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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document contains general requirements and test methods for in-vehicle optical harnesses used for high
speed communication. Reliable and robust data communication at high data rates is becoming increasingly
crucial for the safe operation of automotive systems. Optical communication using graded index all-silica
multimode fibre offers superior bandwidth and immunity to electro-magnetic noise. Optical fibre cables
and connectors need equal processability, reliability and robustness against environmental influences to be
integrated into the vehicle’s wire harness. This document provides a set of test methods and requirements
to verify the suitability of optical fibre cables and connectors for in-vehicle harness integration. Optical
fibre cables can be used for different data transmission standards, such as Ethernet or other proprietary
protocols. This means that some performance related requirements have limits depending on the physical
layer they are intended for.

[SO 21111-4 is limited to the use of the 1000BASE-RH physical layer. Thus, the transmission@ate is 1 Gbit/s
and the coImunication distance is 15 m maximum with four in-line connections.

The optical harnesses defined in this document may cover any applications at high‘data rates| as well as
long distances, regardless of the physical layer (by OSI model). Therefore, this dociument is applicable for
articulated-bus for public transportation and/or large-trailer for logistics.
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Road vehicles — General requirements and test methods
of in-vehicle optical harnesses for up to 100 Gbit/s
communication
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ORP optical reference plane

PCB printed circuit board

PD photodiode

PMD physical media dependent

TIA trans impedance amplifier

VCSEL vertical cavity surface emitting laser

5 Opticatchanmet

5.1 General

The optical channel is composed of all optical elements that guide the optical signal-from the light source
of the optifal transmitter in a first ECU to the photodetector of the optical receiveriin a seconfl ECU. The
objective df the optical harness is to carry the optical signal between these EGUs"with minimum loss and
signal distprtion. The optical harness may consist of multiple segments of optieal fibre cable ag defined in
6.3. Each end of a cable segment is terminated by an optical cable plug as«efined in 7.3 or an optical cable
socket as defined in 7.4. To connect two cable segments, one cable end shallbe terminated with alcable plug.
The other ¢nd that mated with the opposing cable shall be terminated with a cable socket accorfdingly. The
mated combination of a cable plug and a cable socket is referred to 43 an in-line connection. See Fiigure 1.

NI S N
I Tl }«]_ }«]_ 7z ]_ ]_ 3

NV

Key
ECU-1 or other device-1

ECU-2 ¢r other device-2
optical|transmitter(light source)
optical|receiver(photodetector)
opticallheadeér-connector
optical|cable'plug

optical cable socket
optical fibre cable

O© 0 N O U1 o W N -

optical channel
Figure 1 — Optical channel connecting ECUs

In this document, the mating socket of the ECU (header connector) is only defined with regards to its
mechanical and optical mating interface to ensure its mating compatibility with the optical harness. Any
optical guiding structures within the ECU or active components of the PMD are beyond the scope of this
document.

© IS0 2024 - All rights reserved
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The optical header connector is defined in 7.2. It shall follow the mechanical interface definitions of a socket
connector to mate with an optical cable plug of a specified connector family. The optical path within the ECU
and thus inside a header connector is not part of this document. The optical channel consists of optical fibre
cables based on GI-MMF defined in Clause 6 and cable connectors defined in Clause 7 without any active
(optoelectronic) power consuming sub-component.

5.2 Optical harness

The optical harness consists of one or more segments of optical fibre cable with optical cable plugs and/
or optical cable sockets attached. The mated connection of two segments by a cable plug and a socket is
referred to as an in-line connection. See Figure 2. The dashed line in Figure 2 encloses the optical harness
and the housmg parts of the header connector that are deflned in this document The total attenuatlon of the
optical hannes 8 by-thetaye of41 orr§) mounted
on the vehiicle. It shall not exceed the sum of the system power budget and system margln ofthe optical
transceiver of the communication system. Optical harness design guidelines are provided ifn Anngx B.

The length and number of segments allowed depend on each communication system-specification (e.g.
ISO/IEC/IHEE 8802-3). Additionally, when constructing a multi-giga optical Ethernet as specified in
IEEE802.3¢7:2023, the modal noise penalty listed in Annex D shall be satisfied.

Key
header{connector housing
cable plug

cable spcket

opticalffibre cable

MRP
ORP
optical transmitter (light source)

optical receiver (photodetector)

O© 0 N O U1 s W N =

optical in-line connection

Juny
[}

optical harness

Figure 2 — Optical harness and relation between connectors
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5.3 Optical harness application examples

Since the route of the long optical harness may correspond to the vicinity of the ceiling or the exposed part
of the vehicle, various qualification tests shown in Clauses 6 to 9 of this document shall be required.

The optical harness is applicable to the engine compartment harness (see Figure 3), the roof harness (see
Figure 4) and the exposure harness (see Figure 5). These harnesses should conform to individually specified
temperature ranges.

Key
1  enginejcompartment harness
2 in-line ponnection

3  backbone ECU

Figure 3 — Optical harness application example for the passenger car

1 2

p— \ ( h — ( DI e—

Key

1  roofhafness

2 in-line ponnection
3 backbone ECU

Figure 4 — Optical harness application example for the articulated bus

© IS0 2024 - All rights reserved
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2 1

Key

1 exposure trarmess
2 in-line ponnection
3  backbone ECU

Figure 5 — Optical harness application example for the trailer

6 Optidal fibre and optical fibre cable

6.1 General

Optical fibfes with appropriate bandwidth characteristics at thexwavelength of the selected PMID shall be
implemented as the optical harnesses according to this document and used for communication with the
specified data rates. IEC 60793-2-10 defines different subcategories of GI-MMF. Cables used in an automotive
harness sHall protect the optical fibre from environmental loads during shipment, storage, processing,
installation into the vehicle and during a vehicle’s opépation. As a wire harness is typically de¢ply woven
through a Vehicle’s body, it needs to last the entire lifetime of a vehicle. In many in-vehicle appligations, the
optical fibre cable shares the same installation space or even the same harness as other generdl wires for
electrical flunctions. Thus, the optical fibre cable should to be able to withstand the same environmental
loads such| as temperature, humidity, chemicals, shock, vibration, bending, abrasion and pull|and sheer
forces as electrical cables intended for the same installation space.

6.2 Optical fibre

6.2.1 GI{MMF

IEC 6079312-10 defines-the dimensional requirements of optical fibre types with their core and cladding
properties| See Figure-6. Optical fibres of subcategory A1-OM3 and A1-OM4 are defined for link[length and
signal banglwidth stiitable to the requirements of the applications this document is targeting.

All optical cables’specified in this document shall conform to subcategories A1-OM3 or A1-OM4 gs specified
in IEC 60793-2-10 and have an operating temperature range of up to +125 °C.

6.2.2 Buffered optical fibre structure

GI-MMF 50 pm is commercially available to cable manufacturers as a pre-product. For processability reasons,
the all-silica fibre is protected by a primary coating applied during the fibre manufacturing process. Typical
primary coatings have an outer diameter of 250 um. Other coating diameters and/or additional coating
layers may be applied depending on the application and cable requirements. Figure 6 shows an example of a
typical GI-MMF buffered optical fibre structure.

© IS0 2024 - All rights reserved
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1 2
/ 3
T /
6 " s

- 4
Key
1  primary coating
2 cladding
3 core
4  nomingl core diameter (50 um)
5 nomingl cladding diameter (125 pm)
6  nomingl primary coating diameter (250 pm)

Figure 6 — Typical structure of a buffered optical fibre (GI-MMF>50 pm)

6.2.3 Rejquirements of optical fibre
Table 1 shgws the optical fibre requirements covered in this documentand the references that define their
test methofs. The structural requirements of the optical fibre itself as'well as the propagation characteristics
are specifiged for ultra-high-speed optical communication.
Table 1 — Requirements efioptical fibre
No. Requirement Referernce
. . IEC 607931-20
1 Cladding diameter IEC 6079312-10
: [EC 60793}1-20
2 Coredidmeter IEC 6079312-10
. . . [EC 60793}1-20
3 Cladding non-circularity IEC 60793L2-10
4 Core non-circularit IEC 60793120
y IEC 6079312-10
5 Primary coating diameter IEC 60793-1-21
y & IEC 60793}2-10
6 Primary coating non-circularit IEC 60793-1-21
y & Y IEC 6079312-10
. . IEC 60793}1-40
7 Attenuation coefficient IEC 60793L2-10
- HE-60793-1-41
8 Modal bandwidth IEC 60793-2-10
9 Numerical aperture IEC 60793-1-43
P IEC 60793-2-10
L . [EC 60793-1-42
10 Chromatic dispersion IEC 60793-2-10
. L [EC 60793-1-46
11 Change of optical transmission IEC 60793-2-10
. . [EC 60793-1-49
12 Differential mode delay IEC 60793-2-10

© IS0 2024 - All rights reserved
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6.3 Optical fibre cable

6.3.1 Cable structure

The optical fibre cable shall have the optical performance specified in 6.3.2. It shall also be subjected to
the equivalent mechanical and environmental tests on automotive electrical wires and cables specified in
[SO 19642-2. Therefore, tough and flame-resistant jacketing materials shall be used.

An example of the optical fibre cable is shown in Figure 7. Strength members may be built into the cable
structure to ensure the specified tensile strength.

1 3
/ 2 /
] R A Y W

WV
Key (OQ)'\
1  opticalffibre or buffered optical fibre W
2 strength members Oq/
3  jacket \c,)
X

o)
Figure 7 — Optical fibre cable strlé(lre

N
6.3.2 Rejquirements and test methods for optical fibre cab@

Table 2 shows the references that contain requirements aﬁﬁgt)est methods that the optical fibre|cable shall
also conform to in addition to the requirements and test methods defined in each subclause in this{document.
When the fequirements specified in the subclause i&’\@[is document deviate from the specificatfions in the
reference document, the requirements in the subg\]@mes in this document prevail.

Table 2 — Requireme?.t%ﬁ\lj\:d test methods for optical fibre cable
)

Subclaus¢ .
in this @(equirement Referernce
documeng FQ
6.3.3 (- Cableattenuation IEC 60793{1-40
6.3.4 ﬁ\%\i's’gh storage temperature exposure ISO 19642-1
6.3.5 <\‘O‘ Low storage temperature exposure ISO 19642-1
A4
. ISO 19642-1
6.3.6 ‘Ov Operation temperature range IEC 607941122
6.3.7 ?@I\i'nimum attenuation. increase by the re.sidual pending stress IEC 60793-1-47
,A (temporarily allowable bending radius)
6.3.8 P Maximum hpnding attenuation IEC 607931-1-47
6.39 Tensile strength ISO 19642-2
IEC 60794-1-21
6.3.10 Crush toughness IEC 60793-1-46
. IEC 60794-1-21
6.3.11 Impact resistance IEC 60793-1-46
6.3.12 Static torsion toughness IEC 60793-1-46
ISO 19642-2
6.3.13 Resistance to flame propagation

[SO 21111-4

© IS0 2024 - All rights reserved
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6.3.3 Cable attenuation

6.3.3.1 Purpose

The buffered optical fibre with 50 pm GI core is a key parameter for determining the maximum link length
of the optical channel. Optical fibre cable attenuation is a measure of the decrease in optical power of a fibre
at a particular wavelength. Cable attenuation depends on the measurement conditions and the configuration
and length of the optical fibre cable. Cable attenuation should therefore be properly allocated to the link
power budget of the optical communication system that is shown in Annex A.

6.3.3.2 Test setup

11T D ARY T

An optical
otherwise
the DUT is
to the stab
attenuatiol
Key

1  stabilig
2 launch
3 DUT

4  optical
5 thecut
6  initiall
C; measul

Lablc Uf 51 IIx ;D }Jl UPCll Cd do thc DU 1. LlUth f;blc Ulldb Uf thC JJU I ohal} bC \,ut Glld

prepared (according to the test equipment specifications for testing, e.g. for splicing):
connected to the optical power meter set at a designated wavelength. The other ehd’is
ilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. SeelFigur

olished or
One end of
connected
e 8 for the

I measurement system.

1 3

/ / /

ed light source as defined in8.5.1
optics as defined in 85321

power meter as'défined in 8.5.2.1

ling length ofthe DUT (50 m + 0,5 m)
ength of the’DUT (51 m + 0,5 m)
ement’point of the fibre end of initial DUT

C, measul

enient point of the fibre end of short DUT that is cut 50m from optical output end

Figure 8 — Cable attenuation measurement system

6.3.3.3 Test method

The optical power at C; is measured as the initial value before fibre cutting. The launching condition shall be
retained while the fibre is cut at C, and the fibre cross-section is polished. After that, optical power at C, is

measured.
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The attenuation of the optical fibre cable between the two cross sections C; and C, on the DUT is calculated

using Formula (1).

e8]

A=-101 il
= — (0] _
810 P,

where

A s the attenuation at the designated wavelength, expressed in dB;

P, is the AOP at cross-section C;, at the designated wavelength;

P, isthe AQP at cross-section C,, at the designated wavelength
Measuring|the attenuation of a long optical fibre cable (e.g. on a cable drum) should be performed
to IEC 60793-1-40.
6.3.3.4 Requirement
The cable pttenuation of 50 m, 4, shall be maximum 0,2 dB or less. The cable dttenuation co
maximum @,0 dB/km at the designated wavelength.
6.3.4 High storage temperature exposure
6.3.4.1 Rurpose
Optical hafnesses are required to provide stable performanee ‘under the vehicle environment.
performanie of the optical fibre cable should be maintained\after being held at T, ., for a long tim
6.3.4.2 Testsetup
A cable sample of 60 m shall be prepared as deseribed in IEC 60794-1-22:2017, Method F1. Th
the DUT sHall be 50 m. The DUT shall be lightly,bundled and placed in the programmable oven d
8.5.2.3. The remaining fibre (5 m in each) of both ends of the DUT shall be routed outside the prog
oven defined in 8.5.2.3. See Figure 9.
Both fibre gnds of the DUT shall be.cut/and polished or otherwise prepared (according to the test
specificatipns for testing, e.g. for splicing). One end of the DUT is connected to the stabilized |
defined in B.5.1 via the launch-optics defined in 8.5.2.1. The other end of the DUT is connected to
power meter set at the desighated wavelength.
The supplier and the vehicle manufacturer shall agree on the test temperature condition. Unless
provided, the designated temperature, T, ,,, shall conform to Class C as defined in ISO 19642-1:20

| according

efficient is

The initial
e.

e length of
escribed in
rrammable

equipment
ght source
the optical

otherwise
23, Table 1.
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stabiliZ
launch
progral
optical
DUT
length

N O U W

service

6.3.4.3 1

Before the
programm|
out of the g
3.2.2. The |

The attenu
Alncrea

where

Alncrea
PInitial

P After

ed light source as defined in 8.5.1
optics as defined in 8.5.2.1

mmable oven as defined in 8.5.2.2
power meter as defined in 8.5.2.1

bf the DUT (50 m + 0,5 m)
hole of programmable oven

Figure 9 — Optical fibre cable test setup for aging

[est method

programmable oven is operated, the AOP attlie end of the DUT is measured as the initia
able oven is operated with the setting teniperature of T, and held for 3 000 h. The D
rogrammable oven after being held for<24 h at room temperature as defined in ISO 196
\OP at the end of the DUT is measuredafter high temperature exposure test as the aft

ption increase of the DUT after the‘high temperature exposure testis calculated using F

|

is the attenuation increase of the DUT after high temperature stress;

P, After

Initial

o= 10108y

e

is thie/AOP at the end of the DUT before the test;

is the AOP at the end of the DUT after the test.

value. The

UT is taken
42-1:2023,
br value.

brmula (2).

(2)

6.3.4.4 Requirement

The attenuation increase of the DUT (A, ease) Shall be 1,0 dB or less after the high temperature exposure test.

6.3.5 Low storage temperature exposure

6.3.5.1 Purpose

Optical harnesses are required to provide stable performance under the vehicle environment. The initial

performan

ce of the optical cable shall be maintained after being held at for a long tim

Tmin

e. The low

temperature exposure test is not an aging test, but it shows the cable behaviour when cable materials

contract di

fferently.
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6.3.5.2 Test setup

The DUT and the check system are prepared in the same manner as 6.3.4.2. The supplier and the vehicle
manufacturer shall agree on the test temperature condition. Unless otherwise provided, the designated
temperature, T, ;,, shall conform to Class C as defined in ISO 19642-1:2023, Table 1.

6.3.5.3 Test method

Before the programmable oven is operated, the AOP at the end of the DUT is measured as the initial
value. The programmable oven is operated with the setting temperature of T,,;, and held for 96 h. The
DUT is taken out of the programmable oven after being held for 24 h at room temperature as defined in
[SO 19642-1:2023, 3.2.2. The AOP at the end of the DUT is measured after the low temperature exposure test

as the aftervalue
The attenuption increase of the DUT after the low temperature exposure test is calculated using’Fprmula (3).
Pag
Apncreape =— 1010819 [i] (3)
Initial

where

Apncreate 1S the attenuation increase of the DUT with low temperature stress;

Pnitial is the AOP at the end of the DUT before the test;

Pptter is the AOP at the end of the DUT after the test.
6.3.5.4 Requirement
The attenuption increase of the DUT (A}, ease) Shall be LO*dB or less after the low temperature exgosure test.
6.3.6 Operation temperature exposure
6.3.6.1 Rurpose
The cable yised in the optical harnesses:shall perform in a stable manner during operation and|within the
operating [temperature range. The‘\temperature cycling test determines the optical cable pg¢rformance
during and after the test as the temperature range confirmation test.
6.3.6.2 Test setup
A cable sample of 60 m‘shall be prepared as described in IEC 60794-1-22, Method F1. The length|of the DUT
shall be 50 m. The PUT shall be lightly bundled and placed in the programmable oven described in 8.5.2.3.
The remaining fibre*(5 m in each) of both ends of the DUT shall be routed outside the programinable oven
defined in B.5.2.9"See Figure 10.
Both fibrelends—shall be cut and polished or otherwise prepared {according tothe testlequipment

specifications for testing, e.g. for splicing). One end of the DUT is connected to the stabilized light source
defined in 8.5.1 via the launch optics defined in 8.5.2.1. The other end of the DUT is connected to the optical

power met

er set at the designated wavelength.
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stabiliZ
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progral
optical
DUT
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service

6.3.6.3 1

The tempe

the following parameters: soak time of 1 h; temperature ramp of 60 °C/h; for 12 cycles. The s

the vehicle
designated
AOP from ¢
test, the A
change ref

The value
test is intr
amount du

Alncrea

where

ed light source as defined in 8.5.1
optics as defined in 8.5.2.1

mmable oven as defined in 8.5.2.2
power meter as defined in 8.5.2.1

bf the DUT (50 m + 0,5 m)
hole of programmable oven

Figure 10 — Optical fibre cable test setup for temperature cycling

[est method

rature cycling test shall be performed as @escribed in IEC 60794-1-22:2017, Metho

manufacturer shall agree on the test.temperature condition. Unless otherwise pr
temperatures (T,,,,/Tyin) should cefiform to Class C as defined in ISO 19642-1:2023, 7
he DUT is measured as the initial yalue before the temperature cycling test. During ar
P change shall be monitored according to IEC 60793-1-46 at intervals of 10 min or les
brs to the + deviation from thevinitial value.

pf the minimum optical \power measured during the test or the optical power measurg
bduced in Formula (4)) They are compared with the values defined in 6.3.6.4 as the §
ring or after the test.

PMinimum or PAfter

e

101lo
\'e ( Plnitial

d F1, with
ipplier and
bvided, the
able 1. The
d after the
s. The AOP

d after the
ttenuation

(4)

h

a amnaratiirn cteraccs
T

ict
T C

Alncrea

Plnitial

A Minimum

P, After

[

is the AOP at the end of the DUT before the test;
is the minimum AOP at the end of the DUT during the test;

is the AOP at the end of the DUT after the test.

6.3.6.4 Requirement

The attenu

ation change, A, . easer Shall be 1,0 dB or less during and after the test.
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6.3.7 Minimum attenuation increase by the residual bending stress

6.3.7.1 Purpose

When an optical fibre cable is bent in a small radius, the optical performance can permanently degrade and/
or the cable can kink permanently. Optical wire harnesses are often randomly bent during transportation
or assembly into a vehicle body. A minimum allowable bending radius is defined to determine the residual
bending attenuation and to avoid a permanent kink or other deformation due to excessive cable bending.

6.3.7.2 Test setup

A 5 m optical fibre cable is prepared as the DUT. Both fibre ends of the DUT shall be cut and polished or

otherwise

is connect

other end

launch opt

described

shall be op
DUT are cqg

6.3.7.3

The AOP at
placed intg

After 24 h

measured

§

Is connected to the optical power meter set at the designated wavelength. The distan

erated at room temperature as defined in ISO 19642-1:2023, 3.2.2. Thejtest equipm
nnected on the laboratory table.

‘est method

the DUT should be released carefully from the bentystress. The AOP at the end of
hfter 10 min from the bending operation as the measurement value after the test.

s = o il 4+ 4 3 4+ 163 A3 £, 4 A3 £, Lias
lJl C}Jal U l_aLLUl ulus LU LIIT LTOU C\iulylllcllt aycuuu.,auuuo TUT LCDLIIIS, C.S. 1UT D}JllblllE

bd to the stabilized light source defined in 8.5.1 via the launch optics defined in>§

cs to the bent portion is defined as 21 m. Use a quarter circle guide groove in the’bengd
n [EC 60793-1-47, which has a groove with the same width as the diametef)ef'the DU

the end of the DUT before bending is measured as the initial value. The DUT should b
the guide of the bending jig that has a 10 mm-radius groove’and held for 24 h. See Figlire 11.

). One end
.5.2.1. The
e from the
ling test jig
I. This test
nt and the

q

q

e carefully

the DUT is
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Key
1  stabiliged light source defined in 8.5.1 6  bentradius;"\L0 mm, angle: 90°
2 launchoptics defined in 8.5.2.1 7  groove width: DUT outer diameter + 0,1 mK
3  bending test jig 8  groovedepth: DUT outer diameter + 0,1 min or larger
4  distande between launch optics and bent portion: 21 m9  ¢rfoss section of the DUT
5 DUT 105 optical power meter defined in 8.5.2.1

Figure 11 — Minimum residudlbending stress measurement setup

The attenujation increase of the DUT after the bending operation is calculated using Formula (5).

Pt
Alncreafe =—1010gy P—er (5)
Initial
where
Alpncredse 1S the attenniation increase of the DUT with bending stress;

Pinitial is theyAOP at the end of the DUT before the test;

Phtier 1s'the AOP at the end of the DUT after the test.

6.3.7.4 Requirement

The attenuation increase of the DUT (4;,,..case) after the bending operation shall not exceed 0,2 dB.
6.3.8 Maximum bending attenuation

6.3.8.1 Purpose

Bending the optical fibre cable can result in increased optical signal attenuation. Some modes are changed
into higher order modes and may exceed the propagation condition of the graded index core due to the
fibre being bent. The respective modes thus enter the leakage mode and result in additional attenuation of
the optical signal. Depending on their position in the vehicle body after assembly, optical fibre cables in a

© IS0 2024 - All rights reserved
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harness are bent in the same manner as any other electric wire cables. To be able to calculate the expected
attenuation of an installed optical harness, the maximum bending attenuation increase is defined.

6.3.8.2 Test setup

A 5 m optical fibre cable is prepared as the DUT. Both fibre ends of the DUT shall be cut and polished or
otherwise prepared (according to the test equipment specifications for testing, e.g. for splicing). One end is
connected to the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. The other
end is connected to the optical power meter set at the designated wavelength. The distance from the launch
optics to the bent portion is defined as 21. Use a quarter circle guide groove in the bending test jig described
in IEC 60793-1-47, which has a groove with the same width as the diameter of the DUT. This test shall be

operated at room temperature as defined in ISO 19642-1:2023, 3.2.2. The test equipment and DUT are
connected pa-thelaboraterytable

ToroTeT

6.3.8.3 Test method

The AOP at the end of the DUT before bending is measured as the initial value. The DUJ, should He carefully
placed intd the guide of the bending jig that has a 15 mm-radius groove. The AOP atithe end of the DUT with
bending ofjeration is measured as the measurement value with bending stress. Se'e|Figure 12.

1
/

6
10
/
-

Key
1  stabilized light source defined in 8.5.1 6  bentradius: 15 mm, angle: 90°
2 launchopties,defined in 8.5.2.1 7  groove width: DUT outer diameter + 0,1 m
3 bending testjig 8  groove depth: DUT outer diameter + 0,1 m]1n“ or larger
4  distance between launch optics and bent portion: 21 m9  cross section of the DUT
5 DUT 10 optical power meter defined in 8.5.2.1

Figure 12 — Maximum bending attenuation measurement setup
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The maximum bending attenuation of the DUT with bending operation is calculated using Formula (6).

ABending =-10 loglO [

where

ABending

PInitial
A Bent

6.3.8.4 H

The attenu|
6.3.9 Te

6.3.9.1 H

Optical fibg
tensile strd
wire used

optical channels implemented in the cable due to its optical fibre cable construction.

6.3.9.2 1

A 5 m optical fibre cable is prepared as the DUT. Both fibre ends of the DUT shall be cut and }

otherwise
strength te
a speed of
wire clamy
strength tg
the cable d
in ISO 1964

One end of
8.5.2.1. Th

See Figure

The upper
part of the
slack betw

PBent

|

is the attenuation increase of the DUT with bending stress;

Initial

is the AOP at the end of the DUT before the test;

(6)

is the AOP at the end of the DUT while bent.

fequirement

ation increase of the DUT (Agepging) While bent shall not exceed 0,2 dB.
hsile strength

urpose

e cables used for the vehicle are routed in the same way asthe typical wire harness. Th{
ngth requirement of the optical fibre cable is the same [ével as the requirement for a
for the vehicle. The tensile strength of an optical fibre cable is independent of the

[est setup

prepared (according to the test equipment specifications for testing, e.g. for splicing
ster shall be strong enough to hold and measure the specified load (see 8.5.2.4) and sh
b0 mm/min for the movable stage;One side of the DUT is wound around the mandrel g
. The other side of the DUT is wound around the mandrel of the upper wire clamp of|
ster defined in 8.5.2.3. Théimandrels in the clamps shall have a minimum diameter
jameter, but not less than 60 mm. An example of the test apparatus for breaking force i
}2-2:2023, 5.4.3.

the DUT is conneeted to the stabilized light source defined in 8.5.1 via the launch optic;
e other end of the-DUT is connected to the optical power meter set at the designated W
13.

and lower wire clamps in the tensile strength tester are set so that the length of t
DUT between both clamps becomes longer than 100 mm and shorter than 200 mnj
een ‘the upper and lower wire clamps is eliminated. The upper clamp moves to el

erefore, the
h electrical
number of

bolished or
). A tensile
all provide
f the lower
the tensile
bf 25 times
b described

defined in
ravelength.

he straight
. Any DUT
ongate the

defined in

straight pa
[SO 19642-

rt=0f the DUT See Fioure 13 This test shall be operated at room temperature as
—— I r

1:2023, 3.2.2.
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DUT (s

distand
100 my

Ul s W N

6.3.9.3 1

The AOP a
pulled at a
Then, the ]
the loading
calculated

Alncrea
where

Alncrea

6
vire clamp: mandrel diameter is 60 mm or larger7

strength tester as defined in 8.5.2.3 stabilized light source-as-defined in 8.5.1
launch optics as defined in 8.5.2.1
vire clamp: mandrel diameter is 60 mm or larger8

9

optical power meter as defined in 8.5.2.1
mplex or duplex cable) load cell

e between clamps (testing area of the DUT):
h to 200 mm

Figure 13 — Tensile stressumeasurement setup

‘est method

L the end of the DUT before the loading operation is measured as the initial value. ]
pulling speed of 50 mm/min. Once the load reaches 120 N, this state shall be kept
bad shall be removed from the DUT. The AOP at the end of the DUT is measured after

using Formula (7).

P After

Initial

o=~ 10leg

|

e  isthe attenuation increase of the DUT after loading operation;

PInitial

[he DUT is
for 1 min.
I min from

I operation as the after value. The attenuation increase of the DUT after the loading gperation is

(7)

is the AOP at the end of the DUT before the test;

P, After

is the AOP at the end of the DUT after the test.

6.3.9.4 Requirement

The attenu

ation increase of the DUT (A}, ease) after the loading operation shall be 0,2 dB or less.
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6.3.10 Crush toughness

6.3.10.1 Purpose

The optical fibre cable used in the vehicle may be subjected to side pressure during cable routing and/or
under assembled situation. Therefore, the cable performance after crush load shall be determined.

6.3.10.2 Test setup

A 5 m optical fibre cable is prepared as the DUT. Both fibre ends of the DUT shall be cut and polished or
otherwise prepared (according to the test equipment specifications for testing, e.g. for splicing). One end is
connected to the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. The other

the launch

end is con
optics to th

Metallic pr
edges. Key
pressurize
metallic b3
stabilized s

rad o+l 43 ] 4+ ot ]l 2| 5 rad 1 £l Tl diat £
CLLUU LU UIIT UlJLlLCll PUVVUI ITICLUT STL dU LT UUDISIIGLUU VVGVCICIISLII. I1IIC UIlostadlit T 11T UII]

e crush portion shall be at least 1 m.

essurizer jig shall weigh 105 kg + 1 % and shall be a square of 100 mm +* 5 % Size wi
item 3 in Figure 14 is simplified as the “metallic pressurizer jig”. The surfaces of t
[ jig and the metallic base stage in contact with the DUT shall be flat, The DUT is
se stage. See Figure 14. The apparatus for measuring the change in opticdl transmitta
ource is described in IEC 60793-1-46, method A.

1

/

3

/

th rounded
he metallic
put on the
nce using a

N

<

Key
stabiliZ
launch
metalli
metalli
DUT

optical

N O U1 W N

distand

52
!

ed light source as defined in 8.5.1
optics as defined in 8.5.2.1
C pressurizer jig

C base stage that is larger than the metallic pressurizer jig

power meter as{defined in 8.5.2.1
e between lauhch optics and crush test portion: 21 m

Figure 14 — Crush toughness measurement setup

6.3.10.3 Test method

The AOP at the end of the DUT is measured as the initial value before the crush operation. The DUT is
pressed from the upper side by the metallic pressurizer jig. See Figure 14. The DUT is crushed for 3 min by
the metallic pressurizer jig. The AOP at the end of the DUT is measured 1 min after release from the crush
operation as the measurement value after the test. The test method shall follow the specification defined in

IEC 60794-

1-21.
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ation increase of the DUT after the crush operation is calculated using Formula (8).

Paf
Appcrease =—1010g1qg [i ] (8)
Initial
where
Apncrease 1S the residual attenuation increase of the DUT due to crush stress;
Bitial is the AOP at the end of the DUT before the test;
Pafter is the AOP at the end of the DUT after the test.
6.3.10.4 Requirement
The residupl attenuation increase of the DUT (4}, ease) after the crush operation shall be 0,2°dB ¢r less.

6.3.11 Impactresistance

6.3.11.1 H

The optica
cable perfqg

6.3.11.2 ]

A 5 m optical fibre cable is prepared as the DUT. Both fibreZends of the DUT shall be cut and |

otherwise
connected
end is coni
optics to th

The impac
in weight.
metallic b4
stabilized i

urpose

| fibre cable used in the vehicle may be subjected to impact during cable routing. Thg
rmance after impact shall be determined.

[est setup

prepared (according to the test equipment specifications for testing, e.g. for splicing).
to the stabilized light source defined in 8.5.1\via the launch optics defined in 8.5.2.1
ected to the optical power meter set at the'designated wavelength. The distance from|
e crush portion shall be at least 1 m.

[ jig shall be a metallic cylinder with a diameter of 30 mm * 5 % with round edge and
Key item 3 in Figure 15 is simplified as the “impact jig”. The central part of the DUT ig
se stage. See Figure 15. The apparatus for measuring the change in optical transmitta
ource is described in IEC 60793-1-46, method A.

refore, the

bolished or
One end is
The other
the launch

1kg+1%
put on the
nce using a
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Key
1  stabiliged light source as defined in 8.5.1
2 launchfoptics as defined in 8.5.2.1
3  impactfjig
4 metallif base stage; that is larger than the impact jig
5 DUT
6  optical[power meter as defined in 8.5.2.1
7  distange between launch optics and impact portion: 21 m
8  height pf fall: 50 mm
9  fall guigle: inner diameter is from 32 mm to 33 mm
Figure 15 — Impact resistance measurement setup
6.3.11.3 Test method
The AOP at the end of the DUT is measured as the initial value before the impact jig is dropped. The impact
jig is naturfally dropped from a heightef50 mm onto the DUT. After the test, the impact jig is removed. The
AOP at thelend of the DUT is measured after the impact jig drop as the measuring value after tHe test. The
test methof shall follow the specifieation defined in IEC 60794-1-21.
The attenujation increase ofthe/DUT after the edge impact operation is calculated using Formula [9).
Patt
Apncreape =— 1010849 = 9
Initial
where
Alncrease istheattentrationinereaseof the BPUTaftet cdsc iulpa\,t stress;
Bitial is the AOP at the end of the DUT before the test;
Phfter is the AOP at the end of the DUT after the test.

6.3.11.4 Requirement

The attenu

ation increase of the DUT (A}, easc) after the impact operation shall be 0,2 dB or less.
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6.3.12 Static torsion toughness

6.3.12.1 Purpose

The optical fibre cable used in the vehicle may be subjected to torsion during cable routing and/or under the
assembled situation. Therefore, the cable performance during and after torsion shall be determined.

6.3.12.2 Test setup

A 5 m optical fibre cable is prepared as the DUT. Both fibre ends of the DUT shall be cut and polished or
otherwise prepared (according to the test equipment specifications for testing, e.g. for splicing). One end is
connected to the stablllzed hght source deflned in 8 5 1 Vla the launch optlcs defmed in 8 5. 2 1 The other
end is conreete ; : : : : cefr

optics to the twist portion shall be at least 1 m. The DUT is set on the tw1st1ng system and grip

lower tors
above the fi
using a sta

Key
stabiliZ
launch

on clamp that is fixed on the stage. The DUT shall be fixed by the rotation stage cla
ixed stage clamp. See Figure 16. The apparatus for measuring the change in optical tra
bilized source is described in IEC 60793-1-46, method A.

6

i /

ed light'source defined in 8.5.1
optics defined in 8.5.2.1

lower tor

a the launch
ped by the
mp 50 mm
hsmittance

DUT

optical
distanc
distanc

O© 0 N O U1 » W N =

rSion-clamp
.......... P

upper torsion clamp

power meter defined in 8.5.2.1
e between launch optics and twist portion: 21 m
e between clamps: 50 mm * 2,5 mm

clockwise torsion angle: 180° + 9°

10 counter clockwise torsion angle: 360° + 18°

Figure 16 — Example of a torsion toughness measurement setup
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6.3.12.3 Test method

The AOP at the end of the DUT is measured as the initial value before applying the torsion stress to the DUT.
The upper torsion clamp is rotated 180° clockwise from the initial position to apply torsion stress to the
50 mm section of the DUT.

The AOP at the end of the DUT is monitored and recorded while torsion stress is applied for 3 min. Then, the
upper torsion clamp is rotated 360° counter clockwise from the previous position to apply torsion stress to
the 50 mm section of the DUT. The AOP at the end of the DUT is monitored and recorded while torsion stress
is applied for 3 min. The minimum optical power (Py;,imum) IR @ series operation (clockwise and counter
clockwise operation) is recorded. See Figure 16.

The upper torsion clamp is set at the initial position, and the DUT is released from the torsion stress. 1 min
after the tpr3ion STress 1S Teleased, the AOP at the end of the DUT 1S measured as after the torsion stress
test. The value of the minimum optical power measured during the test or the optical power meagured after
the test is Introduced in Formula (10). These values are compared with the values definedin)6.3{12.4 as the
attenuation amount during or after the test.

is the attenuation increase of the DUT with torsion stress;

PMinimum or PAfter

(10)

Alncrea

=-10 10g10
¢ Plnitial

where

Alncrea

Bnitial is the AOP at the end of the DUT before the test;

Bvinimym 1S the minimum AOP at the end of the DUT durting the test;

Patter is the AOP at the end of the DUT after thettest.

6.3.12.4 Requirement

The attenu
6.3.13 Re

6.3.13.1 H

The optica
Therefore,
electrical
5.5.15 are

referred td.

6.3.13.2

ation increase of the DUT (4}, rease)@uring and after the torsion stress test shall be 0,2
sistance to flame propagatien

urpose

fibre cable used in'the vehicle is routed and assembled in the same way as the typical wi
the flame resistafice requirement of the optical fibre cable is equivalent to the requirel
Vire used foryehicle cable harness. However, if the test conditions specified in ISO 196
used, the gptical fibre cable may melt, so the test conditions specified in 1SO 21111

[est setup

dB or less.

Ire harness.

ment for an
42-2:2023,
-4 shall be

A 600 mm * 5 mm optical fibre cable is prepared as the DUT. To prevent self-extinction by fusion, the test
piece of the DUT shall maintain a straight shape. If the optical fibre cable itself is not able to stay straight, to
maintain the shape of the DUT, the optical fibre cable is stabilized by wrapping a pair of copper wires around
the DUT as defined in Figure 17. This support jig is not mandatory.

The DUT is suspended inside the metallic enclosure in a draught-free chamber and fixed at 45° with respect
to the vertical direction at the room temperature defined in ISO 19642-1:2023, 3.2.2.
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1
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-]

2

1  copper wire diameter for mesh supporter: 0,7 mm - 0,8 mm, optional

2 pitch of the copper mesh to support the shape of the DUT: 20 mm, optional
3  DUT:length of 600 mm = 5 %

6.3.13.3 T

The inner

and kept 90° against the longitudinal direction of the DUT. The setting of the-Bunsen burner is

[SO 19642

Figure 17 — DUT for resistance to flame propagation test

est method

lame exhausted from the burner shall be placed 100 mm away from-th€ bottom end

2:2023, 5.5.15. The DUT is burned for 15 s. After the burner is rémoved, the flame

status shalll be visually observed for 30 s. See Figure 18.

of the DUT
defined in
extinction
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1 tiltang|e of the cable: 45°

2 tilt angle of the supported Bunsen burner: 45°
3 burning point from DUT end: 100 mm

4  DUT lepgth: 600 + 5 mm

Figure 18 — Flame propagation test setup

6.3.13.4 Requirement

The flame at the DUT shall sélf-extinguish within 30 s after the flame of the burner is removed from the DUT.

7 Optidal connector

7.1 General

The optical connector maintains optical alignment performance under an automotive environment.
Clause 7 describes the definitions of the optical connector that contains a cable plug, cable socket and a
header connector except the photoelectric conversion elements with a related optical lens system.

There are three types of optical connector housings used in optical harnesses: optical header connector
housings, optical cable plug housings and optical cable socket housings. If each product is supplied from
a different moulding manufacturer, the environmental test conditions are the same but are specified
individually.
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cal header connector

7.2.1 General

The optical header connector contains optical and mechanical interfaces and is designed to be mated with
the optical cable plug for connecting the enclosure of an ECU or a sensor with the optical harness. Active
components of LD with driver or PD with TIA are beyond the scope in this document. By way of exception,
in the environmental tests, the test is performed using the optical header connector with active components
(LD and the driver circuit, PD and the TIA) to confirm the mechanical stability of the ORP/MRP under the
automotive environmental condition. In this case, the active components work as a part of the test system,
but not a part of the DUT.

7.2.2 Di

The heade
The MRP i
header cor
coupling p

optical coupling system.

NOTE ]

7.2.3 Mgd

To prevent
are mated

mension criteria

- connector mating interface should conform to the dimensions and tolerances defin
5 used to define the position of the mechanical reference when a cable plugis/matg

erformance. The detail C and D in C.1.1 specify the position of the centrelof-the opticall

'he optical connectors defined after C.1.1 are classified in the following-otder: C.2.1, C.3.1...

chanical coding

potential wrong connections when connectors are matéd at the vehicle assembly or
after maintenance work, mechanical coding features.are designed into the interface.

ed in C.1.1.
d with the

nector. The ORP is used to define the position of an optical reference fo¥the efficient optical

axis of the

when they
['he optical

header connector should have one of the coding features defined in C.1.2. The cable socket should follow the
mechanical coding feature defined in C.1.2. The cable plug should follow the mirror coding of the mechanical
coding featlure defined in C.1.2.

Four types| of mechanical coding (A, B, C, D) are defined in C.1.2 for optical header connectors. The “A” type
is the master key code.

NOTE The optical connectors defined after-G.4:2 are classified in the following order: C.2.2, C.3.2...

7.2.4 Rejquirements of optical header connector

Table 3 shows the references that the optical header connector housing shall conform to. Agditionally,
the opticall header connector housing shall meet the requirements and the test methods speciffed in each

subclause
the specifi

fthis document, When the requirements specified in the subclause in this document dg
cations in the reférence document, the requirements in the subclause in this document]

Table 3 — Requirements of optical header connector

bviate from
prevail.

Subclause

in this Requirement Reference

documeng T
. ISO 8092-2
7.2.5 High storage temperature exposure 1SO 19642-1
7.2.6 Low storage temperature exposure 150 8092-2
£ getemp P 1SO 19642-1
7.2.7 Operation temperature range ISO 19642-1
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7.2.5 High storage temperature exposure

7.2.5.1 Purpose

Thermal expansion can cause deformation of the connector housing. Thus, the optical coupling efficiency
can change due to the movement of the mechanical and optical reference planes. To ensure functionality
after the thermal load is applied, the dimensional criteria of the connector is checked as well as the optical

coupling efficiency.

7.2.5.2 Test setup

The optical header connector that contalns the LD and PD (w1th drlver TIA or others) is prepared After the

optical heas
fibre cable
end of the
specificati
an optical
programm|
generator :

with an optlcal cable plug attached to one end is prepared as an optlcal plck-up tool
optical pick-up tool shall be polished or otherwise prepared (according to the test
bns for testing, e.g. for splicing). The cable end of the optical pick-up tool is thén co
power meter set at a designated wavelength for measuring the AOP from the c3
able oven as defined in 8.5.2.2 is used to expose the DUT to the defined temiperature. T
ind electric power supply defined in 8.5.2.2 are used for operating the DUT. See Figurg

A—l m optical

The cable
equipment
nnected to
ble end. A
he function
1 19.

7

/

3

/

Key
optical|cable plug
opticallfibre cable: 1 m length
optical[power meter as definedin.8.5.2.1
opticaljpick-up tool
PCB
DUT: o

functio

ptical header €ennector
h generatoras defined in 8.5.2.2

supply.

R N O U A WN

power

B

T

icure 19— Opticalhead

7.2.5.3 Test method

The optical header connector dimensions before the test are measured in accordance with IEC 61300-3-1.
The DUT is operated with an appropriate signal defined by the physical layer component manufacturer. The
AOP from the DUT is measured by the optical power meter set at the designated wavelength as the initial
value before heating. In order to put the DUT (the PCB on which the header connector is mounted) into the
temperature chamber, remove the pickup cables and the electric wires.

The PCB assembly is put into the programmable oven that shall be held at T, ,,. The PCB assembly
is taken out of the programmable oven after 96 h and held for 24 h at the room temperature defined in
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[SO 19642-1:2023, 3.2.2. The optical header connector on the PCB assembly dimensions shall be measured in
the same manner as the initial measurement. The supplier and the vehicle manufacturer shall agree on the
test temperature condition. Unless otherwise provided, the designated temperature, T,,,, shall conform to
Class C as defined in ISO 19642-1:2023, Table 1.

The DUT is connected to the power meter using the optical pick-up tool. Electrical power is supplied to the
PCB assembly. When the LD on the PCB is driven with a signal generator set at the designated frequency, the
AOP from the DUT is measured as the after value. Dimensional changes in connector housings after testing
are confirmed by visual examination as described in ISO 8092-2:2023, 4.2.

The AOP change of the DUT after the test is calculated using Formula (11).

P
Achang =—10legy; {P:j:;) (11)

where

Achangd is the AOP change of the DUT with high temperature stress;
Bitial is the AOP at the end of the DUT before the test;

Pafter is the AOP at the end of the DUT after the test.

7.2.5.4 Requirement

The optical header connector mating interface dimensions aftex:the test should be within the|tolerances
described Jn C.1.1. The AOP change of the DUT (A¢},nge) between'the initial value and the after vajue shall be
0,2 dB or Igss.

7.2.6 Low storage temperature exposure

7.2.6.1 Rurpose

Thermal expansion can cause deformation-dof*the connector housing. Thus, the optical coupling efficiency
can changé¢ due to the movement of the mechanical and optical reference planes. To ensure fupnctionality
after a thermal load is applied, the dimensional criteria of the connector are checked as well as|the optical
coupling efficiency.

7.2.6.2 Test setup

The DUT and the check syStem are prepared in line with 7.2.5.2.

7.2.6.3 Test method

The optical header connector dimensions before the test shall be measured in accordance with IEC[61300-3-1.

The DUT is-ope e acturer. The AOP
from the DUT is measured as the 1n1t1al Value before coolmg To put the DUT (the PCB on Wthh the header
connector is mounted) into the temperature chamber, remove the pickup cables and the electric wires.

The PCB assembly is put into the programmable oven that shall be held at T, ;,. The PCB assembly
is taken out of the programmable oven after 96 h and held for 24 h at the room temperature defined in
[SO 19642-1:2023, 3.2.2. The optical header connector on the PCB assembly dimensions shall be measured in
the same manner as the initial measurement. The supplier and the vehicle manufacturer shall agree on the
test temperature condition. Unless otherwise provided, the designated temperature, T,;,, shall conform to
Class C as defined in ISO 19642-1:2023, Table 1.

The DUT is connected to the power meter using the optical pick-up tool. Electrical power is supplied to the
PCB assembly. When the LD on the PCB is driven with the signal generator set at the designated frequency,
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the AOP from the DUT is measured as the after value. Dimensional changes in connector housings after

testing are

confirmed by visual examination as described in ISO 8092-2:2023, 4.2.

The AOP change of the DUT after the test is calculated using Formula (12).

Pt
AChange =-10logyy [_er]
Initial
where
Achange is the AOP change of the DUT with low temperature stress;
Pnitial is the AOP at the end of the DUT before the test;
Pptter is the AOP at the end of the DUT after the test.
7.2.6.4 Requirement

The optical header connector mating interface dimensions after the test should-bé within the

described i
0,2 dB or l¢

7.2.7 Op

The optical header connector housing is a passive component, which means it does not gener:

itself. Ther]
defined in |

7.3 Optical fibre cable plug

7.3.1 Ge|

The optica
ECU enclos
harness se

7.3.2 Di

An optical
C.1.3. MRP
cable sock
coupling p

NOTE

7.3.3 Mgd

n C.1.1. The AOP change of the DUT (A¢j,pqe) between the initial valyesanid the after va
ss.

erating temperature range (Informative)

T. .. defined in 7.2

efore, the operating temperature range can be regardedas between T,

/.2.6.

neral

| cable plug is meant to be mated.with the optical header connector for connecting b
ure and the optical harness, ot _with the optical cable socket for connecting betw
bments.

mension criteria

cable plug connecter mating interface should have the dimensions and tolerances d
is used to define-the position of the mechanical reference when a cable plug is matsg

prformance:

ptical eable plug connectors defined after C.1.3 are classified in the following order: C.2.3, C.3

chanical coding

(12)

tolerances
ue shall be

ite heat by
.5 and T,

min

btween the
ben optical

bscribed in
d with the

et connector,-ORP is used to define the position of an optical reference for the efficient optical

3,

The cable plug shall have one of the mechanical coding features defined in Cx-2 of Annex C to prevent a
wrong connection. The cable plug shall follow a mirror coding of the mechanical coding implemented on the
header connector or cable socket connector.

NOTE

7.34 Re

Mechanical coding defined after C.1.2 are classified in the following order: C.2.2, C.3.2, ...

quirements of optical cable plug

Table 4 shows the references that the optical cable plug housing shall conform to. Additionally, the
optical cable plug housing shall meet the requirements and the test methods specified in each subclause
of this document. When the requirements specified in the subclause in this document deviate from the
specifications in the reference document, the requirements in the subclauses in this document prevail.
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Subclause
in this Requirement Reference
document
. IS0 8092-2
7.3.5 High storage temperature exposure 1SO 19642-1
7.3.6 Low storage temperature exposure 150 8092-2
= ge remp P 1SO 19642-1
7.3.7 Operation temperature range [SO 19642-1

7.3.5 High storage temperature exposure

7.3.5.1 Rurpose

Thermal expansion can cause deformation of the connector housing. Thus, the optical €oupling
can changg¢ due to the movement of the mechanical and optical reference planes., Toyensure ful

r efficiency
inctionality

after the thermal load is applied, the dimensional criteria of the connector are checked as well as|the optical
coupling effficiency.

7.3.5.2 Test setup

The optical cable plug that is assembled with a 1 m optical fibre cdble is prepared as the DUT} The cable

end of the

testing, e.g

end of ano
specificati
the launch

DUT shall be polished or otherwise prepared (according<o the test equipment specif

her optical fibre cable shall be polished or otherwise prepared (according to the test
bns for testing, e.g. for splicing) and connected:tqQ*the stabilized light source defined

between the launch optics and the cable socket is 21 m‘@s defined in Figure 20.

1 8 5

/ 37 4 “/

cations for

. for splicing) and connected to the optical power meter set at the designated wavelength. The

equipment
n 8.5.1 via

optics defined in 8.5.2.1. The other end is assémbled with the optical cable socket. The distance

Key

1

2 launch
3  optical
4  optical
5 optical
6

7  length
8 DUT

\ g g

) n

6 ‘ 7

stabilized light sQurce as defined in 8.5.1

optics\as defined in 8.5.2.1
cable socket

cable plug
power meter as defined in 8.5.2.1

distance between launch optics and optical cable socket: 21 m

of optical fibre cable attached to the optical cable plug: 1m + 1%

Figure 20 — Optical cable plug test setup
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7.3.5.3 Test method
The optical cable plug dimensions before the test are measured in accordance with IEC 61300-3-1.

The optical cable socket of the light source side and the optical cable plug of the DUT are mated. The AOP
from the DUT is measured as the initial value. Remove the DUT from the optical measurement system for
applying the thermal load to the DUT itself.

The DUT is put into the programmable oven defined in 8.5.2.2 that shall be held at T,,,. The DUT
is taken out of the programmable oven after 96 h and held for 24 h at the room temperature defined in
[SO 19642-1:2023, 3.2.2. The optical cable plug on the DUT dimensions shall be measured in the same manner
as the initial measurement. The supplier and the vehicle manufacturer shall agree on the test temperature
condition. Unless otherwise provided, the designated temperature, T,,,,, shall conform to Class C as defined
in ISO 19642-172023; Table 1.

The DUT if connected to the power meter and with the optical cable socket of the light source 'side. The AOP
from the DUT is measured as the after value. Dimensional changes in connector housingslafter testing are
confirmed |by visual examination as described in ISO 8092-2:2023, 4.2.

The attenujation change of the DUT after the test is calculated using Formula (13).

Achangy =—10logyg [PAﬂ] (13)
Initial
where
Achang is the attenuation change of the DUT with high teniperature stress;
Bitial is the AOP at the end of the DUT before the.tést;
Ppfeer is the AOP at the end of the DUT after the test.

7.3.5.4 Requirement

The optical cable plug mating interface dimensions after the test should be within the tolerances described in
C.1.3. The AOP change of the DUT (Acp,nge) b€tween the initial value and the after value shall be 0,2 dB or less.

7.3.6 Lopw storage temperature-exposure

7.3.6.1 Rurpose

Thermal expansion can-camse deformation of the connector housing. Thus, the optical coupling efficiency
can changd due to theamovement of the mechanical and optical reference planes. To ensure the functionality
after therrpal load4syapplied, the dimensional criteria of the connector is checked as well as the optical
coupling effficiency:

7.3.6.2 Test'setup

The DUT and the check system are prepared in the same manner as 7.3.5.2.

7.3.6.3 Test method
The optical cable plug dimensions before the test are measured in accordance with IEC 61300-3-1.

The optical cable socket of the light source side and the optical cable plug of the DUT are mated. The AOP
from the DUT is measured as the initial value. Remove the DUT from the optical measurement system for
applying the thermal load to the DUT itself.

The DUT is put into the programmable oven defined in 8.5.2.2 that shall be held at T,;,,. The DUT is taken out
of the programmable oven after 96 h and held for 24 h at the room temperature defined in ISO 19642-1:2023,
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3.2.2, and the optical cable plug on the DUT dimensions shall be measured in the same manner as the initial
measurement. The supplier and the vehicle manufacturer shall agree on the test temperature condition.
Unless otherwise provided, the designated temperature shall conform to Class C as defined in
ISO 19642-1:2023, Table 1.

Tmin

The DUT is connected to the power meter and is connected with the optical cable socket of the light source
side. The AOP from the DUT is measured as the after value. Dimensional changes in connector housings after

testing are

confirmed by visual examination as described in ISO 8092-2:2023, 4.2.

The attenuation change of the DUT after the test is calculated using Formula (14).

A =-101 Pateer 14

Change — 0810 (14)
P]nih’q]

where

Achang is the attenuation change of the DUT with low temperature stress;

Pnitial is the AOP at the end of the DUT before the test;

Pptter is the AOP at the end of the DUT after the test.
7.3.6.4 Requirement
The optical cable plug mating interface dimensions after the test should be within tolerances described in
C.1.3. The AOP change of the DUT (Acpange) between the initial value.and the after value shall be 0,2 dB or less.
7.3.7 Operating temperature range
The performance of the optical cable plug in the operating temperature range is tested as| an in-line
connectior] in 8.7.5.
7.4 Optical cable socket
7.4.1 Gepneral
This type of optical cable socket is-meéant to be mated with the optical cable plug for connectirjg between
optical hainesses segments. Its-mating surface is equivalent to the mating interface of an optjcal header
connector.
7.4.2 Dimension criteria
An optical [cable sogket connector mating interface should have the dimension and tolerances ag described
in C.1.4. MRP is used to define the position of the mechanical reference when a cable socket is thated with
the cable glug«onnector. ORP is used to define the position of an optical reference for the efficlent optical
coupling perfermance. The detail C and D in C.1.4 specify the position of the centre of the optical axis of the
optical couphmgsystem:
NOTE Optical cable socket connectors defined after C.1.4 are classified in the following order: C.2.4, C.3.4 ...

7.4.3 Mechanical coding

Cable socket shall have one of the mechanical coding features defined in C.1.2 to prevent the possibility
wrong connection. The cable socket shall follow a mirror coding of the mechanical coding implemented on
the cable plug.

NOTE

Mechanical coding defined after C.1.2 are classified in the following order: C.2.2, C.3.2, ...
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7.4.4 Requirements of optical cable socket

Table 5 shows the references that the optical cable socket housing shall conform to. Additionally, the
optical cable socket housing shall meet the requirements and the test methods specified in each subclause
of this document. When the requirements specified in the subclause in this document deviate from the
specifications in the reference document, the requirements in the subclauses in this document prevail.

Table 5 — Requirements of optical cable socket

Subclause
of this Requirement Reference
document
745 TToFT r r ISO 8092-2
4. 1gh Storage temperature exposure 1SO 19642-1
7.4.6 Low storage temperature exposure RO709p-2
£22 ge remp P IS0 19642-1
7.4.7 Operation temperature range ISO 19642-1
7.4.5 High storage temperature exposure
7.4.5.1 BRurpose
Thermal expansion can cause deformation of the connector housing. Thus, the optical coupling efficiency

can changé¢ due to the movement of the mechanical and optical.reference planes. To ensure fupnctionality

after therrmal load is applied, the dimensional criteria of the.connector is checked as well as
coupling efficiency.

7.4.5.2 Test setup

The optical cable socket that is assembled with 1 .m™of optical fibre cable prepared as the DUT

end of the
for testing
end of ano
specificati

DUT shall be polished or otherwise prepared (according to the test equipment spg

her optical fibre cable shall be polished or otherwise prepared (according to the test
bns for testing, e.g. for splicing).and connected to the stabilized light source defined

the optical

The cable
cifications

e.g. for splicing) and connected tothe optical power meter set at a designated wavelength. The

equipment
n 8.5.1 via

the launch|optics defined in 8.5.2.1. The' other end is assembled with the optical cable plug. The distance
between launch optics and the cable'plug is 21 m as defined in Figure 21.
1 8 5
/ 3¢ ~ |/
/ e i 4 S
= L
L
6 7
Key
1  stabilized light source as defined in 8.5.1 5 optical power meter as defined in 8.5.2.1
2 launch optics as defined in 8.5.2.1 distance between launch optics and optical cable plug: 21 m
optical cable plug length of optical fibre cable attached to the optical cable
socket; 1 m
4  optical cable socket 8 DUT

Figure 21 — Optical cable socket test setup
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7.4.5.3 Test method
The optical cable socket dimensions before the test are measured in accordance with IEC 61300-3-1.

The optical cable plug of the light source side and the optical cable socket of the DUT are mated. The AOP
from the DUT is measured as the initial value. Remove the DUT from the optical measurement system for
applying the thermal load to the DUT itself.

The DUT is put into the programmable oven defined in 8.5.2.2 that shall be held at T, . The DUT is taken out
of the programmable oven after 96 h and held for 24 h at the room temperature defined in ISO 19642-1:2023,
3.2.2, and the optical cable socket on the DUT dimensions shall be measured in the same manner as the
initial measurement. The supplier and the vehicle manufacturer shall agree on the test temperature
condition. Unless otherwise provided, the designated temperature T, ,, shall conform to Class C as defined
in ISO 19642-172023; Table 1.

The DUT if connected to the power meter and connected with the optical cable plug of the light Jource side.
The AOP from the DUT is measured as the after value. Dimensional changes in connector housings after
testing are|{confirmed by visual examination as described in ISO 8092-2:2023, 4.2..

The attenujation change of the DUT after the test is calculated using Formula (15).

Achangs =—101l0g g [PAﬂ] (15)
Initial
where
Achang is the attenuation change of the DUT with high teniperature stress;
Bitial is the AOP at the end of the DUT before the.tést;
Ppfeer is the AOP at the end of the DUT after the test.

7.4.5.4 Requirements

The optical cable socket mating interface dimensions after the test should be within tolerances described in
C.1.4 and the AOP change of the DUT (A¢},,p4.) Detween the initial value and the after value shall be 0,2 dB or less.

7.4.6 Lopw storage temperature-exposure

7.4.6.1 Rurpose

Thermal expansion can-camse deformation of the connector housing. Thus, the optical coupling efficiency
can changg¢ due to the movement of the mechanical and optical reference planes. To ensure functionality
after the thermal lead'is applied, the dimensional criteria of the connector is checked as well as|the optical
coupling effficiency:

7.4.6.2 est’'setup

The DUT and the check system are prepared in line with 7.4.5.2.

7.4.6.3 Test method
The optical cable socket dimensions before the test are measured in accordance with IEC 61300-3-1.

The optical cable plug of the light source side and the optical cable socket of the DUT are mated. The AOP
from the DUT is measured as the initial value. Remove the DUT from the optical measurement system for
applying the thermal load to the DUT itself.

The DUT is put into the programmable oven defined in 8.5.2.2 that shall be held at T,;,,. The DUT is taken out
of the programmable oven after 96 h and held for 24 h at the room temperature defined in ISO 19642-1:2023,
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3.2.2. The optical cable socket on the DUT dimensions shall be measured in the same manner as the initial
measurement. The supplier and the vehicle manufacturer shall agree on the test temperature condition.
Unless otherwise provided, the designated temperature shall conform to Class C as defined in
ISO 19642-1:2023, Table 1.

Tmin

The DUT is connected to the power meter and with the optical cable plug of the light source side. The AOP
from the DUT is measured as the after value. Dimensional changes in connector housings after testing are
confirmed by visual examination as described in ISO 8092-2:2023, 4.2.

The attenuation change of the DUT after the test is calculated using Formula (16).

Achange =—101logqg (;;Aﬂ) (16)
Lnitial
where
Achang is the attenuation change of the DUT with low temperature stress;
Bnitial is the AOP at the end of the DUT before the test;
Pafter is the AOP at the end of the DUT after the test.

7.4.6.4 Requirements

The optical cable socket mating interface dimensions after the test should be within the tolerances described in
C.1.4. The AOP change of the DUT (A¢pange) between the initial value:and the after value shall be 0,2 dB or less.

7.4.7 Operating temperature range

The perfomance of the optical cable socket in the operating temperature range is tested ag an in-line
connection in 8.7.5.

8 Optidal harness performance

8.1 General

The vehicle’s wire harness is often divided into sub-harnesses to enable pre-assemblage in|structural
elements, ¢.g. the door, seat, dashboard unit. Some wire harness configurations have sub-segments that are
installed in severe environmental conditions like the engine compartment or roof installation. The optical
harness shpuld be compatible with these segmented wire harness structures. Performance tests are defined
in Clause 8|to validate the'performance of the optical harness and their in-line connections.

The suppli¢r and the vehicle manufacturer shall agree on a suitable harness layout during the test for each test
defined in Clause 8: Otherwise, the respective DUT layout described in the respective test setup shpll be used.

loss of the
dget of the

imuim number of in-line connections allowed within an optical channel depends on the
£ cable, the maxXimuIn connection 1o of thie optical conmectors used and the (ink bu
physical layer specification of the communication standard used. See Annex A for details.

8.2 Measurement point

The measurement points for measuring the total attenuation of the optical harness are the input and output
points shown in Figure 22. There are two channels for the optical harness transmission line. One of the two
ferrules mounted on the optical cable plug on the input side of the optical harness is the input channel for
transmission. The other is the output channel for reception. Of the two ferrules mounted on the optical cable
plug on the output side, the ferrule facing the input channel of the optical harness is the output channel for
reception. Tests to assess the total attenuation of the optical harness are usually performed on one channel.
In the evaluation test, either end of the optical harness may be set as the input channel.
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Key

1  input point of optical harness; when the signal flow is fronleft to right
1’ input point of optical harness; when the signal flow is-from right to left
2 outputjpoint of optical harness; when the signal flaw/is from left to right
2’ outputjpoint of optical harness; when the signat flow is from right to left

3  optical
optical

8.3 Subs

8.3.1 Ge

The attenu
the optical

in-line connection
fibre cables

Figure 22'— Definition of measurement point locations

stituted fibre optic transceiver

neral

ation 'of the optical harness can be according to IEC 61280-4-1. The measurement syste|
signal launching system as an optical transmitter and the optical signal receiving sy

Im requires
stem as an

optical rec

elver. Since the transceivers used In various optical communication systems 10r auto

nobiles are

individually prepared, the specifications of their transceivers are not uniform. Therefore, a transceiver or
alternative system with the same series of optical cable sockets as the optical harness is required to measure
the total attenuation.

8.3.2 Substituted transmitter

The substituted transmitter consists of a stabilized light source and launch optics. The wavelength may have
a designated wavelength. The optical output should be in the measurable range of the optical power meter
used for evaluation. Figure 23 is a substituted system for the transmitter. To connect the optical harness
with this substituted system, the same series of optical cable sockets as the optical harness is used.
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_\
(EI=

opticaljpower meter as defined in 8.5.2.1
optical|cable length: 21 m
opticaljcable socket

substitfited receiver

1

2

3

4  optical|coupling point, ORP
5

6  FOT wifh the same series of optical cable sockets as the optical harness
7

opticaljharness

Figure 24 — Substituted receiver

8.4 Substitution method

8.4.1 Geperal

The methqd for measuring the attenuation of optical communication components or opticall harnesses
is defined [in IEC 61300-3-4 on1SO/IEC 11801-1. The method described in IEC 61300-3-4, for [measuring
attenuation without damaging the optical harness should be used. This method can also mgasure the
attenuation of the optical hatness after it is installed in a car.

8.4.2 Tept procedure
A substitufed transmitter as defined in 8.3.2 is prepared as a measurement light source. A gubstituted
receiver ag défined in 8.3.3 is prepared on the receiving side. A 1 m optical fibre cable with optical cable
plugs attadhed to both ends is prepared as a reference jumper wire. See Figure 25. |

The substituted transmitter and the substituted receiver are connected by a reference jumper wire. The
value of the optical power meter of the substituted receiver is recorded as a reset value.

Remove the reference jumper wire and connect the optical harness instead. The value of the optical power
meter of the substituted receiver is recorded as a harness value.

The attenuation change of the DUT after the test is calculated using Formula (17).

Py
Aharness attenuation =— 10 10g1o [ TR j (17)
Reset
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where

Alarness attenuation is the attenuation change of the optical harness;

Preset is the AOP at the end of the reference jumper;

Biarness is the AOP at the end of the optical harness.
Key
1  optical|cable plug
2 opticallfibre cable; 1 m
3  reference jumper wire
4  substitlited transmitter
5  substitpited receiver

Figure 25 — Reference jumper wire
8.5 Methodology
8.5.1 Maeasurement light source setup
The stabiliged LD light source (DClight source) shall be an LD light source with a designated wa
shall be a dlirect-current light source with stable optical power using automatic power control.
light sourcp shall be in accorddrice with IEC 61300-3-4.
The supplier and the yehicle manufacturer shall agree on the wavelength of the measureme
source (e.gl 850 nm, 980'nm). Unless otherwise provided, the wavelength of LD light source shall
8.5.2 Mgeasurement equipment setup
nEical "ﬂ“=ﬂble

belength. It
['he optical

ht LD light
be 850 nm.

8.5.2.1

P tildl vadIl id

For the optical excitation and test setup equipment, the launch optics, including the launch cord or fibre,
shall be in accordance with IEC 61300-1. The launch optics may include an encircled flux mode conditioner
to achieve the specified near-field profile.

For the optical power measurement and setup equipment, the optical power meter shall be in accordance
with IEC 61300-3-4.

For the optical return loss measurement and setup equipment, an optical continuous wave reflectometer or
an optical time domain reflectometer capable of measuring an optical return loss from 0 dB to 40 dB around
the designated wavelength shall be required. In this document, these are treated as dedicated instruments
for return loss measurements.
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8.5.2.2 Electrical variable

Electrical excitation and test setup equipment:

a) a function generator that is defined by the physical layer component manufacturer. Unless otherwise

specifi

ed, a signal generator that can generate a voltage signal from 1 MHz to 100 GHz;

b) apower supply that is defined by physical layer component manufacturer. Unless otherwise specified, a

power

supply that can drive LD and driver for convenience.

8.5.2.3 Atmospheric variable

Test setup
a) aprog
b) ahum
90 % d
c) acoml
d) a test
[SO 16
8.5.2.4
Test setup

a) atensile strength tester that can measure strength up to200 N with 50 mm/min moving stapg

b) apush

¢) avibrg
8.6 Req

8.6.1 Op

Table 6 contains the references the-optical harness shall conform to. Additionally, the optic

shall meet
requireme
document,

Mechanical variable

and measurement equipment:

Fammable oven that can be controlled from —40 °C to +125 °C with a precision of +3 %€

f humidity control;
ined temperature/vibration chamber as defined in ISO 8092-2:2023, 74;

chamber with temperature and time duration for temperature cycling as
750-4:2023, 5.3.1.

and measurement equipment:

Lpull tester that can measure strength up to 200 N;

tion chamber as defined in ISO 16750-3:2023, 4.1.
nirements of optical harness

tical characteristics

the requirements andithe test methods specified in each subclause in this document
hts specified in thésubclause in this document deviate from the specifications in th

dity/temperature chamber which is controllable from -40 °C to +125 °C and is.ayailable for up to

defined in

al harness
When the
b reference

the requirements-in the subclauses in this document prevail.

Table 6 — Optical characteristics

Subclaus¢
in this Requirement Referernce
document
8.7.1 Coupling attenuation at optical in-line connection IEC 61300-3-4
IEC 61300-3-34
8.7.2 Optical return loss of optical in-line connection IEC 61300-3-6
8.7.3 High storage temperature exposure of optical in-line connection ISO 19642-1
8.74 Low storage temperature exposure of optical in-line connection [SO 19642-1
8.7.5 Operating temperature exposure of optical in-line connection 150 19642-1
IEC 61300-2-22
8.7.6 Vibration resistance of optical in-line connection ISO 16750-3
8.8.1 Optical harness attenuation IEC 61300-3-4
8.9 Eye safety IEC 60825-1
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8.6.2 Mechanical characteristics

Table 7 shows the references that contain requirements and test methods that the optical harnesses shall
also conform to in addition to the requirements and test methods defined in each subclause in this document.
When the requirements specified in the subclause in this document deviate from the specifications in the
reference document, the requirements in the subclauses in this document prevail.

Table 7 — Physical characteristics

Subclause
in this Requirement Reference
document
8.7.7 Minimum tensile strength of the coupling mechanism I1SO 8092-2
. . . ISO,809P-5
8.7.8 Maximum insertion force ANSIEIA-464-13
. . ISO 809p-5
8.7.9 Maximum lock cancellation force for release ANSI/EIA-364-13
8.7.10 Durability of repeated mating and un-mating IEC 6130Q-2-2
8.7.11 Minimum cable retention ISO 809p-2

8.6.3 Temperature environmental characteristics

Table 8 shows the references that contain requirements and test methods that the optical harrlesses shall
also conforim to in addition to the requirements and test methods defined in each subclause in thisjdocument.
When the fequirements specified in the subclause in this document deviate from the specifications in the
reference document, the requirements in the subclauses in this document prevail.

Table 8 — Temperature environmental characteristics

Subclause
in this Requirement Reference

documeng
8.8.2 High storage temperatupre exposure of optical harness ISO 19642-1
8.8.3 Low storage température exposure of optical harness [SO 19642-1
8.8.4 High operating temperature exposure of optical harness ISO 16750-4
8.8.5 Low operatingtemperature exposure of optical harness ISO 16750-4

8.7 Examination for optical in-line connection performance
8.7.1 Coppling attenuation at optical in-line connector

8.7.1.1 Rurpose

The optica# bLnacaonnaction concicte aftvarn cononmnantce o nlagand o cnclent and connacte g ~al harness
P H-HHE-CoRRe et E€0R5ISt5 6 tWo-compoRentSaprugaRaa Seexkesanaeonneectsopal

sections. The maximum attenuation of an in-line connection is required to calculate the total attenuation of
the optical harness. This measurement determines the attenuation of an optical in-line connection consisting
of any plug and any socket.

8.7.1.2 Test setup
For optical in-line connector attenuation measurement methods, refer to I[EC 61300-3-4, method B.

The test should be prepared as follows: an optical cable socket is assembled to one end of an optical cable
of 2 m or more. An optical cable plug is assembled to one end of an optical cable of 1 m or more. These
two optical cables with mated plug and socket are treated as the DUT for this test. The optical cable end of
the long optical cable side DUT shall be polished or otherwise prepared (according to the test equipment
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specifications for testing, e.g. for splicing). It shall be connected to the stabilized light source defined in 8.5.1
via the launch optics defined in 8.5.2.1. The other end of the DUT shall be polished or otherwise prepared
(according to the test equipment specifications for testing, e.g. for splicing) and be connected to the optical
power meter defined in 8.5.2.1. See Figure 26.

8.7.1.3 Test method

The AOP at the DUT end is measured as the measurement power with the in-line connector in the optical
path. This measurement value is recorded as the after power that the optical in-line connector is adopted.
The optical cable of the DUT on the light source side is cut 1 m from launch optics defined in 8.5.2.1. The cut
end face shall be polished or otherwise prepared (according to the test equipment specifications for testing,
e.g. for splicing) and be connected to the optical power meter defined in 8.5.2.1. The AOP at the DUT cut end

acthamancuramant naowvwar unthaontthaoin ling connactorin tha antical nath Thic asurement
o5 W WithHot e th-rhie-cohhectoh+tne-opHcarpati—15ih 9

is measuredasthemeasurement P nth
value is re¢orded as the initial power before the optical in-line connector is adopted. See Figure>26.
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stabilized light source as defined in 8.5.1
launch joptics as defined in 8.5.2.1

DUT
opticaljpower meter as defined.in 8.5.2.1

opticaljcable socket
opticaljcable plug
cutting|point (1 m ftem the launch optics)

N O U W

Figure 26 — Coupling attenuation measuring procedure

The coupling attenuation is calculated using Formula (18).

Initial

P
ACoupling =—10logy, (&J (18)

where

Acoupling 1S the coupling attenuation;

Bnitial is the AOP at the cut end of the DUT as the initial value before optical inline connector is adopted;

Patter is the AOP at the end of the DUT as the after value that the optical inline connector is adopted.

© IS0 2024 - All rights reserved
42


https://standardsiso.com/api/?name=abc7b5c3425f3a315a548b815665b4b2

ISO 24581:2024(en)

Alternatively, one of the methods specified in IEC 61300-3-34 may be used to measure the attenuation of
randomly mated connectors.

8.7.1.4 Requirement

The coupli

ng attenuation of the in-line connection (A¢pling) shall be 0,6 dB or less.

8.7.2 Optical return loss of optical in-line connector

8.7.2.1 Purpose

Excessive optical return loss occurring in the optical harness makes the optical transmitter output unstable.

The lower [ITMIt of the optical return 10ss of optical in-line connection should theretore be defined. This
measurement determines the optical return loss of an optical in-line connection consisting of @iy plug and
any socket
8.7.2.2 Testsetup
An optical|fibre cable of sufficient length (e.g. 10 m) is prepared. The optical fibré€ cable end is|connected
to the stalilized light source via the launch optics defined in 8.5.2.1. The other optical fibre cpble end is
assembled|with the optical cable socket of the DUT. Another optical fibre cable’of 10 m is prepargd. One end
of the optigal fibre cable is assembled with the optical cable plug of the DUT. The other end is sqaked in an
index matgdhing fluid to prevent reflection. The optical cable socket and'€able plug are mated.
The test sdtup for the optical return loss measurement specified.in IEC 61300-3-6 method 1 orf method 2,
shall be used.
8.7.2.3 Test method
For measuying the optical return loss, test method 1 ot"2’specified in IEC 61300-3-6 shall be used. [[he optical
return losq of the DUT is calculated using Formula{19). This value is often displayed on the instrfiment.
PReturn
LRL =—+10 lOglO ES—— (19)
Input

where

Lpy is the optical return loss;

Breturn is the opticalpower returned from the DUT;

Prput is the eptical power to the DUT.
8.7.2.4 Requirement
Optical return’loss of the optical in-line connection (Ly,) shall be 220 dB in accordance with IEC $61300-3-6.

8.7.3 High storage temperature exposure of optical in-line connector

8.7.3.1 Purpose

An optical in-line assembled in an optical harness is required to ensure stable performance under the vehicle
environment. The optical coupling performance of an optical in-line connection shall be maintained after

being held

at T, for along time.

ax
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8.7.3.2 Testsetup

The optical cable plug with a 21 m optical fibre cable and the optical cable socket with a 21 m optical fibre
cable are prepared. The optical cable plug and the optical cable socket are mated as the DUT. The fibre of
one cable end of the DUT should be cut and polished or otherwise prepared (according to the test equipment
specifications for testing, e.g. for splicing) and be connected to the optical power meter set at the designated
wavelength. The fibre of the other cable end of the DUT should be cut and polished or otherwise prepared
(according to the test equipment specifications for testing, e.g. for splicing) and be connected to the stabilized
light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. The other end of another optical fibre
cable is assembled with the optical cable socket. The distance between the launch optics and the cable socket
is 1 m (see Figure 27). A programmable oven as defined in 8.5.2.2 is prepared and set to T,,,. The supplier
and the vehicle manufacturer shall agree on the test temperature condition. Unless otherwise provided, the
designated temperature T, shall conform to Class C as defined in ISO 19642-1:2023, Table 1

P - g
4 \i.f
. |

7

Key
stabilized light source as defined in 8.5.1

launch |optics as defined in 8.5.2.1

optical|cable plug

opticaljcable socket

optical[power meter as defined in 8.5.2.1

distande between launch optics and optical\cable plug: 21 m

N O U W

DUT: optical in-line connection with optical fibre of 21 m length in each side

Figure 27 — Optical in-line connection performance test setup

8.7.3.3 Test method

The AOP at the end.of the DUT is measured as the initial value before the DUT is put into the programmable
oven. The DUT is-put into the programmable oven that is held at T, ,,. After being held for 96 h at the
designated temperature (7,,,,), the inside temperature of the oven is brought to the room tgmperature
defined in [[SO,19642-1:2023, 3.2.2. The DUT is taken out of the oven and the AOP at the end of|the DUT is

measured astireaftervatue:

The attenuation change after the test is calculated using Formula (20).

P
AChange =—10logy (ﬁ] (20)

Initial
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where
Achange is the attenuation change with high temperature stress;
Bhitial is the AOP at the end of the DUT before the test;
Phtter is the AOP at the end of the DUT after the test.

8.7.3.4 Requirement

The attenuation change of an optical in-line connection (Acp,pge) shall be 0,2 dB or less.

8.7.4 Lowsteragetemperature-exposureofepticalinline conneeter
8.7.4.1 Rurpose
An optical In-line connection assembled in an optical harness is required to ensure stableperformpnce under
the vehicle[environment. The optical coupling performance of optical in-line connecgion shall be fnaintained
after beingheld T,;, for a long time.
8.7.4.2 Testsetup
The DUT ahd optical in-line connection performance test setup are prépared according to 8.7.3.4 except for
the test temperature. The supplier and the vehicle manufacturer shallagree on the T ;. Unlesg otherwise
provided, T, shall be the lowest temperature in Class C defined-}SO 19642-1:2023, Table 1.
8.7.4.3 Test method
The AOP at the end of the DUT is measured as the initial\value before the DUT is put into the programmable
oven. The DUT is put into the programmable oven that is held at T, ;,. After being held for 96 h at the
designated temperature (7T,,;,), the inside temperature of the oven is brought to the room tgmperature
defined in [ISO 19642-1:2023, 3.2.2. The DUT is.taken out of the oven and the AOP at the end of|the DUT is
measured as the after value.
The attenujation change after the test is,calculated using Formula (21).

A =-101 Pateer 21

Chang¢ — 0810 (21)
Initial

where

Achang is the attenuation change with low temperature stress;

Bitial issthe AOP at the end of the DUT before the test;

Patter is the AOP at the end of the DUT after the test.

8.7.4.4 Requirement

The attenu

ation change of an optical in-line connection (Acp,pge) shall be 0,2 dB or less.

8.7.5 Operating temperature exposure of optical in-line connection

8.7.5.1 Purpose

The optical in-line assembles in an optical harness shall provide a stable performance during operation
and within the operating temperature range. The temperature cycling test determines the optical in-line

performan

ce during and after the test as the temperature range confirmation test.
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8.7.5.2 Test setup

The DUT is a combination of a cable plug with an optical fibre cable and a cable socket with an optical fibre
cable. A first pigtail with a 3 m optical fibre cable and an optical cable plug and a second pigtail with a 3 m
optical fibre cable and an optical cable socket shall be prepared. The pigtail with the optical cable plug and
the pigtail with the optical cable socket shall be placed in the temperature chamber and shall be mated. A
length of at least 1,5 m of each pigtail shall be located inside the temperature chamber, see Figure 28.

The fibre of the other end of the pigtail with the optical cable socket should be polished or otherwise
prepared (e.g. for splicing) and be connected to the optical power meter set at the designated wavelength.
The fibre of the other end of the pigtail with the optical cable plug should be polished or otherwise prepared
(e.g. for splicing) and be connected to the stabilized light source via the launch optics defined in 8.5.2.1.

3
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stabilized light source as defined in 8.5.1

launch joptics as defined in 8.5.2.1

programmable oven as defined in 8.5.2.2
opticaljpower meter as defined in 8.5.2.1
opticaljcable plug

opticaljcable socket

opticallfibre cables assembled in optical cabte plug
opticallfibre cables assembled in opticalcable socket

O© 0 N O U1 o W N -

opticallfibre cable on the input side;length atleast 1,5 m

Juny
[}

opticallfibre cable on the output'side; length at least 1,5 m

Uy
-

servicelhole of programmableoven

Figare 28 — Optical in-line connection performance test setup

8.7.5.3 Testxmethod

L4200 3 20 LN

The changeoftemperature—test—shatt-beperformed-—as—described—mE€61366=-2=22-withrthe following
parameters: soak time of 1 h; temperature ramp of 1 °C/min; for 12 cycles. The supplier and the vehicle
manufacturer shall agree on the test temperature condition. Unless otherwise provided, designated
temperatures should conform to Class C as defined in ISO 19642-1:2023, Table 1.

The AOP from the DUT is measured as the initial value before the temperature cycling test. During and after
the test, the AOP change shall be monitored according to IEC 61300-3-3 at intervals of 10 min or less. The
AOP change refers to the + deviation from the initial value.
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The value of the minimum optical power measured during the test or the optical power measured after the
test is introduced in Formula (22). They are compared with the values defined in 8.7.5.4 as the attenuation
amount during or after the test.

Appcrease =—10 10%10 (

PMinimum or PAfter

|

Prnitial
where
Apcrease 1S the attenuation increase of the DUT with temperature stress;
Bitial is the AOP at the end of the DUT before the test;
PMinimjm  1s the minimum AOP at the end of the DUT during the test;
Ppfeer is the AOP at the end of the DUT after the test.
8.7.5.4 Requirement
The attenujation increase (A, . ease) Shall be 0,2 dB or less during and after the test.

8.7.6 Vibration resistance of optical in-line connector

8.7.6.1 K

The optical in-line connection built into the optical harness is.exposed to the vibration of the

vehicle. Ev

optical coupling efficiency. This test confirms the vibrationiresistance of optical in-line connectign.

8.7.6.2

An optical
prepared.

cut and po
splicing) fq
The DUT i
stabilized
connected
optics and

8.7.6.3 1

The AOP 4
manufactu
accordance
vibration {f

[rer and supplier should choose the test method and the environmental vibration

urpose

bn in such a vibrating environment, the optical in-line connection is expected to maint

[est setup

cable plug with a 5 m optical fibre cable'and optical cable socket with a 5 m optical fiby

ished or otherwise prepared (according to the test equipment specifications for test
r an optical measuring. Optical measurement apparatus are set at the designated w
5 attached to the vibrations¢chamber defined in 8.5.2.4. One end of the DUT is conne
ight source defined in 8:5:1 via the launch optics defined in 8.5.2.1. The other end of
to the optical powepmeter set at the designated wavelength. The distance between
the in-line connectorshall be at least 1 m.

est method
t the end)of the DUT before the vibration test is measured as the initial value. ]

withl the environment of the optical connection. Unless otherwise provided, the
rofile shall be defined in ISO 16750-3:2023, 4.1.8. The AOP at the end of the DUT is

(22)

operating
hin a stable

e cable are

['he optical cable plug and optical.¢able socket are mated as the DUT. Both ends of the DUT are

ng, e.g. for
ravelength.
cted to the
the DUT is
the launch

'he vehicle

profile in
designated
monitored

while the vibration stress is applied. 1 min after the vibration stress test, the AOP at the end of the DUT is
measured as after value.

The value of the minimum optical power measured during the test or the optical power measured after the
test is introduced in Formula (23). They are compared with the values defined in 8.7.6.4 as the attenuation

amount du

AChange =-10 10g10 [

ring or after the test.

PMinimum or PAfter

Plnitial

|
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PInitial
A Minim

P After
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e is the attenuation change with vibration stress;

is the AOP at the end of the DUT before the test;
is the minimum AOP at the end of the DUT during the test;

um

is the AOP at the end of the DUT after the test.

8.7.6.4 Requirement

The attenuation change of the DUT (Am,mgo] shall be 0,4 dB or less during the testand 0,2 dB or less after the test.

8.7.7 Mi

8.7.7.1

Optical ha

vehicle mafintenance is performed. This test is performed to confirm that theloptical performa
after apply

When exce

8.7.7.2

The suppli

composed
The DUT o
plug housi

See Figure

H

1

nimum tensile strength of the coupling mechanism

urpose

'messes may be hooked by hand(s) or tool(s) when they are assembled |into the vehid

ing specified cable retention force.

5s force is applied, the cable plug should disconnect from the cablesocket without breakin

[est setup

br and the vehicle manufacturer shall agree on the DUT. Unless otherwise provided,
of the mated cable plug and cable socket that at€\assembled with an optical fibre cal
f optical cable socket housing is gripped by the\jig on the base stage. The DUT of the o}
g is gripped by the jig of the push-pull tester defined in 8.5.2.4 that is set on the moy
29. The strength of the locking device is.described in ISO 8092-2:2023, 5.5.

le or when

Ince is kept

g the cable.

the DUT is
ble in each.

btical cable

able stage.
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optical
optical
grip jig|
grip jig
push-p
movab
base st
rail

8.7.7.3

The moval
of the couy
tensile strd
is damaged

8.7.7.4 K

cable plug; DUT

cable socket; DUT

of push-pull tester as defined in 8.5.2.4
on the base stage

ull tester as defined in 8.5.2.4

e stage

hge

Figure 29 — Tensile strength of the coupling mechanism measurement setup

[est method

le stage shall be moved away in the vertical direction from the base stage. The tensi
ling mechanism-measurement system is operated under the designated operation ci

| by pulling at’the speed of 50 mm/min.

lequirement

The tensil

e Strength of the coupling mechanism of optical connectors shall be 2100 N whd

mechanis

s danmaged or the piug s uncoupted fromnt the socket:

8.7.8 Maximum insertion force

8.7.8.1 Purpose

e strength
iteria. The

ngth of the colipling mechanism of the optical connector is measured when the lock imechanism

n the lock

The insertion force is specified to make it easier to mate the connector when an optical harness is assembled
to the vehicle body.
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8.7.8.2 Testsetup

The supplier and the vehicle manufacturer shall agree on the DUT. Unless otherwise provided, the DUTs
are the cable plug and the cable socket that are assembled with an optical fibre cable in each. The DUT of
the optical cable socket housing is gripped by the jig on the base stage. The DUT of the optical cable plug
housing is gripped by the jig of the push-pull tester defined in 8.5.2.4 that is set on the movable stage. The
DUTs are not mated in the initial state of the test. See Figure 30. The mating force measurement is described
in ISO 8092-5.

1  opticallcable plug (DUT)

2 optical|cable socket (DUT)

3 gripjiglof push-pull tester as defined in 8.5.2:4
4  gripjiglon the base stage

5  push-ppll tester as defined in 8.5.2.4

6  movable stage

7  base sthge

8 rail

Figure 30 — Insertion force measurement setup

8.7.8.3 Testkmethod

The movabte—stageshattbemoved—im=averticatdirectiom toward—the base—stage—Theimsertion force
measurement system is operated under the designated operation criteria. The insertion force of the optical
connector is measured when the lock mechanism is applied by pushing at the speed of 50 mm/min.

8.7.8.4 Requirement

The insertion force of the optical connectors shall be 44,1 N or less when the lock mechanism is applied.
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8.7.9 Maximum lock cancellation force for release

8.7.9.1 Purpose

The lock mechanism of optical connectors is required to be easily unlocked and released when optical
harnesses are removed due to vehicle maintenance.

8.7.9.2 Testsetup

The supplier and the vehicle manufacturer shall agree on the DUT. Unless otherwise provided, the DUT is
composed of the mated cable plug and cable socket that are assembled with optical fibre cables in each. The
DUT of the optical cable plug housing is fixed by the jig on the base stage. The DUT of the optical cable plug
hOUSing is matedtothe uptiba} eabte }J}us thatissetforreleasefromthe UlJt;LCll eabte ylus. The P Shing ]lg of
push-pull tester defined in 8.5.2.4 that is set on the movable stage is put on the latch lever of thelaptical cable
plug. See Flgure 31. The locking latch release force measurement is described in ISO 8092-5¢

8
/

v GE

N

—N

1  optical|cable socket (DUT)

2 opticalfcable plug (DUT)

3 opticalffibre cable

4  opticalffibre cable

5  push-ppll tester as defifiedin 8.5.2.4
6  movable stage

7  base sthge

8 rail

rigure s1 — LOCK canceliation rorce measurement setup

8.7.9.3 Test method

The movable stage shall be moved at a speed of 10 mm/min in a vertical direction toward the base stage.
The lock cancellation force measurement system is operated under the designated operation criteria. While
the measurement system is operating, look at the locking mechanism and keep pulling the optical cable
socket horizontally. The maximum lock cancelation force of the optical connector plug is measured when
the optical cable plug can be released from the optical cable socket when the lock mechanism is deactivated.
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8.7.9.4 Requirement

The push force to disengage the latch lever until the optical connector (plug and socket with two optical
fibres in each) uncouples shall be 20 N or less.

8.7.10 Durability of repeated mating and un-mating

8.7.10.1 Purpose

During the manufacturing of optical harnesses as well as their installation and maintenance in the vehicle,
optical connectors should be mated or un-mated several times. An evaluation test that mates/un-mates
the cable plug and the cable socket repeatedly is required to check whether or not the optical connector

maintains

8.7.10.2 1

The suppli
composed
The optica
polished ot
and conne
connected
between tH

8.7.10.3 1

The AOP a
operation
un-mated
cable plug
during eac
attenuatio}

Alncrea
where

Alncrea
PInitial
Pyhile

The mate 4
evaluation

4 3 < £, £ rad 43 < 43
o1 Ublblll U PCI IUT IIIAIICT dItlCI 1 CIJCG\,CU lllClLlllS diiu uIr lllaLllls-

[est setup

er and the vehicle manufacturer shall agree on the DUT. Unless otherwiseCprovided,
pf the mated cable plug and cable socket that are assembled with a 5 m optieal fibre ca
cable plug and the optical cable socket are mated. One end of the optical fibre cable ¢
otherwise prepared (according to the test equipment specifications.for testing, e.g. fi
Cted to the power meter set at the designated wavelength. The ‘ether optical fibre c
to the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. T}
e launch optics to the in-line connection shall be =1 m.

[est method

' the end of the optical fibre cable with in-line conection is measured before the fif
s the initial value. The optical cable plug and socket of the in-line connector shall be
10 times repeatedly without cleaning. The optical output power is measured when

and socket are mated. The difference between the initial value and the optical ouf
h mating cycle is calculated as the coupling attenuation increase of in-line connector. T}
1 increase is calculated at the end of each mating cycle using Formula (24).

|

is the coupling-attenuation increase;

Pyhile

Initial

e :—1010g10[

e

is the AOP.at the end of the DUT before the test;
is theYAOP at the end of the DUT during the test.

nd un‘mate speed is not defined because typically the plug and socket are mated manu
tests.

the DUT is
ble in each.
nd shall be
br splicing)
able end is
he distance

st un-mate
mated and
the optical
put power
he coupling

(24)

ally for the

8.7.10.4 Requirement

The coupling attenuation increase (4;,.rease) after each un-mate and mate operation shall be maximum 0,2 dB.

8.7.11 Minimum cable retention

8.7.11.1 Purpose

Optical harnesses may be hooked by hand(s) or tool(s) when they are assembled into the vehicle or vehicle
maintenance is performed. This test is performed to confirm that the optical performance is kept after

applying a

specified cable retention force.
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When excess force is applied, the cable plug should be disconnected from the cable socket without breaking
the optical cable.

8.7.11.2 Test setup

The supplier and the vehicle manufacturer shall agree on the DUT. Unless otherwise provided, the optical
cable plug or optical cable socket that is assembled with a 5 m optical fibre cable in each is prepared as the
DUT. When the DUT is a cable plug with an optical fibre cable, refer to 7.3.5, and when the DUT is a cable
socket with an optical fibre cable, refer to 7.4.5 to obtain the initial attenuation value of the optical connector
before the test. This attenuation value becomes the initial value. The optical cable plug or socket is then
fixed by the jig on the base stage of the tensile strength tester defined in 8.5.2.3, and the single optical fibre
cable is wound around the mandrel The dlstance between the wire clamp and the optlcal cable connector
is set to 106 : : q defined in
[SO 1964241: 2023 3 2 2 When more than one cable is attached apply force to each cable by usmg separate
samples as|specified in [SO 8092-2:2023, 4.2.

6 6

\

I

tensile [strength tester as defined in'85.2.3

~
@
<

lower donnector gripping-jig

upper yire clamp with mandfel (mandrel diameter is 50 mm or larger)

DUT (ojptical fibre cable-attached to an optical connector)

distande between thédipper clamp and the rear of the connector: 100 mm - 200 mm
load cell

DUT as|an optical connector with duplex cable

O N O Ul D W DN

DUT as|an optical connector with simplex cables

Figure 32 — Cable retention test setup

8.7.11.3 Test method

The load shall be applied on the optical fibre cable at a pulling speed of 50 mm/min until 110 N is reached.
The tensile load of 110 N shall be maintained for a minimum of 60 s. The load shall be slowly removed
afterwards.

Carefully remove the DUT from the tensile tester and measure the attenuation of the optical connector. When
the DUT is a cable plug with an optical fibre cable, refer to 7.3.5, and when the DUT is a cable socket with an
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optical fibre cable, refer to 7.4.5 to obtain the attenuation value of the optical connector after the test. The
attenuation increase of the DUT after cable retention test operation is calculated using Formula (25).

Pt
Appcrease =—1010g1g [_er

|

is the attenuation increase of the DUT after cable retention test;

Initial

where

Alncrease

Pnitial is the AOP at the end of the DUT before the test;

Pafeer isthe AQOP at the end of the DUT after the test

(25)

8.7.11.4 Requirement

The attenujation increase of the DUT (4}, ease) after cable retention test shall be 0,2 dByorIess.

8.8 Examination for optical harness performance

8.8.1 Optical harness attenuation

8.8.1.1 Rurpose

The maxin
optical har

hum total attenuation of the optical harness is an important parameter when deg
ness for the communication system. Under the autemotive environment, the total 2

The opticalharnessis prepared as the DUT. The supplier and the vehicle manufacturer shall agree on
harness style. Unless otherwise specified, anoptical harness with a cable length of 50 m and with
connections shall be used. Reference jumper wires as described in 8.4.2 shall be provided. The

measuring|the attenuation of optical harnesses is described in 8.4. The test setup is defined in 8.4.2

8.8.1.3 est method

igning the
ttenuation

ical harness should not exceed the channel attenttation requirements specified in the relevant

the optical
four in-line
method for

The AOP when the referencé.jumper wire is inserted is measured as the initial value. The AOP when the

reference jumper wire issremoved and the optical harness is connected instead is measured as
value. The measuremerittést should be done under the room temperature of general test conditic
in ISO 19642-1:2023;-32.2.

The total attenuation of the DUT is calculated using Formula (26).

the change
ns defined

(Prhnngp \

Apyr =—10Togyg L

Initial
where
Apyt is the total attenuation of the DUT;
Pitial is the AOP when the reference jumper wire is inserted;
Fehange is the AOP when the DUT is inserted.
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8.8.1.4 Requirement

The allowable maximum attenuation for a DUT (optical harness) composed of the optical fibre cable and
several in-line connections is calculated using Formula (27).

Aharness = Acable T Ain—line XN

where

AHarness

ACable

Aln—lin(

n

Total atte

For exam
shall be 2,4

8.8.2 Hi

8.8.2.1 K

The optic3
vehicle eny
performan

8.8.2.2

The optical
optical har
used. One
of the DUT

8.8.2.3 1

The AOP af
DUT is put
manufactu
temperatu
at the desig
defined in

of the DUT]

:[Je, the total attenuation of the DUT that is a 50 m harness length with.four in-line ¢

Irer shall agfée on the test temperature condition. Unless otherwise provided, the

is the maximum allowable attenuation for the optical harness;

is the maximum attenuation for the optical fibre cable (see 6.3.3), 0,2 dB;

(27)

is the maximum attenuation for each in-line connector (see 8.7.1), 0,6 dB;
is the number of in-line connections.

ation of an optical harness (Apyt) shall be Ay, o5 OF leSS.

dB or less.
bh storage temperature exposure of optical harness

urpose

1 harness is required to provide a stable performance for storage and operation

ce even after being exposed for a long time to E_ 3.

[est setup

| harness is prepared as the DUT. The supplier and the vehicle manufacturer shall ag
ness style. Unless otherwise provided, a 50 m long DUT with four in-line connecti

is connected to the stabilizedlight source defined in 8.5.1 via the launch optics define

‘est method

the end of the optical fibre cable with the in-line connection is measured as the initial
into the programmable oven defined in 8.5.2.2 that is held at T,,,,. The supplier and

ax*

re T, shall'conform to Class C as defined in ISO 19642-1:2023, Table 1. After being hel

rnated.temperature (T,,,,), the inside temperature of the oven is brought to the room tq

0
end of the DUT is connected to.the power meter set at the designated wavelength. Th£1

pnnections

under the

ironment. Optical connectors in the optical harn€ss are also required to maintain their optical

iree on the
s shall be
other end
in 8.5.2.1.

value. The
the vehicle
designated
d for 300 h
mperature

S0 19642-1:2023, 3.2.2 and held for 24 h. The DUT is taken out of the oven, and the AOF at the end

is:measured as the after value. The optical attenuation change after the test is calcu

ated using

Formula (2

QY
Asag

Achange =—101logyq [M]
Initial
where
Achange is the optical attenuation change with high temperature stress;
Bhitial is the AOP at the end of the DUT before the test;
Patier is the AOP at the end of the DUT after the test.
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8.8.2.4 Requirement

The allowable total attenuation change Ay, .ss Of the optical harness is calculated using Formula (29).

AHarness = Acable T Ain—line X7

where

AHarness

ACable

Alnflin

is the maximum allowable attenuation for the optical harness;

(29)

is the maximum allowable attenuation for the optical fibre cable (see 6.3.4), 1,0 dB;

isthe maximum allowable attenuation for each in-line connection (QPP 7 ?), 02

B;

n

is the number of in-line connections.

The opticall attenuation change of the optical harness (Acp,pnge) shall be Ay, peqs OF less, For ey

optical att

enuation change of the DUT that is a 50 m harness length with four insline conneq

be 1,8 dB ¢r less. The measurement uncertainty should be kept as low as possiblesand taken in

accordingl
883 Lo

8.8.3.1 K

The optica
environme
being expo

8.8.3.2

The optical
optical har
used. One

of the DUT

8833 1

The AOP a
DUT is put
manufactu
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defined in
of the DUT]

Formula (3

AChange =-10logy [

where

AChange

PInitial

P, After

y when assessing the requirements.
W storage temperature exposure of optical harness

urpose

| harness shall provide a stable performance for.storage and operation under f{
nt. Optical connectors in the optical harness shall maintain their optical performancg
sed for along time to T, ;..

[est setup

| harness is prepared as the DUT. The“supplier and the vehicle manufacturer shall ag
ness style. Unless otherwise provided, a 50 m long DUT with four in-line connectio
end of the DUT is connected to the'power meter set at the designated wavelength. Th{

‘est method

f the end of the optical fibre cable with in-line connection is measured as the initial
into the programmable oven defined in 8.5.2.2 that is held at T,;,. The supplier and
[rer shall agre€ on the test temperature condition. Unless otherwise provided, the
Fe Toin
rnated temperature (7,,;,), the inside temperature of the oven is brought to the room tqg
[SO 19642-1:2023, 3.2.2 and held for 24 h. The DUT is taken out of the oven, and AOP

is measured as the after value. The optical attenuation change after the test is calcu

ample, the
tions shall
to account

he vehicle
even after

iree on the
ns shall be
b other end

is connected to the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1.

value. The
the vehicle
designated

shall’eonform to Class C as defined in ISO 19642-1:2023, Table 1. After being held for 300 h

mperature
at the end
ated using

P After

0J: ]

is the optical attenuation change with low temperature stress;

Initial

is the AOP at the end of the DUT before the test;

is the AOP at the end of the DUT after the test.
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8.8.3.4 Requirement

The allowable total attenuation change Ay, ,.ss Of the optical harness is calculated using Formula (31).

(31)

AHarness = Acable T Ain—line X7

where
Ayarness 1S the maximum allowable attenuation for the optical harness;
Acable is the maximum allowable attenuation for the optical fibre cable (see 6.3.5), 1,0 dB;
A isthe maximum allowable attenuation for each in-line connection (QPP M) 0,2 dB;
n is the number of in-line connections.

The optica| attenuation change of optical harness (AChan o) shall be Ay, .0ss OF less. For example,

attenuatioj
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sing the requirements.
h operating temperature exposure of optical harness

urpose

harness is required to provide a stable performance for storage and operation under
ce while being exposed for a long time to T,,,.
tions on it, this evaluation test is unnecessary.

est setup

| harness is prepared as the DUT.. The supplier and the vehicle manufacturer shall ag
ness style. Unless otherwise provided, a 50 m long DUT with four in-line connecti

fthe service hole of the programmable oven. One end of the DUT is connected to the p
psignated wavelength. Theother end of the DUT is connected to the stabilized light sou
the launch optics defined'in 8.5.2.1. The supplier and the vehicle manufacturer shall a
rature condition. Unless otherwise provided, the designated temperature T, shall

lefined in [SO 19642-1:2023, Table 1. The DUT operation test concept is described in IS

est method

programimable oven is operated, the AOP at the end of the DUT is measured as the ir
mmiable oven is operated with the setting temperature of T,,,, and held for 300 h. The
DUT is monitored contlnuously during the high temperature exposure test and meas

1 change of the DUT that is a 50 m harness length with four in-line connections shall b
less. The measurement uncertainty should be kept as low as possible and taken~into account a
when asse;

nt. For this reason, the optical connection in the gptical harness is required to keep|
Ifthe optical harness does not have any

the optical
e 1,8 dB or
ccordingly

the vehicle
its optical
optical in-

iree on the
s shall be

0
DUT is put into the programmable oven defined in 8.5.2.2, and 5 m at each end of tfe DUT are
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rce defined
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using Formula (32).
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where
Achange is the optical attenuation change of the DUT with high temperature stress;
Bhitial is the AOP at the end of the DUT before the test;
PAinimum  is the minimum AOP at the end of the DUT while testing.

8.8.4.4 Requirement

The allowable total attenuation change Ay, 0ss Of the optical harness is calculated using Formula (33).

AHaI‘np s = A(‘:\hlp + Aln—]inp Xn (33)
where

Agarmeds 1S the maximum allowable attenuation for the optical harness;

Acable is the maximum allowable attenuation for the optical fibre cable (see 6.3.6), 1,0 dB;

Aln—lind is the maximum allowable attenuation for each in-line connection (see 8.7.5), 0,2 ¢B;

n is the number of in-line connections.
The opticall attenuation change of the optical harness (A¢pange) shall’be Ay, pess OF less. For eyample, the
optical attenuation change of the DUT that is a 50 m harness length with four in-line connedtions shall
be 1,8 dB ¢r less. The measurement uncertainty should be kept-as low as possible and taken ifjto account

accordingl
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y when assessing the requirements.
W operating temperature exposure of optical harness

urpose

harness is required to provide a'stable performance for storage and operation under
nt. For this reason, optical connection in the optical harness is required to keep th
ce while being exposed foralong time to T,;,,. If the optical harness does not have any
tions on it, this evaluatien-test is unnecessary.

est setup

| harness is prepared as the DUT. The supplier and the vehicle manufacturer shall ag
ness style. Utniless otherwise provided, a 50 m long DUT with four in-line connectio
DUT is putinto the programmable oven defined in 8.5.2.2, and 5 m at each end of the D
ervicethole of the programmable oven. One end of the DUT is connected to the power 1

the design
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temperature condition. D g
C as defined in ISO 19642-1:2023, Table 1. The DUT operatlon test concept is descrlbed in ISO 16750-4.

hted wavelength. The other end of the DUT is connected to the stabilized light source
elaunch optics define in 8.5.2.1. The supplier and the vehicle manufacturer shall agree

the vehicle
eir optical
optical in-

iree on the
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T is taken
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defined in
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8.8.5.3 Test method

‘m to Class

Before the programmable oven is operated, the AOP at the end of the DUT is measured as the initial value.

The programmable oven is operated with the setting temperature of T,

and held for 300 h. The

min

AOP at the

end of the DUT is monitored continuously during a low temperature exposure test and measured every 24 h.
The optical attenuation change of the DUT during a low operating temperature exposure test is calculated

using Formula (34).
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Achange =—1010gyg [M]
Initial
where
Achange  is the optical attenuation change of the DUT with low temperature stress;
Bnitial is the AOP at the end of the DUT before the test;
Pdinimum 1S the minimum the AOP at the end of the DUT during the test.

8.8.5.4 Requirement

(34)

The allowale total attenuation change Ay, s Of the optical harness is calculated using Formug

AHarne.
where

AHarne~
ACable

Aln—lin(

n

s =Acable T Aln-line XN

is the maximum allowable attenuation for the optical harness;
is the maximum allowable attenuation for the optical fibre-¢able (see 6.3.6), 1,0 d
is the maximum allowable attenuation for each in-lihe‘connection (see 8.7.5), 0,2

is the number of in-line connections.

The opticall attenuation change of the optical harness (Agpnge) shall be Ay, peqq OF less. For ey

optical att

enuation change of the DUT that is a 50 m_.harness length with four in-line conned

be 1,8 dB ¢r less. The measurement uncertainty should be kept as low as possible and taken in

accordingl
8.9 Eye
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inspection
accidents,
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means the
or with the
componen{

y when assessing the requirements.
safety

neral

beam can injure the ndked eye of maintenance staff. For example, when the cable
ness is mated and un-mated several times during vehicle maintenance processes, such

Laser safety is the“safe design, use and implementation of lasers to minimize the r
especially those involving eye injuries. The laser safety defined in IEC 60825-1 spe
ye-safety. A €lass 1 laser as defined in IEC 60825-1 is safe under all conditions of norm
maximum permissible exposure should not be exceeded when viewing a laser with thg
aid of typical magnifying optics. The laser power from the automotive optical harnes
s should meet the requirements of a Class 1 laser.

L (35).
(35)

U

1B;

ample, the
tions shall
to account

blug of the
as product
sk of laser
rifies some
hl use. This
naked eye
b or related

8.9.2 Re

Hiramant

OIT CTITCTIC

The optical output level from each optical connector is recommended to be Class 1 as defined in IEC 60825-1.
Output point of each optical connector is shown in Figure 33.
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5
1 8 / 6

opticaljoutput point
opticaljtransmitter in the FOT
optical|cable plug
opticaljcable socket

opticaljpower meter sensor

1

2

3

4

5  pin holg plate: 7 mm diameter
6

7  distande between optical output peint and measurement point: 70 mm
8

opticalbeam

Figure 33 — Measurement point of eye safety power level

9 Combinedenvironmental examination

9.1 General

The optical channel is expected to provide stable operation within the vehicle environment. The vehicle
environment includes both the normal operational usage and the service maintenance. Stable optical
harness performance is expected as per the intended optical communication system requirements.

Optical harness environmental tolerance tests include sequential tests in which several tests are performed
on the same DUT (see 9.3), and individual tests in which each DUT are prepared for a special environmental
test (see 9.4). Although the sequential tests described in this subclause are required, the supplier and the
vehicle manufacturer shall agree on the test items selected from among the test items described in 9.2.1 as
well as the test order.
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9.2 Requirements of optical harness

9.2.1 Sequentially environmental examination

Table 9 contains the references with which the optical harness shall comply. Additionally, the optical harness
shall conform to the requirements and the test methods specified in each subclause in this document. When
the requirements specified in the subclause in this document deviate from the specifications in the reference
document, the requirements in the subclause in this document prevail. The following examinations are
executed sequentially using the same DUT. Sequentially environmental examination requirements that
match the test items of Table 9 shall be tested following the sequential test flow specified in 9.3.2. The final
requirement of combined environmental examination is specified in 9.3.9.

I'able ¥ — Sequentially environmental examination

Subclaus¢
in this Requirement Reference
document
9.3.3 Operation test after durability of mate and un-mate ISO 809p-1
9.34 Operation test after high temperature exposure ISO 809p-2
9.3.5 Operation test after high temperature with vibration ISO 16750-3
9.3.6 Operation test after heat shock ISO 16750-4
9.3.7 Operation test after humidity/temperature cycle procedure ISO 16750-4
9.3.8 Operation test after specific vibration ISO 16750-3

9.2.2 Spgcific environmental examination

Table 10 shows the references with which the optical harness shall conform to. Additionally,
harness shpll meet the requirements and the test methods'specified in each subclause in this docun
the requir¢ments specified in the subclause in this decument deviate from the specifications in th

the optical
hent. When
e reference

document,|the requirements in the subclause insthis document prevail. The DUT is prepared individually.
The follow|ng examinations are executed individually. Specific environmental test requirements|that match
the test items in Table 10 are specified in 94>TFhe criteria for each environmental test are specifi¢d in 9.4.7.
Table 10 <= 'Specific environmental examination
Subclaus¢
in this Requirement Referernce
documeng
9.4.2 Operation test after specific physical shock ISO 809p-2
9.4.3 Operation test after chemical durability procedure ISO 16750-5
9.4.4 Operation test after noxious gas exposure IEC 60068}-2-60
9.4.5 Operation test after specific dust condition exposure ISO 16750-4
9.4.6 Operation test after specific drop impact procedure ISO 16750-3

9.3 Examination for sequentially environmental examination

9.3.1 General

The environmental stress that the optical harness receives in its lifetime is not the only stress that should
be considered. As environmental stresses are added to the optical harness in succession, the optical harness
shall still output enough optical power for normal operation of the optical receiver. The AOP at the output
point of an optical harness is defined as the common criteria.
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Flow chart

The optical transmitter should input enough optical power to the harness, even if environmental loads such
as temperature, humidity, vibrations and system maintenance are received in succession. Therefore, the
following examinations are executed sequentially by using the DUT used in the previous environmental test.
See Figure 34. Each requirement of these sequentially environmental examination is defined in 9.3.9.

9.3.3 Operation test after durability of mate and un-mate

-

9.3.4 Operation test after high temperature exposure

-

9.3.3 Op

9.3.3.1 K

9.3.5 Operation test after temperature exposure with vibration

-

9.3.6 Operation test after heat shock

-

9.3.7 Operation test after humidity/temperature cycle procedure

(@

9.3.8 Operation test after specific vibration

Figure 34 — Combined environmental test procedure

eration test after durability of mate and un-mate

urpose

During mg
optical co
cable plug

nufacturing of optical harnesses as well as their installation and maintenance in t
nectors shall be mated or un-mated@;few times. This test that repeatedly mates and ur
nd cable socket is required to confirm if the optical connectors maintain optical per

he vehicle,
-mates the
formances

performed

om among
cturer and

iree on the
ns shall be

ength, and

the 1nput point of the DUT is connected to the stablllzed hght source de51gnated at 8.5.1 5, 1 via the launch optics
defined in 8.5.2.1.

9.3.3.3 Test method

The AOP at the end of the DUT is measured as the initial value. Only one in-line connection in the DUT shall
be mated and un-mated repeatedly in this test. The supplier and the vehicle manufacturer shall agree on the
mating/un-mating speed. Unless otherwise specified, refer to ISO 8092-2:2023, 5.1. The AOP at the output
point of the DUT shall be measured repeatedly after each un-mate and mate cycle between the optical cable
plug and socket. This test shall be done for ten cycles. The minimum AOP at the output point of the DUT is
stored as the physical stress value.

© IS0 2024 - All rights reserved
62


https://standardsiso.com/api/?name=abc7b5c3425f3a315a548b815665b4b2

ISO 24581:2024(en)

9.3.4 Operation test after high temperature exposure

9.3.4.1 Purpose

The wiring harness is exposed to different climate conditions including high temperature during transport
and storage before installation into the vehicle body and during the vehicle's lifetime. To ensure the operation
is within the specified performance limits after high temperature exposure, this test is performed.

9.3.4.2 Testsetup

The DUT of this examination shall be the DUT that was used in the examination of 9.3.3. The DUT is put into
the programmable oven defined in 8.5.2.2.

9.3.4.3

The progrs

and the vehicle manufacturer shall agree on the test temperature condition. Unless otherwise pr

designated
taken out g
3.2.2. The

input point
in8.5.2.1."

9.3.5 Op

9.3.5.1 K

The wirin
vibration d
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9.3.5.2 1

The DUT o
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9.3.53 1

It is reconi

[est method

and held for,300°h. T

mmable oven is operated with the setting temperature of T,

temperature T,,, shall conform to Class C as defined in ISO 19642-1:2023, Table 1.

fthe programmable oven and held for 24 h at the room temperature defined in ISO 196

ofthe DUT is connected to the stabilized light source defined in 8.5.%via the launch opt
'he AOP at the output point of the DUT is measured as the heatstress value.
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9.3.6 Operation test after heat shock

9.3.6.1 Purpose

The wiring harness is exposed to heat shock conditions during transport and storage before installation
into the vehicle body and during the vehicle’s lifetime. This test is performed to ensure the operation is

within the

specified performance limits.
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9.3.6.2 Testsetup

The DUT of this examination shall be the DUT that was used in the examination of 9.3.5. The DUT is put into
the test chamber with temperature and time duration for temperature cycling defined in 8.5.2.3.

9.3.6.3 Test method

It is recommended that the vehicle manufacturer and supplier agree on the test method, environmental
temperature profile in accordance with the environment of the optical connection. Unless otherwise
provided, the designated temperature profile defined in ISO 16750-4:2023, 5.3.1 shall be used. The DUT is
taken out of the test chamber and held for 24 h at the room temperature defined in ISO 19642-1:2023, 3.2.2.
The output point of the DUT is connected to the power meter set at the designated wavelength. The input

point of th

e DUT is connected to the stahilized light source defined in 8 5.1 via the launch optic

defined in

8.5.2.1. Th
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9.3.8.2 Testsetup

The DUT of this examination shall be the DUT that was used in the examination of 9.3.7. The DUT is put into
the vibration chamber defined in 8.5.2.4.

9.3.8.3 Test method

It is recommended that the vehicle manufacturer and supplier agree on a test method and environmental
vibration profile in accordance with the environment of the optical connection. Unless otherwise provided,
the environmental vibration profile shall be as defined in ISO 16750-3:2023, 4.1.8. One end of the DUT is
connected to the power meter set at the designated wavelength. The other end of the DUT is connected to
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the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. The DUT is taken out of
the test chamber. The AOP at the output point of the DUT is measured as the vibration stress value.

9.3.9 Requirement of sequentially environmental examination

The optical attenuation change of the DUT after each combined environmental stress test is calculated using

Formula (36).

Achange =—10logg (PAfi] (36)
Initial
where
Achangg is the optical attenuation change of the DUT with environmental stress;
Bitial is the AOP at the end of the DUT before all of the tests;
Pafter is the minimum AOP at the end of the DUT after each test.

The allowable total attenuation change Ay, ,.ss Of the optical harness is calculated Gsing Formuld (37).

AHarneds = Acable + Ain—line XN (37)

where

Agarneds 1S the maximum allowable attenuation for the optical harness;

Acable is the maximum allowable attenuation for the optical fibre cable (see 6.3.6), 1,0 dB;
Al _tind is the maximum allowable attenuation for each in-line connection (see 8.7.5), 0,2 ¢B;
n is the number of in-line connections:

Total attenuation change of optical harness:{Acpan0e) Shall be Ay, ess Or less. For examplg, the total
attenuation change of the DUT that is a 50-th harness length with four in-line shall be 1,8 dB dr less. The
measuremgent uncertainty should be_kept as low as possible and taken into account accordingly when
assessing the requirements.

9.4 Examination for specifi¢ environmental examination

9.4.1 Gelneral

The optical harness-isirequired to perform a stable operation under the vehicle environment thiat includes
not only nprmal eperation but also some assembly processes. The optical harness should output enough
optical poyerto’the optical receiver, even if environmental loads such as the physical impact, chemical,
noxious gas@nd dust are received. Therefore, the following examinations are executed individ1ually. Each

3 > 1 Ph PR Py o ph - o4
requireme trsthre sameanaaetiea T 947~

9.4.2 Operation test after specific physical shock

9.4.2.1 Purpose

The wiring harness samples simulate the resistance of the specific physical shock during shipping,
assembling to vehicle body and in use in the vehicle.
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9.4.2.2 Testsetup

The optical harness is prepared as the DUT. The supplier and the vehicle manufacturer shall agree on the
optical harness style. Unless otherwise provided, a 50 m long DUT with four in-line connections shall be
used. Optical harnesses of the DUT are bundled to fit the size of the test bench in the vibration chamber
defined in 8.5.2.4 and set respectively on the X-, Y-, and Z-axes to which physical shock is applied. X-axis,
Y-axis on a horizontal plane, and Z-axis in the vertical direction shall be mutually orthogonal. The shock test
condition defined in ISO 8092-2:2023. 7.5 shall be used.

The output point of the DUT is connected to the power meter set at the designated wavelength. The input
point of the DUT is connected to the stabilized light source defined in 8.5.1 via the launch optics defined in

8.5.2.1.
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st method

the output point is measured as the initial value before the physical shocktest. '
om the optical measurement system. The physical shock operation of 50 G for'a durati
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cceleration of 1 000 shocks in each direction of the three mutually perpendicular axes.
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e launch optics defined in 8.5.2.1. The AOP at the output point{$ measured as the phy
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urpose
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ness style. Unless otherwiseprovided, a 50 m long DUT with four in-line connections sh
to chemical fluids is for optical harnesses likely to be exposed to such fluids. For th

 fluids that are agreedupon by the vehicle manufacturer and the supplier shall be used
y, environmental conditions and chemical loads related to testing are defined in ISO 1

point of the’DVT is connected to the power meter set at the designated wavelength
e DUT is conmected to the stabilized light source defined in 8.5.1 via the launch opticg

‘est method
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0068-2-27.
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sical shock
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S purpose,
2023, 7.12,
for testing.
b750-5.

The input
defined in

The AOP at the output point is measured as the initial value. The vehicle manufacturer and supplier shall
agree on the fluids and test conditions depending on the connector application. Apply the test liquids at the
temperatures and for duration according to ISO 8092-2:2023, 7.12. For each test liquid a new specimen shall
be used. After a part of the DUT that includes the in-line connection is tested, the output point of the DUT is
connected to the power meter set at the designated wavelength, and the input point of the DUT is connected
to the stabilized light source defined in 8.5.1 via the launch optics defined in 8.5.2.1. The AOP at the output
point is measured as the chemical stress value.
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9.4.4 Operation test after noxious gas exposure

9.4.4.1 Purpose

The wiring harness samples simulate the resistance of the noxious gas exposure during shipping, assembling
to vehicle body and in use in the vehicle.

9.4.4.2 Testsetup

The optical harness is prepared as the DUT. The supplier and the vehicle manufacturer shall agree on the
optical harness style. Unless otherwise provided, a 50 m long DUT with four in-line connections shall be
used. The test setup shall conform to IEC 60068-2-60.

The output point of the DUT is connected to the power meter set at the designated wavelength, and the input
point of the DUT is connected to the stabilized light source defined in 8.5.1 via the launch gpticq defined in
8.5.2.1.

9.4.4.3 Test method

The AOP at|the output point is measured as the initial value. The test method shall conform to IEC 60068-2-60,
method 2.|The test duration shall be five days, unless otherwise specified:ZAfter a part of th¢ DUT that
includes thle in-line connection is tested, the output point of the DUT is connected to the power meter set at
the designated wavelength, and the input point of the DUT is connected®o the stabilized light soufce defined
in 8.5.1 viq the launch optics defined in 8.5.2.1. The AOP at the outpuiit point is measured as the njoxious gas
stress val

9.4.4.4 (ptional test condition for noxious gas exposure

Optionally) the test method may be repeated changing the\following parameters:
— room temperature (RT) = 23 + 3 °C;

— relativie humidity (RH) = 45 % to 75 %j;

— period|= 21 days;

— volume flow = 1 m3/h;

— noxious gas = 0,2 ppm of SO,, 0,01 ppm of H,S, 0,2 ppm of NO,, 0,01 ppm of CI,.

NOTE The pnit "ppm" stands\{or parts per million.
9.4.5 Operation testafter specific dust condition exposure

9.4.5.1 Rurpose

Optical hagnesses should withstand a specified dust exposure test, assuming they are exposed tp a specific
dust enviromment during transportation, assembty imtotireveticte body and use i thre vetricte. The dust
exposure test is a dust test (IP5SKX/IP6KX, defined in ISO 20653, and F1/F2/F3, defined in JIS D 0207) using
Arizona dust, Kanto-loam, etc. using a dust chamber. The optical performance of the DUT is evaluated before
and after the test.

9.4.5.2 Test setup

The optical harness is prepared as the DUT. The supplier and the vehicle manufacturer shall agree on the
optical harness style. Unless otherwise provided, a 50 m long DUT with four in-line connections shall be
used. The test setup shall conform to ISO 16750-4:2023, 5.11.
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