre and a ratiometric measurement system [J]. J
Opt, 2011, 13(7): 1—5.

6 A Martinez-Rios, D Monzon-Hernandez, 1 Torres-Gomez, et
al.. An intrinsic fiber-optic single loop micro-displacement sensor
[J]. Sensors, 2012, 12(1): 415—428.

7 Yao Shun, Pang Xiaolin, Dai Jingjing, et al.. Transmission
efficiency of bending fiber with small radius [J]. Acta Optica
Sinica, 2011, 31(1). 0106001.

S8 FE. PEWEAK. ARURUHT. SF. DR A T AL BE G AR L
HORWEFE )], %24, 2011, 31(1): 0106001.

8 Rao Chunfang, Zhang Hua, Feng Yan, et al.. Stress in metal
coating fiber Bragg grating [ J]. Laser & Optoelectronics
Progress, 2012, 49(6) . 060601.

HAEIT. K T, L OSRABIAR R A B AR B
ML), WOb 5 e s, 2012, 49(6): 060601.

9 ] H Hannay. Mode coupling in an elastically deformed optical
fibre [J]. Electron Lett, 1976, 12(7): 173—174.

10 Wang Xuezhen, Bian Baomin, Ji Yunjing. et al.. Theoretical
model modify of bending loss of mono-mode fiber [J]. Acta
Photonica Sinica, 2006, 35(6): 819—823.

TEE, FMRR., £ids, . BEOGL A iR I A R &
IE[J]. BF2£3R, 2006, 35(6): 819—823.

11 Li Weite, Huang Baohai, Bi Zhongbo. Analysis and Application
of Thermal Stress Theory [ M]. Beijing: China Electric Power
Press, 2004. 59—68.

ARy, ORI, SR AP . AN T R i B M. dE st

o EE g R, 2004, 59 —68.

12 Wang Zhongren, Yuan Shijian, Hu Lianxi, e al.. Fundamentals
of Elasticity and Plasticity [ M]. Harbin: Harbin Institute of
Technology Press, 2007. 134—139.

E, suHES, 1iEE . S WS 8IB MM BIR
W IR Dk R R . 2007, 134 —139.

13 P Wang, Y Semenova, G Farrell. Temperature dependence of
macrobending loss in all-fiber bend loss edge filter [J]. Opt
Commun, 2008, 281(17). 4312—4316.

14 Pi Haoyang, Liu Qiong, Ye Qing. Analysis and experimental
study of inner stress for metallized fiber Bragg gratings [ J .
Chinese J Lasers, 2012, 39(3): 0305008.

By, X0 Bom o . A mALGER LM N R T fY 43 Br A S 5
W5EJ]). P REBOE. 2012, 39(3): 0305008.

15 Feng Yan, Zhang Hua, Li Yulong, e al.. Temperature
sensitization model of fiber Bragg grating with metal coating [ J].
Acta Optica Sinica, 2009, 29(2): 336—341.

oo, 5k AR, BRI, F SRARY I OGE A Rk R
JEAL BRI ], 22440, 2009, 29(2): 336 —341.

16 Guo Yongxing, Zhang Dongsheng, Zhou Zude, et al.. Welding-
packaged accelerometer based on metal-coated FBG [J]. Chin Opt
Lett, 2013, 11(7): 070604.

17 Yang Haibo, Cao Jianguo, Li Hongbo. Introduction to Elasticity
and Plasticity [ M]. Beijing: Tsinghua University Press, 2011.
45—47.

T, WA, ARty v S M E I AR LM]. dbat.
TR AL, 2011, 45—47.
EEFE: TRk

1106004-7



