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Experimental study of bare fiber fluctuation control in
optical fiber drawing process
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Abstract: Controlling the fluctuation of bare fiber diameter in the process of optical fiber drawing is an important factor affecting
the quality of optical fiber drawing. The data model of the optical fiber drawing process is given, the factors affecting the bare
fiber fluctuation in the optical fiber drawing are analyzed, the whole process of optical fiber drawing is introduced, the sampling
data of the bare fiber diameter fluctuation by the temperature field and gas flow field in the furnace are tested, and the correspond-
ing experiments are designed according to the furnace structure, gas matching and flow rate. The experimental data show that by
changing the structure of heating furnace and drawing tower and the flow rate and configuration of inert gas, the disturbance of

drawing manufacturing process can be reduced and the control accuracy of bare fiber diameter fluctuation can be improved. The

fluctuation range of fiber diameter is from +1 u m increased to +0.5 pm

Key words: optical fiber manufacturing, optical fiber bare fiber fluctuation, drawing tower, glass fiber drawing

03l5F
2019 4F 4G FDGELR 2| P g B2 BB A | {0 f ok

Wyt gd /b TR RRSE THOREI, JEEF AR KR T 2k

2020 4F  GEFORERERM S 2019 EFAR T HE

s B #.2021-10-12,

EE&IWB . #i04a 80w 5 (2020€01083 ) % B,

TEB A 5 (1997—), 5, Wi TL 8% A Wi+ | 30

ST WU Tl K B B e TRk, E B

577 1) J LT 1 627 A e L SO R Fe AR

S5 TW A RS R E

ZE A% PR T B BE BB 20 Jo/km!™, AT AEOR | “fF
By < EGE 20257 CHHEM 47— — B A
R R A — R A Y [ K BUR GRSt AN HE B R
P JEWN D A R LNID D OIS A T A Sl =0
TERE

JELF R e D GLF R W E R 2 — ) fE
SRR R, BRET B Y 38 5 2 22 2 9 A
1 s Rt Ve M AR o A DA B R A
RS Hn sz e, BT, E N AR S Tl
TS TF O £F B i i BIF 5E T AE 32 2 4R A 52 3 X Y
B 5L B . PAEK U C 558 AUOSR B — 2 55 70 F 5%

2022 4E5E 3 RATEHES @



380 E3

fl 52 AT R A5 BT 22 5 B v R AT Ol 3l 5 ) S SR 5

T R 1 24 B R RN EE 43 A s MYERS MO RUTR A
WF5E T e eer hr b o] G B L 3h | Z W T kb
B e R R R K R U T — AR A Y 2 AR
RN R A5 e T — AR R BR | FLEK
{EL RSB 25 W) A B34 LEE S H K 55 AU2514: [ i
G T 5 W T R A N AR A 1 R A B 1 3R
T 37E 0 A1 1 R H %) o R i B A% A 3R AR T B A
B AR R R SE X TR 40 A Ak T Y
ST Ol ; CARANDANG G G 55 A UIXF R 22t )y ik
AR SR I R R 1 IR AT T BUE R 5
FELE R RN AW = 5, v] DLk fir 22 50 7
H R B

AR S 3 S SR AR B PR | S BRAR A
X 3 o0 A D R B 22 2o AR R A B S EL A 0 24
i ) 22 0 0 (R RS B ) R AT 22 AR D sh il

1 AR FRBIMNTE
1.1 SR HEE

AL i A 2 i sk U B O A Y IX
BFR M #0045 X
T Mg EsFE, YR -sh&
ST ARAT 0 I AR U Bl AN AR a8 T R
A] ST G F ] ) B R R
(R AE T Js b vl 356 388 R ok 4 A AR e
) A% B Ao 2 o O R 1) D) 38 8 9 A
WA AR () 42 11 7 R 0Shy

~

|
|
|
|
|
|
|
\ 4

B1 SR TEE

ﬂ+LM=O (1)
dz r Or
v ,Ov  ov _ 1 dp 1
ot ar 0z p 90z r

0 (<LV+<LU 9 (9

ar ™MV ar "oz | 23, Ly 2)
Ou Ou Ou_ 1 dp 2

at ar 0z p or r

J Jdu J Jdv  du 2
L L ITIE e el | B s D
JdT  udT  voT 1 o (0T

O L
0 oT
g(k§)+u®+s,. (4)

e v ML 3 S0 2 Bl 1 RASS [ 5938 o p SR EE
z SR A AR AR AR TR L ¢ S A p 2
JEJ1, S s ARG B C, R AE 2 He AR kR (R RN R A
MR A, @ EREVEFERL, S, 58 55 IR,

JCET P P ST T A AR A XN ] 2 s, 30

N EEE 1R, >

W T X B 4 2 A X
W, R AR L ]
L FORBL K "

X a MFF R A SR 4 .. . p\
J& A HE ALK b, fERL \ |
X b o, LR 452 I

i, HAZ BR[O a Hi
PRGNz AU DA Ui
X b AT DU — HERE RO 5T A0 45 3 St A ) - 7
e 3 BB e OIR 2 00 W BT R R 5 I R A AR
(3P 2 Ff 7 R3] o

B2 HFHMTHBAEEEX

() , a(rPv) _
sty =0 (5)
o 3(6‘112) +a(52ZV2) :8(6912) ’p:3M(9(§ZV) (6)

BEHE BB R AR VR R I BE 1 A3 RO 465 4 9 722 1
AL, 48 S Rk AT S RO S 4B 2R R W, B
TE 2 TR — Rl v WA R E B AR AR OR
ESHT:AND/C i = W AR = - S i PO Y - TR DS K 4 € el
AE TR N

[1=4545 45exp |32 [ Lt

321 H (7)
Horr T, 08 ZAAARE R O SR 2958 1900 K, %
TR SR w BERE T 2R ER B,

FEOGCEF AP A v B X RS Y [ 3R R SN
FETETR 22 K RS B A #m AR (L K i ol i ok
LFE AR M A R A SR XA AR
T, P TR A0 v TR AR | 3 R B IR R BE A ) o 1
(25 RIEYCLF AR TE 62.5 pm 2247, T B2 K E )
A% 5 AR AR AR Ak DA B i P B R PR RE L
B G FB 2RI RS S RE R, SR LR X
TR T B2 110 DO At i s 2207181 R Ok R 1
PR Bl B 5 i 3 G E sh R ad ok kg 1Ok
21 1 245 XK B R S R R 3
1.2 AR HETE

T RO LF T AR KA IR A R R
I 20 4 S0 AR i D 20 T A IR R R A L R AR
JEE PR g ol e ke o A T R R i e B AR
250 125 wm BIIGEF RIS [0 R Y 78 A T
WA, HEBR 420 LA DR 1 M R 5% O 3kt G PN 5
A BB = R R AL, AE R R TR R R
TEZ 0 0.3 m MHE N E AR 140 mm A2 47 B &2 1k
N 125 wm, TR I 5045 X IEAR th B4R Ao |
ol G g T R AR A ke o AR A B DL R

60 ABIEHFo 202245 3 1



380 E3

FORLRIR T B B 28, Jeer i b T s

i R A T —
WRAEEIRE (A Lug Bap

50y o B R 3 3

zw%wﬁﬁﬁﬁﬁ—{— — | ——— otmi
M TR E o AR B3P F
WS By —|—
kiR m iR ! e
T BRI A #ER Elﬁ]

51 9 48 15 B 2 15 I A
06 2T B 15 K l II%W“
SR C W 2 E A @g&mm
R R R

i 3}5)?%0 B3 ANHEFERAT RER

O SLIG NG B

ASCER S A RS S TR B e AR O R
BT R A SE B AT IR AT

B, AR AT B A
PEATRCE NS R A 8
AT ALR ) Moy
PRI 1 1Y) 0 A R B 2SR B
1 S £ 790 ) e 1 290 4 1K S
RrRAE R R E AN A
i, /N DR T S A
IR AR IR A OF (9 42 30 %0 516
SF 24 42 U BN IS, T
YR P s R L K
Zo i 22 I A5 ) 0 T o e S5 4
Xz 4~E 6 Fris .,

IRIG | AR SCX — P 22 B
HEAT R IR S, ALY
$1 223K B R 2000 m/min ZE A7,
RS N 25 Limin, A
S e 225 o £ )
B A AR AU 2T B AR AT
TER AL, SR 5 min (1) 8 ~
Bl ht, SIS MGE TS 44 S HLERDE
WS B0 X LT 7 R | P ot b TR S B 4
1 B 52 6 0 S 52 0 S S U 1 R A 2R X B
T T5% B i | 0 DX 4 i 4 2k 1 5 v (L
T S B T S/ AR e K /M B
SR R X I8l 1 R B AR BN 0 1E S A A L SRR 4 R R

o 52 AWV Wi 45 G2 Hir 22 3 i P AR AT I 3 4 ) S 3 F 9

W, il g
B ) 2245 0% 5h 5
WHTA T
XPHZHT+1 wm A%
R, S E 1
3k Bl 3 AT g R
0.7 wm LA,

ARSCHERT 5
£SO A4
B AR R B L+
AR AL AE LI 2F
W EARBE, 55
GG PL 22 B AT IR SEIR IR (R 25 1) FEESE R
Ui P PL L2 (BL 2225 R 2~6) WL 22 22 45 % sl X H
THOLANE 8 fron , SEo g R W] . 5 e hr 22 I HE AR
) ARG AH L | SI2 00 08 1) r 22 2245 i B 4 TR 1Y) i B
AT U LB A A AR £ A RS
A GEFRR AT AR Y LT B B S ARG mT 4% i A
124~125.3 pm,

El6 MHlEIHgEXE

126.5

126.0 |

*

125.5 T

—f e

125.0

RFQLEASZ

12451

124.0 |

123.5 1 1
xR KER

7 MERIELEZ R

126.0 |
125.8 ot
125.6 ﬁ
1254
1252 38— — R :
125.0 —R N 4
124.8 —
124.4 FT4® —R $

1242 : 2%
124.0 ~:i

123.8
123.4

123.2
123.0

D 49
P
“” 4;4‘

k@ EHRZ

—o

B8 IWBEESHENLELERINIL

02 4% 3 RABIEHF §)



380 E3

fl S AT R A5 BT 22 5 B R R AT Ul 3l 5 ) S BRI 5

WA | AR SCfl B0 S5 A 22 i 5T 6 Rl R
A R A O I 2242 0% 8l 6 R 4 R L &R
AN 25 Umin(FEHE 1) SN 23 Lmin FIZS0H 2 min
(oL 2) A 21 Lmin FIEUSH 4 L/min (0L 3) |
AN 19 Limin MZSH 6 Limin (1680 4) . @SN
17 L/min A H 8 L/min (1540 5) <N 15 L/min
MR 10 Umin (0L 6) , LR 45 R K 9 fis, H
H L 1 SR S X B A

SO ST B R W R =) 111 3 N D
LS B JE B, AE Al &R R A 4 Limin 3 5 B
13BN RO TS | 2242 0% 2 i B R BOAT 575 +0.5 wm
125.4
125.2 SRR

125.0
W 1248 F3
124.6
D 1244

% .

R 1242
124.0
123.8
123.6 b— . . . . .

Bl A2 W3 B4 HBLs HEe

EH

B9 TRSGAALEZRNFRIILE

3 HRiE

A SCHEFE T G LT S A 0047 X 098 AR 2L KA [)
(10 1 A A O T R RS I £ A 22 1 AR P R AT AR
MIRL I, 206 25 SRR W 30 o't 2T 99 1 428 #5040 DX )
A M TR BRET BAR DS 5 U P S AR A A9 RS
AT A I ¥ 30 X IO P TE 3 - 9 1 P MR i
FITC AT L A7 22 3o B v B I | o — 20 s 22 4%
PPl . EHE TR TAE A AR SO/ 0K 2t — 2
FE 2 AN R RS B B 3 36 G 2 19T 1 42 29 446 X AR B9
U TR C AR BRET EAR I B B R AR 5T AR R
PR S T 00 DG £ BRET AR BB R R

o d

[1] W I AP - BLEUR. TR 5G A5 R G0 b 6 2R3 {5 097 508 [T,
L7, 2019(12) . 128-129.

[2] 48 75 1, X F i B 55 SBLF AR R G R 0 & e Bk 5 HLE ().
ALfE R ,2016,32(5) . 34-43.

[3] SHAFI M, MOLISCH A F, SMITH P J, et al. 5G: A tutorial overview of
standards, trials, challenges, deployment, and practice [J]. IEEE journal on
selected areas in communications, 2017, 35(6): 1201-1221.

[4] RUGGERI E, TSAKYRIDIS A, VAGIONAS C, et al. A 5G fiber wire-
less 4Gb/s WDM fronthaul for flexible 360 degrees coverage in v-band
massive MIMO small cells [J]. Journal of Lightwave Technology, 2021, 39
(4): 1081-1088.

[S]WEY J S, ZHANG J W. Passive optical networks for 5G transport: tech-
nology and standards [J]. Journal of Lightwave Technology, 2019, 37 (12):
2830-2837.

[6] HEME R, RIR B, 45, 2 SR8 SO e i 22 i B b A — BRI
22 R WFAE[)]. AR HOR [ 2020,44(2) . 42-46.

[7] e S K R BRI, P22 T2 er e rg g ma [J]. Skl fHH AR |
2013,37(7):47-49.

[8] TR MG, A5 — WL L 22 304 X A7 62T 1 ) K it 4 1k 18 52 i F 5
[J]. Tt HL,2020,51(2).:2155-2159.

[9] FET7 | F SUME , E WA, A5 LRSS M OB 2T i 22 85 03 X3 &R 52
B9[], e (s B AR 2006, 30(3) . 58-59.

[10] PAEK U C, RUNK R B. Physical behavior of the neck-down region
during the furnace drawing of silica fibers [J]. Journal of Applied Physics,
1978,49(8): 4417-4422.

[11] MYERS M R. A model for unsteady analysis of preform drawing[J].
Journal for the American Institute of Chemical Engineers, 1989, 35 (4):
592-602.

[12] CHENG X, JALURIA Y. Effect of furnace thermal configuration on
optical fiber heating and drawing [J]. Numerical Heat Transfer, Part A: Ap-
plications, 2005, 48(6): 507-528.

[13] LEE S H K, JALURIA Y. Simulation of the transport processes in the
neck-down region of a furnace drawn optical fiber [J]. International journal
of heat and mass transfer, 1997, 40(4): 843-856.

[14] CARANDANG G G, KIM K. Numerical investigation on He and Ar
gas convective cooling for optical fiber glass drawing at short draw towers
[J]. Journal of Mechanical Science and Technology, 2019, 33 (12): 5653-
5658.

[15] JALURIA Y. Manufacture of optical fibers: drawing and coating pro-
cesses[M]. Cham: Springer, 2018: 239-286.

[16] UVAROV V P, IL'ICHEVVA. Effect of technological parameter varia-
tions on the stability of optical fiber drawing [J]. Glass & Ceramics, 2003,
60(5-6): 143-145.

[17] LUZI G, EPPLE P, RAUH C, et al. Study of the effects of inner pres-
sure and surface tension on the fibre drawing process with the aid of an ana-
lytical asymptotic fibre drawing model and the numerical solution of the
full N.-St. equations [J]. Archive of Applied Mechanics, 2013, 83 (11):
1607-1636.

[18] TARONI M, BREWARD C, CUMMINGS L J, et al. Asymptotic solu-
tions of glass temperature profiles during steady optical fibre drawing[J].

Journal of Engineering Mathematics, 2013, 80(1): 1-20.

680 RABIEHFe 2022 44 3 1)



