
 

IEC TR 62627-06 
Edition 1.0 2014-05 

TECHNICAL 
REPORT 
 

Fibre optic interconnecting devices and passive components –  
Part 06: Mechanical design proving nutation test results for reinforced fibre 
cable terminated with optical connectors for high density patching applications 
 

IE
C

 T
R

 6
26

27
-0

6:
20

14
-0

5(
en

) 

  
  

® 
 

 

colour
inside

C
opyrighted m

aterial licensed to B
R

 D
em

o by T
hom

son R
euters (S

cientific), Inc., subscriptions.techstreet.com
, dow

nloaded on N
ov-27-2014 by Jam

es M
adison. N

o further reproduction or distribution is perm
itted. U

ncontrolled w
hen printed.



 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2014 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from 
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC 
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or 
your local IEC member National Committee for further information. 
 
IEC Central Office Tel.: +41 22 919 02 11 
3, rue de Varembé Fax: +41 22 919 03 00 
CH-1211 Geneva 20 info@iec.ch 
Switzerland www.iec.ch 

 
About the IEC 
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies. 
 
About IEC publications  
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 
IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone application for consulting the entire 
bibliographical information on IEC International Standards, 
Technical Specifications, Technical Reports and other 
documents. Available for PC, Mac OS, Android Tablets and 
iPad. 
 
IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee,…). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and 
also once a month by email. 

Electropedia - www.electropedia.org 
The world's leading online dictionary of electronic and 
electrical terms containing more than 30 000 terms and 
definitions in English and French, with equivalent terms in 14 
additional languages. Also known as the International 
Electrotechnical Vocabulary (IEV) online. 
 
IEC Glossary - std.iec.ch/glossary 
More than 55 000 electrotechnical terminology entries in 
English and French extracted from the Terms and Definitions 
clause of IEC publications issued since 2002. Some entries 
have been collected from earlier publications of IEC TC 37, 
77, 86 and CISPR. 
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or 
need further assistance, please contact the Customer Service 
Centre: csc@iec.ch. 
 

 

 

C
opyrighted m

aterial licensed to B
R

 D
em

o by T
hom

son R
euters (S

cientific), Inc., subscriptions.techstreet.com
, dow

nloaded on N
ov-27-2014 by Jam

es M
adison. N

o further reproduction or distribution is perm
itted. U

ncontrolled w
hen printed.

mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TR 62627-06 
Edition 1.0 2014-05 

TECHNICAL 
REPORT 
 

Fibre optic interconnecting devices and passive components –  
Part 06: Mechanical design proving nutation test results for reinforced fibre 
cable terminated with optical connectors for high density patching applications 
 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
K 

ICS 33.180.20 

PRICE CODE 
 

ISBN 978-2-8322-1574-6 

  
  

® Registered trademark of the International Electrotechnical Commission 

® 
 

   Warning! Make sure that you obtained this publication from an authorized distributor. 

 

colour
inside

C
opyrighted m

aterial licensed to B
R

 D
em

o by T
hom

son R
euters (S

cientific), Inc., subscriptions.techstreet.com
, dow

nloaded on N
ov-27-2014 by Jam

es M
adison. N

o further reproduction or distribution is perm
itted. U

ncontrolled w
hen printed.



 – 2 – IEC TR 62627-06:2014 © IEC 2014 

CONTENTS 
 

FOREWORD ........................................................................................................................... 3 
INTRODUCTION ..................................................................................................................... 5 
1 Scope .............................................................................................................................. 6 
2 Normative references ...................................................................................................... 6 
3 Fibre operation in high density packaged system ............................................................. 6 
4 Tensile force measurements for reinforced fibre cable assemblies................................... 7 
5 Adequate tensile force for nutation test ............................................................................ 8 
6 Nutation test method ....................................................................................................... 8 
7 Example of nutation test results ....................................................................................... 9 
8 Conclusions ................................................................................................................... 10 
 
Figure 1 – High density packaged equipment .......................................................................... 7 
Figure 2 – Experimental set-up for tensile load measurement ................................................. 7 
Figure 3 – Tensile load histogram ........................................................................................... 8 
Figure 4 – Nutation test apparatus .......................................................................................... 9 
 
Table 1 – Experimental results ................................................................................................ 9 
 
  

C
opyrighted m

aterial licensed to B
R

 D
em

o by T
hom

son R
euters (S

cientific), Inc., subscriptions.techstreet.com
, dow

nloaded on N
ov-27-2014 by Jam

es M
adison. N

o further reproduction or distribution is perm
itted. U

ncontrolled w
hen printed.



IEC TR 62627-06:2014 © IEC 2014 – 3 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FIBRE OPTIC INTERCONNECTING DEVICES AND  

PASSIVE COMPONENTS –  
 

Part 06: Mechanical design proving nutation test results  
for reinforced fibre cable terminated with optical connectors  

for high density patching applications 
 

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) 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 62627-06, which is a technical report, has been prepared by subcommittee SC86B: 
Fibre optic interconnecting devices and passive components, of IEC technical committee 86: 
Fibre optics. 

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

Enquiry draft Report on voting 

86B/3714/DTR 86B/3751/RVC 
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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. 

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 stability 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. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication 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 

Optical connectors are widely used in a variety of optical communication systems. These 
connectors are sometimes used in high density equipment. When an optical fibre cable 
assembly is connected to a receptacle port, the optical fibre cable assembly connected to an 
adjacent port may be pulled to one side. During this operation, the pulling force has the 
potential to act on the optical fibre cable in an oblique direction. When an optical fibre cable 
assembly is pulled to one side, the tensile force acts on the optical connector in various 
directions. The optical connector has to possess mechanical durability to withstand the tensile 
force imposed on it, and an allowable tensile force should be defined to ensure that the 
system can continue to operate. Therefore test methods are used to evaluate the mechanical 
durability when an optical fibre cable assembly is pulled laterally.  One of these tests methods 
is nutation. 

The IEC Japan National Committee (JPNC) undertook research on a nutation test for optical 
connectors terminated with reinforced fibre cable. 
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FIBRE OPTIC INTERCONNECTING DEVICES AND  
PASSIVE COMPONENTS –  

 
Part 06: Mechanical design proving nutation test results  

for reinforced fibre cable terminated with optical connectors  
for high density patching applications 

 
 
 

1 Scope 

This part of IEC 62627, which is a technical report, describes the results of mechanical design 
proving tests for a high density systems application, carried out using the nutation test 
according to IEC 61300-2-35, performed on reinforced fibre cable terminated with optical 
connectors. A tensile load is suggested for the design proving requirements to be used to 
ensure that connectors meet the mechanical design requirements of connectors for specific 
application.  

2 Normative references 

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

IEC 60794-2-50, Optical fibre cables – Part 2-50: Indoor cables – Family specification for 
simplex and duplex cables for use in terminated cable assemblies  

IEC 61300-2-35, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 2-35: Tests – Cable nutation 

IEC 61300-2-51, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 2-51: Tests – Fibre optic connector test for transmission 
with applied tensile load – Singlemode and multimode 

3 Fibre operation in high density packaged system 

Optical connectors maybe used in high density equipment such as fibre termination modules 
(FTM) and integrated distribution modules (IDM) where several thousands of optical fibres are 
terminated (see Figure 1a). Today, compact optical transceivers such as small form-factor 
pluggable (SFP) modules may be densely packaged in system racks (see Figure 1b). When 
an optical fibre cable assembly is connected to a receptacle port, the optical fibre cable 
assembly connected to the adjacent port may be pulled to the side. During this operation, the 
applied pulling force has the potential to act on the optical fibre cable in a lateral direction. 
The optical signal in the adjacent fibre link should not be degraded by this operation, so the 
adjacent fibre optic connector has to have sufficient durability to withstand this force. A test 
method is used to evaluate mechanical durability when an optical fibre cable assembly is 
pulled sideways in a high density packaged system. 
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Figure 1a – Integrated distribution 
module (IDM) 

Figure 1b – System rack  
with densely packaged SFP 

Figure 1 – High density packaged equipment 

4 Tensile force measurements for reinforced fibre cable assemblies 

The tensile force generated when installing an additional connectorized optical fibre cable 
assembly was measured. Figure 2 shows the experimental set-up for the measurement. The 
fibre optic connector adaptors are arranged in high density configuration. The tensile load on 
the fibre cable assembly connected to the adjacent port is measured with a strain gauge as a 
worker installs another optical fibre cable assembly. 

Figure 3 shows a histogram of the tensile load measured. The results were provided by 9 
operators, with each one installing the fibre connector 10 times as if in a field installation, 
without taking any special precautions. The figure also shows a fitting curve using an 
approximated exponential equation obtained using the frequency data. The maximum tensile 
load was 8.3 N with an average value of 2,4 N and a standard deviation of 1,8 N. 

   

Figure 2 – Experimental set-up for tensile load measurement 

IEC   1265/14 IEC   1266/14 

IEC   1267/14 

Adjacent port 
Connected port 

Connector 

Optical fibre 

Tensile load 
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Figure 3 – Tensile load histogram 

5 Adequate tensile force for nutation test 

Optical fibre cable assemblies should have sufficient durability to withstand a disturbance by 
the tensile forces imposed during operation. The quality of the signals being transmitted 
through an adjacent optical fibre may degrade, and a fatal error may occur, if the force 
damages the fibre optic connector. To achieve reliable system operation approved cable 
assemblies are necessary. To define the test requirements a necessary level of the applied 
tensile load shall be estimated.  

Tensile force values can be found in IEC documents to be applied for the nutation test. 
According to IEC 61300-2-51, the preferred tensile loads are 2,4 N, 6,9 N, 14,7  and 19,6 N. 
IEC 61300-2-35 also specifies 10 N for the nutation test. When a worker installs a connector, 
the tensile force acts on the adjacent optical fibre cable assembly in an unknown direction. 
The optical connector must have mechanical durability to withstand tensile forces in any 
directions. A nutation test is suitable for evaluating such durability 

A tensile load of 10 N in the nutation test is insufficient for field operations because various 
types of operations may occur. This technical report has calculated with a safety margin 
determining the load for this sideload to 14,7 N. When the failure mode of a tensile force 
application is a fracture mode, the result is a fatal failure. A load of 14,7 N has a sufficient 
margin to ensure a reliable network system.  

6 Nutation test method  

A nutation test according to IEC 61300-2-35 evaluates the mechanical durability of an optical 
fibre cable terminated with an optical connector when the fibre cable is pulled in a direction of 
45° from the optical connector. Figure 4 shows the apparatus used for the nutation test. The 
optical connector plug attached to the fibre cable is connected to an adaptor fixed to the 
apparatus. The adaptor is rotating through 360° in the rotation fixture. The fibre cable is 
passed through a hole located in the rotation axis and a weight is attached to the fibre cable 
to supply the tensile force. The conical path length was set 28 cm which is described as the 
point of application of the load in IEC 61300-2-51. The apparatus enables the application of 
tensile force to the optical connector at a direction of 45° while the apparatus and adaptor are 
rotating. 

IEC   1268/14 

Tensile load   (N) 
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Figure 4a – Schematic diagram Figure 4b – Photograph 

Figure 4 – Nutation test apparatus 

7 Example of nutation test results  

The validity of the nutation test described above was evaluated by using commercially 
available fibre optic connectors. In the nutation test, the rotation speed was 10 r/min for 
100 revolutions. The test was performed with a tensile force of 14,7 N. Two criteria were 
considered when analysing the results. First, the attenuation of the cable assembly shall be 
less than 0,2 dB before and after the test. Second, the connector exhibits no damage during 
the test. Nine commercially available optical connectors including three types of connector 
(type I, II and III) terminated on 1,7 mm or 2,0 mm diameter reinforced fibre cable were tested. 
Table 1 shows the experimental nutation test results. Approximately 86 % of the connectors 
passed the nutation test and 14 % failed. All of the nutation test failures were the result of the 
plug breaking. The results indicate that mechanical durability is not directly related to 
connector type but depends on the connector’s materials and design. Furthermore, the 
connector design of each connector manufacturer also has an effect on mechanical durability.  

Table 1 – Experimental results 

Manufacturer Pass rate 
(n° of passing samples/ 

n° of samples)  
for tensile force 14,7 N 

Connector type 

A 100 % (72/72) I 

B 100 % (72/72) I 

C 97 % (35/36) I 

D 100 % (8/8) II 

E 100 % (5/5) II 

F 100 % (18/18) III 

G 99 % (78/80) I 

H 93 % (62/72) I 

I 18 % (11/60) I 

 

IEC   1269/14 

Rotation unit 

DUT 
Adaptor 

Optical fibre 

Hole 

Weight 
IEC   1270/14 

DUT 

Optical fibre 

Weight 
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In a high density packaged system a tensile force of 14,7 N may sometimes be generated at 
frequency of 0,3 % according to the exponential fitting curve in Figure 3 on the adjacent port 
cable in a lateral direction. 

Most of the failed samples were from one particular manufacturer. The failed connectors were 
the result of breakages caused when the inserted connector plugs were released from the 
adaptor. It was felt that the plugs that were broken in the nutation test would require some 
design improvements in order to satisfy the test requirements.  

8 Conclusions  

An allowable tensile load severity for the mechanical design proving nutation test to ensure 
network system reliability during fibre cable installations was investigated. It was confirmed 
that a tensile load severity of 14,7 N is needed for fibre optic connectors in high density 
systems. The nutation test results for optical connectors terminated with reinforced fibre cable 
were reported. In nutation test experiments with a tensile force of 14,7 N, most but not all 
commercially available fibre optic connectors exhibited the required performance. An analysis 
of the failed connectors revealed that design or material improvements were needed to 
ensure sufficient mechanical durability.  

Finally, it is concluded that a nutation test with the proposed load of 14,7 N is effective in 
eliminating plugs that due to poor design or material selection could be damaged during fibre 
cable operation in high density systems applications  

The 14,7 N design proving nutation test is an effective mechanism for the selection of suitable 
product. 

 

_____________ 
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