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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 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

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 bilingual version of this publication may be issued at a later date. 
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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.  

• Method 1 – Failure time characterization as a function of the launch power and bend 
conditions (bend angle and bend diameter). 

• Method 2 – Equilibrium temperature measurement.  

Results from the two methods can only be compared qualitatively.  

The results, in this technical report, are predominantly on uncabled and unbuffered fibres. 
Cabled and buffered fibres are expected to respond differently – because the outer layers can 
affect the ageing process. Note also that Method 2 testing cannot be applied to buffered or 
cabled fibres. 

These methods do not constitute a routine test to be used in the evaluation of optical fibre.  

The parameters derived from the two methods are not intended to be specified within a 
detailed fibre specification.  

Note that the catastrophic failure modes arising and which are described in this technical 
report in general occur at bending radii much smaller than specified in the single-mode fibres 
specification, IEC 60793-2-50, or than would be recommended based on mechanical reliability 
considerations alone. 

The technical report includes Annex A which gives a discussion on the rationale for the 
approaches adopted, metrics for assessment, guidance, examples and some conclusions 
from initial studies.  

2 Normative references  

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

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 in practice. It is believed that these generally arise after installation from maintenance 
practices which are difficult to mitigate against as the technicians servicing such networks 
often work independently and can come from different organisations. Tight bends arising at 
system installation stage should generally be identified and eliminated following provisioning - 
by OTDR testing or from link loss measurements. Experimental evidence shows that high-
power damage can occur relatively quickly at bends less than 15 mm diameter. Damage 
occurs when the coating temperature increases at bends as the coating absorbs the light lost 
at the bend. Damage can take the form of coating ageing, pyrolysis and burning and if the 
temperature increases above 700 °C catastrophic softening of the glass. Burning of the 
coating can result in a fire. Background references are available in the Bibliography and in 
IEC/TR 61292-4. 

The rationale for studying the resilience of optical fibre and coatings to high-power damage at 
bends is described in Clause  A.1. Telecommunications operators can adopt a range of 
options to avoid the risk of damage, see Clause  A.2. There is now a broad agreement from a 
number of laboratories on the catastrophic failure modes of the optical fibre and on the 
thresholds for damage at high-powers in bent optical fibres. Observations include: 

• Research has clearly shown that high optical power at tight fibre bends can cause 
catastrophic damage within a few days. Tests on a range of different fibres including both 
B1 and B4 primary coated fibre types have shown that catastrophic damage can 
conveniently be grouped into two regimes; 
– Regime 1: Catastrophic failure of the glass (R1). 
– Regime 2: Catastrophic failure to the fibre coating (R2). 
– A third regime, R3, has been identified in which catastrophic damage does not occur. 

Here the temperature does not reach a sufficient level to cause short-term catastrophic 
damage but over the longer term coating ageing and a change in some of the physical 
properties of the coating may result. 

Further description of the observed regimes of damage is included in Clause  A.5. 

• R1 and R2 failures have been observed in both primary and secondary coated fibres. 
Some fibre and coating types are more resilient than others, see references [1]1, [2], [3], 
[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 

___________ 
1  Figures in square brackets refer to the Bibliography. 

This is a preview - click here to buy the full publication

https://webstore.iec.ch/publication/20506&preview=1



