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Fig.2 Distribution of average breaking force of untreated fiber under different drawing speed
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Table 1 Average fiber breaking force of different flame polishing processes under 100m/min fiber drawing speed

Process conditions Preform processing conditions Surface roughness Average breaking force/N
Original preform / 6.52 36.69
Process A H,=70 1./min flame velocity 50 mm/min twice 5.43 45.34
Process B H,=80 L/min flame velocity 50 mm/min twice 4.41 45.01

H,=80 L./min flame velocity 50 mm/min once
Process C ) ) ) 1.53 42.19
H,=80 L./min flame velocity 30 mm/min once

H,=80 L/min flame velocity 50 mm/min once
Process D ) ) ) 0.84 38.25
H,=80 L./min flame velocity 25 mm/min once

H,=80 L./min flame velocity 50 mm/min once
Process E ) ) ) ) 0.07 35.69
H,=80 L./min flame velocity 25 mm/min twice
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Fig.3 Microphotographs of the fiber preform

2.1.3 BRI LMRLFREN YA

2. 1.1 WS R, iR ARG AT R AR ] S BOCE R A EEAT. M, B TR sl iE R
B il el BROL AR e g — BOA — 5 il B AR K G2 ol X, Ole £ 3R T L S R R L AT I 3% i R
T, W R B A 7 A T B T DG ET SR BE o g ORI 2R IR A A S A S X R O T AR R il B
G195 S AR AR 200 °C 1400 °C 600 C KIIENB A T.Z B .C.D Eo EARFR KT ZT K RAEAT T4k
B 6 25 WU A 22, F EAT BT a . 25 R N 4 (a) , TOIR P 22 R R A, DG A A ] A v 4
IR K T AR A AW I3 AR E T IR R R T RIAEAR ke SIS RE IR IT RS L H AL W g R 2 B I
BRI 5 o kS PR AR WP R A SR R G A SR N R AR I B TR S R Kb IR BT IR K
SR AR ABAL 33 R R A AR 25 fOGeF R 20, I G LR 1y s BE A B 7R TY . R, R 22
BRI, P X4 7 B 2 R R B3 e BLSE R BRSO B R o R O, 2B Ol e R O
gl B O R Tk 2 R PGE B S n T OB ER B IR b O Ah BER I A I RE B R 25, TS R
JOL 3 HE  dEG £F i R AR o T A7 22 R A I, DG ET AR IR O R B8 IR TR R, 220 0B Ol R S 2 et
Z WAL, BT DL 25 R 22 0 B e I, JC I IR Al IR BE i 400°Cak 600°C, G EF bt ) JE W A A .

65 80
=v-Drawing speed 4 m/min - < ez WlthOLlF process
" -=-Drawing speed 100 m/min N 613N EXX3 Annealing process
% / v % - PR 54.64 N
- %
e " g S s
‘Z Y= = 37 RIS
5 - - 5 40 F PRI 36.69 N
2 v~ . . - B
= A without annealing furnace 4 BRRKS
S : S BRI
2 45F m" B annealing furnace not heated =4 BRI
a2 : o /M BRSIRRRSS
C annealing furnace 200°C B BRI
; o BRI
B D annealing furnace 400°C I:E:i:;:i:i:;:g:i:
E annealing furn: & OSSIRRIRIKE
55 Lt , g iaG S0 " ks
A B C D E 4 m/min 100 m/min
Process conditions Fiber drawing speed/(m-min~")
(a) Average breaking force under different anneal temperature (b) The improvement of average breaking force

B4 BKTEX-FHAE A8y n
Fig.4 The influence of average fiber breaking force under different annealing processes
XF H a3t i 22 3K B 24 4 m/min 55 100 m/min B (9 G EF 7 Y57 W 7, B B R JOHR BE R3S, 7 R ) B
AR JCB Y 48.05 N 5 36.69 N 72 #i 4% 4 2] i = 61.30 N 55 54.64 N, 4334 K T 27.6% 5 48.9% , a4l 4
(b) o PRRCRYR Y A 4 % V55 0 g 58 88 TR K 1) D6 28 T 4 ik oy

= — AK" 1
P i (1)

0606002-4



SR L A A ST B B A 52 M R R I Y B T ot

K.=Y%Va (2)
A, a WEYRVREE ; K, o0 N 7758 BE K5 A Sy Lo 880 m R L D JE il K 5 e A2 0 75 Y LT+, A
o e TFHEF#l 1E T 2 5T EEN S5, #BIRIB K ag it , ol A SO LF £ i 5 2= 0 i L E 25,
U/ DRI X 8 1) I T e B A A, DT I R 0 7R AR S, WA SO R i 22 LU IR e 22 TR 4%
Gy rE A N 1, LN N 7 B R B T 22 T RE G SR, mT DLURE I N G 2 B LS BT R ER R K
e R P 22 B B i LR £
15 AT, FEAR AR K T 20N Bl P22 RS B i T i L 08 2 S e s iR AR Kb, SR EF S Ay e
JI B AR . (R Rl A B IO A I e, BRSO BE 43 00 R R 35 B i B v B S B #4200 °C, #EF  E
400 °C, JEEF Vb i g 2 e  , #5RAR R R A B TR AR hr b g g o BEE b a2 R L T
PLWT AR IH 2 N R g, R IRAR Kb K B A B, A 7= ol B b, S 2F A 3R b oy sl TR R, 488 0 1 e [) AN
LA E R S A R ZE, SEOCHBREN TR, 2R TR 2Bt RSF, SmhiRAkprKED
2ok B e KAE B2 R OG LR B h0 K 7, T B AR 22 3 13 () Aol 348 4 3 R Ik R B

65

= = A without annealing furnace
= B annealing furnace not heated
- = = C annealing furnace 200°C

. h S -~ = = D annealing furnace 400°C

Break tension/N

Fiber drawing speed/(m-min")

BS5 FREBKGHTFHAE A G L8 E R &
Fig.5 Average breaking force vs. fiber drawing speed under different annealing processes
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Research on Factors of Affecting the Strength of Silica Optical Fiber and
Process Improvement

ZHANG Yan', GAO Song', XUE Yaohui’, ZHANG Zhuo’, WANG Xiaozhang’,
CAO Shanshan’, XU Haitao’, SHE Shengfei', XIE Jin', LI Yizhao', LIU Lutao',
GUO Haitao', HOU Chaoqj'
(1 Research Center of Special Optical Fiber and Device, Xi'an Institute of Optics and Precision Mechanics, Chinese
Academy of Sciences, Xi'an 710119, China)
(2 China North Industries Group Corporation Norinco Group , Xi'an Modern Control Technology Research Institute ,
Xi'an 710119, China)
(3 Jiangsu Zhong Tian Technology Co., Lid., Nantong, Jiangsu 226000, China)

Abstract: With the continuous development of international communication and industrial testing field,
optical fiber cables are often in harsh working environments with high temperature, high humidity and high
pressure, and will be used in deep—sea signal transmission, urban communication network construction,
petrochemical smelting, national defense and military industries. Its application environment puts forward
higher and higher requirements for optical fiber strength. The strength of conventional silica fiber can not
meet the requirements of harsh environments, which restricts the further expansion of its market application
range. Theoretically, using the bond length and surface energy between fused silica atoms, it can be
calculated that the theoretical maximum breaking force of standard single-mode fiber is 203 N, while the
average breaking force of commercial single-mode fiber is 47.6 N, which is far less than the theoretical
maximum breaking force. The main reason is that during the optical fiber manufacturing process, it can
inevitably experience the thermal and cold changes of high—temperature fused silica to accumulate internal
stress inside the optical fiber. All will cause micro—cracks on the surface of the fiber, reducing the strength
of the fiber. Therefore, suppressing the micro—cracks on the surface of the optical fiber and effectively
improving the strength of the silica fiber have become the key exploratory areas by researchers. This article
uses the passive single-mode quartz preform provided by Zhongtian Technology Co., Ltd (diameter 35
mm, core NA 0.14). The experiment is designed by an online active temperature—controlled annealing
furnace to reduce the temperature difference between the surface temperature and room temperature when
the fiber is released from the furnace, eliminate the internal stress of the fiber and inhibit the generation of
micro—cracks on the surface and inside of the fiber. The newly installed online active temperature control
annealing furnace has a length of 600 mm, and the furnace body has built-in three-stage heating wire,
which can realize the temperature adjustment of 0~600 °C inside the furnace body. Acrylate was used as the
coating material, and the fiber was drawled online by UV curing. The fiber cladding diameter was 125+ 1 pm,
the coating diameter was 245+5 pm, and the coating/cladding concentricity error was less than 10.0 pm.
The breaking force of the optical fiber is the reference standard to measure the strength of the optical fiber.
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According to international standard, the average breaking force of optical fiber is tested by universal tensile
testing machine. The running speed of the tensile testing machine was 50 mm/min, and 15 samples were
selected for each set of tests, and the length of each sample was 1 m. Different preform pretreatment
processes, drawing speeds and active temperature control annealing processes are measured in experiment.
The surface morphology of preforms and fibers with different treating conditions were characterized by
reflective optical microscope (OLYMPUS, BX53M) and Scanning Electron Microscopy (SEM, ZEISS-
EVO-18). The influencing factors of optical fiber breaking force were analyzed and studied. The result
shows that average breaking force of the fiber behaves a downward trend with the increasing of drawing
speed. Through the analysis of the fracture curve of the optical fiber Weibull function under different
process conditions, with the optimization of the process conditions, the tensile force of the optical fiber
increases but the sample consistency deteriorates. The micro—cracks on the surface of optical fibers and
preforms can be effectively suppressed and average fiber breaking force was increased from 36.69 N without
any treatment to 68.28 N, and the breaking force increased by 86 %, through flame polishing and gradient
cooling treatment on preforms, optimizing the active temperature control annealing process and decreasing
the drawing speed. Relevant experimental surfaces carried out flame polishing pretreatment on the preform
and optimization of the annealing process during the drawing process, while reducing the fiber drawing
speed, which can effectively improve the average breaking force of the fiber. The research has opened up a
wider application space for high-strength optical fibers in harsh environments such as oil exploration,
submarine optical cable laying, and climate monitoring.

Key words: Optic fiber; Silica fiber; Flame polishing; Annealing process; Breaking tension; Fiber
strength
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