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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR THE MEASUREMENT OF HIGH-POWER
DAMAGE SENSITIVITY OF SINGLE-MODE FIBRES TO BENDS -
GUIDANCE FOR THE INTERPRETATION OF RESULTS

009(E)

mprising

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all rjational electrotechnical committees (IEC National Commlttees) The object /of
interpational co-operation on all questions concerning standardization in the electrical|and ele
this pnd and in addition to other activities, IEC publishes International Standar
Techpical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (

Publication(s)”). Their preparation is entrusted to technical committees; any IEC N
in the subject dealt with may participate in this preparatory work e
govefnmental organizations liaising with the IEC also participate in thisrep
with |the International Organization for Standardization (ISO) in accordance w
agregment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expre
consensus of opinion on the relevant subjects since each
intergsted IEC National Committees.

3) IEC Publications have the form of recommendations fori i a accepted by IEC
Compnittees in that sense. While all reason Q are\ at the technical conter
Publications is accurate, IEC cannot be € hich they are used or
misirterpretation by any end user.

4) In ogder to promote international uniformity i i undertake to apply IEC Puj
trangparently to the maximum extent posgible |n th' i and regional publications. Any di
betwgpen any IEC Publication and the corre ional sr regional publication shall be clearly ind
the latter.

5) IEC [provides no marking indicate.\i dl and cannot be rendered responsible
equipment declared to be i i i i

6) All ugers should ensure|tha

7) No lipbility shal 3 mployees, servants or agents including individual exp
mempers of its te aftonal Committees for any personal injury, property dg
othel damage of &n € her direct or indirect, or for costs (including legal fq
expenses arising o icati ge of, or reliance upon, this IEC Publication or any o
Publications.

8) Atterjtion is drawnXo the e references cited in this publication. Use of the referenced public]
indispensal{le forthe\corke ion of this publication

9) Atterti € possibitity that some of the elements of this IEC Publication may be the s
pate held responsible for identifying any or all such patent rights

The m technical committees is to prepare International Standards. How|

data of| aldifferent kind from that which is normally published as an International Stand

promote
elds. To

ifications,

closely
ined by

rnational
from all

National
t of IEC
for any

lications
ergence
cated in

for any

erts and
mage or
es) and
her IEC

icptions is

ibject of

ever, a
llected
ard, for

Nototn Af tha A"
State—ot—teatt—

example

IEC/TR 62547, which is a technical report, has been prepared by subcommittee 86A: Fibres
and cables, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86A/1224/DTR 86A/1235/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

A bl|ln( Hal vorcion ~Af thic ~obhlination oy bha tlcooind At A oty Aata
oo vV eToToTT Ot o pPouoCcaotror— oy ot ToouC oo atcT—oate

X3
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GUIDELINES FOR THE MEASUREMENT OF HIGH-POWER
DAMAGE SENSITIVITY OF SINGLE-MODE FIBRES TO BENDS -
GUIDANCE FOR THE INTERPRETATION OF RESULTS

1 Scope

This technical report describes two methods for the measurement of the sensitivity of single-
mode optical fibres to high-power damage at bends.

e Method 1 — Failure time characterization as a function of the la h power ang bend
conditions (bend angle and bend diameter).

e Method 2 — Equilibrium temperature measurement.

Resultg

The re fibres.
Cabled Brs can
affect {he ageing process. Note also that Method 2 teg ered or
cabled

These i e valuation of optical fibre.
The p4g ithin a
detaile

Note that the catastrgphic™Mailure modeszarisi chnical
report [n general occu i ! . fibres
specification, IEC8079 liability
considgrations .

The te for the
approa usions
from infiti

2 Na

The following referen€ed documents are indispensable for the application of this dogument.
For dafed.references, only the edition cited applies. For undated references, the latest|edition

fth nafarancao ddaciiman t (incliidina Aanvy amAanAmAanta) annling
of the referenced-decument{inchuding-any-amendmentsrapphes:

IEC 60793-1-47, Optical fibres — Part 1-47: Measurement methods and test procedures —
Macrobending loss

IEC 60793-2-50, Optical fibres — Part 2-50: Product specifications — Sectional specification for
class B single-mode fibres

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCS)

IEC/TR 61292-4: Optical amplifiers — Part 4: Maximum permissible optical power for the
damage-free and safe use of optical amplifiers, including Raman amplifiers
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IEC 61300-2-14, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-14: Tests — Optical power handling and damage
threshold characterization

3 Background

Optical network operators are considering the use of high-power lasers, for example fibre
Raman amplifiers in the central office with typical launch powers in the region of 500 mW
to ~ 2 W. For standard installation practices where optical fibre minimum bend diameters are
limited to 60 mm these powers have not constituted a problem. However, there is good
evidence that bends tighter than the recommended 50 mm minimum bend diameter mistakenly

occur i
practicg
often work independently and can come from different organisations:
system installation stage should generally be identified and elimina
by OTDR testing or from link loss measurements. Experiment

power . Damage
occurs ight lost
at the i if the
temper of the
coating and in

IEC/TH 61292-4.

The rafi nrage at

bends [i ange of

options from a

numbe on the

threshg

e Regearch has clearly sho G ich i i cause
catastrophic damage witt € s on a range of different fibres including both

1

B1[and B4 primary ate 8 i ge can
convemently i 8gimes;
— |Regime 1: €atas ic faj ) .

identified in which catastrophic damage does nof] occur.
es not reach a sufficient level to cause short-term catastrophic
ger term coating ageing and a change in some of the physical
tmg may result.

Furdther desefiption of the observed regimes of damage is included in Clause A.5.

R1|afd, R2 failures have been observed in both primary and secondary coated|fibres.

T uthclc See |cfc|c||uco [1]1, 2], [3],

S 1o and $io hant
Or TS TTIVTC difu Luatitry Ly'JUO GIU IIIUIU IUOIIIUIIL LII

(4], [5], [6]. [7], [8], [9], [10], [11].

Coating ageing can take a considerable time (e.g. reference [2]). However, it is an
indicator of potential R1 or R2 damage. Refer to Clause A.5

Arguably at present, the greatest risk of damage to single-mode fibre systems is due to
the use of high-power Raman pumps at 1 480 nm hence much of the testing has been
carried out at this wavelength. Whilst there are general indications that the absorption
spectra of cured coating materials are generally flat in the 1 450 nm to 1 625 nm range, in
specific coating formulations absorption features could make a coating especially sensitive
at a particular wavelength. Also, bend loss in B1 and B4 fibres generally increases with
wavelength, so damage resistance may be lowered at longer wavelengths. More testing is

Figures in square brackets refer to the Bibliography.
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needed to examine fibre bend loss characteristics and the absorption spectra of cured
coating materials to ensure that wavelength dependent effects are accounted for.

e For laboratory testing and high-power system operation there are important safety issues
to be considered including a risk of flame and fire. These issues are addressed in 4.1

e Thi

NOTE
tempera

coatings} as specified in IEG 6079

s subject is in development and the following are areas for further work.

As discussed above, much of the testing so far has been carried out at or near to
1 480 nm and the effect of a significant change to the test wavelength is not known.
Experimental results for damage testing at wavelengths near 1 550 nm and 1 625 nm
would be useful.

Coating absorption. Some studies have examined the effects of changing coating

m-aaatibiran—and-th ambiant BAAEaB-ra-ant £ neaalt121 oand r4o1
UUIIIHUOILIUII aATTa - artroTeTIC CTTvITOTITITOTIC SeefreterenRees | LT L

The testing of fibres with different coloured primary coatings.

The effect of fibre production variability and for example, tg¢ [ fibres

A bend
br (OD)

he fibre
acrylate

Catastrophic failure o
ure far above the m

The pdirpose of this se the

robustness of i2 ped to

minimize the possibiljtie ptibility
must be co

issues

Note also thg i -T (ITU-T SGB6) is currently working on the opticpl fibre
cable mainte sues associated with high-power optical systems 15.
Throughou K illustrative data is presented for particular B1 and B4 fibre types
identifip S A’to G from studies documented in references [2], [3], [7] and [14].

4 Telst.procedures

4.1  Safety

411

Safety issues

There are a number of important issues both for testing and for operational systems use.

e Eye safe working

e Ris
e Ris
e Ris
e Ris

k of fire / flame
k of atmospheric pollution from coating by-products
k of fibre fuse initiation

k of damage to downstream components.
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Some discussion on these issues is covered. However, an individual assessment of risk
should be carried out prior to commencing a programme of tests depending on previous
experience with high-power lasers, the local working practices and the test laboratory
configuration. Also, it is recommended for first tests that an operator monitors the experiment
continually so that the failure conditions with specific fibore and / or coating types can be
correctly determined. The use of a video camera to monitor the fibre bend at high-power can
provide a safer working environment.

4.1.2 Eye safe working

All necessary safety procedures shall be taken in accordance with IEC 60825-1, Clause 2 and
IEC 60825-2. These test procedures involve the use of optical powers that can constitute
potentiBl ocular and skin hazards for test personner.

At 1 480 nm, the risk of retinal damage is much reduced compared w engths,
as incdming radiation will mainly be absorbed in the cornea, see re ) heless,
care n powers
are on use of
optical

Laser | bend.
4.1.3

Warning note. In the case of samples _thatca ensure
that ss bres in
positio

4.1.4

At high coating
will be , the coating volume reduces, oxidation|occurs

and the coating . a G aged coating volumes involved are smallfas the
damagp region ' ally” extremely localised. To reduce the risk of local
atmospheric pollutigh, W ¥ > that the fibre bend test zone is hooded and an
extract gpture particulate and purge potentially hazardpus air
borne,

4.1.5

At high with appropriate triggering it is possible to initiate the ‘fibfe fuse
effect’ generally launch powers of ~ 2 W - 3 W are required to trigder this

effect pnd the laser supply can be protected from such a risk by incorporating an |optical
isolator ot/a-fibre taper just after the laser source.

4.1.6 Risk of damage to downstream components

With some fibre samples and with the high-power being lost from the fibre at a bend, there
may be a risk to downstream components; for example where test fibre is jointed to a different
fibre type or at a further bend. To mitigate this risk, all components used shall be rated at the
power to which they could be exposed.

4.1.7 Risk avoidance
A number of steps can be taken to reduce identified risks;

e Access to the test laboratory can be restricted to authorised users.

e Warning lights external to the laboratory can alert visitors of the high-power laser hazard.
Laser safety spectacles can be made available for lab users and visitors.
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e A video camera can be used to monitor the test bend and reduce the need to view the test
fibre directly. This reduces the risk of exposure to high-power radiation.

e The laser control system could incorporate optical monitoring for the duration of the
experiment. This can allow the driving PC to auto-shutdown the laser when a failure event
is identified.

e Fibres can be carefully clamped and / or taped in position in robust clamps for the duration
of the tests.

e Fire extinguishing equipment should be on-hand.

4.2 General

The agparatus description applies to both test methods. However, in ifra-red
(IR) cgmera is not necessary and can be replaced by a normal co eful for
experimental monitoring purposes. The test condition suggested is:

A suitable experimental arrangement for high-power damage testing is illystrated in_ kigure 1.

e Two-point bend geometry (where the fibre is fixed at two form a

bend in free space)

e 18(° configuration.

Other test conditions are discussed in Clause A.4.

4.3 Apparatus

4.3.1 Light source

A suitable high-power source at 1
(although the performance
discusged in Clause 3). !
reference [14]) need tg

4.3.2 IsolatoQ
An optical isolatoror a ct as a ‘fuse’, protecting the laser.

Straight fibre
arrangement 1

/\ \ Isolator @
R an}%p — I

S \> — \Splice/ > ¢ 0

= Shatdow / Two-point bend tF
\ camera
Computer l:

Optical El Optical
power meter attenuator

ad for the nominal test waveélength
velengths needs to be considgred as
W to 1 500 mW or even to 5 W (see

Straight fibre
arrangement 2 IEC 408/09

Figure 1 — An example of experimental layout
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4.3.3 Bend jig
The fibre is constrained according to the two-point bend method, forcing the fibre into an oval
configuration (see A.7.2 and reference [18] for a detailed discussion), of 180° although, the

performance in other bend geometries and angles needs to be considered, see A.5.2. Detail
on the clamping of fibres is described in A.4.2.

4.3.4 Receiver

Optical power monitoring device, which ensures stability and consistency between tests.

4.3.5 Attenuator

A 99:1|fused fibre coupler and / or a variable attenuator can be used power
level fgr conventional optical detectors. Alternatively a suitable high- buld be
used fgr monitoring purposes.

4.3.6 Computer

SuperVisory software on the controlling computer can be wn the

laser within a few seconds in the event of signal loss 3

4.3.7 Camera

The uge of a video camera to mo gower can provide @ safer
working environment.

4.3.8 Thermal imaging camera

The m orward
Lookin 5 from
FLIR S

4.3.9

A temg br fibre
and co

4.3.10

‘ pf fibre
bend position, the fibre is spliced to a further length of test fipre and
to a monitoring detector.

Severei b
for testli
then vip the-attemnt

Note thatthe primaryscoatingcolourng—materal used to-identify indbddualfibres—in-albundle
provides an additional variable when it comes to high-power assessment. So far, most
reported results have been on uncoloured fibres. Knowledge of the absorption spectra of the
pigments used to colour fibre coatings could be valuable in helping to identify potentially

sensitive colorants.

Most work has been conducted on primary coated fibres (to ~ 245 ym OD) where coating or
fibre damage can readily be observed. For buffered or secondary coated fibres (to ~ 900 ym
OD) where the outer coating may be opaque and / or inflexible, the experimental set up needs
further consideration particularly regarding fibre clamping.
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4.4 Test Method 1. Failure time characterization as a function of the launch power
and bend conditions (bend angle and diameter)

4.41 Description and procedure

As illustrated in Figure 2, the evaluation of the high-power damage performance of a
particular fibre sample consists of a number of individual tests of the time to failure
determined for a range of combinations of bend diameter and input power. For the most
efficient use of experimental time, it is recommended that Method 1 testing begins at the
smallest diameters (~4 mm) and at high-powers. The power level at the test point — which
may be different from that output from the laser — can be determined using a standard
calibration technique. Alternatively, power measurements can be made just before the test
bend is—set U and 23 enllr\n iIs made to the mnnlfnrlng nhaoto-detector The reauired 'Flhr' bend

issetypina smtable holder and the optical power SW|tched on.

Experifnental progress can be monitored using a photo-detector a ceived
power jas a function of time as described in Figure 1 and illustrated i sult own in
Figure|A.6 and Figure A.7. Regime 1 failures (R1) are recg .5 for a
descrigtion of the various failure conditions — usually within ' 1 B1 or
B4 fibnes. The power can then be reduced for a new ariment repeated.
Regim¢ 2 failures (R2) can then be identified, general o failure. [Then if
the poyer is further reduced in a new test(s) a poin/is reachedyat' whic 2 failure dges not
occur + even at three or more times the exposure time P test R2 failure| When
this time is reached, the test at this bend diam @ , if the ¢oating

properfies are found to have been cha ) ined as
sub-cajastrophic damage, R3 - see N additional’dis€ussion and a description of
the threge failure regimes. Additional test d diameters as illustrated|below.
Damage results can then be plotted, as'for examplenin Kgure 2.

Fibre G 180°4 Fibre G 180° results
mR1 AR1
20p0 - i
1 AR2 10 000 -
— 1 @oR3 Q A Q © A
= 1500/ = R3
é ] 7] = (@)
- ] E 1000/ o) *
g i ] 0] ‘
g 10po] m A E A ‘
[0} T [0]
S| A E 4 A
T 5»< A\A S 51 A
0 - N 10
4 6 8 10 12 4 6 8 10 12
Bend diameter (mm) Berddi
IEC 409/09 IEC 410/09

Figure 2 — Damage results for fibre type ‘G’

Note that in a set of tests the damage trends for R1, and R2 failure types can be observed
over a range of diameters — giving confidence that the definition of the R1-R2 and R2-R3
boundaries is consistent and reliable. All of the R3 results that are reported here are for real
experimental tests — some exceed several days.
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Note also that:

4.4.2 General comments and conclusions on test Method

The minimum time to failure seems to grow exponentially with bend diameter. For a given
bend diameter, if the optical power is increased the minimum time to failure does not seem
to decrease. This is likely to be due to increased heat transfer by radiation as the
temperature increases but the effect can also be explained by a drop of both primary and
secondary coating refractive indices as temperature increases whereas the refractive
index change of silica is negligible. Then a much smaller fraction of light is dissipated in
the coating, see reference [19].

Not all fibre types show the same trends or damage phenomena at all bend diameters. For
example, for 180° bends in fibre ‘D’, see A.5.1 and Figure A.8.

At Ll I <l 1 laVaXel 4l F P | i
mralicl UTITIJu allylca Cy JU -, UIT |a||u|c MUWTI ID Illyllcl allu I.II murc it eS are

extended compared with similar diameter bend at 180°, see A.5.2 an

Some failure time trend inconsistencies have been observed in a
A.5.3 and reference [10].

Bend insensitive fibres (e.g G.657 designs) are expected to offer\ illénice and
different relationships from those results shown in Figure 2.

pe, see

Method 1 testing can be arduous; Regime 1 and i i in i B1 and
B4 |fibres have been observed after more than| 3 ters in

exgess of 10 mm. The complete characterlz f 3 i al fibre
typé can take several months. 3 ill take
mofe time.

The use of buffer or secondary coati igh-power

damage depending on the coating {ype
The effect of different

The impact of
investigation.

damage thresholds requires

Smpller ang n ally require higher powers to create thg same
dan S

Me halds for catastrophic high-power fibre damageg to be
est . Figure A.13. These thresholds can give a pystem

nce to catastrophic damage depending on the available
the allowable bend loss).

It h \ that consistent and repeatable failure power and failure time [results
i sipilar tests on the same fibre, see reference [2]. However, fibres with

diff bers but of the same profile type and manufacturer are likely o have
slightly differ ailure powers and times to failure for similar test circumstances —as a
diff . Similarlyl, small
difference ition or

degree of coating cure could provide an |nconS|stency in results. More work is required to
determine the significance of such variations.

An alternative evaluation criterion could be established using this technique as a method
for assessment of fibre resilience to failure under bending and high-power for a particular
test geometry and duration if agreed between supplier and customer. Then, if the fibre
survives the test duration, the fibre performance is acceptable. However, such a criterion
does not give a complete picture as the test geometry (bend diameter and angle) only
gives a snapshot of performance and it is known that extrapolation may be difficult — see
references [10] and [13]. Also, the test duration is likely to be much less than the normal
lifetime of a fibre and damage effects are known to be non-linear and cumulative.

The preferred test procedure is a full characterisation.

Users should be aware that time to failure tests for 2-point, 180 ° bends with a diameter
of less than ~6mm may not allow differentiation between the high-power damage
sensitivity of different fibre and coating types, see references [10] and [23].
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NOTE The thresholds determined by Test Method 1 generally occur at smaller bending radii and higher coating

temperatures than described in the single-mode fibre specification IEC 60793-2-50.
4.4.3 Reported items for test Method 1
The items reported are

— launch power and wavelength;
— bend diameter;

— macrobend loss with time;

— failure condition, R1 R2, or R3;

— timptofaiture:
4.5 Test Method 2 — Equilibrium temperature measurement

4.5.1 General

observ
bend
discusgion. The maximum coating temperature near
remain| relatively stable during the major part of the tes
be seep over time. The temperature durmg this

This stpge can last several days. Note f
red (FUIR) camera (see Figure 4) to
featureg in this camera allows the maxi
view tg be monitored straightforwardly.

above P00 °C; smoke reléased from t
then buirn off over se
sufficigntly rapid, the

shown fin Figure@

The e>1?er|mental arrangement for Method 2 testlng is as desrlbe i
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Figure 3 — Example of time evolution of loss power and maximum temperature reached
by the coating at the apex when high-power is launched (P = 3,2 W, bend diameter =

5mm, A =1 360 nm, see reference [10])
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4.5.2

15—

Coating heating measurements and power lost at bend

As with Method 1 testing — see 4.4.1 — the evaluation of the performance of a particular fibre
sample consists of a series of individual tests at a range of combinations of bend diameter
and input power for which the maximum fibre temperature near to the bend apex can be

measured using a FLIR camera (see Figure 4).

180
300880 |
33 0D=5mm
140 :DD—D iDD. E $ D=6mm
s = X “ =7 mm
8 >K>K . D=9-mm
o 100 @ AA
§ Q g AA < D<10 nmm
2 T A _
& 60 - Ak O OL\O D >11 mm
® O p=13
é“goooo X mm
20
0.0 1,0 , \%/ 4,0
ower (WO IEC 413/09

The| analysis in

Figure| 5 points out that both powe
temperature — see reference [10]. For

the temperature was not
power put begins to stabi

13/06/2003 10:59

IEC 412/09

Figure 4 — Sample FLIR camera output of the fibre bent under high-power. The cross-
mark indicates the location of the maximum temperature

coating

launch
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4.5.3

Test Method 2 can be applied in two w

o full
o det
4.5.3.1 nship
A full [characterization s icutar * fi equilibrium temperature and failurg time

relationship wouldta
shown

e. Analysis (Clause A.8 and reference [10]) has

that an ey be determined in a given test fibre to forgcast a

25 yeay lifetime. Thig i jsts_ofthree distinct parts.
e Determine the maxin equilibrium temperature, according to the mastel curve
shgwn i

e Me perature versus launched power and diameter as shiown in
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IEC 413/09

e Figure 5.
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e For each bend diameter determine the maximum launched power to forecast a 25 year

lifetime. This can be simply deduced from
180
300880 |
8 g 0 D=5mm
O
140 * = 4 BRSNS )I_TJ & D=6mm
- O X%ﬁx%%. O D=7mm
o 100 v @ AA X D=9mm
2 -
o A@ [ ) A A @ D=10mm
Qo
5 : ’ AA A D=1
= 60 Ak OUUOC)O s mm
6“8 00000 O 0=15m
20
0,0 1,0 2,0
Power (W)
e Figlre 5, once the maximum allowed temperature A.14).
This sypposes that thermal degradatior er this
range ¢f temperature and assumes that the re re and
time esgtablished at the temperature a 145 °C
and 11P °C in reference [10]) can be e e [10]).
4.5.3.2 Analysis — Te
A relat|vely fast use of\test\Me 2'the equilibrium temperature as a flinction
of launch powe diameter (see example in
80 |
® D=5mm
<> D=6 mm
—_ O D=7mm
Q
= >|< D=9mm
g
% @ D=10mm
E A D=11mm
O p=13mm
0,0 1,0 2,0 3,0 4,0
Power (W) IEC 413/09

Figure 5) to the maximum allowed temperature for environmental tests for which the fibre
under test has been specified. (For single-mode fibre specification IEC 60793-2-50, this
maximum temperature is specified as +85 °C for 30 days; alternatively it could be agreed
between supplier and customer).
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4.5.3.3 Determining the maximum equilibrium temperature using oven ageing

An alternative approach to that described in 4.5.3.1 for determining an equilibrium
temperature threshold is described in Clause A.9 using coating degradation data from oven
ageing tests. This approach should help fibre suppliers to more readily define threshold
temperatures for specific coating types. The procedure uses the results from oven ageing
tests to determine the temperature at which rapid coating ageing begins. As temperatures rise
and with extended ageing (~30 days) coating volume reductions increase. A safe equilibrium
temperature is defined when the volume reduction is just less than ~ 1 % for 30 days
exposure. The volume reduction test is relatively straightforward and confirms a safe
threshold temperature for high-power damage against which the fibre suppliers can test. To
avoid dupllcat|on of effort by fibre manufacturers, coatmg supphers could be asked to provide
characteristic—ecoating—ageing—data—{as—she W - \.21) —
see didcussion in A. 9 1.

NOTE The volume reduction as described above generally occurs at higher
temperajure for environmental tests allowed in the single-mode fibre specification IE

4.5.4 | Test conditions for test Method 2
e A 180° two-point bend test geometry.

e On¢ or more bend diameters (distance between the fIa S) © . .g. 5 mm,
D 3 10 mm and D = 15 mm, depending on the te that
experiments have shown that the equilibriun trophic
damage boundary increases as bend di e

o Als
e An

S — SO
resllts recorded after

Agreement on these test co

4.5.5 Concl
The method to defing

r curve

.g. the
d/or to

. ihg coating~agejhg data from oven ageing tests as outlined in Clause A.9.

As with®\Method 1 testing, thresholds for catastrophic high-power fibre damage ¢an be
established for Method 2 — see A.6.2 and e.g. Figure A.14 and Figure A.15. These thresholds
can give a system operator a benchmark of resilience to catastrophic damage.

For a better understanding of high-power failure mechanisms some additional work may also
be necessary to determine the following:

e The impact of buffer or secondary coatings, and the inherent difficulties of localised
temperature measurement of buffered fibres, jumper leads and cables.
e The significance of different coloured primary coatings.

e The consequence of fibre production variability and for example, testing the effect of fibres
with different MAC numbers but with the same profile type. Similarly testing of fibres with
small differences in coating uniformity, composition or degree of coating cure needs to be
considered.

e The impact of ambient temperature on the maximum equilibrium temperature.
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e The measurement capability of the FLIR camera and the degree of localisation of the
maximum temperature occurring in bent optical fibre.

e The effect of source wavelength on coating heating.

e Confirming that extrapolation of the equilibrium temperature — failure time relationship
remains valid to longer lifetimes (and therefore to lower equilibrium temperatures).

e Data from oven ageing testing of coatings with time and temperature.
Note that Method 2 testing is not really suitable for the testing of buffered fibres as the

procedure provides a surface temperature measurement; this may not reflect the
temperatures experienced in coating sub-layers.

4.5.6 Reported items for test Method 2

The items reported are

— lauphch power and wavelength;
— bend diameter;

— magrobending loss;

perature re¢ording
as used in reference
reference [23]. Tests
lues depending on buffer

— FLIR camera set up conditions including emissivj
setlings. Note that an emissivity, e = 0,98 for prij
[10] whereas an emissivity of e = 1,0 was apphieq i
on puffered fibres are expected to demand
codting composition;

— equilibrium temperature at a prescrig \ ; after a fixed time as jagreed
between supplier and customer.

5 Cdanclusions

Time tp failure as a funttio i 8 meter and launch power can straightforwardly
give a|picture of/the e of opticalNfibres in bends at high-power. However, a full
charac erization@w i ing\thistechnique could take several months. The jtime to
carry ¢ut comple damage resistant fibre and coating designs (an

example is described i ay be prohibitive if a full characterization of|failure
regime . promise solution of testing at small diameters angd high-
powerg q Ve wplete picture. Extrapolation of the results of tests at small
diamet 3 Q be’risky, see A.5.3 and references [10] and [23].

Fibre doati iRg appears to be driven by temperature — the higher the temperature the
faster (see Clause A.9) — so this seems to be a good choice of metric fgr rapid
fibre agsessmen 2 the maximum temperature to avoid coating degradation is known. The
measufement of equilibrium temperature for a particular configuration of bend and |launch
power i igati coating
degradation process may be required (for example, as in reference [20]) to confirm that the
relationship as given by the master curve for a given fibre (as discussed in 4.5.3.1 and shown
in Figure A.20) can be used to extrapolate to lifetimes of more than 25 years.

In addition, fibre coating suppliers could be asked to provide data on the oven ageing
characteristics of fibre coatings as described in Clause A.9, so that an alternative approach
for deriving a threshold for a safe equilibrium temperature can be established. These
assessment techniques are comparatively recent and several areas requiring further study
have been identified (see 4.5.5) and in particular the practicality of equilibrium temperature
measurement of buffered fibres.

It should be noted that testing using Method 1 inevitably leads to a test where failure does not
occur — i.e. the condition for sub-catastrophic damage. One laboratory (e.g. as described in
reference [14]) uses a test time which is at least three times longer than for the closest R2
failure. However, there can be no assurance that this test time is sufficiently long and
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consequently, the result is a negative one. On the other hand, Method 2 testing gives a
positive result, provided that the recorded equilibrium temperature is less than that required to
cause damage to the fibre coating.

For both test methods, the impact of buffer coatings introduces additional complexity to
testing. This is an important issue since as discussed in Clause A.1 both primary coated and
buffered fibres are used by telecom operators close to high-power sources, regenerators or
Raman pumps. Whilst the risk to jumper cables linking equipment racks in a telecom
environment can be evident, potential hazards can also arise in splice trays or in associated
fibre handling trays. Given that buffer coatings can both reduce and increase the failure time
— see reference [7] — some further work is needed to determine the suitability of Methods 1
and 2 for buffered fibres. The design of ruggedised patch-cords increases the complexity of
estimafing the damage threshold due to high-power. Ruggedised patch-gor e more
resistant to degradation if the design reduces the availability of oxyg i coating
interfage. Any investigation would also need to include the impact of on the
susceptibility to high-power damage in tight bends and the relati librium
temperfature and failure time.

N
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Annex A
(informative)

Robustness of fibres against damage from exposure
to high-power at bends

A.1 Rationale

With maximum operating powers of from 200 to 500+mW, the risk to fibre networks from high-

power damage at fibre bends has been assessed by one telecommunication r to be
‘locally| high’. As system powers increase and more systems are dep igks will
increage.

extend
System
ffer or

Since fibre losses near 1 480 nm can be low (~0,2 dB/km) the
quite far from a high-power source or a system amplifier
operatprs need to be concerned about risks of damage

second n joint
closure e fibre
loss, th

The plirpose of this technical report™ , ze the
robustr X er IEC
docum andling

and d
IEC 61
at fibre|

interconnecting devices See
ot consider the problem of damage

A.2

Operat e™Mollowing options to address the high-power fibre
damag
a) Lin
b) Imy

c) Imy
me

failure

In the riskymitigation will probably be addressed by a combination of b) and c).
Some fechhology improvements offer significant advantages — e.g. see Clause A.10.

A.3 Criteria for assessment

Concerning solutions that relate to improved fibre technology there are two options that might
be considered

— Option 1 Improved glass design.
— Option 2 More resilient fibre coatings.

The options for new fibre and fibre coating technologies need to be discussed, reviewed and
analysed, see references [8] and [14]. Some factors that may need to be considered are:

e Compatibility with existing fibre systems, e.g. B1 or B4 fibres
e The need to consider issues for both primary and secondary coated fibres
e Potential downstream effects
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e Increased sensitivity to other performance parameters, for example
— Splice or connector losses
— Micro-bending loss.

e Coating ‘strippability’

e Impact on working practices

e Field trace-ability of fibres with improved technology

e Long life reliability issues for fibres with improved technology and potential changes to
testing procedures.

Some traodgag.-offe 1n narfarmancg arg anticinatagd denaendina on thg nranacsaed ¢ |ut|on
e T TP oTrorTaT ot ST o P et o — o P ooty Tt T o -
Telecommunications operators need to understand the trade-offs so that fain cofaparative

assessments are possible.

A.4 |General testing conditions

A.4.1 Two point bend geometry

For all|installations of optical fibres in high optical power system actbend radius in the
cable tube, building, optical fibre distribution frame/ the © cassette, endlosure,
etc. frgm end to end of the entire network shouis of° i . re should be tgken to
ensure| the appropriate bend radius je i hich>is suitable. Despife this,
studieqd of fibre bends in the ‘centrd ¢ e buildings have shown that
tightly pent fibres with bend diameters less tk i ch too often. Generally these
come about because of human error imhandling.and Ioamg fibres into storage tfays or
bendinpg fibres around and between equipment r . ary coated, buffered or segondary
coated|fibres and jumper ca Ies are aI su is problem, with the bent fibres being bent
i AN )

in a 2-point bend configu °

A numper of laboratories\Jrave i igh- esting,
becaude this isthe ' i stable

configyration ca ¢ to be
pressefl against a fofmes i e required geometry. This avoids any variable thermal
contacf or tensio

A.4.2

A rang| dry and
second esting.

Some ¢f thesexare presented in Figure A.1, from left to right,
— A reafmed hole inh tufnel (a stable, machineable insulating material), particularly quitable
for |primary coated fibre as its thermal (insulating) properties would not affect the fibre

failure conditions.

— AV’ groove clamping arrangement with magnetic clamps.

— A motorised ‘V’ groove assembly to accurately position fibres to the required separation,
down to 10 ym), particularly suitable for secondary coated fibre. This assembly was used
for 2-point bend loss measurements in Clause A.7.

Clamps should provide stable, non-flammable platforms for high-power testing. Preferably the
clamps should be non-conducting so that they do not act as heat sinks or modify the local
thermal environment.

An alternative two-point bending fixture for testing primary coated fibre consisting of bevelled
slots in a machineable, thermally insulating ceramic has also been demonstrated (see
reference [6]). This device has the advantage of avoiding contact between the fibre and an
optically absorbing or thermally conductive surface.
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The bend diameter identified in a test may refer to the diameter of the hole or the separation
of plates into which the coated fibre is inserted or it may refer to the diameter of the region of
minimum bending, halfway about the oval bend. The terminology should be clearly identified.

IEC 414/09

Fig hds

Fi

A.5

High-p
optical
the lev )
optical cladding and polymer coating, and the absorption of the coatlng as a function of
coating oxidation at the wavelength of interest. The increase in temperature is not linear with
time but increases as a function of coating oxidation, the increase being rapid close to failure,
see Figure 3 and reference [10] for discussion.

Figure A.3 and Figure A.4 show typical Regime 1 and Regime 2 failure characteristics.

Sub-catastrophic damage R3, is variable in nature. At one extreme, close to the conditions
required for R2 damage, the fibre primary coating layer can become quite severely aged but
should not be burnt — as that would indicate an R2 failure. Such R3 damage can result in a
fibre with a colourless coating becoming darkened and of reduced diameter where higher
temperatures have been experienced in the vicinity of a bend. At the other extreme, coatings
may appear almost unaffected by high-power affects, particularly where the test conditions
are relatively far away from those which would result in a catastrophic failure, as illustrated in
Figure A.5.
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IEC 416/09

Figure A.3 — Typical R1 failure characteristics with a loss o

' IEC 417/09
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to generate R2 and R3 failures
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Figure A.5 — A schematic illustration of the 3 regimes in the first fibres tested
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In some early experiments it was thought that fibres were resilient because monitored
temperatures remained relatively low even after a few hours of testing. Observations have
shown that testing needs to be carried out for sufficiently long periods, see reference [13] and
[14]. Sample monitor plots for R1 and R2 failure types.

Receiver signal vs time for a R1 failure

Note in

3

m

=)

o

5

B R1 failure in

5 0 6 881 min

=

8 65 -

Q

14

=75 T T T
0 2000 4000 6 000

Time (min)

failure

R2 failure in
2 582 min

500 1000 1500 2000 2500 3000 3500

Time (min) IEC 420/09

— Monitor signal changes — Typical for a R2 failure

Figure A.6 that the R1 failure occurs at 6 881 min — with a high loss, mimicking

a fibre

break.
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coating

is oxidized or burnt off. Once this happens, the fibre is resistant to further high-power damage,
see reference [2], but because the coating has been removed it may fail during subsequent
handling. Note that it is good practice to visually inspect fibre failure at bends using a
microscope after the laser has been switched off to confirm the failure characteristics.

A.5.1

Exemplar Method 1 test results for fibre ‘D’

As discussed in 4.4.1 not all fibres show the same features.
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Figure A.8 — Damage results fg
Note fqr fibre ‘D’ results that:
The R2 region is small and not di ‘G’, in
Figpre 2.
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A.5.2 Method 1 hi
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Figure A.9 — High-power damage results at 90° and 180° for fibre ‘D’

Note that:

Catastrophic damage is still observed for 90° bends but:
— The time to failure is longer than for 180° bends.
— There is a larger more distinct R2 region.

Bend loss reduces substantially as bend angle is reduced below 180° — as is shown in

Figure A.11.
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See reference [7] for a full discussion.

A.5.3 Method 1 tests; R1 and R2 failure times — Some trend inconsistencies

The failure times at 1 360 nm and three different launch powers are given in Figure A.10.
Measurements, see reference [10], were performed on bend diameters < 10 mm, allowing
results to be obtained in a reasonable time. Each point of the figure corresponds to an
average of at least 3 measurements. Fibre A data corresponds to that in reference [10].

Fiber A

10U ¥

L |
TTVTU

E’A
>

C

10

Failure time (h)

9 10 11
IEC 424/09
Fi g Vers pbend diameter at different launched powers

Time t i and launched power. The larger the bend diameter
and th s the time to failure. The differences in time to faillire can
be explained by i S s in bénd losses, which are broadly exponential functjons of
bend diametey, see S \(. WHheén the bend diameter is increased, there appears [o be a
transitipn toa longe o fajure that cannot be linearly extrapolated from small dijameter

nvand a power of 3 W, the measured time to failure is about 47 h

(and n ad a by a straight line function on a log scale).

This rgises <thexi e of relevance when testing and comparing fibres in more |severe
conditipns than normal operating conditions in order to reduce the duration of tests.

A.6 Analysis — System limits to high optical power

Given that catastrophic damage in both primary coated and secondary coated fibres has been
observed the impact on system design and operation can be readily determined. First
consider the bend loss performance of fibre ‘D’, shown in Figure A.11. Bend loss
measurements were made generally in accordance with I|EC 60793-1-47 but with
modifications as per Clause A.7.
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Figure A.12 — Power limitation for primary coated fibre
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Importantly it has been found that secondary coated fibre can be more sensitive to high-power
damage than primary coated fibre, Figure A.13, see reference [14]. For fibre D, given a bend
loss of 4 dB, the maximum optical power drops from 1,6 W to = 400 mW. Again, reducing this

further by 20 % as a safety margin would bring the allowed power to 320 mW.

Interestingly, the 90° bend geometry is more sensitive to catastrophic damage for a given loss
than the 180° bend geometry. This is because for a given bend loss the bend diameter in the

90° geometry is smaller than that for the 180° geometry.

mEibD 180° pri

o FibD 90° pri

AFibD 180° sec

Maximum optical power for
R2/R3 boundary (W)

Ty Ay |

IEC 427/09

Figure A.13 — Comparisg wer Nmits primary and secondary coated fibre D
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A.6.2 Method
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damagp de i » e available system margin, if 180° bend losses of the fil

considg insfead\of diameters (see Figure A.14 and Figure A.15).
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Figure A.15 — Maximum optical power ensuring a 25 year lifetime versus 180° bend loss

A.7 Two-point bend loss measurements

Refer to IEC 60793-1-47: Measurement methods and test procedures — macrobend loss but
with the following amendments including 180 2-point configuration and the following notes.

A.71 Background

Investigations of bend loss of 2-point, 180  bends at a single wavelength show fibre lay
dependent fluctuations. Evidence of such fluctuations and also in the spectral performance
has previously been reported, see reference [20]. The finite thickness of the cladding is
believed to lead to the oscillatory structure in the bend loss as a function of the bend diameter
and wavelength — caused by interference between the whispering gallery modes within the
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cladding, guided at the cladding outer surface or buffer-air interface. The oscillations depend
on the optical path difference between the waveguide and core guided modes. The precise
fibre positioning and / or clamping arrangement (to sub-mm accuracy) and any slight twist on
the fibre in the holder could all cause a variation in loss at a specific wavelength. Losses will
also be dependent on the polarisation state of light entering the bend.

An optical spectrum analyser (OSA) can be used to try to understand macro bend loss for the
range of B1 and B4 fibre types and to explore the nature of the spectral fluctuations. The

bends investigated include 2-point bends; for 1800, 135 and 90  bends. Each fibre type and
bend diameter was characterised over the 1 400 nm to 1 600 nm range at the same OSA test
settings. Since the spectra show loss fluctuations a reasonably large number of
measurements at different diameters were made in an attempt to improve curye fitting

Theoreftical analysis and experimental data suggests that, neglecting oise in

spectral loss plots, bend loss at a given wavelength follows a functi
Bend loss (dB) = Aexp (-aD)
where D is the diameter of the bend.

Such [|a simplistic approach allows inter-fibre (co made somewhat

straightforwardly but acknowledges that:

ndQn' ion is difficult to reprpduce.

¢ further confuse analysis.

e Regults are fibre lay dependent. L

e Any twist of the fibre in the clamping arrangema

e Theg 2-point bend configuration results in_a
the|fibre shape is an oval). Note that ha O
elliptical (and hence a8 gval).

is ¥"2/a*2 + y"2/b%
betiveen limits sef

curyature as ite
a bpundary @l io

ar fibre geometry (for a 180° bend
he curve in a two-point bend is not
lliptical implies that the functionjl form
it& radius of curvature at all points, yarying
the two-point bend has infinite ragius of
8 infinite radius of curvature (1/R = 0) is Ysed as

A.7.2

Radiation from_a\broadba e can be coupled into the test fibre and then via|a long
length |(~ 1 e long fibre length is used to strip out any potential cladding
modes| bg e reference, launched power should be relatively stable (~<
0,3 dB ectral range (1 400 nm — 1 600 nm) for most measurements. This
gives { high idence in the measurement technique.

The O$A, fibre and>elamping arrangement is set up (fibres can be taped in position to inprove
stability)\so that reproducible output is obtained from the OSA; a reference measurement is

then made. For 180, 2-point bends refer to A.4.2 for fibre clamping arrangements. The
motorised V-groove assembly technique allows the fibre to be laid in place, tested and then
accurately moved under computer control to other required diameters. Small diameter
increments can be made and the fibre then re-measured.

OSA scans follow for each bend diameter (the instrument settings remaining unchanged
throughout). A further reference measurement can be made at the end of a sequence of tests.
Reference measurements can be cross checked to ensure that there is no drift during the
process and loss measurements determined by subtracting one measurement result from
another.

A.7.3 180, 2-point bends

Sample results are shown below for fibre D, a B1 optical fibre showing typical features. This
data should be used cautiously as there is a variation in bend loss - depending precisely on
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the way the fibre is inserted in the test rig. Note that in Figure A.16, the dimensions refer to
bend diameter in millimetres.

180° 2 - point bend loss
Fibre type D
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Figure A.17 — 180° 2-point bend loss at 1 480 nm for fibre ‘D’

As can be seen in Figure A.17, a high level of confidence may be obtained with an
exponential fit to some twenty different bend diameter measurements.
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A.7.4 135o and 90o 2-point bends

A number of techniques for holding the fibres have been investigated. However, some
introduced tension on the fibre — which tends to be difficult to control without a lot of
mechanical engineering effort. Other techniques require the fibre to be taped in position;
however this proves difficult for smaller aperture bends and is not suitable for use in high-
power bend tests.

One chosen method was to locate the fibre in narrow bore silica tubes (400 um internal
diameter, 6 mm outer diameter [OD]) and then position the silica tubes accurately in pre-
aligned V grooves so that the flbre bend configuration could be accurately determined.
Fixtures_can be made u

range

Bend loss (dB)

%} 10 15 20
{ameter (mm)

IEC 432/09

oint bend loss for fibre ‘D’ at various angles

A.7.4.1

Increas i served in moving from 90° to 135° to 180° bends for each of the fibre

types. [The results for fibre D are shown in Figure A.18. Loss increases at longer wavelengths
are notshown here.

A.7.5 Inter-fibre comparison at 1 480 nm

The bend loss performance of a range of fibres whose high-power damage behaviour has
been the subject of earlier studies (see references [2], [3], [7] and [14]) is shown in
Figure A.19. Fibres A-E are conventional B1 and B4 fibres. Fibre F is a low bend loss type B1
fibore which when coating effects are neglected should offer improved high-power damage
resilience.
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