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1 Preliminary Remarks 

All installed copper and fibre-optic data links must be tested by the installation company within the 
framework of quality assurance. The test methods to be employed and the applicable assessment 
criteria are explained in detail in the following section.  

Any packaging/safety guards removed for the purposes of measurement-based tests must be 
replaced in order to restore the requisite protection against environmental impact and the physical 
damage of components. 

If protective caps or similar items are used for the protection of components, these must only be 
removed for the purposes of performing the test and must be restored without delay or, if required, 
must be replaced until the installation has been completed. 

 

2 Measurements copper link 

2.1 Assessment criteria 

Structured copper cabling has to meet the requirements laid down for class EA permanent links 2 
(2 connectors) in accordance with ISO/IEC 11801. 

 

2.2 Approved test equipment  

Test measurements must only be carried out with test equipment that is approved by the BMW 
Group and that can be proven to correspond to "Level IV“ quality pursuant to IEC 61935-1. Proof 
of this must be submitted on the basis of a certificate issued by a test institute accredited 
according to DIN EN ISO/IEC 17025.  

The following hand-held testers have been approved by the BMW Group for copper acceptance 
measurements: 

- Fluke (for example, DTX-1800, DSX-5000) 

- IDEAL (for example, Lantek II) 

 

2.2.1 Calibration 

Test measurements must be carried out with test equipment that can be proven to have 
undergone calibration very recently only (maximum time period of one year since the last 
calibration).  

 

2.2.2 Software version 

The test equipment used must be operated with up-to-date software versions at the time when 
measurements are taken. 

 

2.2.3 Test heads 

The following test heads must be used for taking measurements: 

- Fluke DTX-1800   DTX-PLA002 Permanent Link Adapter  
   with modular RJ45 contact tips 

- Fluke DSX-5000   DSX-PLA004 Permanent Link Adapter  
   with modular RJ45 contact tips 

- IDEAL Lantek II   high-performance category 6A adapter 

 

Important notice for the use of Fluke DTX-1800 and DSX-5000:  

The installation service provider must ensure that the contact tips used are replaced without delay 
at the latest when there are signs of wear and tear (for example by reducing the ACR value 
determined).  
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Otherwise the BMW Group IT IS Function Datacenter Technology (Rechenzentrumstechnik) 
reserves the right to demand that the installation service provider take the measurements 
concerned again with proper contact tips at his expense. 

Important notice for the use of IDEAL Lantek II:  

Since the IDEAL Lantek II measuring instrument does not use any specific permanent link adapter, 
and the permanent link measurements are taken with a standard work area/patch cord, the 
installation service provider must ensure that the following requirements are met: 

- The work area/patch cables must meet the following requirements: 

o Currently approved by the BMW Group  

o Connector interface: RJ45 

o Length: 2.0m each 

- Every work area/patch cable can be used for a maximum of 200 measurements and 
has to be marked clearly.  

- The work area/patch cables marked accordingly must be handed over to the planner 
together with the measuring results upon the completion of the acceptance 
measurements. The hand-over process must clearly document which work area/patch 
cable was used for which acceptance measurement. 

*If these requirements are not met in their entirety, the BMW Group IT IS Function Datacenter 
Technology (Rechenzentrumstechnik) reserves the right to demand that the installation service 
provider take the measurements concerned again as specified at his expense. 

 

2.3 Important test equipment settings  

The following parameters must be adjusted in the tester/measuring instrument set-up in every 
case: 

- Correct NVP value (to be taken from the installation cable data sheet) 

- The "limit value" is laid down in ISO/IEC 11801 class EA permanent link 2 (2 
connectors) 

 

2.4 Test parameters 

The following parameters must be determined per copper data link: 

- Wiring test  

- Cable length 

- Direct-current resistance 

- Delay 

- Delay skew 

In addition, the following parameters have to be determined in the frequency range from 1 MHz up 
to at least 500 MHz: 

- Insertion loss 

- Near-end cross-talk loss (both ends) 

- Return loss (on both ends) 

- ACR-F (on both ends) 

- ACR-N (on both ends) 

- PS NEXT (on both ends) 

- PS ACR-F (on both ends) 

- PS ACR-N (on both ends)   
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2.5 Storing of measuring results 

The results of the acceptance measurements must be stored in line with the following example: 

 EVT1/VT23345/L5CD 

 EVT1:  Floor distributor 1 

 VT23345: Distribution cabinet 23345 

 L5CD: IDENT code of the data link 

 

2.6 Documentation 

All measuring results (including the graphical presentation of the frequency-dependent 
parameters) must be handed over on a data carrier (CD or DVD) in a well-structured layout to the 
specialist designer in charge in a manufacturer-specific, electronic form including viewer software. 

 

- Fluke DTX-1800 and DSX-5000   Fluke linkware database format (*.flw) 

- IDEAL Lantek II    IDEAL IDC project (*.sdf) 
  report type: brief (cf. Figure 2) 

 

Submitting the measuring data in PDF format or on paper only is not permitted. 

 

The installation service provider must ensure that all test records created by him are stored 
correctly without any faults in the documentation system (COMMAND).  

 

Comment: 

The detailed requirements pertaining to "Documentation for acceptance" are specified in 
"Annex E: Requirements installation".  
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The following pictures show test records produced by the two approved measuring instruments by 
way of example.  

  

Figure 1: Example of a class EA permanent link measurement  
(Fluke DTX-1800) 
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Figure 2: Example of a class EA permanent link measurement 
(IDEAL Lantek II) 
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3 Measurements fibre optic link 

3.1 General information 

Contaminated connectors have a substantial impact on the measuring results obtained on a fibre-
optic permanent link or channel. Top-quality connectors (that are supplied by one and) from the 
same manufacturer must be used to ensure a high level of measuring accuracy. Many of the faults 
that occur in fibre optic cabling are due to contaminated fibre-optic connector end faces. It is 
therefore essential to ensure that the fibre-optic connector end faces are neither contaminated nor 
damaged by/during the measuring process. 

 

3.2 Acceptance measurements for fibre optic cabling 

The following tests must be carried out on every fibre optic data link in order to assess the quality 
of fibre-optic cabling: 

- Use of a videomicroscope to check the clean condition of the connector faces prior to 
and after the OTDR measurement (at least 200x magnification of microscope) 

- Determination of the cable length on the basis of OTDR backscatter measurement 

- Completion of OTDR measurement according to IEC 14763-3 to compile a backscatter 
graph 

- Determination of the return loss and the insertion loss caused by every event on the 
basis of the OTDR backscatter graph (connector-coupling-connector) 

 

The OTDR measurement is to be carried out bidirectionally at the following wavelengths:  

- Single-mode:  1,310 nm and 1,550 nm  

- Multi-mode:  850 nm and 1,300 nm 

 

* The single-mode OTDR measurements must also be taken at the wavelength of 1,625 nm for 
MAN and WAN connections. 

 

Comment: 

Multimode fibres also require guaranteed modal excitation (encircled flux) by means of a 
mode controller pursuant to IEC 61280-4-1. 
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3.3 Checking the clean condition of the fibre-optic connector end 
faces 

A suitable video microscope (magnification at least 200x) is to be used to check the clean 
condition of the fibre optic connector end faces prior to and after every OTDR measurement in 
accordance with IEC 14763-3 and IEC 61300-3-35. This applies in particular to the test fibres 
used, which are subject to a constant visual control by microscope. Contaminated connector end 
faces must be cleaned with suitable cleaning agents approved for use by the supplier. 

 

Below is the relevant flow chart pursuant to IEC 61300-3-35. 

 

 

Figure 3: Flow chart pursuant to IEC 61300-3-35 for assessing fibre optic connector 
end faces 
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The photomicrographs of every fibre-optic connector end face are part and parcel of the 
documentation and must be handed over in a well-structured layout. Only protocols that have a 
rating of "PASS" will be recorded. 

 

 

Figure 4: Example of assessing a fibre-optic connector end face 
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3.4 Cleaning fibre optic connector end faces 

Fibre optic connector end faces must be cleaned according to the manufacturer's instructions and 
the specifications laid down in IEC/TR 62627-01. 

 

Dry cleaning: 

When slightly contaminated, the connector end face must be cleaned in accordance with the 
manufacturer's instructions. Suitable cleaning utensils include in particular lint-free cloths, special 
cleaning tapes (cartridges), or cleaning swabs. After every dry cleaning process, a microscope 
must be used to check whether or not the cleaning process was successful or whether cleaning 
must be repeated. 

 

Wet-dry cleaning 

If dry cleaning is not successful even after having been repeated two or three times, or if 
contamination is too severe, the connector end face must be subjected to wet-dry cleaning. 

For this purpose, a solvent suited specifically for optical components (for example, ultra-pure 
isopropyl alcohol, > 99 %) must be applied to a lint-free cloth and must then be used to clean the 
connector end face according to the manufacturer's instructions. This cleaning step must be 
followed immediately by dry cleaning (please see above). After every wet-dry cleaning, the 
connector end face must also be examined in order to find out whether the cleaning process was 
successful or whether it has to be repeated.  

 

If residues remain on the surface despite several wet-dry cleaning cycles, these are usually 
abraded particles integrated in the surface or adhesive residues that cannot be removed. In this 
case, the specialist planner must be consulted immediately to decide whether or not the connector 
end faces must be replaced. 
 

 

Figure 5: Utensils permitted for cleaning 
optical connector end faces (selection) 

 

1 

2 

3 
4 
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1) Lint-free cleansing cloths: 
Lint-free cleansing cloths in a dispenser box, specifically for the wet cleaning of fibre-optic 
connector end faces and glass fibres with the use of isopropyl alcohol. 

2) Cleaning swabs: 
Mostly for dry cleaning the end faces of connectors that are installed in couplings, 
adapters, device ports or patch panels. These can be supplied both for 1.25 mm and 
2.5 mm ferrules. 

3) Isopropyl alcohol, > 99%: 
Ultra-pure alcohol for wet cleaning fibre-optic connector end faces and glass fibres using 
lint-free cleaning cloths (also known as 2-propanol or isopropyl alcohol (abbreviated IPA, 
contact causes irritation to the eyes and the mucous membranes). When handling 
isopropyl alcohol, care must be taken to ensure adequate ventilation. 
Following the wet cleaning process with alcohol, the connector end faces must once again 
undergo a dry cleaning process since remaining alcohol residues act hygroscopically, 
which is conducive to the accumulation of dirt. 

4) Fibre-optic cleaning tape (for instance Reel-Cleaner, Cletop): 
Cleaning cartridge with specifically coated cleaning tape protected against contamination 
for dry cleaning fibre-optic connector end faces. The cleaning tape winds on automatically 
for every cleaning process. 

5) One-Click Cleaner: 
For dry cleaning end faces of fibre-optic connectors that are integrated in couplings, 
adapters, device ports or patch panels. The cleaning process is completed by pressing the 
One-Click Cleaner. Various versions are available for various connector interfaces / ferrule 
diameters. 
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3.5 OTDR measurement 

OTDR backscatter measurements taken by means of an OTDR measuring instrument (OTDR: 
Optical Time Domain Reflectometer) provide graphic information on the entire fibre and link 
characteristics of the link installed. 

Any fibre optic cabling laid at BMW Group (pre-assembled by the manufacturer or featuring 
splices) must be fully checked and documented on the basis of measurements once installation is 
complete. 

 

Comment: 

It is absolutely essential to comply with and apply the specifications for checking a fibre-optic 
cabling system in accordance with IEC 14763-3 (Implementation and operation of customer 
premises cabling - part 3: Testing of optical fibre cabling). 

 

3.5.1 Selection of test equipment 

To facilitate a standardised and harmonised management of the measuring results, the 
measurements taken on fibre optic IT cabling must be performed exclusively with test equipment 
that has been approved for use by BMW Group.  

 

The following test equipment manufacturers* have been approved: 

- EXFO 

- Fluke 

- Ideal Industries (for example, Mikro OTDR series) 

- JDSU 

Other test equipment is only allowed if approved by the BMW Group IT IS Function Datacenter 
Technology (Rechenzentrumstechnik). 

 

 * The ranking of the test equipment manufacturers listed is without bias 
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3.5.2 Pulse length and measuring time 

The pulse length has an impact on the time- and level-related resolution capacity of an OTDR. 
Short pulse lengths generate a higher spatial resolution with smaller dead zones. As the pulse 
length increases, range and level resolution as well as dead zones become larger. Enlarged dead 
zones result in reduced spatial resolution. 

 

Measurement period: 

Please see to it that the measurement period is adjusted for a sufficient duration in order to obtain 
a precise and noise-free result by way of averaging a large number of individual measurements: 

tmess ≥ 15 s 

 

Pulse length: 

Pulse length is to be chosen such as to ensure that spatial resolution is sufficiently high for 
assessing every connector-coupling-connector transition (including splice, if applicable) across the 
fibre-optic link.  

 

The following pulse length values have been provided as a guide: 

Pulse length 3 ns 10 ns 

Resolution capacity 0.3 m 1 m 

Table 1: Pulse width and resolution by way of example 

 

Comment: 

The OTDR must however be set (so as) to determine a noise-free curve at the shortest possible 
pulse length. 

 

3.5.3 Information  and requirements relating to OTDR measurements 

The following specifications must be taken into account for OTDR measurements in accordance 
with IEC 14763-3: 

- The LSA method (5-point method) must be applied to calculate the loss stages in the 
backscatter graph. In this connection, a straight line (1-2 or 3-4) is placed before and 
after the event in the OTDR curve and the straight lines are extrapolated to the 
location of the event. This corresponds to point (5), at which the backscatter level 
changes erratically. Here, fluctuations of the measured loss values are eliminated by 
noise effects. The distance between the two resulting points of intersection between 
regression lines (1-2 or 3-4) and vertical event line (5) is used to determine the 
resulting insertion loss. 

 

 

Figure 6: Example illustrating the LSA method (5-point method) 
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- Care must be taken to ensure that the refractive index is set for the optical fibre to be 
tested as specified in the manufacturer's data sheet for every wavelength. 

- The backscatter graph must be plotted such as to ensure that the device being tested, 
including launching and trailing fibres, can be recognized and that the reflections of the 
releasable fibre-optic connections are not cut off. 

- It is not permitted to introduce liquids into the area of the connector coupling (for 
example isopropyl alcohol, index-matching materials (gels and/or liquids)) for the 
purposes of manipulating the OTDR measuring results. 

- It is also possible to use a loop for taking the measurement. In this case, a laser 
pointer must be used to check all fibres at the beginning for a correct 1:1 connection. 

 

Comment: 

Measurements on fibre-optic cabling must be taken with particular reference to the pertinent safety 
regulations regarding laser radiation. This includes among other things the accident prevention 
regulations BGV B2 laid down by the employer's liability insurance association for precision and 
electrical engineering (Berufsgenossenschaft Elektro Textil Feinmechanik) and DIN EN 60825-1. 

 

3.5.4 Specification for reference measurements (once per measuring point) 

Couplings must be used to link the launching fibre and the trailing fibre to qualify the test set-up for 
the OTDR measurements. To this end, a backscatter graph has to be recorded and documented 
prior to and after each test section. In this way the insertion loss and return loss values determined 
are used to examine the quality of the connectors. 

 

These measuring results must be handed over to the specialist designer together with the OTDR 
test records in electronic form. 

 

Care must be taken not to distort the backscatter graphs due to the quality of the test fibres used. 

- Test fibres must have the same optical parameters as the optical fibres to be tested. 
No further patch cables must be placed between the launching and the trailing fibres.  

- Test fibres must be subjected to a regular visual control by microscope. Contaminated 
connector end faces must be cleaned. If the cleaning process does not produce the 
desired result, the connector of the test fibre must be replaced. 

- An interferometer has to be employed to test every test fibre for compliance with the 
geometric dimensions of the connector end faces. Proof of said analysis has to be 
established in the form of a test record (typically by storing the test record in the box in 
which the test fibre is kept). 

 

Comment: 

The fibre optic connectors of the launching or trailing fibres must be of reference quality; the 
maximum connector-coupling-connector attenuation must therefore not exceed the value of 
0.15 dB during the reference measurement at any requisite wavelength. 
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3.5.5 Specifications pertaining to length measurement (once per cable) 

The OTDR test equipment must therefore have at least two cursors / markers that can be set to 
the measurement points required. The two cursors must be placed on the rising edge of the two 
cable ends of the permanent link.  

 

To determine the link length, cursor A must be positioned before the first event and cursor B 
before the second event (please refer to Figure 7). 

 

 

Figure 7: Positioning the cursors during length measurement 

 

  

 Cursor A  Cursor B 

Lauch test cord

Lauch test cord

Tail test cord

Cabling under test

Cabling under test

Tail test 

cord
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3.5.6 Specifications on bidirectional OTDR measurement including averaging 

Measurements by means of OTDR must be performed in accordance with IEC 14763-3. The 
measurement must be taken bidirectionally for every fibre at all wavelengths and the use of a 
launching and a trailing fibre is mandatory. 

 

  

Figure 8: Graph illustrating an OTDR measurement 

 

Following the measurement, evaluation software must be used to determine the average value. 
For the purposes of averaging, the backscatter curves created bidirectionally are mirrored.  

 

The presentation of the superimposed backscatter curves A --> B and B -->A is part of the 
documentation.  
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In addition, the resulting insertion loss must be determined for every event (connector-coupling-
connector) by means of averaging both OTDR backscatter graphs (measuring directions A --> B 
and B -->A). 

 

   

Figure 9: OTDR backscatter measurement of the couplings/connectors  
(schematic diagram) 

  

A
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3.5.7 Limit values 

The following limit values must be complied with during the OTDR backscatter measurements: 

 

 
Singlemode/  
Multimode 

Insertion loss / dB 

E2000TM APC 
(connector-coupling-connector) 

Singlemode 

(1310 nm / 1550 nm / 1625 nm) 
≤ 0,4 

(incl. splice: ≤ 0.5) 

LC APC 
(connector-coupling-connector) 

Singlemode 

(1310 nm / 1550 nm / 1625 nm) 
≤ 0,4 

(incl. splice: ≤ 0.5) 

LC PC  
(connector-coupling-connector) 

Multimode 

(850 nm / 1300 nm) 
≤ 0,4 

(incl. splice: ≤ 0.5) 

Splice - ≤ 0,1 

Optical fibre - 
Limit value in accordance 

with ISO/IEC 11801 

Table 2: Insertion loss limit values 

 

 

 
Singlemode/  
Multimode 

Return 
loss / dB 

E2000TM APC 
(connector-coupling-connector) 

Singlemode 

(1310 nm / 1550 nm / 1625 nm) 
≥ 60 

LC APC 
(connector-coupling-connector) 

Singlemode 

(1310 nm / 1550 nm / 1625 nm) 
≥ 50 

LC PC  
(connector-coupling-connector) 

Multimode 

(850 nm / 1300 nm) 
≥ 40 

Table 3: Return loss limit values 
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3.5.8 Documentation 

All OTDR measuring results (including OTDR backscatter graph and event table) must be handed 
over to the specialist planner in charge on data carriers (CD or DVD) in a well-structured layout 
and in manufacturer-specific electronic form (for instance *.sor), including viewer software.  

 

Submitting the measuring data in PDF format or on paper only is not permitted. The installation 
service provider must ensure that all measurements records created by him are stored correctly 
without any faults in the documentation system (COMMAND).  

 

A separate measuring record must be present for every OTDR measurement and must include at 
least the following data: 

- Project designation 

- Fibre and cable number 

- Operator 

- Date/time of measurement 

- Device designation 

- Wavelength 

- Pulse width 

- Recording time 

- Measuring range 

- Resolution 

- Refractive index of fibre 

- Starting and end points of the measurement (direction of measurement to be stated) 

- Length of the installed optical cabling link 

- Length of the launching and trailing fibres 

- OTDR test curve 

- Event table 

 

In addition, the measuring results obtained in the course of the OTDR acceptance 
measurements must be entered in the "FiberDoc" documentation software together with 
the micrographs of the connector end faces and must be handed over to the specialist 
planner in charge in electronic form. 

 

Comment: 

The detailed requirements pertaining to "Documentation for acceptance" are specified in 
"Annex E: Requirements installation".  

 

  



Annex D: 
Requirements to be met by measurement technology 

 

______________________________________________________________________________________ 

Copyright 2016. All rights reserved. Version 4.0 Page 23 of 26 

Please observe the note on industrial property rights pursuant to DIN ISO 16016. 

3.6 Level measurement within the framework of commissioning / fault 
analysis 

For optical-fibre channels that must be prepared for the coupling to the active components (= link 
between active channels: comprises stationary optical-fibre infrastructure plus all patched work 
area and patch cords), the insertion loss budget must be determined. 

The level measurement does not serve as a substitute for the OTDR measurement required 
in chapter 3.5. 

 

The level measurement must be taken in accordance with IEC 61280-4-1, method 1 for multi-
mode or in accordance with IEC 61280-4-2, method 1b for single-mode. 

 

Figure 10: Zero adjustment (schematic diagram) 

 

 

Figure 11: Level measurement test set-up (schematic diagram) 

 

Lengths between 3 m and 5 m are permitted for test and patch cables. These test and patch 
cables must feature reference-quality connectors since otherwise the measuring results would be 
distorted. 

 

Comment: 

Multimode fibres also require guaranteed modal excitation (encircled flux) by means of a 
mode controller pursuant to IEC 61280-4-1. 

 

The level measurement is to be carried out at the following wavelengths bidirectionally, followed by 
averaging:  

- Single-mode:  1,310 nm as well as 1,550 nm 

- Multi-mode:  850nm and 1,300nm 

 

The measuring results must be handed over in a well-structured layout on disk (CD or DVD) to the 
specialist department in charge and must comprise the following: 

- Designation of the channel 

- Length of channels 

- Indication of fibre type 

- max. CIL
1
 for the corresponding network application 

- Measurement data 

- Measuring results for measurement direction A --> B 

- Measuring results for measurement direction B -->A 

- Averaging from measurement directions A --> B and B -->A 

                                                      
1
 CIL = is the maximum channel insertion loss (or of the optical power budget, if applicable), as defined in the network 

application standard. 

LS PM

Lauch test cord 1 Lauch test cord 2

LS PM

Lauch test cord 1 Lauch test cord 2

Cabling under test
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The installation service provider must ensure that any measurement records created by him are 
stored correctly in the documentation system (COMMAND).  

 

Fibre-no. /  
Link-no. 

optical fibre 
network  

applications 
max. CIL 

(dB) 

CIL  
A -> B  
(dB) 

CIL  
B -> A  
(dB) 

Average  
A -> B; B -> A 

(dB) 

Server xxxx to 

VT 12345_fibre 1 
SM_OS2 

16G fibre 
channel 

6,40 1,50 1,30 1,40 

Server xxxx to 

VT 12345_fibre 2 
SM_OS2 

16G fibre 
channel 

6,40 1,30 1,80 1,55 

Server xxxx to 

VT 12345_fibre 3 
SM_OS2 

16G fibre 
channel 

6,40 2,20 1,80 2,00 

Server xxxx to 

VT 12345_fibre 4 
SM_OS2 

16G fibre 
channel 

6,40 1,90 1,50 1,70 

...... ...... ...... ...... ...... ...... ...... 

Table 4: Documentation of the results from a  level measurement by way of example 

 

 

Figure 12: Level measurement equipment by way of example 

 

 

COMMENTS: 

The maximum insertion loss values of the channel, depending on the network application, are 
listed in chapter 4. 

The detailed requirements pertaining to "Documentation for acceptance" are specified in 
"Annex E: Requirements installation".  
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4 Optical network applications 

4.1 Single-mode 

In accordance with DIN EN 50173-1:2011, the insertion loss or, as the case may be, the overall 
length of the channel for single-mode (OS2) must not exceed the following values, depending on 
the wavelength (excerpt): 

 

Network application 
Single-mode 

Maximum insertion loss of 
channel for OS2 

Class / maximum channel 
length for OS2 

ATM at 51.84 Mbps 10.0 dB (1,310 nm) OF-10000 / 20,000 m 

ATM at 155.52 Mbps 7.0 dB (1,310 nm) OF-10000 / 12,500 m 

ATM at 622.08 Mbps 7.0 dB (1,310 nm) OF-10000 / 12,500 m 

DIS 14165-111: fibre channel 
(FC-PH) at 266 Mbps 

6.0 dB (1,310 nm) OF-10000 / 10,000 m 

DIS 14165-111: fibre channel 
(FC-PH) at 531 Mbps 

14.0 dB (1,310 nm) OF-10000 / 30,000 m 

DIS 14165-111: fibre channel 
(FC-PH) at 1062 Mbps 

6.0 dB (1,310 nm) OF-10000 / 10,000 m 

1 Gbps FC (1.0625 GBd) 7.8 dB (1,310 nm) OF-10000 / 10,000 m 

2 Gbps FC (2.125 GBd) 7.8 dB (1,310 nm) OF-10000 / 10,000 m 

4 Gbps FC (4.25 GBd) 7.8 dB (1,310 nm) OF-10000 / 10,000 m 

8 Gbps FC (8.5 GBd) 6.4 dB (1,310 nm) OF-10000 / 10,000 m 

16 Gbps FC (14,025 GBd) 6.4 dB (1,310 nm) OF-10000 / 10,000 m 

ISO/IEC 802.3ae: 
1000Base-LX 

4.56 dB (1,310 nm) OF-5000 / 5,000 m 

ISO/IEC 9314-4:  
FDDI SMF-PMD 

10.0 dB (1,310 nm) OF-10000 / 20,000 m 

IEEE 802.3:  
10GBase-LX4 

6.2 dB (1,310 nm) OF-10000 / 10,000 m 

IEEE 802.3:  
10GBase-LR/LW 

6.2 dB (1,310 nm) OF-10000 / 10,000 m 

IEEE 802.3:  
10GBase-ER/EW 

10.9 dB (1,550 nm) OF-10000 / 22,250 m 

IEEE 802.3:  
40GBase-LR4 

6.7 dB (1,310 nm) OF-10000 / 10,000 m 

IEEE 802.3:  
100GBase-LR4 

8.3 dB (1,310 nm) OF-10000 / 10,000 m 

IEEE 802.3:  
100GBase-ER4 

18.0 dB (1,550 nm) OF-10000 / 40,000 m 

Table 5: Supported network applications for single-mode cabling  (OS2) 
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4.2 Multi-mode 

In accordance with DIN EN 50173-1, the insertion loss of the channel for multi-mode (OM3/OM4) 
must not exceed the following values, depending on the wavelength (excerpt): 

 

Network application 
Multi-mode 

Maximum insertion loss of  
channel for OM3/OM4 

Class / max. channel length 
for OM3/OM4 

DIS 14165-111: fibre channel 
(FC-PH) at 266 Mbps 

12.0 dB (850 nm) 
5.5 dB (1,300 nm) 

OF-2000 / 2,000 m 

DIS 14165-111: fibre channel 
(FC-PH) at 531 Mbps 

8.0 dB (850 nm) OF-500 / 1,000 m 

DIS 14165-111: fibre channel 
(FC-PH) at 1,062 Mbps 

4.0 dB (850 nm) OF-500 / 500 m 

1 Gbps FC (1.0625 GBd) 2.62 dB (850 nm) OF-500 / 500 m 

2 Gbps FC (2.125 GBd) 3.31 dB (850 nm) OF-300 / 300 m 

4 Gbps FC (4.25 GBd) 
2,28 dB (850 nm)1 

3,02 dB (850 nm)2 

OF-300 / 380 m 

OF-300 / 420 m 

8 Gbps FC (8.5 GBd) 
2,19 dB (850 nm)1 

2,22 dB (850 nm)2 

OF-100 / 150 m1 

OF-100 / 190 m2 

16 Gbps FC (14,025 GBd) 
1,95 dB (850 nm)1 

1,97 dB (850 nm)2 

OF-100 / 100 m 

OF-100 / 125 m 

100Base-FX 6.3 dB (1,300 nm) OF-2000 / 2,000 m 

1000Base-SX 3.56 dB (850 nm) OF-500 / 550 m 

1000Base-LX 2.35 dB (1,300 nm) OF-500 / 550 m 

10GBase-SR/SW 2.60 dB (850 nm) OF-300 / 300 m 

10GBase-LX4 2.0 dB (1,300 nm) OF-300 / 300 m 

40GBase-SR4 
1.9 dB (850 nm)

1
 

1.5 dB (850 nm)
2
 

OF-100 / 100 m 

OF-100 / 150 m 

100GBase-SR10 
1,9 dB (850 nm)1 

1,5 dB (850 nm)2 

OF-100 / 100 m 

OF-100 / 150 m 

Table 6: Supported network applications for fibre-optic multi-mode cabling 
(OM3/OM4) 

 

                                                      
1
 with OM3 

2
 with OM4 


