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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
OPTICAL FIBRE CABLES –  

 
Part 1-201: Generic specification –  

Basic optical cable test procedures –  
Environmental test methods –  

Temperature cycling, method F1 
 

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 60794-1-201 has been prepared by subcommittee 86A: Fibres and cables, of IEC technical 
committee 86: Fibre optics. It is an International Standard. 

This document partially replaces IEC 60794-1-22:2017.  This edition constitutes a technical 
revision.  

This edition includes the following significant technical changes with respect to 
IEC 60794-1-22:2017: 

a) all references to the temperature sensing device have been removed and replaced with a 
note "for further study"; 
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b) the conditioning procedure has been separated into Procedure 1 and Procedure 2 to avoid 
confusion; 

c) the ambient temperature test condition has been defined as per IEC 60794-1-2; 
d) the minimum soak time has been decreased for sample mass >16 kg in Table 1. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

86A/2438/FDIS 86A/2463/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 60794 series, published under the general title Optical fibre cables, 
can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

This document cancels and replaces method F1 of IEC 60794-1-22:2017, which will be 
withdrawn. It includes an editorial revision, based on the new structure and numbering system 
for optical fibre cable test methods. Additionally, technical changes were implemented. The 
environmental tests contained in IEC 60794-1-22:2017 will be individually numbered in the 
IEC 60794-1-2xx series. Each test method is now considered to be an individual document 
rather than part of a multi-test method compendium. Full cross-reference details are given in 
IEC 60794-1-2.  

The numbering of this test method continues the F-series numbering sequence of 
IEC 60794-1-22:2017. 
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OPTICAL FIBRE CABLES –  
 

Part 1-201: Generic specification –  
Basic optical cable test procedures –  

Environmental test methods –  
Temperature cycling, method F1 

 
 
 

1 Scope 

This part of IEC 60794-1 defines test procedures to be used in establishing uniform 
requirements for the environmental performance of: 

• optical fibre cables for use with telecommunication equipment and devices employing similar 
techniques; and 

• cables having a combination of both optical fibres and electrical conductors. 

Throughout this document, the wording "optical cable" can also include optical fibre units, 
microduct fibre units, etc. 

This document defines a test standard to determine the ability of a cable to withstand the effects 
of temperature cycling by observing changes in attenuation. 

See IEC 60794-1-2 for a reference guide to test methods of all types and for general 
requirements and definitions. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 60794-1-1, Optical fibre cables – Part 1-1: Generic specification – General 

IEC 60794-1-2, Optical fibre cables – Part 1-2: Generic specification – Basic optical cable test 
procedures – General guidance 

3 Terms and definitions 

No terms and definitions are listed in this document. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 
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4 Method F1 – Temperature cycling 

4.1 Object 

This measuring method applies to optical fibre cables, which are tested by temperature cycling 
in order to determine the stability behaviour of the attenuation of cables submitted to 
temperature changes. This method can also be used for evaluation of buffer tubes or other 
elements independent of a cable construction, as defined by a detail specification. 

Changes in the attenuation of optical fibre cables, which can occur with changing temperature, 
are generally the result of buckling or tensioning of the fibres resulting from differences between 
their thermal expansion coefficient and the coefficients of the cable strength and sheath 
members. Test conditions for temperature-dependent measurements shall simulate the worst 
conditions. 

This test can be used either for monitoring cable behaviour in the temperature range, which can 
occur during storage, transportation and usage, or to check, in a selected temperature range 
(usually wider than that required for the above-mentioned cases), the stability behaviour of the 
attenuation connected to a substantially microbend-free situation of the fibre within the cable 
structure. 

NOTE 1 Method F12 in IEC 60794-1-212 is similar to this method, but with cable elements fixed at both sample 
ends. Method F12 assesses the attenuation behaviour of a cable without end movement intended for termination 
with, for example, interconnecting devices or passive components. 

NOTE 2 The ageing test, method F9 in IEC 60794-1-209, uses method F1 as its pre- and post-test temperature 
cycle. Often these tests are performed together. 

NOTE 3 The cable shrinkage (fibre protrusion) test, method F17, is similar to this method, but it determines the 
permanent fibre protrusion compared to the cable elements and the cable sheath due to thermal exposure of a cable. 

4.2 Sample 

The sample shall be of length appropriate to achieve the desired accuracy of attenuation 
measurements (generally ≥500 m). This may be a factory length, or a sample of sufficient length 
as indicated in the detail specification. The sample is additionally defined as the cable sample 
as deployed for testing. 

In order to gain reproducible values, the cable sample shall be brought into the climatic chamber 
in a manner such that the deployment does not affect the measurement. Such methods could 
be a loose coil or on a reel with large diameter coils, cushioned reels with a soft layer or a zero-
tension facility device. 

The ability of the fibre(s) to accommodate differential expansion and contraction (e.g. by 
slipping within the cable) could be influenced by the bending radius of the cable. Sample 
conditioning should, therefore, be realized as close as possible to normal usage conditions. 
The bend diameter of the cable sample shall not violate the minimum bend diameter of the 
cable, tube or other unit as specified by the detail specification (generally around 20X cable 
OD). 

Potential problems are due to an actual difference between the expansion coefficients of the 
test sample and of the holder (e.g. reel, basket, plate) which can induce, during thermal cycles, 
a significant effect on the test result if "no effect" conditions are not completely fulfilled. The 
intent is to simulate the installed condition, in which the cable is generally straight for the 
majority of its length. 

Parameters of influence are mainly the details of conditioning, the type and materials of the 
holder, and the diameter of the sample coil or reel. 
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General recommendations include the following: 

a) The winding diameter shall be large enough to keep the ability of the fibre to accommodate 
differential expansion and contraction. A winding diameter substantially greater than the 
value selected for cable delivery can be necessary. 

b) Any risk of cable expansion (or contraction) limitation created by conditioning shall be 
suppressed. In particular, special care should be taken to avoid residual tension on the 
cable during the test. For example, a tight winding on a drum is not recommended as it can 
limit cable contraction at low temperature. On the other hand, a tight multilayer winding can 
limit expansion at high temperature. 

c) The use of loose winding is recommended with large diameter coils and cushioned reels 
with a soft layer or zero tension facility device. 

d) The number of fibres tested shall conform to IEC 60794-1-1. 
e) The fixed cable ends as well as connection to the equipment shall be outside of the 

temperature chamber to avoid negative influences. 

In order to limit the length of the cable under test, it is permissible to concatenate several fibres 
of the cable and to measure the concatenated fibres. The number of connections shall be limited, 
and they should be located outside the climatic chamber. 

4.3 Apparatus 

The apparatus shall consist of the following. 

a) An appropriate attenuation measuring apparatus for the determination of attenuation change 
(see the test methods of IEC 60793-1-46). 

b) a climatic chamber of a suitable size to accommodate the sample whose temperature shall 
be controllable to remain within ±3 °C of the specified testing temperature. One example of 
a suitable chamber is given in Clause 8 of IEC 60068-2-14:2023. 

4.4 Procedure 

4.4.1 Preconditioning 

The sample shall be preconditioned at standard ambient temperature conditions as defined in 
IEC 60794-1-2. 

4.4.2 Initial measurement 

The sample shall be visually inspected and a basic value for attenuation at the initial 
temperature shall be determined. 

4.4.3 Conditioning 

Procedure 1 

If only one high and low temperature is specified in the detail specification, then Procedure 1 is 
applicable. Figure 1 shall be used for the initial cycle(s) and the final cycle during the test. 
Throughout this procedure, the ambient temperature condition is the standard test condition as 
defined in IEC 60794-1-2. 

1) The sample at ambient temperature shall be introduced into the climatic chamber which is 
also at that temperature. 

2) The temperature in the chamber shall then be lowered to the appropriate low temperature 
TA2 at a rate of cooling not to exceed 60 °C per hour, unless otherwise specified. 

3) After the temperature within the chamber has stabilized, the sample shall soak at 
temperature TA2 for the appropriate period t1 (see step 4)). 
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4) A minimum soak time is given in Table 1; however, the soak time, t1, shall be sufficient to 
bring the complete cable to equilibrium with the specified temperature. 

NOTE 1 Cable temperature sensing device to measure the temperature of the cable sample is for further study. 

5) The temperature in the chamber shall then be raised to the appropriate high temperature 
TB2 at a rate of heating not to exceed 60 °C per hour, unless otherwise specified. 

6) After the temperature within the chamber has stabilized, the sample shall soak at 
temperature TB2 for the appropriate period t1. 

7) The temperature in the chamber shall then be lowered to the value of the ambient 
temperature at the appropriate rate of cooling. This procedure constitutes one cycle. If this 
is the intermediate step in a series of cycles, no soak is required, and no measurements 
shall be taken. 

8) Continue to the next cycles, using steps 2) through 7). The sample shall be subjected to at 
least two cycles unless otherwise required by the relevant detail specification. At the end of 
the cycling sequence, hold the sample at ambient temperature for the appropriate period t1. 

9) The change in attenuation shall be measured at ambient temperature at the start of the first 
cycle, at the end of the soak time t1 at each of the specified temperature steps (TA2, TB2) in 
the final cycle, and at ambient temperature at the end of the final cycle. If measurement at 
intermediate cycles is required by the detail specification, the measurements shall be 
performed in the same manner. 

10) Before removal from the chamber, the sample under test shall have reached temperature 
stability at ambient temperature. 

Procedure 2 

If multiple (two or more) low or high temperatures are specified in the detail specification, then 
Procedure 2 is applicable. Figure 1 shall be used for the initial cycle(s) except for the final cycle 
and Figure 2 shall be used for the final cycle during the test. Throughout this procedure, the 
ambient temperature condition is the standard test condition as defined in IEC 60794-1-2. 

1) The sample at ambient temperature shall be introduced into the climatic chamber which is 
also at that temperature. 

2) Using steps 2) through 7) of Procedure 1 for the initial cycle(s) (except for the final cycle). 

NOTE 2 TA2 here is the extreme low temperature among multiple low temperatures and TB2 here is the extreme 
high temperature among multiple high temperatures. 

3) During the last cycle, the sample shall be held at each intermediate temperature (TA1 or 
TB1) and each extreme temperature (TA2 or TB2) for the appropriate time t1, as per Figure 2. 
At the end of the cycling sequence, hold the sample at ambient temperature for the 
appropriate period t1. 

4) The sample shall be subjected to at least totally two cycles (one initial cycle and one final 
cycle) unless otherwise required by the relevant detail specification. The change in 
attenuation shall be measured at ambient temperature at the start of the first cycle, at the 
end of the soak time t1 at each of the specified temperature steps (TA1, TA2, TB1, TB2) in the 
final cycle, and at ambient temperature at the end of the final cycle. If measurement at 
intermediate cycles is required by the detail specification, the measurements shall be 
performed in the same manner. 

5) Before removal from the chamber, the sample under test shall have reached temperature 
stability at ambient temperature. 
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