NMPOU3BOACTBO
CNELUAJIbHDBIX BOJIOKOH

K. Boaa, Rosendahl Nextrom, ®unasHous

CneumnanbHoe onTUYeckoe BOJIOKHO siBsieTCA
OCHOBOM MHOTMX YHUKaJIbHbIX NPU60pPOB —

OT reHepaTopoB CyNnepkKOHTUHYYyMa A0 ONTUYECKUX
1 $oTOaKYyCTUYECKUX CEHCOPOB KOHTPOSA
KJMMaTU4YeCcKMX YCJIOBMI B LIaxTax, 6e3onacHocTm
M uenoctHoctm Tpy6onposoaos. MoaepHusaumns
y3/710B 060pYyA0BaHNS CUCTEMDbI BbITSXKHU
obecneynBaeT BbICOKYIO BOCMPOU3BOAUMOCTDb

npu Npon3BoACTBE MUKPOCTPYKTYPUPOBAHHOrIO
BOJIOKHA, a Tak)Xe MMHUManbHoe 6ueHue npu
NnpousBOACTBE BbICOKOKAYeCTBEHHOro onTUYeckoro
SPUN-BOJIOKHa U NoBbiwaeT 6e30NacHOCTb paboThbl
onepaTtopa.

MeLIMaJUCTAM XOPOIIO H3BeCTHO obopymoBa-

HUe KoMIOaHuU Nextrom Ajis NPOH3BOIACTBA

OIITUYECKOr0 BOJIOKHA - OaIlHM BBITSKKH.
[l IPOM3BOACTBA CIIel[HaJIBHOIO BOJIOKHA Nextrom
pa3paborana IONTHOCTBIO MOLEPHHU3UPOBAHHBIE
Bepcuu 6amen OFC 20SF (puc.l). DTUMHU YCTPOH-
CTBAMHM OCHaIleHbl Haubosee OTBETCTBEHHEIE
YUaCTKH MPefIpUSTHH, 3aHUMAIOIIUXCS HCCIel0-
BaHUSIMU U [IPOU3BOACTBOM CIIELMAIbHBIX BOJIOKOH.
KOHCTPYKLIMSI CHUCTEMBI BBITSKKM KMeeT MHOIO
BapUAHTOB UCIIOJHEHMs, BCe 3aBHUCUT OT KOHKpeT-
HBIX ITOTpPeOHOCTeN Ka’KAOro 3akKa3uuka. OmHaKO
OCHOBY JTI000M KOHCTPYKLIMH CO3[AIOT CIeAYIOIIHe
6a30BbIe GIOKMU:
¢ KapKac 6aIlHHM, 3aHUMAIOIMUK Malylo IUIOMALb

(Ix1m);
¢ IIe4Yb BRITSIKKHU C TeMIIEPATYPHON CTabUIBHOCTHIO

0,5°C my1g KBapla U MATKHX CTeKOJI;

e JIerKO aJamnTHpyeMble QHIIbepHl /1 HaHeceHUs

IIOKPHITHS;
 OomblIKe Kojeca TSHYIIEro yCTPOHMCTBA MJISl BOJIO-

KOH 60JIBIIIOro JHaMeTpa;

e y3eJ] yIpaBlIeHUs JHHHEH II0C/IeJHero IIOKOye-

HUS C [TOJIHBIM HabopoM QYHKIHI.

Bappupysi oCHOBHBIe OJIOKH CO CIIeIIHaJIbHBIMH
y3JIaMH, OTBEYAIOIIMMHU 33 KOHKPETHBIe IIPOLIeCCHI,
MOKHO CO3JATh IPAKTUYECKH JIIOO0K OITO-BOJIOKOH-
HBIA NPOAYKT. KOMIIaHUS IIpefoCcTaBisieT OObIION
BBIGOp Y3/I0B, OOIOMHSIOMHUX 0a30BYI0 KOMIIJIEKTA-
LIMI0. ITH y3/Ibl 00eCrIeunBaIOT:

* BpallleHHe 3aTOTOBKH;
e KOHTPOJIb BHYTPEHHETO JaB/lIeHHUS 3aTOTOBKH;
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SPECIALTY FIBER
PRODUCTION

K.Boll, Rosendahl Nextrom, Finland

Special optical fiber is the basis of many unique
devices: from supercontinuum generators to

optical and photoacoustic sensors for controlling
climatological conditions in mines and pipelines
safety and consistency. Modernization of Fiber Draw
Tower units provides high reproducibility in the
process of manufacturing of photonic crystal fiber,
and also minimal runout in production of high quality
SPUN optical fiber and increases the safety of the
operator.

ith a top to bottom update completed, the
OFC 20SF Specialty Fiber Draw Tower (fig.1)
is already delivered and proven in the most
demanding research and production environments.
The system has been engineered with flexibility in
mind to ensure that each and every specialty draw

Puc.1. bawHs ebimskKu 0451 npou3600cmead cneuudnbHo20
s8onokHa OFC 20SF
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*  Y®- U TepMOOTBEPXKAEHUE,;
* POJHKOBBIE YCTPOMCTBA MPOTSIKKU [ BOJOKHA

Y KaIlHJIISPOB;

* IIOIHMHMMHIHBIE K aKPH/IATHbBIE ITIOKPHITHS;
e ONIUU IPUEMHOIr0 YCTPOMCTBa C OapabaHaMmu

JHaMeTpoM [0 1 M.

Nextrom Tak>Xe obecliedrBaeT TexXHOJOTHUe-
CKYIO MOAMEPKKY O/ IIPOM3BOACTBA Pa3THYHBIX
MpOAYKTOB, TaKUX KakK PM - BOJOKOH C coxpa-
HeHueM mnongpusanuu; PCF - MHKPOCTPYKTY-
PHPOBAHHBIX BOJOKOH, LMA, TOHKHX BOJIOKOH,
HaHeCeHHe Pa3JIHUYHBIX MOKPBITHHM K MHOTOe
Jpyroe, 4To II03BOJIsgeT KOMIIaHUWM Nextrom II0J-
HOCTBIO IIOKPBIBATh CIEeKTP MOTpebHOCTel Ipo-
HM3BOAMTE/IeN CIlellHaJIbHBIX BOJIOKOH, a TakKKe
IIPOLIeCCOB.

MOAEPHU3ALUNA Y3JZIA KOHTPOJ14
MOLWHOCTW/ NEYN

HMiHHOBal MM, BHeJpeHHble Nextrom, obecrequnu
TUIUpYIoLlee IOJOKeHHe KOMIIAHHUK B IIPOMBIII-
JIeHHOCTU. HemaBHO MOOepHHU3aLlMU IIOABEPrcs
y3eJI moJadyM 3J1eKTPOINUTAHUS H CUCTeMa yIIpaB-
JIeHU S MeuyHd GallHU BBITSKKU O/ CIIel[MalbHBIX
BOJIOKOH (pucC.2). MX HCIONb30BaHHE BHOBb IIOJ-
TBepPAHJIO pellyTaluio 0bOpynoBaHUS KOMIIAHUU
KaK JHJepa 10 KayeCTBY U CTabUIbHOCTH paboueit
TeMIIepaTyphl. YCOBepPIIeHCTBOBAHHAs COBPeMEH-
HBIMU TUPHUCTOPHBIMH KOHTPOJIJIEPAMH U HOBeU-
UM IPOrPpaMMHBIM obecredeHHEeM, ITOCTIeLHSS
BepCHUs CHUCTeMBl YIIpaBIeHUs cIlocobHa mopnep-
SKUBATh CTAOMIPHYIO TeMIIepaTypy B Ile4H C TOY-
HoCTbIo 6onee +0,5°C mpu paboumx Temmeparypax
Beimre 2100°C maske B yCIOBHUSAX IIOSIBJIEHHS KoOJje-
6aHUM HampsskeHUs B ceTU. CUCTeMa IIOCTOSHHO
OTCJIeSKMBAeT BXOJHYIO MOIIHOCTB, a TakKe obe-
CIeYyrBaeT BBICOKOCKOPOCTHYIO CBfI3b 3JIEKTPHU-
yeckux muH ¢ I[IK (PLC), 4TO IO3BOJSeT O4YeHb
OBICTPO peryjiupoBaTh 3aJaHHYIO MOIIHOCTSH,
4TOOBl KOMIIEHCHPOBATHh J/IOOBe OTKIOHEHUS
B IMHUM IOJAYH 3JIeKTPOIIMTAHUSA. B pesynsTarte
TeMIIepaTypa B [e4YH IIOAJep>KUBAeTCS Ha 4Ypes-
BBHIYAaKHO CTabUIBHOM YpPOBHe, a 3To obecreuu-
BaeT MIPOM3BOACTBO BOJIOKHA HAHMBBHICIIETro Kaye-
CTBa C MUHHMAaJBHBIMHU BapHallMsIMU 3HaueHUH
JuameTpa.

NMPON3BOACTBO ®OTOH-
KPUCTANNTMHECKOIO BOJIOKHA

PBIHOK (OTOH-KPHUCTATIUYECKOr0 (MUKPOCTPYK-
TypHPOBAaHHOI0) BOJOKHA (PHC.3) 3HAUYHUTETbHO
PAaCIIMPHUJICS B CBSI3HM C OTKPBITHEM HOBBIX 06a-
CTel NpPUMeHeHHsS - [OaTYHUKOB, TIeHEepaTopoB
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Puc.2. Meyb 045 8bIMSXKKU BOAOKHA

tower meets the precise needs of each customer. The

backbone of the system is created by:

« Tower frame with a small footprint (Im x 1m)

« Draw furnace with 0.5C temperature stability for
silica or soft glass

 Easily adaptable coating applicators

+ Large diameter wheels for large fibers

+ Latest generation Line Control with full production
features.
And with selectable components the tower can be

customized for almost any product.

+ Preform spinning

+ Preform internal pressure control

« UV and thermal curing

« Wheel and belt capstans for fiber and capillary
pulling

« DPolyimide and Acrylate coatings

» Take-up options up to Im diameter reels.

Puc.3. MukpocmpykmypuposaHHoe 8010KHo (PCF)
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Puc.4. Cucmema KoHmpons daeneHus 8 3azomoske (PPCS)

CyIHepKOHTHHYMa, BBICOKOMOIIHBIX JIa3€pOB U MHO-
TUX OPYTHUX YCTPOHUCTB. g CO3JaHHUS MPaBHUJIb-
HOU BHYTPeHHEeM CTPYKTYPhl, 3aJlaHHOU KOHCTPYK-
TOPOM, Heob6XOLHUMO IIOCTOSSHHO KOHTPOJHPOBATH
IaBJeHHe BHYTPHU 3alOTOBKH M BOJIOKHa. B BBHICO-
K099 eKTUBHOM CHCTeMe KOHTPOJIS MAaBlIeHHUS
B 3aroToBKe KoMmmaHuu Nextrom (PPCS - Preform
Pressure Control System) (puc.4) 3To JOCTHUTaeTCs
33 C4YeT COYeTaHHS BBICOKOKAYECTBEHHBIX KOM-
IIOHEeHTOB C MHHOBALIMOHHBIM pelleHHeM o0Opart-
HOM CBSI3W KOHTYpa ynpaBieHHUs. Kaxkaas NTHHUSA
noafep>kaHUs OaBJIeHUS COCTOMT M3 peryasaropa
MacCOBOTO pacxofa rasa BbICOKOM TouHOCTU (PPI),
BaKyyMHOI0O Hacoca, BBIIIYCKHOIO KjallaHa, aKKy-
MyJl4aTOpa OaBleHUS M [aT4YMKa JaBJIeHUS BbICO-
KOHM TOYHOCTH. HMronp4yaTble KJIallaHbl HACTPOEHEI
TakuM o6pa3omM, 4TOOB HIOLAEpPKHUBATh HebOIb-
IIOM pacxof ras3a C BBICOKOM BOCIPOH3BOAHNMO-
CThI0. TaKMe yCJIOBHS TapaHTUPYIOT, YTO CKOPOCTH
rnoTtoka 4yepes PPI mogmepskuBaeTCs B IIpeliesiax ero
HleaIbHOTO paboyero [uarna3oHa K COOTBETCTBYeT
[IOKa3aHHAM [JaTyMKa [OaBJeHHd. PaclIMpeHHEBIe
PID-peryasaTopbl KOHTYPOB YIIpaB/JIeHHS KOMIIA-
HUM Nextrom peryaiupyioT IIOTOK 4epe3 PPI mag
MOAJeP>KKH YCTAaHOBJIEHHOTO OaBJIeHUS B 3aJaH-
HBIX ITpeJleslaX C BBICOKOM TOYHOCTBIO. B pe3ynbTare
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Nextrom also provides process support for different
products such as PM, PCF, LMA, Thin Fibers, different
coatings and more making us the complete supplier
for specialty fiber production.

FURNACE POWER CONTROL UPDATES
Recent improvements in the NEXTROM Specialty
Fiber Drawing Furnace (fig.2) power supply and
control system have resulted in industry leading
quality and temperature stability. By upgrading
the control system with state-of-the art thyristor
controllers and implementing a revolutionary
software control system, the latest system is able
to maintain a stable furnace temperature to less
than +/-0.5 C while operating in excess of 2100C
even in conditions where the supply power network
experiences voltage fluctuations. The system includes
constant incoming power monitoring as well as high
speed bus communication to the PLC which allows
for extremely fast regulation of the power set-point
in order to compensate for any variations in the
incoming line power. The result is an extremely stable
furnace temperature producing the highest quality
fiber, with minimum diameter variation.

PHOTONIC CRYSTAL FIBER PRODUCTION
The photonic crystal fiber (PCF) (fig.3) market has
grown with new applications such as sensing,
supercontinuum generation, and high power
lasers, to name a few. In order to maintain a proper
internal structure it is important to regulate the
pressure inside the preform and fiber. Nextrom’s
high performance Preform Pressure Control System
(PPCS) (fig.4) achieves this with a mix of high quality
components and innovative control loop feedback.
Each pressure line consists of a high accuracy mass
flow controller, vacuum pump, bleed valve, pressure
accumulator tank, and high accuracy pressure
transducer. The needle valves are adjusted to maintain
a small, repeatable leakage to ensure that the mass
flow controller flow rate is maintained within its
ideal operating range and based on the pressure
transducer measurement, Nextrom’s advanced PID
control loops adjust the mass flow controller flow
to accurately maintain the pressure set point. The
result is a system which can control and maintain the
pressure to within +/-0.1 mbar even with the changing
preform temperatures. In addition, the system can be
configured to have multiple, independently regulated
pressure lines for individual control in different
regions inside the preform.

In addition to top of the line equipment, Nextrom'’s
process engineers have commercial PCF production
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CHCTeMa MOXeT KOHTPOIHUPOBATh U IIOAJEePXKUBATh
InaB/leHUe B Ipefenax +0,1 mbap maxke IpU H3Me-
HEeHUH TeMIIepaTyphl 3aTOTOBKH.

KpoMme TOro, cucrema MOXKeT OBITh CIPOEKTH-
poBaHa TaKUM 06pa3oM, 4TOOBI UMeTh HECKOJIBKO
He3aBUCHUMO PeryIupyeMbIX JTHHHUH MOALepXKa-
HUS OABJIeHUS A UHIUBHUAYAJIBHOLO yIIpaBile-
HHS B PA3IMYHBIX MeCTaX BHYTPU 3aTOTOBKH.

B nmomonHeHHe K OTIIMYHOMY 06OpyIOBaHHIO
HMH>KeHepBI-TeXHOJIOTH KOMIAaHUH Nextrom o6na-
OAI0T HeOoOXOOHMMBIM OIIBITOM IIPOM3BOACTBA
KOMMEPUeCKOro MHKPOCTPYKTYpPHOIO BOJIOKHA
M TOTOBBI OKa3aTh IIOMOIIb B HaJIaZiKe BCETO IIPO-
1jecca, 4To6bl COKPATHUTh Meproj 06yUueHHU ST HOBBIX
IIPOM3BOJUTENEN MM YAy4YIIUTh KauyeCTBO IIPO-
OYKIHUH OeHCTBYIOIIUX IIPOU3BOgUTEIEH.

BPALLEHUE 3ATOTOBKUA

Ocobpll1 HWHTepec /s IPOHU3BOLUTEJEN BOJIO-
KOHHO-OIITHYECKHX JaTYMUKOB Toka (BOMIT) npen-
CTaB/SIOT BOJIOKHA, COXPaHAIONIMe [IOJISPU3aALHI0
ImepegaBaeMoro H3JiydyeHHs, TaK Ha3klBaeMoe
SPUN-BO/IOKHO. IIp¥ H3rOTOBJIEHHUM OITHYECKOrO
BOJIOKHA [JId TaKKUX [OAaTYHMKOB BOJIOKHO 3aKpy-
YMBAIOT, MCII0/Jb3ys BpalllaloliHecs IIaTPOHBHI.
Pe3ynpTaTOM BpallleHHUs 3arOTOBKH BO BpeMsd
BBITSIDKKH SIBJISIeTCS IIOJIyYeHHe BOJIOKOH, cCoXpa-
HSIOOUX IIOJSPU3alHMI0 Kak B JHMHEHMHOM, Tak
¥ B KpPyroBOM HaIpaB/JIeHMUAX. B mpoliecce u3ro-
TOBJIEHHS TaKOTO BOJIOKHA Ba>KHO IIOAJEP>KUBATH
IIpaBUAbHYI LEHTPOBKY M KOHIEHTPHYHOCTH
natpoHa npu paboTe B BBICOKOTEMIIEPATypHOH
30He HaJ IIeYbl0 BBHITSKKHU. KOHCTpPyKIIMs Bpa-
IaoIlerocs maTpoHa M CBSA3aHHBIX C HUM IIOA-
IIUITHUKOB AOMKHA obecredynBaTh IJIABHOE Bpa-
IMeHHe MONIIKUIIHUKOB KU JJHUTENbHBIM CPOK HX
cnyx6pl. Hamo y4HUTBIBATh, 4YTO TeMIlepaTypa
MOAIIMIIHKMKOB B IIpollecce MOXKeT IIOBBIIIATHCH
Ha COTHH T'PajycoB IO CPAaBHEHHUIO C KOMHAaTHOH
TeMIlepaTypol. Nextrom HNPHUHS K CBeleHHUIO 3TH
Tpe6OBaHUS U COBMECTHO C BeAYIIHMH IIPOH3BO-
OUTeNSMHU MOAUIMIIHUKOB pa3paboTan M paccyu-
Taj IPaBHUIBHBIN THUII NOAUIMUIIHUKOB, X 3230PHI
U IIpefe/bHBIe HATPY3KH U CO3[aJI BpalllaloliHecs
IaTpoHBI, obecrneunBalomue CTabUIbHYI0 paboTy
BO BCeM [Halla3oHe TeMIeparyp. ITO IIPHUBEJIO
K CO3JAaHUIO CHUCTeMbl BpameHus (puc.5) c 6bue-
HyueM MeHee 0,05 MM Ha KOHIle IIaTpoHa. TaKuUM
obpaszomM, obopymoBaHHe IIPOM3BOJACTBA KOMIIA-
Hud Nextrom obecredyuBaeT MHHHMaJIbHOe Oue-
HHe I[PHU IIPOH3BOACTBE BBICOKOKAUYECTBEHHOIO
orntuueckoro SPUN-BoJIOKHA ¥ MHOBHIIIaeT be3omac-
HOCTb paboThI omepaTopa. [ |
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Puc.5. Y3en epauieHus 3a20mosku 0451 npou3eoocmea
SPUN-80/0KHa

experience and are available to assist in the whole
PCF process to shorten the learning period for
new producers or improve the quality for existing
producers.

PREFORM SPINNING

Spinning the preform during the draw results in a
polarization maintaining fiber in both the linear
and circular directions that can be used in fiber
optic current sensors (FOCS). The design of the
spinning chuck and related bearings is critical to
maintain proper chuck alignment and concentricity
while operating in the high temperature zone
above the drawing furnace. The temperature of
the bearings can rise hundreds of degrees from
room temperature and proper design is essential
to smooth rotation and long bearing lifetime.
Nextrom realized this requirement and worked
extensively with leading bearing manufacturers
to design and calculate the proper bearing types,
clearances, and preloads to ensure proper operation
throughout the temperature range. This resulted
in a spinning system (fig.5) with a runout of less
than 0.05mm at the chuck end. The minimized
runout produces the highest quality spun optical
fibers and increases the safety of the operator. [ |
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