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NOTICE

This document has been taken directly from U.S. Military Specification DOD-STD-1678, Notice 1 and
contains only minor editorial and format changes required to bring it into conformance with the
publishing requirements of SAE technical standards. The initial release of this document is intended to
replace DOD-STD-1678, Notice 1. Any part numbers established by the original specification remain
unchanged.

The original Military Specification was adopted as an SAE standard under the provisions of the SAE
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption

of government Sﬂmmammwwmuammamof portions of

unrevised government specifications and standards without consensus voting at thec<SAE Committee
level, and (b) theuse of the existing government specification or standard formatc
Under Department of Defense policies and procedures, any qualification requirements|and associated

qualified productg lists are mandatory for DOD contracts. Any requirement®€lating to qualified products
lists (QPL’s) has hot been adopted by SAE and is not part of this SAE technical document.
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1. SCOPE:

1.1 Purpose:

This standard gives the general physical, electrical and chemical methods for testing fiber optics
cables for conformance with the requirements. It was prepared in order to eliminate unnecessary or
undesirable variation in testing procedures. This standard does not include special test methods
applicable to certain fiber optics cables which are described in the appropriate specifications, nor
does it include all the test methods for fiber optics cable used in industry. In instance of conflict
between the provisions of those test methods and those of the individual test procedures or
specifications for particular material, the latter shall take precedence.

1.2 Application of test methods:

Test methodg contained in this standard apply to all items of equipment. WHEN IT
THE EQUIPMENT WILL ENCOUNTER CONDITIONS MORE SEVERE-OR LESS
THE ENVIRONMENTAL LEVELS STATED HEREIN, THE TEST MAY'BE MODIFI
EQUIPMENT SPECIFICATION.

1.3 Numbering system:

1.3.1

1.3.2

1.4 Method of re

Test methods

a.

b.

New methdds: A method number will be assigned so.that the new method is log
methods of| similar or related tests.

Revision of|existing methods: Revision of test:methods are indicated by a letter

method nu
3111B, etc.

This stan

Method n
methods.

ber. For example, 3111, if modified or changed, would be 3111A, thg

erence:
contained herein'shall be referenced by specifying:
dard number:

umber.—The letter following the method number shall not be used whg
For'example, use 1010, not 1010A.

IS KNOWN THAT
SEVERE THAN
ED BY THE

ated close to the

following the
b second revision,

n referencing test

Procedur

S Namper

Details required in the results paragraph of the applicable method.

Other data as called for in the individual test method.
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2. REFERENCED DOCUMENTS:
2.1 Issues of documents:

The following documents of the issue in effect on date of invitation for bids or request for proposal,
form a part of this standard to the extent specified herein.

SPECIFICATIONS

Federal

UuU-T-450 Fissue—Facial
STANDARD$
Federal

FED-STD-191 Textile Test Methods
FED-STD-228 Cable and Wire, Insulated, Methods of Testing

Military

MIL-STD-202 Test Methods for Electronic and:Electrical Component Parts
(Copies of sgecifications, standards, drawings, :@hd publications required by contrTctors in
connection with specific procurement functions should be obtained from the procufing activity or as
directed by the contracting officer.)

3. DEFINITIONS:

3.1 The following definitions listednythis military standard covers general terms. The general terms are
defined in th¢ following paragraphs.

3.1.1 Fiber: Afiher is a single discrete optical transmission element usually comprised by a fiber core
and a fiber|cladding.

3.1.2 Bundle: A pudndle is a number of fibers grouped together.

3.1.3 Cable: A cable is a jacketed bundle or jacketed fiber in a form which can be terminated.

3.1.4 Multiple fiber cable: A multiple fiber cable is a construction in which a number of jacketed fibers
are placed together in a common envelope.

3.1.5 Multiple bundle cable: A multiple fiber cable is a construction in which a number of jacketed fibers
are placed together in a common envelope.
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3.1.5

3.1.6

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

3.1.13

3.1.14
3.1.15
3.1.16

3.1.17

3.1.18
3.1.19

3.1.20

Multiple bundle cable: A multiple bundle cable is a construction in which a number of jacketed
bundles are placed together in a common cylindrical envelope.

Harness: A harness is a construction in which a number of multiple fiber cables or jacketed
bundles are placed together in an array which contains branches. A harness is usually installed
within equipment or airframe and mechanically secured to that equipment or airframe.

Branched cable: A branched cable consist of a cable, multiple fiber cable, or multiple bundle cable
which contains one or more breakouts.

Branch: A branch is that portion of a cable or arness which breaks out from and forms an arm with

the main ca

Breakout: T
where it me|

Cable or ha
where the ¢

Cable core:
Cable asse

Multiple fibg
is called an

Multiple bur
which is ter

Harness as
installation.

Fiber optics|

function wh
FO: FO is §

Acceptance

ble or harness run.

'he point where a branch meets and merges with the main cableor h
ets and merges with another branch is called a breakout.

rness run: The cable or harness run is that portion of a branched cal
ross-sectional area of the cable or harness is the largest.

The portion of a cable contained within a commpon’ covering is the ca
mbly: A cable assembly is a cable which is terminated and ready for

r cable assembly: A multiple fiber cable’which is terminated and rea
nultiple fiber cable assembly.

dle cable assembly: A multiplebundle cable assembly is a multiple
minated and ready for installation.

sembly: A harness assembly is a harness which is terminated and rg
Fiber optics'as applied to this standard is a general term used to de
ere optical‘energy is guided to another location through fiber(s).

N abbreviation for fiber optics.

arness run or

le or harness

ble core.
nstallation.

Hy for installation

bundle cable

ady for

scribe the

nattarn: Tha accabtance-nattarn of 3 fihar or fihar hundlae-is
cHteH—r e CCeptacepane - oraHoe—oOreountie—1S

f input radiation

intensity plotted against the input (or launch) angle.

Launch angle: The launch angle is the angle between the input radiation vector and the axis of the
fiber or fiber bundle.

Radiation pattern: The radiation pattern of a fiber or bundle is a curve of the output radiation
intensity plotted against the output angle.
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3.1.21 Numerical aperture, NA: The numerical aperture, NA, can be defined as follows.

3.1.21.1 Numerical aperture, NA (95% power): The numerical aperture of a fiber or bundle is defined by:

3.1.211

3.1.21.3

3.1.22

3.1.23

3.1.24

3.1.25

3.1.26

NA (95%

power) = sin 0

where 6 is the angle between the axis of the output cone of light and the vector coincident with
the surface of a cone which contains 95% of the total radiation power.

or where 6 is the angle between the axis of the input cone of light and the vector coincident with
the surface of a cone which contains 95% of the total input radiation power.

by:
NA (5% i

where 0’ i
intensity

NA (matg
where n4
fibers. Fg
in the cla

Exit angle:
or fiber bun

Radiant po

Radiant intg¢nsity: | =d®/dw: The radiant power per unit solid angle w in the dire

unit: watts

Radiance:

Numericell aperture, NA (5% intensity): The numerical aperture of a fiber or a

Numericdl aperture, NA (material): The numerical aperture of a fiber or bundle

htensity) = sin 6’

s the angle where the measured intensity of radiation i95% of the ma
vhen plotting either the acceptance or radiation pattern.

rial) = (nj—n3)"
and n, are the fiber core and cladding refractive indices, respectively
r graded index fibers n4 is the maximum index in the core and n; is th

.

The exit angle is the angle between the output radiation vector and th
dle.

wver. @: The timeyrate of flow of electromagnetic energy. unit: watts

per steradian (W/sr).

2
Lo de

pundle is defined

Ximum measured

is defined by:

for step index
€ minimum index

e axis of the fiber

(W).

ction considered.

0 dwdAcos®  dAcos@

The radiant power per unit solid angle and per unit surface area A normal to the direction
considered. The surface may be that of a source, detector or it may be any other real or virtual
surface intersecting the flux; 0 is the angle between the normal to the surface element dA and the
direction considered. unit: watts per steradian and square meter (W/sr-mz)

Lambertian: A radiance distribution that is uniform in all directions of observation.
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3.1.27 Uniform Lambertian: A Lambertian distribution that is uniform across a surface.

3.1.28 Peak wavelength: A,: The wavelength at which the radiant intensity is a maximum. unit:
nanometers (nm)

3.1.29 Peak radiant intensity: 1,: The maximum value of radiant intensity, I.

3.1.30 Spectral bandwidth: Agyy: The difference between the wavelengths at which the radiant intensity |
(1) is 50% (unless otherwise stated) of the peak values I,

3.1.31 Beamwidth: 6y: The difference between the angles at which radiant intensity | (8) is 50% (unless
otherwise ’m’md) of the peak value IP

3.1.32 Radiant poper ratio: R is defined as the radiant power ratio ®,/®4, where ®4,"and @, are the
measured power before and after specimen conditioning, respectively.

3.1.33 Packing fraction: The packing fraction is the ratio of the total core area to the crgss-sectional area
determined from the termination inside dimensions.

3.1.34 Fiber claddjng: Fiber cladding is that part of a fiber which surrounds the core of the fiber and has a
lower refragtive index than the core.

3.1.35 Cladding mode stripper: The cladding mode stripperis a material applied to the|fiber cladding
which provides a means for allowing light energy.being transmitted in the cladding to leave the
cladding of|the fiber.

3.1.36 Fiber sheath: The word “sheath” is a general term used variously to mean cladding, buffer or
jacket. The word “sheath” is not to beused in military FO specifications.

3.1.37 Fiber jackel: The fiber jacket is the material which is the outer protective covering applied over the
buffered or|unbuffered fiber.

3.1.38 Fiber buffef: The fiber buffer is the material which surrounds and is immediately pdjacent to a fiber
which provides mechadqical isolation and protection. Note: Buffers are generally softer materials
than jackets.

3.1.39 Fiber core:| The fiber core is that part of a fiber which has a higher refractive indgx than the
cladding which-surrounds-it:

3.1.40 Bundle jacket: The bundle jacket is the material which is the outer protective covering applied over
a bundle of buffered or unbuffered fibers.

3.1.41 Cable jacket: The cable jacket is the material which is the external protective covering common to

all internal cable elements.
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3.1.42 Step index fibers: A fiber in which there is an abrupt change in refractive index between the core

and claddin

g along a fiber diameter.

3.1.43 Graded index fibers: A fiber in which there is a designed continuous change in refractive index
between the core and cladding along a fiber diameter.

4. GENERAL REQUIREMENTS:

4.1

Test requirements:

The requirements which must be met by the fiber optics cables subjected to the test methods

described her

applied as sp
latter shall go

4.2

Unless othery
be made at tg
relative humig

in order to ob

atmospheric

mercury, shal

4.2.1 Permissible

specimens

a. Timeva
maintair

Space V
time, thd
the refe

5. TEST METHOL

Test condition

vern.

S.

ity of 45 percent to 75 percent. Whenever these/conditions must be
ain reproducible results; for reference purposes, temperature, relativ

be specified.

temperature variation in environmegntal chambers: When chambers

inder test shall be located only within the working area defined as fol

fiation within working area: The controls for the chamber shall be caj

ing the temperature of any single reference point within the working
@riation within working area: Chambers, shall be so constructed that
ence point,

DS:

hods for fiber optics testing are sectionalized.

bcified herein. Whenever this standard conflicts with the individual g

ise specified herein, or the individual specification, allmeasurements
mperatures of 15°C to 35°C, at air pressure of 650\to 800 millimeters

temperature of.ahy point within the working area shall not deviate mc

e tests shall be
ecification, the

and tests shall
of mercury, and
Closely controlled
e humidity, and

ressure conditions of 23°C + 2°C, 50 percent £ 5 percent and 650 to 800 millimeters of

are used,
lows:

bable of
hrea within +2°C.

at any given
bre than 3°C from

5.1 Individual me
6. NOTES:
6.1

Activities outside the Federal Government may obtain copies of Federal Specifications, Standards

and Handbooks as outlined under General Information in the Index of Federal Specifications and
Standards and at the prices indicated in the Index. The Index, which includes cumulative monthly
supplements as issue, if for sale on a subscription basis by the Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C. 20402.
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6.2

6.3

Single copies of this specification and other product specifications required by activities outside the
Federal Government for bidding purposes are available without charge at the General Services
Administration Regional Offices in Boston, New York, Washington, D.C., Atlanta, Chicago, Kansas
City, MO, Dallas, Denver, San Francisco, Los Angeles, and Seattle, WA.

Federal Government activities may obtain copies of Federal Specifications, Standards and
Handbooks and the Index of Federal Specifications and Standards from established distribution
points in their agencies.
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METHOD 1010
FIBER SIZE MEASUREMENTS
1. SCOPE:
1.1 This method describes a procedure for measuring the fiber diameter and the fiber core diameter.
1.2 Definitions:
1.2.1 The fiber diameter (overall diameter) D¢ is defined as the diameter inclusive of the cladding and
any adherent coating not normally removed during the termination process
1.2.2 The fiber cpre diameter DC is defined as the diameter of the higher refractive index medium which
transmits the major portion of the light flux.
1.2.3 The core/fiber area ratio of circular cross-section fibers is defined by:
()
where
D¢ = core dliameter
D = fiber diameter (over cladding)
If the fiber Is not circular in cross-section the core/fiber area ratio is defined by:
(&)
where
Ac = core area
Af = overall fiber aréa
2. SPECIMEN:
2.1 The specimen shall be taken from a representative sample of fiber optics cable. For convenience of

the test, a sh

ort specimen may be used.
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3. APPARATUS:

3.1 General:

The illumination source shall be a white incandescent light source with adjustable intensity.

3.2 Procedure I.

3.2.1

Optical Microscope Method:

Optical microscope: The optical microscope shall be a compound microscope type equipped with

means for front (i.e. vertical) illumination. An inverted metallurgical microscope is suitable.

3.2.2 Micromete

a filar micrg

3.2.3 Magnificati

10X, 40X gnd 100X magnification.

3.2.4 Reference

micromete

3.3 Procedure ll

3.3.1 Photomicrdg
equipped W
3.3.2 Measuring
photograph

4. PROCEDURE

4.1 Procedure I.
Step 1 - The
shall be accd
reference sc
(filar micromg

bmeter

)

bn: The microscope shall be equipped with a set of objective/denses

scale: A precision scale shall be used to calibrate the‘microscope mj

).
Photomicrographic Method:

graphic camera: The microscope described in section 3.2 (or equivs
ith a photomicrographic camera, preférably one which uses self-devq

scale: A suitable scale shall be-used for measuring the diameters of
ed.

S:

Optical Microscope*Method:

microscope_ shall be calibrated for each of the objective lenses to be
mplished-by measuring the length, L, of the image of a known scale

hle (stage-micrometer) using each objective lens (in turn) and the mig
eter).\Jhe magnification is given by:

piece (often called

of approximately

hgnification (stage

lent) shall be
eloping film.

the fiber images

used. Calibration
ith a precision
rometer eyepiece

m

L
|

where

L = the length of the known scale.
| = the length of the reference scale (portion of the stage micrometer scale used).


https://saenorm.com/api/?name=c8f9278e7601becf3dca18c5d451802b

SAE

AS16781A

Page 16 of 127

4.1

4.2

(Continued):

Step 2 - One end of the specimen shall either be prepared in accordance with Method 8040 of
DOD-STD-1678 and finished so the endfaces are perpendicular to the axis of the specimen. The
other end shall either be prepared as the first or index matching fluid shall be used to couple the
optical power between source and specimen.

Step 3 - A finished end of the specimen shall then be secured perpendicular to the microscope stage
and an objective lens selected according to the nominal fiber size such that several fibers appear in
the field of view, or in the case of a single fiber cable the one fiber appears. For most fibers, an

objective lens with a magnification of approximately 40X is suitable.

Step 4 - Fibels chosen for test shall be free of chipped edges or other defects whi

with judging
free end of th

Step 5 - The
eyepiece ang
each selecte

Step 6 - The

rLe location of the core to clad interface. The illumination source shall

e specimen and the source adjusted for easily discernable fiber, inter]
pverall diameter of the selected fibers shall be measured/by means g
the known calibration. Several measurements of cladding diameter
i fiber and the average D, for each fiber shall be cemputed.

core diameter of each of the selected fibers shall be measured in the

the fiber dianpeter and the average core diameter, D¢, for.each fiber shall be comp

Step 7 - The

core/fiber area ratio, R,, shall be calculated for each of the measured

average computed. If the fibers are not circular; additional measurements shall be

the overall fik
Step 8 - Con

maximum cl

er area, Ag, and the core area, Ag.
centricity. The concentricity of the overall insulation or of any primary

dding thickness of the‘'same cross section. The ratio of the minimum

ch might interfere
be attached to the
faces.

f the micrometer
shall be made on
same manner as
uted.

fibers and the
made to calculate

insulation,

cladding

insulation co%ating or cladding shall be determined by locating and recording the mjnimum and

thickness to
Procedure Il.

Step 1 - The
adjusted to o

Step 2 - The

he maximum cladding thickness shall define the concentricity.
Photomicragraphic Method:

ntensity.of the front and back illumination, the shutter speed and “f” 3
btainda clean photograph.

top shall be

mage of the selected fibers shall be recorded phnfngrnphir\nlly_

Step 3 - The overall image magnification shall be determined by photographing a scale of known
calibration such as a stage micrometer.

Step 4 - The fiber diameter shall be determined by measuring the image diameters as described in
4.1, step 5 and dividing by the magnification as determined in 4.2, step 2. The average fiber

diameter, D¢,

shall be calculated for each fiber measured.
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4.2 (Continued):

Step 5 - The core diameter of the selected fibers shall be measured as described in step 3. The
average core diameter, D¢, shall be calculated for each fiber measured.

Step 6 - The core/fiber area ratio, R, for each fiber shall be calculated from the average of each of
the measured fibers and grand average, R,, computed.

Step 7 - If the fibers are not circular, additional measurements shall be made in order to calculate the
overall fiber area, Ag, and the core area, A:.

Step 8 - Concentricity. The concentricity of the overall insulation or of any Qrimarﬁ insulation,
insulation cogting or cladding shall be determined by locating and recording the thlickness of the
same cross gection. The ratio of the minimum cladding thickness to the maximum cladding
thickness shall define the concentricity.
5. RESULTS:
The following details shall be specified in the equipment specification:
5.1 Procedure niimber
5.2 Pretest data required
5.3 Failure criter|a
5.4 The type of ricroscope, type of objective lens, and the measured magnification
5.5 The maximum and minimum fiber and core diameter for each fiber measured
5.6 The averagelfiber and core diameter for each fiber measured

5.7 The calculated grand average of coreffiber area ratio, R,

5.8 The number pf fibers.to’be measured
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METHOD 1020
FIBER BUNDLE DIAMETER MEASUREMENT

1. SCOPE:

1.1 This method measures the diameter of a tightly packed bundle of fibers exclusive of any jacketing or
encapsulating materials.

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of fiber optics cable or bundle.

3. APPARATUS:
3.1 Sizing gauges:
The gauges donsist of funnel-shaped gauges with precisely known inside diametel. For each
nominal fiber |pundle diameter a series of gauges in increments of .013 mm (or other appropriate
steps) both larger and smaller than the nominal diameter shall be‘used.
3.2  Wetting liquid]
A wetting liqujd may be used to wet the fibers prior teXinsertion into the gauge.
4. PROCEDURE:
Step 1 - the end of the fiber cable may be prepared by cutting the entire cable to obtain a fresh cross-
section and then removing any jacket or €xtraneous material for a distance of approximately 50 mm

from the end offthe bundle. Care must'be taken not to cut away any fibers at this step.

Step 2 - The end of the fiber bundle*may be wetted by dipping into wetting liquid. This will draw the
fibers together py capillary actien’ and facilitate packing of the fibers.

Step 3 - Starting with the-largest gauge of the series, the bundle shall be inserted intp each
progressively smaller-gatge until it cannot pass into a gauge. This will also facilitatel removal of
excess lubricant anddetermine the smallest diameter circle which will accommodate|the fiber bundle.
The diameter of the'smallest gauge which accepts the fiber bundle will define the fibef bundle diameter
for the purposes of ThiS measurement.

5. RESULTS:
The following details shall be specified in the equipment specification:

51 Procedure number
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5.2 Pretest data required

5.3 Failure criteria

5.4 The diameter of the smallest gauge into which the fiber can be fitted (“Go” Gauge)
5.5 The diameter of the next smallest gauge (“No-Go” Gauge)

5.6 The liquid used to wet the fiber
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1. SCOPE:

1.1
number of fib

2. SPECIMEN:

2.1

METHOD 1030
NUMBER OF FIBERS

ers is large.

the test, a sh

3. APPARATUS:

3.1 Apparatus fo

3.1.1  Optical Mig
equal shall
image.

3.1.2 Photomicrg
DOD-STDA

3.2 Apparatus fo
3.2.1 Laboratory
3.2.2 Microscope
4. PROCEDURE
4.1 Procedure I:

Step 1 - Both
DOD-STD-1¢4

rtspecimenrmay beused:

' Procedure I:

roscope: An optical microscope as described in Method 1010 of DO
be used. The magnification shall be sufficient todill a photograph wit
graphic Camera: A photomicrographic camera as described in Meth
1678 or equivalent shall be used.

I Procedure |I:

Balance: A laboratory balance of reading accuracy to .1 milligram of

/laboratory tweezers.

4

ends of'the specimen shall be prepared in accordance with Method
78:and finished so that the endfaces are perpendicular to the axis of]

Step 2 - One

end of the specimen shall be placed in the illumination source.

This method determines the total number of fibers in a fiber bundle (or multiple fiber cable) where the

The specimen shall be taken from a representative sample of fiber optic cable. For convenience of

D-STD-1678 or
h the fiber bundle

pod 1010 of

better is required.

8040 of

the specimen.

Step 3 - The magnification shall be adjusted and the image of the fiber bundle shall be recorded
photographically.

Step 4 - The fibers in the photograph shall be counted. For convenience, it has been found useful to
cross out the fiber image with an “X” or “v”” when it is counted so as not to count the same fiber more

than once.
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4.2 Procedure Il:
Step 1 - A 130 to 150 mm length of jacketed bundle shall be carefully straightened and cut.
Step 2 - The bundle of fibers (and serving threads if present) shall be removed from their jacket and
immediately placed upon the locked tray of the balance.
Step 3 - The serving threads will be carefully separated from the optical fiber elements such that no
fibers are lost from the tray during this process.
Step 4 - The mass of the entire optical bundle will be taken and recorded.
Step 5 - Seqthentially, individual fibers, selected at random, will be removed from-the tray and the
remaining bundle mass recorded.
Step 6 - A mihimum of 10 fibers shall be removed from the bundle and readings taken of the reducing
bundle mass|after each fiber’s removal from the bundle.
4.3 Procedure Il
Step 1 - The ppproximate number of fibers (N) in the bundle.can be calculated from
D 2
N = .907[_ u 1}
d
where d is the average fiber diameter determined according to Method 1010 and D is the fiber
bundle diamgter according to Method 1020
5. RESULTS:
5.1 Results for Pfocedure I:
5.1.1 The type of microscope, type of objective lens, and the magnification shall be reported.
5.1.2 The total niimber of(fibers shall be reported.
5.2 Results for Pfoceddure II:
5.2.1 The individual fiber masses of those fibers removed from the tray will be calculated by subtracting
the bundle mass after fiber removal from the bundle mass prior to removal.
5.2.2 The ten or more fiber masses tabulated in 5.2.1 will be used to calculate an average fiber mass by
summation of the fiber masses and division of this value by the number of measured fibers.
5.2.3 The number of fibers within the bundle will be calculated by division of the total bundle mass

measured initially by the average fiber mass calculated in 5.2.2.
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METHOD 1040.1
NUMBER OF TRANSMITTING FIBERS
1. SCOPE:

1.1 This method determines the number of fibers in a bundle which are transmitting light.

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of fiber optics cable.

3. APPARATUS:

3.1 Optical microscope:

An optical migroscope as described in Method 1010 of DOD-STD-1678‘0r equal shall be used. The

magnification

3.2 Photomicrogt

A photomicrographic camera as described in Method 1010 0f DOD-STD-1678 or €

used.

3.3 lllumination spurce:

A white incar
specimen on
specimen ba

4. PROCEDURE:

Step 1 -Both e
DOD-STD-167

Step2-Onee
end of the sped

shall be sufficient to fill a photograph with the fiber bundle image.

aphic camera:

descent light source with adjustable intensity shall be used for illumin
the front and back. A diffusion plate shall be used between the illumi
LK.

hds of the specimen shall be prepared in accordance with Method 80
B and finished so that the endfaces are perpendicular to the axis of th

nd of thie specimen shall be illuminated by the back illuminating sourc
imen-shall be placed in the field of view of the optical microscope ang

quivalent shall be

ating the
hation source and

40 of
e specimen.

e. The opposite
illuminated at an

oblique angle t

b the specimen face.

Step 3 - The intensity of the front and back illumination, the front illumination angle, the shutter speed
and “F” stop shall be adjusted to obtain a clear photograph and to obtain maximum contrast between
transmitting and non-transmitting fibers.

Step 4 - Several photographs of the specimen shall be taken using different intensity settings of the
back illuminating source. The front illumination, shutter speed and “F” stop shall not be readjusted.
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4. (Continued):

5.

5.1

52

Step 5 - Using Procedure |, Method 1030 of DOD-STD-1678, the number of transmitting fibers shall be
determined on each photograph.

NOTE: If the number of transmitting fibers is large compared to the number of non-transmitting fibers,
the number of non-transmitting fibers shall be counted. This presupposes that the total number of

fibers is known.

Step 6 - If the number of transmitting fibers on the photographs obtained using the two lowest
intensities are different, the intensity of the back illuminating source shall be lowered and an additional

photograph tak
number is repo

RESULTS:
Reporting:
The following
a. Operator
b. Specimen
c. Specimen
d. The numb
Documentatid

The following

a. The type
b. Date of la

en. When the number of transmitting fibers in the two photographs a

ted.

information shall be reported with each test:

bhnd date.

identification.

length.

er of transmitting fibers obtained on the two lowest intensities.
n:

information shall be recorded and shall be made available upon reqy

bf microscope, type of objective lens, and magnification.
5t equipment calibration and when calibration is next due.

re the same, this
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METHOD 2010
CYCLIC FLEXING
1. SCOPE:
1.1 This method describes a procedure for determining the ability of a fiber optics cable to withstand
cyclic flexing.
2. SPECIMEN:
2.1 The specimen shall be taken from a representative sample of the fiber optics.

3. APPARATUS:
3.1 General:

The apparatJ
screws arran

3.1.1 Mandrel as

s shall consist of clamps, masses, mandrel assembly, @rive gears an
ped as shown in Figure 2010-1.

sembly: The mandrel assembly shall be adjustable so that the mand

d adjustment

rels may be

brought together, remain parallel and contact the fiber gptics cable. The mandrgl assembly shall

be adjustal
motion of th
3.1.2 Cyclic arm:
adjustable

cycles per minute.

3.1.3 Masses: T

coincident
4. PROCEDURE}
4.1 Procedure I:

Step 1 - Unle
and 50 + 5%

le in reference to the axis of rotation of thercyclic arm so that during ¢
e fiber optics cable within the mandrels.is'a minimum.

The cyclic arm shall be driven by\an electric motor either whose out
br through an infinitely adjustable transmission so that the cyclic arm

he masses shall be so.designed so that the force applied to the fiber
vith the axis of the cable.

D.
D.

5s otherwise specified, the specimen shall be preconditioned for 48 h

bperation vertical

but shaft speed is
s driven at 30 £ 1

pptics cable is

ours at 23 + 2°C

relative humidity.

Step 2 - Prior to cyclic testing the total number of transmitting fibers shall be determined according to

Method 1040

Step 3 - The specimen shall be placed in the cyclic flexing apparatus and unless otherwise specified
in the specification sheet, the bend mandrel and mass shall be chosen according to Figure 2010-1.
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4.1

4.2

5. RESULTS:

5.1

5.2

5.3

54

5.5

The following ¢

(Continued):

Step 4 - The

apparatus shall be operated for the specified number of cycles.

Step 5 - The specimen shall be removed from the apparatus and the total number of transmitting
fibers determined again.

Procedure Il:

Step 1 - Unless otherwise specified, the specimen shall be conditioned for 48 hours at 23 + 2°C and
50 = 5% relative humidity.

Step 2 - Prio

Step 3 - The
and mass.

Step 4 - The

Step 5 - The

Procedure n
Pretest data
Failure criter

The percentd
calculated fr
_ N;—=N

Py = ——

N

to cyclic testing the output power shall be determined in accordance

specimen shall be placed in the cyclic flexing apparatus using_.the sp

apparatus shall be operated for the specified number of'cycles.

specimen shall be removed and the output powerdetermined again.

letails shall be as specified in the equipment specification:
imber

required

a

ge, Py, of the fibers broken in the cyclic test (procedure ) shall be re
DM

2 %< 100

where N, is

he number of transmitting fibers before cycling and N, is the number

with Method 6010.

beified mandrels

ported and

of transmitting

fibers after cyelirg-

The diameter of the mandrels, the mass and number of cycles (Procedure 1).
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5.6 The ratio (Procedure Il) of output power, R, shall be reported and calculated from:

-2
D,

where @4 is the output power before cyclic flexing and @, is the output power after cyclic flexing.

R

5.7 The diameter of the mandrels, the mass and number of cycles shall be reported (Procedure Il).
5.8 The type, size and responsivity of the detector at the wavelength of interest (Procedure I)

5.9 The source used and launch conditions (Procedure Il)

5.10 The length pf the specimen.

5.11 Any visible damage to the specimen shall be reported.
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/'

]

80°

i

”
/ _
. ’
o | O
D‘O

250 MM (TYP)—p R=2 1/2 X CABLE 0.D.
M —ARM DRIVEN AT [30
NOTE: ( ) CYCLES PER MINUTE
— I
1 QYCLE SHALL CONSIST OF 90° P,

BEND EACH SIDE (180° ARC) AND
RETURN TO ORIGINAL POSITION.

JABLE NOMINAL
NOMINAL

2J5 mm and Less

2J6 mm to 6.4 mm
645 mm to 12,7 mm
14J0 mm to 15,0 mm
15J3 mm to 17.8 mm
1840 mm to 20.0 mm
20J3 mm to 22.8 mm
229 mm and Over

N

TEST '
MASS

5. kg
10 kg
12.5 kg
15 kg ot
17.5 kg
20 kg !
22.5 kg
25 kg

Figure 2010-1. Bend Test Fixture

———rt
- '
K \-—BEND MANDREL .

| ——TEST SPECIMEN
LENGTH =1 METER

MASS
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METHOD 2020
LOW TEMPERATURE FLEXIBILITY
(COLD BEND)

1. SCOPE:

1.1 This method describes a procedure for determining the ability of a fiber optics cable to withstand
bending around a mandrel at low temperature by measuring either the fiber breakage or the
transmitted power and by visual examination.

2. SPECIMEN:

2.1 The specimep shall be a representative sample of fiber optics cable whose length'is at least 150
times the finighed outside diameter of the cable. It shall be prepared for testing in accordance with
Radiant Power Measurement, Method 6010.

3. APPARATUS:

3.1

3.2

4. PROCEDURE}]

4.1

The bending
sizes which s
apparatus sh

The test man
Procedures |
specimen. T
permit the re
(The masses

Procedure I:

Step 1 - Unle
and 50 + 5%

Step 2 - Priof]

hpparatus shall be as specified in Method 2011 of FED-STD-228 exce
hall be specified in the individual specification.sheet. The power mez:
bll be as specified in Radiant Power Measurement, Method 6010.

drels, masses, and clamping method shall be as shown in Figure 203
and Il and in Figure 2020-2 for Procedure Ill. The clamps shall not d
he length of the specimen betweerithe mandrel and the mass shall b
quired number of turns. (The masses shall be of values shown in Fig
shall be sufficient to keep specimen taut and to permit bending withg

N

D .

5s otherwise“specified, the specimen shall be preconditioned for 48 h
relative iumidity.

pt for the mandrel
isurement

0-1 for
amage the

e sufficient to
ure 2020-2.) or
ut handling.)

ours at 23 + 2°C

to bending the total number of transmitting fibers shall be determined according to

Method 1040,

Step 3 - The specimen shall be installed on the applicable standard mandrel listed in FED-STD-228,

Method 2011

and placed in the cold chamber.

Step 4 - Unless otherwise specified, the specimen shall be conditioned for 20 hours. The
conditioning temperature and mass shall be as specified in the applicable specification.
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4.1 (Continued):

Step 5 - At the end of the conditioning period and while at the conditioning temperature the specimen
shall be wound at a rate of 2 turns of the mandrel per minute.

Step 6 - The specimen and mandrel shall be removed from the conditioning chamber and allowed to
return to room temperature. The jacket or outer covering of the specimen shall be visually examined
under 10X magnification for cracks or other defects caused by bending.

Step 7 - Within one hour from the removal from the chamber of the specimen, it shall be straightened
and removed from the mandrel. The total number of transmitting fibers shall be determined again.

4.2 Procedure ll;

Step 1 - Unlgss otherwise specified, the specimen shall be preconditioned-for 48 Hours at 23 £ 2°C
and 50 £ 5% relative humidity.

Step 2 - Prioffto bending the transmitting power, ®4, of the specimen-shall be meagured according to
Radiant Meapurement, Method 6010.

Step 3 - The gpecimen shall be removed from the power measurement apparatus| installed on the
applicable standard mandrel listed in FED-STD-228, Methed 2011 and placed in the cold chamber.

Step 4 - Unlgss otherwise specified, the specimen shall be conditioned for 20 houts. The
conditioning femperature and mass shall be as.spgcified in the specification sheet

Step 5 - At the end of the conditioning period-and while at the conditioning temperature the entire
specimen shall be wound at a rate of 2.turns of the mandrel per minute.

Step 6 - The specimen and mandrel shall be allowed to return to room temperature. The jacket or
outer covering of the specimen-shall be visually examined under 10X magnificatiop for cracks or
other defects caused by bending.

Step 7 - Withjn one hout/after reaching room temperature the specimen shall be sfraightened and
removed from the mandrel. The transmitted power, ®,, of the specimen shall then be measured
according to RadiantPower Measurement, Method 6010.

4.3 Procedure lll

Step 1 - Unless otherwise specified, the specimen shall be preconditioned for 48 hours at 23 £ 2°C
and 50 £ 5% relative humidity.

Step 2 - Prior to bending the transmitted power, @4 of the specimen shall be measured according to
Radiant Power Measurement, Method 6010.
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4.3

5. RESULTS:

5.1

52

5.3

54

5.5

5.6

The following ¢

(Continued):

Step 3 - With the specimen connected to the power measurement apparatus, the cable shall be
installed on the applicable mandrel and placed in the cold chamber. The specimen shall be clamped
to the mandrel at two points adequately separated and a loop provided to avoid bending losses (see

Figure 2020-

1). Specimen length outside the chamber will be kept to a minimum.

Step 4 - In order to verify that the looping and clamping procedure does not cause excess loss, the
transmitted power, ®4, shall be measured before and after installation on the mandrel.

Step 5 - Unless otherwise specified, the specimen shall be conditioned for 20 hours. The

conditioning

temperature and mass shall be as specified in the specification sheet.

Step 6 - At th

specimen shrll be wound at a rate of 2 turns of the mandrel per minute. The total

will be speci
Step 7 - The

outer coverirn
other defects

Step 8 - With
removed frof

apparatus. 1
Radiant Pow

Procedure n
Pretest data

Failure criter

ed in the specification sheet.

caused by bending.

'he transmitted power, ®,, of the specimen shall then be measured a
er Measurement, Method 6010.

etails shall be as specified in the equipment specification:
imber
required

a

The percenta

ge, Py, of the fibers broken in the bending test (Procedure |) shall bg

calculated from:

PN = N1

N:—N,

e end of the conditioning period and while at the conditioning temperpture the entire

number of turns

specimen and mandrel shall be allowed to return to room temperature. The jacket or
g of the specimen shall be visually examined undef0X magnification for cracks or

in one hour after reaching room temperature'the specimen shall be straightened and
h the mandrel. The specimen shall not becdisconnected from the power measurement

ccording to

reported and

x 100

The diameter of the mandrel and the mass (Procedure I).

Any cracking

or splitting of the insulation (Procedure ).
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5.7 The ratio (Procedure Il and Ill) of output power, R, shall be reported and calculated from:

-2
D,

where @4 is the output power before bending and @, is the output power after bending.

R

5.8 The length of the specimen (Procedure Il and IlI).
5.9 The diameter of the mandrel and the mass (Procedure Il and III).

5.10 Any cracking or splitting of the insulation (Procedure Il and IlI).

5.11 The totgl number of turns on the mandrel.

ARM —» MANDREL
SPECIMEN
MANDREL
DIAMETER
__ C_L‘.: - —— —
CLAMP
_ [}
TERMINATED 50 mm MIN
END L 2 TERMINATED
END

Figure 2020-1. Test Mandrels and Masses (Pracedures | and II)
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MAKRDEEL
DIAMETER

3
0 = 5¥| BOMIKAL T
CAELE OD o1

. MARR ——————p]

ERD TERMINATED END TERMIBATED ———

AT SOURCE AT DETECTOE
CABLE HOMIMAL TEST
DIAMETER MASE

2.5 mm and Lesa = 5 kg

2,6 mm to 6.4 mm = 10 kg

G.5mm to 12,7 mm = 1%.5 kg

14.0 vm ta 15.0 mm = 15 kg

153 ma to 17.B mm =  17.5 kg

18.0 mm to 20.0 mm = 20 kg

20,3 mm to 22.8 wm = 32,5 kg

22.9 mm and Owver = 25 kg

Figure 2020-2. Test Mandrels and Masses (Procedure 1)
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1.

1.1

SCOPE:

2. SPECIMEN:

2.1

3. APPARATUS:

3.1

3.1.1

3.1.2

3.1.3

4. PROCEDURE{

4.1

General:

The apparatJ

METHOD 2030
IMPACT TESTING

This method determines the ability of a fiber optic cable to withstand impact loads.

shown in Fig

Drop hamn
fall of 150 n
minimum lg
The hardne
hammer as|
the axis of

Cyclic arm:
adjustable ¢
at 30 £ 1 cy

Masses: T
onto the fib

Procedure I:

Step 1 - Unle

s shall consist of clamps, mass, drive gears, and adjustment'screws
ire 2030-1.

er assembly: The drop hammer assembly shall be,designed to perm
hm onto the fiber optics cable. The striking surface shall be cylindricd
ngth of 50 mm and unless otherwise specified a radius of curvature
ss of the striking surface and anvil shall be Rockwell RB-90, minimur
sembly shall be adjusted so that the axis.of the striking surface will bg
he cable.

The cyclic arm shall be drivenby an electric motor whose output sh
ither directly or through an infinitely adjustable transmission so the ¢
cles per minute.

he masses shall be_[obaded onto the hammer so that the full force is a
er optics cable unless otherwise specified.

.
D .

5S-otherwise specified the specimen of the fiber optics cable shall be |

The specimen shall be taken from a representative sample of the fiber optics cable.

arranged as

it a free vertical
1l shaped with a
f10 £ .13 mm.

n. The drop

at right angles to

hft speed is
yclic arm is driven

pplied vertically

breconditioned for

48 hours at 5

x 07 relative humidity and 2o £ Z27C.

Step 2 - Prior to impact testing the total number of transmitting fibers shall be determined according

to Method 10

40.

Step 3 - The specimen shall be placed in the impact testing apparatus and the mass of the drop
hammer adjusted so the specified value by adding (or subtracting) appropriate masses.
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4.1 (Continued):
Step 4 - The apparatus shall be operated for the specified number of cycles.
Step 5 - Unless otherwise specified, the specimen shall be removed from the apparatus and the total
number of transmitting fibers determined again.
Step 6 - The specimen shall be visually inspected for any damage.
4.2 Procedure Il
Step 1 - See Step 1. Procedure |.
Step 2 - Priof to impact testing the output power shall be determined in accordande with Method
6010.
Step 3 - See|Step 3, Procedure I.
Step 4 - See|Step 4, Procedure |.
Step 5 - The|specimen shall be removed and the output pewer determined again.
Step 6 - See|Step 6, Procedure |.
5. RESULTS:
5.1 Results for Hrocedure I:
5.1.1 The percentage, Py, of the fibers broken into the impact test shall be reported aps calculated from:
Py = S 100
where N, is the number of transmitting fibers before impact testing and N, is the number of
transmitting fibers after+mpact testing.
5.1.2 The weight applied to the drop hammer and the number of cycles shall be reported.
5.1.3 Any visiblerdamage-to-the-specimen-shallbereported-

5.1.4 Temperature(s) at which test was performed if other than room ambient.
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5.2 Results for Procedure Il:

5.2.1 The ratio of output power, R, resulting from the impact test, shall be reported as

:22
D,

R

calculated from:

where @4 is the output power before impact testing and @, is the output power after impact testing.

5.2.2 The weight applied to the drop hammer and the number of cycles shall be reported.

5.2.3 Any visible damage to the specimen shall be reported.

5.2.4 The type, gize and responsitivity of the detector at the wavelength of interest shzlall be reported.

5.2.5 The sourcg used and launch conditions shall be reported.
5.2.6 Same as 5|1.4.

NOTE: Cable extgrior deformation will not be considered as damage *However, cracki
other similar effects shall be considered as damage.

ng, splitting or
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CABLE NOMINAL TEST

DIAMETER MASS
2.5 mm and Less = 0.5 kg
2.6 mm to 6.4 mm = 1.5 kg
6.5mm to 12,7 mm = 3.0 kg
12,73 mm to 13.9 mm = 6.0 kg
14ymto 15mm = 7.5 kg
15,3 mm to 17.8 mm = 9.0 kg
Il 18 mm to 20mm = 10.5 kg
° 20.3 mm to 22.8 mm = 12.0 kg
22.9 mm and Over = 13.5 kg

GUIDE\.ﬂ——
MASS STRIKING
TEST SPECIMEN

SURFACE STANDARD LENGTH 400 MM

DROP 150 MM | - ”__'j/

SPECIMEN|TO BE l I~ 50MM
CENTERED| UNDER
DROP HA1MER

L — //////////// |
S>>0 F

A

R =NOT LESS THAN SOMM,
( FREE RUNNING
ARM)

\
RIVING PIN ROTATES AT \L"
b CYCLES PER MINUTE

w O

|

L ~[12.5MM R

& A

\\\\\\\\\

_.

60
MM

METHOD_OF CLAMPAING

TEST SPECIMEN

Figure 2030-1. Impact Test, Fixture Cable Testing



https://saenorm.com/api/?name=c8f9278e7601becf3dca18c5d451802b

SAE AS16781A Page 37 of 127

METHOD 2040
COMPRESSIVE STRENGTH

1. SCOPE:

1.1 This method determines the ability of a fiber optics cable to withstand slow compression or crushing.

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of fiber optics cable.

3. APPARATUS:

3.1 General:

The tensile Iqad apparatus shall be as described in Method 3001 of FER-STD-228|or shall consist of
clamps, masses, drive gears and adjustment screws arranged as shown in Figure[2040-1.

3.1.1 Test fixture|] The movable portion of the test fixture shall be aflat plate as shown|in Figure 2040-1.
The hardngss of both the stationary and movable plates shall be Rockwell RB-90, minimum. The
cable specimen shall be mounted so as to prevent lateralmotion of the cable in the test fixture.

r——lm.smm —bl
£ TR\ = 6,4 mm

r_.

[ ol .gj/('rzr;. 4 PLACES)

)

{
]
i | \— CABLE

~ T

TENSILE
LOAD

Figure 2040-1. Test Arrangements for Crush and Shear Testing
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4. PROCEDURE:

4.1

4.2

4.3

Procedure I:

Step 1 - Unless otherwise specified the specimen of fiber optics cable shall be preconditioned for 48

hours at 50 +

5% R.H. and 23 + 2°C.

Step 2 - Prior to compressive strength testing the total number of transmitting fibers shall be
determined according to Method 1040.

Step 3 - The specimen shall be placed in the test apparatus.

Step 4 - The

Step 5 - Unle

bpparatus shall be operated to apply the specified load at the specifig

5s otherwise specified, the specimen shall be removed from the‘appa

number of trgnsmitting fibers determined again.

Step 6 - The
Procedure ll:
Step 1 - See

Step 2 - Prion
with Method

Step 3 - See
Step 4 - See
Step 5 - The
Step 6 - See

Procedure Il

specimen shall be visually inspected for damage.

Step 1, Procedure |.

to compressive strength testing the output power shall be determine
5010.

Step 3, Procedure |.
Step 4, Procedure |.
specimen shall beTéemoved and the output power determined again.

Step 6, Procedure |.

Step 1 - See

d rate.

atus and the total

d in accordance

Step’ 1, Procedure |.

Step 2 - See Step 2, Procedure Il.

Step 3 - See Step 3, Procedure I.

Step 4 - The output power shall be measured continuously during the application of the compressive
load in accordance with Method 6010.

Step 5 - See Step 4, Procedure |.
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Step 6 - See
Step 7 - See
5. RESULTS:
5.1
5.1.1
calculated
_ N.—
Py = N
where Ny i

number of
5.1.2 The maxin
5.1.3 Any damag
5.1.4 Temperatu

5.2 Results for H

r

Step 5, Procedure Il.

Step 6, Procedure |.

Results for Procedure I:

from:

N2 100

The percentage, Py, of the fibers broken in the compressive strength test shall be reported as

5 the number of transmitting fibers before compressive strength testin
transmitting fibers after compressive strength testing.

je to the specimen shall be reported.
e(s) of test if other than room ambient.
rocedure Il:

f output power, R, resulting from thexcompressive strength test, shall
from:

5 the output power before compressive strength testing and @, is the
e strength testing-

um load applied during the test and the loading rate shall be reportec
je to the'specimen shall be reported.

ize\and responsitivity of the detector at wavelength of interest shall b

um load applied during the test and the loading rate shalbbe reported.

g and N, is the

be reported as

putput power after

e reported.

5.2.1 Theratiog
calculated
R - ®
D,
where @4 i
compressi
5.2.2 The maxim
5.2.3 Any damag
5.2.4 The type, s
525

52.6 Sameas5

The source used and launch conditions shall be reported.

1.4

5.3 Results for Procedure lll:

5.3.1 The output

power @ shall be plotted as a function of applied load.
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5.3.2 The maximum load applied during the test and the loading rate shall be reported.

5.3.3 Any damage to the specimen shall be reported.

5.3.4 The type, size and responsitivity of the detector at the wavelength of interest shall be reported.
5.3.5 The source used and launch conditions shall be reported.

53.6 Sameas5.1.4

NOTE: Cable exterior deformation will not be considered as damage. However, cracking, splitting or
similar effects sHall be considered as damage.
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METHOD 2050
CABLE TWIST

1. SCOPE:

1.1 This method describes a procedure for determining the ability of fiber optics cable to withstand
twisting. The following parameters are either measured or observed:

a. The number of broken fibers caused by twisting
b. The change in attenuation caused by twisting

2. SPECIMEN:
2.1 The specimgn shall be taken from a representative sample of fiber optics,cabte.
3. APPARATUS:

3.1 Suitable cable gripping blocks with supports and a torquing levershall be used to|perform the twist
test.

N\ < B

)i
]j\ FIXED CABLE CLAMP /
ROTATING CABLE CLAMP

Figure 2050-1. Cable Twisting Apparatus
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4. PROCEDURES:

4.1

4.2

Procedure I:

Step 1 - Prior to twisting, the number of transmitting fibers N, shall be determined in accordance with

Method 1040

of DOD-STD-1678.

Step 2 - The specimen shall be installed in the apparatus with length L as specified in the applicable

specification.

Step 3 - The moveable cable clamp shall be rotated 180 degrees clockwise, returned to the starting

position and

hen rotated 180 dngrnne counterclockwise and returned-to the startin

g position. This

constitutes a
Step 4 - Unle
tenth cycle de
180 degrees

Procedure Il:

Step 1 - Prior
Method 6010

Step 2 - The
specification.

Step 3 - Sam

Step 4 - Sam

5. RESULTS:

5.1

5.1.1

52

5.2.1

522

Results for P

The numbe

Results for P

cycle.
5s otherwise specified, Step 3 shall be repeated for a total often cycl

termine the number of transmitting fibers with the cable rotated 180 d
counterclockwise and after the completion of the tenth cycle.

to twisting, the total transmitted power, ®4, shall be measured in acc
of DOD-STD-1678.

specimen shall be installed in the apparatus with length L as specified

b as Step 3, Procedure |.

b as Step 4, Procedure L

ocedure I
r of transmitting fibers shall be reported before, during and after the t

ocedure l:

es. During the
bgrees clockwise,

brdance with

in the applicable

ist test.

The ratio of output power, R, resulting from the twist test shall be reported as calculated from:

-2
D,

R

where @4, is the output power before twisting and @, is the output power after twisting.

Any visible

damage to the specimen shall be reported.
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METHOD 2060
CABLE TWIST-BEND
1. SCOPE:
1.1 This method describes a procedure for determining the ability of fiber optics cable to withstand

twisting. The following parameters are either measured or observed.

a. The number of broken fibers caused by twisting.
b. The change in attenuation caused by twisting.

2. SPECIMEN:

2.1

3. APPARATUS:

3.1

4. PROCEDURE

4.1

4.2

The specimehn shall be taken from a representative sample of fiber optics cable:

The apparatus shall be as shown in Figure 2060-1.

4

Procedure I:

Step 1 - Prioff to twisting, the number of transmitting, fibers N, shall be determined in accordance with
Method 1040 of DOD-STD-1678.

Step 2 - The [specimen shall be installed in the apparatus with length as specified |n the applicable
specification

Step 3 - The cable shall be rotated 180 degrees clockwise, returned to the starting|position and then
rotated 180 degrees counterclockwise and returned to the starting position. This gonstitutes a cycle.

Step 4 - Unlgss otherwise specified, Step 3 shall be repeated for a total of 1999 cycles. During the
2000th cycle|determinedhe number of transmitting fibers with the cable rotated 180 degrees
clockwise, 180 degrees/counterclockwise and after the completion of the 2000th gycle.

Procedure Il;

Step 1 - Prior to twisting, the attenuation shall be measured in accordance with Method 6020 of
DOD-STD-1678.

Step 2 - The specimen shall be installed in the apparatus as specified in the applicable specification.
Step 3 - Same as Step 3, Procedure |.

Step 4 - Same as Step 4, Procedure |.
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5. RESULTS:

5.1 Reporting for Procedure I:

5.1.1 The number of transmitting fibers shall be reported before, during and after the twist test.
5.2 Reporting for Procedure II:

5.2.1 The ratio of output power, R, resulting from the twist test shall be reported as calculated from:

-2
D,

where @ is the output power before twisting and @, is the output power after |twisting.

R

5.2.2 Any visijle damage to the specimen shall be reported.
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= 5X NOMINAL
CABLE 0.D.

N

TEST SPECIMEN

STANDARD LENGTH 1.7 m ~

ADJUSTABLE SHEAVE

560 mm ADJUST TO CABLE
DIAMETER PLUS .100 MAX

NOTE

TWIST PER mm OF ACTIVE LENGTH TO
BE KEPT CONSTANT WHEN| CHANGING
PULLEY/AND LARGER CLAMPING ARM

/MASS

10 kg FOR CABLE 6.4 mm
NOMINAL O.D. AND LESS

ARM DRIVEN |A
30 CYCLES ]ER MINUTE 7

25 kg FOR CABLE 645 mm
NOMINAL O.D. AND GREATER

é 200 mm = VERTICAL MOTION
+ 90° TWIST FROM CENTER
(TOTAL TRAVEL 180°)

Figure 2060-1. Twist-Bend, Test, Fixture, Cable Testing
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METHOD 3010
CABLE TENSILE LOAD

1. SCOPE:

1.1 This method describes a procedure for determining the ability of fiber optics cable to withstand
tensile loading. The following parameters are either measured or observed.

Percent increase in length under tension.
Percent of broken fibers caused by tension.
A measure of the change in radiant power caused by tension.

A 'I' f 4 dlo lo +E 4 oot ol b +l 1 al
bl Ity (0} SUTITYUTTTICTITOTT, 1 ally, U WillTotarlu tCTislc TUau.

apoo

2. SPECIMEN:
2.1 The specimeh shall be taken from a representative sample of fiber optics, cable.
3. APPARATUS:

3.1 The tensile Igad apparatus shall meet the requirements of Methods 3001 and 3016 of
FED-STD-22B and as specified herein.

3.1.1 Sufficient clamps, pulleys, masses, tension measuring gauges and length measdiring scales may
be employed in lieu of automatic machines if 5%%accuracy of measurement is maintained.

4. PROCEDURES:
4.1 Procedure | ([Transmitting Fibers):

Step 1 - Unleps otherwise specified. the specimen shall be preconditioned for 48 hours at 50 £ 5%
relative humidity and 23 + 2°C(

Step 2 - Prion to tensile loading the number of transmitting fibers, N4, shall be detefmined in
accordance with Method-1040 of DOD-STD-1678.

Step 3 - The ppecimén shall be installed in the apparatus as specified in the appligable specification.

Step 4 - Unless otherwise specified the specimen shall be preloaded with a 4.5 kg load.

Step 5 - The length, L4, of the specimen or strength member, as applicable, between the holding
fixtures of the tensile apparatus shall be measured. This length shall be established by gauge
marking the specimen (or strength member).
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4.1 (Continued):

Step 6 - The specimen shall then be subjected to the tensile load specified in the applicable
specification.

Step 7 - Unless otherwise specified the tensile load shall be maintained for 5 minutes.

Step 8 - At the end of the tensile load period and while still under tension the length, L,, of the
specimen shall be determined by measuring the distance between gauge marks. Unless otherwise
specified, the number of transmitting fibers, N5, shall be determined while the specimen is still under
tension.

4.2 Procedure Il [Radiant Power):
Step 1 - See [Step 1, Procedure |.

Step 2 - Prionto tensile loading the radiant power, @4, shall be measuredin accordance with Method
6010 of DODSTD-1678.

Step 3 - See
Step 4 - See
Step 5 - See
Step 6 - See

Step 7 - See

Step 3, Procedure |.
Step 4, Procedure |.
Step 5, Procedure |.
Step 6, Procedure |.

Step 7, Procedure |.

Step 8 - At the end of the tensile load period and while still under tension the length, L, of the

specimen shall be determined as:in Step 8 of Procedure I. Unless otherwise specjfied, the radiant

power, ®,, shall be measured while the specimen is still under tension.
5. RESULTS:

5.1 Results for Pfocedure I:

5.1.1 The percentage of fibers broken in the tensile loading shall be reported as calculated from:

_ N:—N,
Py = N, x 100
5.1.2 The percentage increase in length shall be reported as calculated from:
p. = 22=L15 100

L
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5.1.3 The preload, if other than 4.5 kg, shall be reported.
5.1.4 The length, L4, of the specimen shall be reported.

5.1.5 Any cracking or splitting of the jacket or rupture or damage to the strength member shall be
reported.

5.1.6 The temperature of test, if other than room ambient, shall be reported.
5.1.7 The tensile load used shall be reported.

5.2 Results for Pracedure |l

5.2.1 The ratio of output power, R, shall be reported as calculated from:

:22
D,

5.2.2 The radiatipn source, center wavelength(s), bandpass at the wavelength(s) and qumerical aperture
of the laun¢hed radiation cone shall be reported.

R

5.2.3 The identity and refractive index at the wavelength(s) of interest of index matching fluids, if used,
shall be reported.

5.2.4 The type, gize and responsivity of the detector atithe wavelength(s) of interest shall be reported.
52.5 Same as 5|1.2
5.2.6 Same as 5|1.3
5.2.7 Same as 5|1.4
5.2.8 Same as 5|1.5
52.9 Same as 5|1.6

5.2.10 Same as 5(1.7
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METHOD 4010
POWER TRANSMISSION VS. TEMPERATURE

1. SCOPE:

1.1 This method describes a procedure for determining the effect of the temperature upon the
transmitted power of a fiber optics cable. The temperature effect on transmitted power is defined as:
R-%

D,
where @, is the radiant power at temperature T, and @4 is the radiant power at T4 (Note: T, > Ty).
Unless otherwise specified T4 = 25°C.
2. SPECIMEN:
2.1 The specimep shall be as specified in Radiant Power Measurement, Method 6010

3. APPARATUS:

3.1

3.2 Chamber:

4.

The apparaty

The volume (
interfere with
located so th
thermocouplg
the chamber

PROCEDURE:

Step 1 - The ol
of interest.

Step 2 - Both e
Method 8040 o
specimen, or ir

s shall be as specified herein and in Radiant Power Measurement, M

f the test chamber shall be of sufficient size so that the specimen wit
the generation and maintenance ofithe test conditions. The heat soy
ht the radiant heat will not fall directly on the specimen. Unless other
s or equivalent temperature sénsors shall be used to determine the t¢
and to control the chamberdtemperature.

tput of the source shall be adjusted to the center wavelength, bandw

nds of along length of the specimen shall either be prepared in acco
F DOD-STD-1678 and polished so that the endfaces are perpendicula
dex¢matching fluid shall be used to couple the optical power betweer

specimen and

ethod 6010.

nin it will not

rce shall be

vise specified,
emperature within

dth and intensity

dance with
r to the axis of the
source and

tnaciman detector Tha total lanath (1 \ of tha enacimen shall he deat
ciReh-aetector—nRetetaeRgti+7)-o+Hthe-specinehR-shanbe-aet

rmined.

< ol

Step 3 - The specimen shall be placed in the test chamber as shown in Figure 4010-1.
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4. (Continued):

Unless otherwi

shall be no less

movement of a
and L3, outside

Step 4 - One e

TEST CHAMBER

:=4 ﬁ:
SOURCE \ DETECTOR

TEST SPECIMEN

Figure 4010-1. Test Chamber

se specified, the length of specimen shall be loosely coiled and\the di

r through it. The length, L,, within the chamber shall be determined.
the chamber shall be as short as practical.

d of the specimen shall be placed in the specified radiation beam so t

is uniformly illuminated with the launch cone specified in the specification sheet.

Step 5 - The oth
incident on the

er end shall be placed so that the axis of the output cone of radiation
detector and all of the radiation impinges on the detector. If an integf

used, the end ghall be placed within the sphere.

than 300 mm. The coil shall be supported in such a manner-as to fg

ameter of the coil
cilitate free
The lengths, L4

hat the entire end

s perpendicularly
ating sphere is

Step 6 - A claddling mode stripper, if used, shall-be applied to the fiber(s) in the specimen.

Step 7 - With the specimen and test chamber at room ambient conditions measure t

T4, of the speci

Step 8 - Therel
If required by th
1040.

Step 9-The te
in the specifica
At the end of th

men.
btive (or absolute)radiant power, @4, shall be measured at the specifig

e specification.sheet, the number of transmitting fibers shall be deter

mperature of the chamber (and specimen) shall be raised to the temp
ion\sheet. Unless otherwise specified, the specimen shall be conditi

he temperature,

d wavelength(s).
mined by Method

erature specified
bned for 4 hours.

le_eonditioning period the temperature T, shall be measured |

Step 10 - While still within the chamber and at temperature T,, the relative (or absolute) radiant power,
®,, shall be measured at the specified wavelength(s). If required by the specification sheet, the
number of transmitting fibers shall be determined by Method 1040.

Step 11 - The ratio of transmitted power, R, shall be calculated according to the formula in section 1 for
each of the wavelengths and temperatures specified.
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5. RESULTS:
The following details shall be as specified in the equipment specification:
5.1 Procedure number.
5.2 Pretest data required.
5.3 Failure criteria

5.4 The ratio, wavelength(s) and temperature(s) where the transmitted power was measured.

5.5 The radiation source, center wavelength(s), bandpass at the wavelength(s) and numerical aperture
of the launched radiation cone.

5.6 The total length of the specimen, L4, and the length of the specimen in the conditipning chamber, L,.
5.7 The number [of transmitting fibers before and after heat conditioning:if required.
5.8 The identity and refractive index at the wavelength(s) of interest’of index matching fluids, if used.
5.9 The type of gladding mode stripper, if used.

5.10 The type, size and responsivity of the detector at the'wavelength(s) of interest.



https://saenorm.com/api/?name=c8f9278e7601becf3dca18c5d451802b

SAE

AS16781A

Page 52 of 127

1. SCOPE:

1.1

METHOD 4020
POWER TRANSMISSION VS. TEMPERATURE CYCLING
(THERMAL SHOCK)

This method describes a procedure for determining the effect of temperature cycling upon the

transmitted power of a fiber or bundle. The temperature cycling effect on transmitted power is

defined as:

-2
D,

R

where @, is
temperature

2. SPECIMEN:
2.1 The specime

3. APPARATUS:

3.1 The apparat
3.2 Chamber:
Temperaturg
automaticall

requirement

4. PROCEDURE:

Step1-Thes
Method 6010.
Method 1040.

Step 2 - Unles

cycling.

n shall be taken from a representative sample of fiberoptics cable.

cycling shall be accomplished gither by manually transferring the sp
transferring the specimen._The high and low temperature chamber
5 of Method 107 of MIL-STD=202.

becimen shall bé prepared and tested for total power transmission in
If required, the total number of transmitting fibers shall be determine

5 otherwise specified the specimen shall remain connected to the po

apparatus dur

ng.the testing. The specimen shall be wound into a loose coil with a

the radiant power after temperature cycling and @4 is the radiant pow

er before

s shall be as specified herein and in Radiant’Power Measurement, Method 6010.

Ecimen or
shall meet the

accordance with

d according to

ver measuring
minimum coil

diameter of 3

0O B Tk H | hall kb Heraestadin PP PSR- £ htat
U TTITTI. e LUl olftail v oUppurnicu it ouvlt a 1iarimict do tu 1aviatc i

movement of air through it when it is in the conditioning chamber(s).

andling and free

Step 3 - The specimen shall be subjected to thermal shock testing in accordance with Method 107 of

MIL-STD-202,

Test Condition B.
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4. (Continued):

5.

5.1

52

5.3

54

5.5

5.6

5.7

5.8

5.9

5.10 The number

Step 4 - The specimen shall then be removed from the test chamber and allowed to return to room
ambient conditions. The total power transmission shall be measured in the same manner as in step 1.
If required, the total number of transmitting fibers shall be determined according to Method 1040.

Step 5 - The ratio of transmitted power, R, shall be calculated according to the formula in section 1 for
each of the wavelengths and temperatures specified.

RESULTS:

The following details shall be as specified in the equipment specification:

Procedure nyimber.

Pretest data
Failure criter
The ratio, w4

The radiation

of the launchled radiation cone.

The number

The identity and refractive index at the wavelength(s) of interest of index matching

The type of g

The type, siz

required.
a
velength(s) and temperature(s) where the transmitted power was me

source, center wavelength(s), bandpass atithe wavelength(s) and n

pf transmitting fibers before and after, cycling, if required.

ladding mode stripper, if used.

e and responsivity-0fithe detector at the wavelength(s) of interest.

of temperature.cycles and test condition, if not as specified in step 3,

asured.

imerical aperture

fluids, if used.

shall be reported.
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METHOD 4030
POWER TRANSMISSION VS. HUMIDITY

1. SCOPE:

1.1 This method describes a procedure for determining the effect of the humidity upon the transmitted

power of a fiber or bundle. The humidity effect on transmitted power is defined as

-2
D,

R

where @, is the radiant power at the final condition and @4 is the radiant power measured after

preconditionipg—Provisionsare made for contimuousty momitorigtramsmitted-power.

2. SPECIMEN:
2.1 The specimeh shall be taken from a representative sample of fiber optics cable.

3. APPARATUS:

3.1 The apparatds shall be as specified herein and in Radiant Power Measurement, Method 6010.

3.2 Chamber:

The volume gf the test chamber shall be such that.the specimen will not interfere wjith the generation

and maintenance of the test conditions. The heatsource of the test chamber shall

be so located that

radiant heat will not fall directly on the specimen. The chamber shall be constructed so that

condensatiorn which may occur on the inside walls of the chamber will not drop or
specimen.

4. PROCEDURE]

Step 1 - The oytput of the souree shall be adjusted to the center wavelength, bandw
of interest.

Step 2 - Both ends of<a-long length of the specimen shall either be prepared in acco
Method 8040 of DOD~STD-1678 and finished so that the endfaces are perpendicula
specimen, or index'matching fluid shall be used to couple the optical power betweer

flow onto the

dth and intensity

rdance with
" to the axis of the
source and

specimen and specimen and detector. The total length (L) of the specimen shall be determined.

Step 3 - The specimen shall be placed within the test chamber as shown in Figure 4
preconditioned at 25 + 2°C and 50 £ 5% R.H. for 48 hours.

030-1 and
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4. (Continued):

e 1—5 ‘— Lyl Ly le—
{ ¢(
) 7 \
SOURCE DETECTOR
TEST CHAMBER
TEST SPECIMEN

Figure 4030-1. Test Chamber

Unless otherwide specified, the length of specimen inside the chamber shall be100s¢

diameter of the
facilitate free m
lengths, L4 and

Step 4 -One en
is uniformly illun

Step 5 - The oth
incident on the
used, the end s

Step 6 - A clada

Step 7 - At the ¢

measured at thg specified wavelengths.

Step 8 - Withou
according to Mg

Step 9 - At the ¢
radiant power, 4

coil shall be no less than 300 mm. The coil shall be supportedin suc
pvement of air through it. The length, Lo, within the chamber shall be
L3, outside the chamber shall be as short as practical.

ninated with the launch cone specified in the specification sheet.

er end shall be placed so that the axis of the output cone of radiation i
jetector and all of the radiation impinges-on the detector. If an integr
nall be placed within the sphere.

ing mode stripper, if used, shall’be applied to the fiber(s) in the speci

nd of the preconditioning petiod the relative (or absolute) radiant poy

removing the specimen, it shall be subjected to moisture resistance

nd of the™10th cycle and while still at 25°C and 95% R.H. the relative
-, shall-be measured. When specified, the transmitted power shall

recorded throud
If required by th

ly coiled and the
h a manner as to
Hetermined. The

d of the specimen shall be placed in the specifiedfadiation beam so that the entire end

5 perpendicularly
hting sphere is

nen.

ver, @4, shall be

conditioning

thod 106B of MIL-STD-202 except that the specimen shall not be vibrated.

(or absolute)
e continuously

houtthe 10 cycles and during an additional post-conditioning of 48 hqg

urs at 50% R.H.

e‘specification sheet, the number of transmitting fibers shall be determined by Method

1040.

Step 10 - The ratio of transmitted power, R, shall be calculated according to the formula in section 1 for
each of the wavelengths specified.
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5. RESULTS:

The following details shall be as specified in the equipment specification:

5.1

52

5.3

54

5.5

5.6

5.7

5.8

5.9

5.10

5.11

Procedure number.
Pretest data required.
Failure criteria.

The ratio of the transmitted power, R, and wavelength(s) where the transmitted power was
measured.

The radiation source, center wavelength(s), bandpass at the wavelength(s) and 'ndmerical aperture
of the launchgd radiation cone.

The total length of the specimen, L4, and the length of the specimen.inihe conditigning chamber, L,.
The identity and refractive index at the wavelength(s) of interest.of index matching fluids, if used.
The type of dadding mode stripper, if used.

The type, sizg and responsivity of the detector at thexwavelength(s) of interest.

If required, tHe minimum ratio of transmitted power, R min, shall be reported according to:
R min = @ rpin
@,

where @ minlis the minimum value of.radiant power observed during continuous monitoring.

The relative humidity and temperature where ® min was observed.
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METHOD 4040
TENSILE LOADING VS HUMIDITY
1. SCOPE:
1.1 This method describes a procedure for measuring the effect of humidity on the tensile loading of a
fiber optics cable.
2. SPECIMEN:
2.1 The specimen shall be taken from a representative sample of fiber optics cable.

3. APPARATUS:

3.1

3.2

4.

The apparatys shall be as specified in Method 3010 of DOD-STD-1678 for-Procedure Il and as
specified hergin.

Chamber:

The volume ¢f the test chamber shall be such that the specimen/will not interfere with the generation
and maintenance of the test conditioning. The heat source.ef the test chamber shall be so located
that radiant heat will not fall directly on the specimen. The“chamber shall be consfructed so that
condensation) which may occur on the inside walls of.the chamber will not drop or flow onto the
specimen.

PROCEDURE
Step 1 - Two specimens shall be tested. -@ne specimen shall be preconditioned at 23 + 2°C and
50 1 5% relativie humidity for 48 hours.(_ The other shall be a reference specimen ang shall be tested

parallel to the humidity specimen but not subjected to humidity.

Step 2 - Both specimens shall then be subjected to tensile loading in accordance with Procedure 1l of
Method 3010, POD-STD-1678:

Step 3 - The ratio of transmitted power, R4, shall be calculated for both specimens.

Step4-Thep
with Method 106

g in accordance

eonditioned specimen shall then be subjected to humidity conditioni

Step 5 - At the end of the 10th cycle and within 5 minutes of removal from 25°C and 95% R.H. the
preconditioned specimen shall be subjected to tensile loading again.

Step 6 - For both specimens the ratio of transmitted power, R, shall be calculated. The final length
measured shall be labeled L.
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5. RESULTS:
5.1 Calculations (for both specimens).

5.1.1 The percent change in transmitted power ratio, Pgr, shall be calculated according to the following:

R,-R
PR = %X100

where Ry and R, are the transmitted power ratios determined in steps 3 and 6 respectively.

5.1.2 The percent change in length, P, shall be calculated according to the following:

P, = ——Fx 100

where L4 and L4 are the original length and final length as determined insteps 3 @and 6 respectively.
5.2 Reporting:
5.2.1 The percent change in transmitted power ratio, Pg, shall be reported.
5.2.2 The percent change in length, P, shall be reported.

5.2.3 The original specimen length shall be reported.
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1.

1.1

SCOPE:

METHOD 4050
FREEZING WATER IMMERSION - ICE CRUSH

This method describes a procedure for determining the effect of crush force caused by freezing
water upon the transmitted power of a fiber optics cable immersed in the freezing water. The ice
crush effect on transmitted power is defined as

:g
D,

R

where @4 an

thao radiant nowaar maaoira d.h r rfr Zina-roacno
t T T

2. SPECIMEN:

2.1

oo
MToCZITgToOPT

The specimeh shall be taken from a representative sample of fiber optics cable.

3. APPARATUS:

3.1

3.2 Cable housing:

3.3

The apparaty

The housing
pipe shall be

s shall be as specified herein and in Method 6040.

shall consist of a 100 mm I.D. steel pipe of 6.4 mm wall thickness. T
at least 380 mm. A 150 mm squaressteel flange of 6.4 mm thickness

each end and then capped with a 150 mm square steel plate of 6.4 mm thickness

four 6.4 mm

larger than ﬂ‘f

The mating f

in matching ¢
9.5 mm diam
plug or valve

liameter bolts. Each end cap_shall have a centrally located hole of d
cable diameter to accept:the cable and a grommet or similar, effecti
ces of the flange and platé shall be sealed using a neoprene o-ring u

Freezing chamber:

An environm
temperature

+1SC shall be used for temperature control.

ircular grooves on these faces. Water shall be introduced into the hg
eter hole in the side of the housing. This hole shall be filled with an gffective sealing

ental ' chamber capable of maintaining the housing and specimen at th

ctively.

he length of the
shall be welded to
bolted to it with
ameter slightly

e sealing device.
nder compression
using through a

e required



https://saenorm.com/api/?name=c8f9278e7601becf3dca18c5d451802b

SAE AS16781A Page 60 of 127

4. PROCEDURE:

Step 1 - The output of the source shall be adjusted to the center wavelength, bandwidth and intensity
of interest.

Step 2 - Both ends of the specimen shall either be prepared with standard terminations and finished so
that the endfaces are perpendicular to the axis of the specimen, or index matching fluid shall be used
to couple the optical power between source and specimen and specimen and detector. The total
length (L4) of the specimen shall be determined.

Step 3 - The specimen shall be placed in the cable housing and the ends and end caps sealed, see
Figure 4050-1. The hmleing shall be r‘nmplnfnl\ll filledwith- water and plnr‘nr*l horizo ta||y in the

chamber.

—»{ Ly ‘——‘{ j_Lz_.L3 P
S S Sy B

SOURCE \ ETECTOR

D
CABLE HOUSING N\
TEST SPECIMEN

Figure 4050-1. Freezing:*Chamber Test Apparatus.

The length, L,,|within the housing shall bedetermined. The lengths, L4 and L3, outside the chamber
shall be as shoft as practical.

Step 4 - One gnd of the specimenishall be placed in the specified radiation beam s@ that the entire
end is uniformly illuminated with the launch cone specified in the specification sheet

Step 5 - The otlher end shall-be placed so that the axis of the output cone of radiation |s perpendicularly
incident on the[detector'and all of the radiation impinges on the detector. If an integrating sphere is
used, the end ghall be placed with the sphere.

Step 6 - A clad ling mode stripper, if used _shall he applied to the ﬁhpr(Q) in the specimen.

Step 7 - The radiant power, @4, shall be measured in accordance with Method 6010.

Step 8 - The chamber temperature shall be lowered to -10°C at a rate of 20°C per hour. The chamber
shall be maintained at that temperature for 6 hours. The temperatures shall then be raised to -2°C and
maintained at that value for 1 hour.
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4. (Continued):
Step 9 - The radiant power, ®,, shall be measured. If the specimen is a cable containing multiple
fibers or multiple bundles, each fiber (or bundle) acting as a discrete optical transmission element, all
transmission elements within the cable shall be tested for radiant power.

Step 10 - The cable housing and specimen shall be allowed to return to room temperature. The
specimen shall then be removed from the cable housing, dried and examined visually for damage.

5. RESULTS:

5.1 The ice crush effect, R, shall be reported.

Q

5.2 The procedufe used from Method 6010 to measure radiant power shall be reporte
5.3 The length of the specimen, L,, in the cable housing shall be reported.
5.4 The temperature of test, if other than -2°C, shall be reported.

5.5 Visual obseryations of damage to the specimen shall be reported.
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METHOD 4060
DIMENSIONAL STABILITY

1. SCOPE:

1.1 This method describes a procedure for determining permanent dimensional changes in the jacket or
covering of a fiber optics cable caused by elevated temperatures. The change is computed as a
percentage as follows:

L,—L,

PL = L—1X100

where

P\ is the pergentage change in jacket or covering length.
-P_ is the total shrinkage of the jacket or covering

+P| is the totpal expansion of the jacket or covering

L4 is the original length of the specimen.

L, is the length after temperature

2. SPECIMEN:
2.1 The specimeh shall be taken from a representative sample’of fiber optics cable.
3. APPARATUS:

3.1 Vernier calipgr or equivalent shall be used to measure the shrinkage or expansion|of the jacket or
covering.

3.2 A meter sticklor equivalent shall be used to measure the length of the specimen.
3.3 Test chambetf:

The volume ¢f the test chamber shall be of sufficient size so that the specimen within it will not
interfere with|the generation and maintenance of the test conditions. The heat source shall be
located so that the radiant heat will not fall directly on the specimen. Unless otherwise specified,
thermocouplgs or€quivalent temperature sensors shall be used to determine the temperature within
the chamber jando control the chamber temperature.
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4.

5.

5.1

5.2 The length, Ly, of the specimen shall be reported.

5.3 The time and/temperature of the specimen conditioning shall be reported.

PROCEDURE:

Step 1 - The ends of the specimen shall be cut squarely and any frayed or excess material shall be
carefully removed so that all components are flush. The length of the specimen shall be as specified in
the specification sheet.

Step 2 - The length, L4, of the specimen shall be measured, see Figure 4060-1.
Step 3 - The specimen shall be placed in the temperature chamber and conditioned at the temperature

and for the time specified in the specification. The specimen may be straight or coiled, but the radius
of bend of the specimen shall not be less than 130 mm, if coiled.

Step 4 - After the conditioning period, the specimen shall be removed from the temperature chamber
and allowed tofreturn to room temperature.

Step 5 - The tofal amount of shrinkage or expansion of the jacket or covering shall be measured. The
shrinkage or expansion on both ends of the specimen shall be totaled.

RESULTS:

The percent ¢hange in jacket or covering length, P, shall be reported.

— REFERENCE POINT SCALE

v SPECIMEN—y

F— REFERENCE POINT

Y L1 1

Figure 4060-1. Jacket Measuring (Shrinkage Shown).
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1.

1.1

SCOPE:

METHOD 5010
FLAMMABILITY

This method describes a procedure for determining the flammability of fiber optics cable.

2. SPECIMEN:

2.1

The specimen shall be taken from a representative sample of the fiber optics cable and shall be

600 mminle

ngth.

3. APPARATUS:

3.1

3.2

3.3

3.4

3.5

3.6

Chamber:

The test chammber shall be as described in Federal STD 191, Method 5903.

Tissue:
Facial tissue
Bunsen burn

The Bunsen
approximatel

Thermocoup
Gas supply:
Public utility

Timepiece:

A timepiece Ieasuring seconds shall be provided to measure the duration of flam

specimen bu

conforming to Federal Specification UU-T-450;

eI

y 100 mm from top to primary inlets.

e pyrometer:

DI propane gas may be used.

rning time.

purner shall have a 6.4 mm inlet, a @ominal bore of 9.5 mm and a length of

e application and
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4.

5.1

52

5.3

54

5.5

5.6

5.7

PROCEDURE:

Step 1 - The specimen shall be marked 200 mm from one end and shall be placed at an angle of 60
degrees with the horizontal, parallel to and approximately 150 mm from the front of the chamber. The
bottom end of the specimen shall be that end from which the 200 mm mark has been measured.

Step 2 - The specimen shall be held tautly throughout the flammability test by clamping both ends. As
an alternate, the upper end may be passed over a pulley and have attached a minimum mass
necessary to hold the specimen taut.

Step 3 - The tissue shall be suspended tightly and horizontally, and centered 250 mm directly below

the test mark o

Step 4 - The by
one-third of the
the pyrometer,

Step 5 - The by
mark on the fib

RESULTS:

The following d
Procedure ny
Pretest data
Failure criteri
The time of b

The distance

the epnr‘imnn and atleast 12 5 mm above the table fnp

rner shall be adjusted to produce a 75 mm high flame with an innercg
flame height. The temperature of the hottest portion of the flame, as
shall be not less than 950°C.

rner shall be positioned so that the hottest portion of the flame is app
er optics cable. Duration of the application of flame‘shall be 30 secol

etails shall be as specified in the equipment specification:
mber.

equired.

.

urning after remoyval of the flame.

Any burning particles ordrippings which cause the tissue paper to burst into flame

Charred hole

5 or_charred spots in the tissue paper caused by burning particles shg

of flame travel'upward along the fiber optics cable from the test mark.

ne approximately
measured with

lied to the test
nds.

shall be reported.
Il not be reported.

Specimen br

akage:
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TISSUE

Figure 5010-1
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METHOD 6010
RADIANT POWER MEASUREMENTS

1. SCOPE:

1.1 This method describes a procedure for measuring the total radiant flux (power) emanating from a
source or fiber optics cable, bundle or fiber. Radiant flux is a power measurement, defined in watts
where:

Joules
Watts = ——— = @

Second
Tuned amplifferand Ssynchronous measurement techniques are described as welljas the continuous
radiant power measurement. When continuous detection techniques are usedNhg constant value of
radiant flux i measured. When synchronous or tuned amplifier techniques“afre used, the measured
value is propprtional to the total radiant flux.

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of.the fiber optics cablg, bundle or fiber.

3. APPARATUS:

3.1 Radiation solrce:

A suitable ragliation source shall be used, such'as a lamp, laser or solid state emitfer. The choice of
source depends upon the wavelength of radiation, launch cone and other desired [characteristics.
The source must be stable in intensity, uhiform in intensity over the area illuminatgd and stable in
position over|a time period sufficiently-long to complete the measurement proceduyre.

3.2 Optical filters:

Optical filterd may be employed with the radiation source to adjust the bandpass df the radiation.

3.3 Diffracting grpting:

A diffraction grating’may be used to obtain the desired center frequency wavelengrh and bandwidth.

3.4 lIris diaphragm:

An iris diaphragm may be used to define apertures and block stray radiation to the detector.

3.5 Optical lens system:

An optical lens system shall be used to adjust the radiation so that the beam shape and launch
pattern are repeatable.
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3.6

3.7

3.8

3.9

3.10

3.11

3.12

Radiation detector:

Unless an integrating sphere is used, a large area detector shall be used so that all of the radiation in

the output co

ne is intercepted.

Integrating sphere:

A properly baffled integrating sphere may be used to detect the radiant flux emanating from the
specimen end. If absolute measurements of radiant flux are desired, the integrating sphere must be

calibrated.

Power meter:

Depending o
parameter. T
parameter(s)

Cladding mo

When specifi
specimen in

n the radiation detector used, a meter shall be used to determine.the
he meter shall either indicate the radiant power directly or mgasure g
e stripper:

d, a cladding mode stripper shall be used adjagent'to the source or d
pbrder to remove radiation propagating in the fiber cladding.

Tuned ampliffer:

When synchiionous detection techniques are usgd, the power meter apparatus mg

amplifier cap

Able of tuning to and locking on the light modulator frequency.

Phase lock amplifier:

When synchrionous detection techniques are used, the power meter apparatus ma

lock amplifier

capable of being,synchronized and phased from the external signal

modulator used with the radiation source.

Light modulator:

When sync

hionous or tuned power detection techniques are employed, either the
radiation be
modulator sh -

detector output
lectrical

so that the power may be computed from the electrical measuremeni(s).

etector end of the

y include a tuned

y include a phase-
supplied by a light

source or the

shall be modulated in such a manner as to generate a periodic radiation beam. The
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4. PROCEDURES:

4.1

4.2

4.3

4.4

General:

Step 1 - The output of the source shall be adjusted to the center wavelength, bandwidth, and

intensity of in

terest.

Step 2 - Both ends of the specimen shall be prepared in accordance with Method 8040 of
DOD-STD-1678 and finished so that the endfaces are perpendicular to the axis of the specimen, or
index matching fluid may be used to couple the optical power between source and specimen and
between specimen and detector. The length (L) of the specimen shall be determined.

Step 3 - One
end is unifor

Step 4 - The

end of the specimen shall be placed in the specified radiation beam
nly illuminated with the launch cone specified in the specificationshe

pther end shall be placed so that the axis of the output cone 'of radiat

perpendicularly incident on the detector and all of the radiation impinges on the de

integrating sf
Step 5 - A clg
Procedure |.
(See Figure ¢

Step 1 - The
wavelength(s

Procedure Il.
(See Figure ¢

Step 1-The
power, @, sh

Procedure Il

here is used, the end shall be placed within the sphere.

Continuous Power Measurement:
5010-1).

relative (or absolute) radiant power, @, shall be measured at the speq

).
Tuned Power Measurement:
5010-2).

Felative (or absolute) rms value of the fundamental component of the
bll be measdred at the specified wavelength(s).

Syhchronous Power Measurement:

dding stripper, if used, shall be applied to the fiber(s) in the specimen.

50 that the entire
bt

onis
tector. If an

ified

modulated radiant

oW |

(See Figure

Step 1 - See

O\
TO=3)-

Step 1, Procedure Il.
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5. RESULTS:
The following details shall be as specified in the equipment specification:
5.1 Procedure number.
5.2 Pretest data required.
5.3 Failure criteria.

5.4 The total power in watts and whether the power is relative or absolute (for Procedure 1).

5.5 The measurgd rms value of the fundamental component of the modulated powerand whether the
power measyrement is relative or absolute (for Procedure Il or IlI).

5.6 The radiation source, center wavelength(s), bandpass at the wavelength(s)'and nyimerical aperture
of the launchgd radiation cone.

5.7 The type of light modulator used and the resulting waveform anddmodulation frequency at the input
end of the specimen (when the radiation beam is modulated):

5.8 The type of thned amplifier or phase-lock amplifier when“a-modulated radiation bepm is used.
5.9 The length (U4) of the specimen.
5.10 The identity gnd refractive index at the wavelength(s) of interest of any index matching fluids, if used.
5.11 The type of dadding mode stripper, if used.

5.12 The type, sizg and responsivity of.the detector at the wavelength(s) of interest.
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Continuous Power Measurement (See 4.2)

Figure 6010-1.
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Figure 6010-2. Tuned Power Measurement (See 4.3)
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Figure 6010-3. Synchronous Power Measurement (See 4.4)
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METHOD 6020
ATTENUATION MEASUREMENT

1. SCOPE:

1.1 This method describes a procedure for measuring the optical attenuation of a specified length of fiber
or bundle at specified wavelengths. It employs radiant power measurements on two known lengths

of the same specimen. The optical attenuation is defined by:

-10 Log (®,/®D,)

B(dB/km) = i

where @4, is {rreTadant powerattengthr ;5 s theradiamntpowerattengthrtzand AL = L4 - L,

(Note: L4y >>|L,). The lengths are expressed in kilometers.

2. SPECIMEN:

2.1 The specimex shall be taken from a representative sample of fiber optics cable, byndle or fiber. It

shall be prep
DOD-STD-16[78. The length of the specimen shall be as specified in the specifica

3. APPARATUS:
3.1 The apparatus shall be as specified in Radiant Power:Measurements, Method 601
4. PROCEDURE:

Step 1 - The output of the source shall be adjusted to the center wavelength, bandw
of interest.

red for testing in accordance with Radiant Power Measurement, Meﬂhod 6010 of

ion sheet.

dth and intensity

Step 2 - Both ends of a long length.af.the specimen shall either be prepared in accordance with

Method 8040 of DOD-STD-1678(and finished so the endfaces are perpendicular to t
specimen, or index matching fluid shall be used to couple the optical power between
specimen and etween specimen and detector.

Step 3 - One erd of the-specimen shall be placed in the specified radiation beam so t
is uniformly illuminatéd with the launch cone specified in the specification sheet.

he axis of the
source and

nat the entire end

Step 4 - The other end shall be placed so that the axis of the output cone of radiation

s perpendicularly

incident on the detector and all of the radiation impinges on the detector. If an integrating sphered is

used, the end shall be placed within the sphere.

Step 5 - A cladding mode stripper, if used, shall be applied to the fiber(s) in the speci

men.
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4. (Continued):

5.1

52

5.3

54

5.5

5.6

5.7

5.8

5.9

Step 6 - The relative (or absolute) radiant power, ®4, shall be measured in accordance with Method
6010 using the procedure specified by the applicable specification and at the specified wavelength(s).
If required by the specification sheet, the number of transmitting fibers shall be determined by Method

1040.

Step 7 - The specimen shall be cut to the length L, specified in the applicable specification sheet. A
new output end prepared in the same manner as in step 2.

Step 8 - The relative (or absolute) radiant power, ®,, shall be measured as in step 6. If required by the
specification sheet, the number of transmitting fibers shall be determined by Method 1040.

Step 9 - The aienuation, B, shall be calculated according to the formula in section.1

wavelengths s

RESULTS:

The following g
Procedure ny
Pretest data
Failure criteri
The attenuat

The radiation

The lengths,
If required, th

The identity &

ecified.

etails shall be as specified in the equipment specification:
mber.

required.

a.

on in dB/km and the wavelength(s) where it was measured.

for each of the

source, center wavelength(s), bandpass at the wavelength(s) and ndmerical aperture
of the launchgd radiation cone.

L, and L,, of the-specimen tested.
e number oftransmitting fibers in L4 and L.

nd refractive index at the wavelength(s) of interest of any index matc

The type of

adding mode stripper, if used

ning fluids, if used.

5.10 The type, size and responsivity of the detector at the wavelength(s) of interest.
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METHOD 6030
RADIATION PATTERN MEASUREMENT

1. SCOPE:

1.1 This method describes procedures for measuring the radiation pattern of a fiber, bundle or cable. In
Procedures | & II, the transmitted power versus the radiation exit angle and NA (10% intensity) are
determined.

2. SPECIMEN:

2.1

3. APPARATUS:

3.1

3.2

3.3

3.4

3.5

3.6

The specimen

The apparatus

Radiation dete

A suitable radiation detector shall consist of either a thermopilés photomultiplier or p

choice of deted
characteristics
input radiant p
short length of
detector from t
cone of radiatic

Radiation patte

The radiation g
whose angular
in 1° incremen
alignment devi
specimen and

“X-Y” recorder

‘ol £ F oy l £ £ lo <ll £ilo
C ARNTIT ITUTTT a4 TTPITTOTITIAUVTE oallTipiT UT TIUTT, DUTTUIT UT TIVTIT

(e B

shall be as specified herein and in Method 6010.

ctor:

tor depends upon the wavelength of radiationy-radiation pattern and

The output signal current (or voltage) of the detector shall be propo
pwer for the wavelength interval of interest. The radiation detector m
fiber, fiber bundle or fiber optics cable:* The detector aperture and dig
ne finished specimen endface shallbe such as to limit the half-angle
n to the maximum value specified in the specification sheet.

rn plotter (goniometer):

attern plotter shall bé\a'goniometer consisting of a movable arm pivo
position from an arbitrary “zero” can be determined from an integral
s with a vernierscale to estimate 10ths. Sufficient clamps, holding fi
ces shall be,used with the apparatus to insure proper physical positio
Hetector.

tics cable.

hotodiode. The
other desired
tional to the

hy include a
tance of the

bf the detected

ted at one end
scale graduated
tures and

ning of the

An “X-Y” recorder may be used o automatically plotf the radiation detector signal vs angle.

Dark room:

A dark room may be used in lieu of a filtering procedure to remove background light.

When specified, the specimen shall be wound on a holding spool or reel for test. The core diameter
of the spool or reel and the tension on the specimen during winding shall be as specified.
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4. PROCEDURES:
4.1 Procedure I
Finished output end, movable radiation detector.

Step 1 - The output of the source shall be adjusted to the center wavelength, bandwidth and intensity
of interest.

Step 2 - Both ends of the specimen shall be prepared in accordance with Method 8040 of
DOD-STD-1678 and finished so the endfaces are perpendicular to the axis of the specimen. Index
matching fluid may be used with an unpolished input end to couple the optical power between
specimen andl source.

Step 3 - The finished end of the specimen shall be fixed to the goniometer base and positioned such
that the plang of the finished face is coincident with the axis of rotation of thé movable arm. The axis
of the specimen shall be coincident with the axis of radiation emanatingyto the detector at the

arbitrary zero| (see Figure 6030-1).

\

- —— -4 — — zERO
X_ prTECTOR
NS { N R R (e e T i it ( —_——] = - — e
MOVABLE ARM
' Vi
[ 111 { 9 |
[
|

Figure 6030-1. Fixed Specimen, Movable Detector

Step 4 - The other end shall be illuminated by the source and positioned in such a manner to provide
the desired launch conditions.

Step 5 - A cladding mode stripper, if used, shall be applied to the fiber(s) in the specimen.
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4.1

4.2

(Continued):

Step 6 - The detector shall be fixed to the movable end of the goniometer arm and positioned such
that with the arm at the arbitrary zero it is coincident with the axis of the specimen. It shall remain at
the same height relative to the base throughout the limits of rotation of the arm (x 90° from the

arbitrary zero)

Step 7 - The relative (or absolute) radiant power, ®, shall be measured in accordance with Method
6010 using the procedure specified by the applicable specification and at the specified
wavelength(s). The power shall be measured starting at the arbitrary zero position and at various
angles (up to = 90°) from the arbitrary zero. The incremental angular steps shall be as specified in

the applicable
Procedure Il:
Fixed radiatior

Step1-Theo
of interest.

Step 2 - Both ¢nds of the specimen shall be prepared in accordance with Method 8

DOD-STD-161
matching fluid
and source.

Step 3 - The fi
positioned suc
the rotation of

radiation emanating to the detector at the arbitrary zero (see Figure 6030-2).

specification.

detector, pivoting specimen output end.

itput of the source shall be adjusted to the center wavetength, bandw

8 and finished so the endfaces are perpendicular to the axis of the s
may be used with an unfinished end tocetple the optical power betw

nished end of the specimen shall be fixed to the movable arm of the ¢
h that at the arbitrary zero the'plane of the finished face is coincident
the movable arm. The axis of the specimen shall be coincident with

dth and intensity

D40 of
becimen. Index
een specimen

joniometer and
with the axis of
he axis of
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e SO i ) S

SASE ﬁ: , rMOVABLE ARM
R [} L {
SIDE VIEW |

Figure 6030-2. Fixed Detector, Pivoting Specimen

4.2 (Continued):

Step 4 - The pther end shall be illuminated by the source and positioned in such a manner to provide
the desired launch conditions.

Step 5 - A cladding mode stripper, if used, shall.be applied to the fiber(s) in the spgcimen.

Step 6 - The detector shall be fixed to the base of the goniometer and positioned guch that with the
arm at the arpitrary zero it is coincident.with the axis of the specimen.

Step 7 - The felative (or absolute).radiant power, @, shall be measured as in Proc¢dure | Step 7.
5. RESULTS:
The following details shallde as specified in the equipment specification:

5.1 Procedure niimbet

5.2 Pretest data reqtired:
5.3 Failure criteria.

5.4 The type of radiation source, center wavelength and spectral bandwidth shall be reported. NOTE: If
synchronous detection techniques were used, the modulation frequency shall be reported.

5.5 The type of specimen and its length.
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5.6

5.7

5.8

5.9

The type of cladding mode stripper.
The numerical aperture of the launching radiation cone.
When required, the numerical aperture, NA (10% intensity) of the detected radiation cone.

The radiation pattern plot of relative radiant intensity vs angle.

5.10 The procedure (I or Il) that was used.

6. NOTES:

6.1

The IigHt source should, as nearly as practical, be Uniform Lambertian.
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1.

1.1

SCOPE:

METHOD 6040
ACCEPTANCE PATTERN MEASUREMENT

This method describes a procedure for measuring the acceptance patter of a fiber, bundle or cable
by determining the total transmitted power plotted graphically against the input radiation angle. The
numerical aperture NA (10% intensity) can also be determined.

2. SPECIMEN:

2.1

3. APPARATUS:

3.1

3.2

3.3

3.4

3.5

3.6

The specime

nshall be taken from a rnprnennfnﬁ\ln enmpln of fihnr1 fiber bundle or

fiber optics cable.

The apparaty
Radiation sol

The radiation
include a shg
part of the so
in position ov
aperture and
half-angle of
specified in th

Acceptance

The acceptan

s shall be as specified herein and in Method 6010.

rce:

distance of the source from the finished specimen endface shall be s
e specification sheet.

attern plotter (goniometer):

source shall be as specified in Method 6010. If/addition the radiatio
rt length of fiber, fiber bundle or fiber optics cable, the fiber, bundle of
irce must be stable in intensity, uniform in intensity over the area illun
er a period sufficiently long to complete:the measurement procedure.

he input cone of radiation at the input end of the specimen to the ma

ce pattern plotter shall be a goniometer consisting of a movable arm ¢

n source may
cable becoming
inated and stable
The source

uch as to limit the
Ximum value

ivoted at one end

whose angular position from ap-arbitrary “zero” can be determined from an integral scale graduated

in 1° increme
alignment de
specimen an

hts with a verniér scale to estimate 10ths. Sufficient clamps, holding
Vices shall be.used with apparatus to ensure proper physical position
| source,

“X-Y” Recordr:

fixtures and
ng of the

An “X-Y” rec

Dark room:

(i L J_b 4 s L 1 ) (- b (] 4 b - 1
TUcet TTiay DT UsStU 1O adaUtulTiatiCdity piut tUi1c 1auiduulrt UcicLLlul siyrial

angle.

A dark room may be used in lieu of a filtering procedure to remove background light.

When specified, the specimen shall be wound on a holding spool or reel for test. The core diameter
of the spool or reel and the tension on the specimen during winding shall be as specified.
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4. PROCEDURES:

4.1

Procedure I:

Fixed specimen input end, movable radiation source.

Step 1 - The output of the source shall be adjusted to the center wavelength, bandwidth and intensity

of interest.

Step 2 - Both ends of the specimen shall be prepared in accordance with Method 8040 of
DOD-STD-1678 and finished so the endfaces are perpendicular to the axis of the specimen. Index
matching fluid may be used with an unfinished output end to couple the optical power between

specimen an

Step 3-The
that the plang
of the specim
6040-1).

l detector.

inished end of the specimen shall be fixed to the goniometer base an
of the finished face is coincident with the axis of rotation of the mova
en shall be coincident with the axis of radiation emanating,from the s

d positioned such
ble arm. The axis
burce (see Figure

ZERO

152}

_b______.-_\_-.?_ _________ S-“(l—_— e e = =
A gl N sohres
h |
"LAMP N zop S s'?uacz
\..i/\
1
SPECIMEN ¢ FINISHED INPUT END
|
e i
]
! MOVABLE ARM
i~ ¥ BAS
r: i S ( l/
|
| SIDE VIEW

Figure 6040-1. Fixed Specimen, Movable Source

Step 4 - The other end shall be placed so that the axis of the output cone of radiation is
perpendicularly incident on the detector and all of the radiation impinges on the detector, if an
integrating sphere is used.

Step 5 - A cladding mode stripper, if used, shall be applied to the fiber(s) in the specimen.
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4.1 (Continued):

4.2

Step 6 - The source shall be fixed to the movable end of the goniometer arm and positioned such
that at the arbitrary zero the radiation is perpendicularly incident upon the finished face of the
specimen. The radiation shall remain perpendicular to the axis of rotation of the arm throughout the
limits of rotation (x 90°) from the arbitrary zero.

Step 7 - The relative (or absolute) radiant power, ®, shall be measured in accordance with Method
6010 using the procedure specified by the applicable specification and at the specified

wavelength(s). The power shall be measured starting at the arbitrary zero position and at various
angles (up to = 90°) from the arbitrary zero. The incremental angular steps and the wavelength(s)

shall be as s

ecified in the applicable specification.

Procedure Il:
Fixed radiatid

Step 1 -The ¢
of interest.

Step 2 - Both
DOD-STD-14

n source, pivoting specimen input end.

utput of the source shall be adjusted to the center wavelength, bandw

ends of the specimen shall be prepared in ac¢ordance with Method §
78 and finished so the endfaces are perpendicular to the axis of the §

matching fluig
specimen an

| may be used with an unfinished outputend to couple the optical po
detector.

Step 3 - The finished end of the specimen shall-be fixed to the movable arm of the
positioned such that at the arbitrary zero the-radiation is perpendicularly incident u
face of the sgecimen. The radiation shall remain perpendicular to the axis of rotati

throughout th
Step 4 - The

perpendicula
integrating sp

Step 5 - A cla

Step 6 - The

limits of rotation (x 90¢ from the arbitrary zero).
bther end shall be-placed so that the axis of the output cone to radiati
ly incident on thie,detector and all of the radiation impinges on the de
here is used, the end shall be placed within the sphere.

dding mode stripper, if used, shall be applied to the fiber(s) in the spe¢

source shall be fixed to the goniometer base and positioned such tha

zero the radis

tiaop-ice narnandicularbhinecidant inan-tha finichad faca of tha csnacime
oS perperttcua Ty e e rup otHerHSHe g ate-Sithe—sSpeamie

idth and intensity

040 of
specimen. Index
ver between

goniometer and
pon the finished
on of the arm

on is
tector. If an
cimen.

at the arbitrary
. The axis of the

specimen shall be coincident with the axis of radiation emanating from the source (see Figure

6040-2).
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Figure 6040-2. Fixed Source, Pivoting Specimen
4.2 (Continued):
Step 7 - The|relative (or absolute) radiant power, ®, shall.be'measured as in step [7, Procedure I.

5. RESULTS:
The following details shall be as specified in the equipment specification:

5.1 Procedure nimber.

5.2 Pretest data|required.

5.3 Failure critenja.

5.4 The type of fadiation soufce, center wavelength and spectral bandwidth shall be reported. If
synchronoug detectiontechniques were used, the modulation frequency shall be feported.

5.5 The type of §pecimen and its length.

5.6 The type of cladding mode stripper.
5.7 The source aperture and distance of the source from the finished specimen end shall be reported.

5.8 When required the numerical aperture, NA (10% intensity), of the radiation cone shall be reported.
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5.9 The acceptance cone plot of relative transmitted power vs launch angle.

5.10 The procedure (I or Il) that was used.
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METHOD 6050.1
OPTICAL FIBER BANDWIDTH BY TIME DOMAIN TECNIQUES

1. SCOPE:

1.1 This method describes a procedure for determining the bandwidth of a multimode optical fiber at a
specified wavelength with specified launching conditions, using time domain techniques. The results
are expressed as the “magnitude of the transfer function” and the “-3 dB bandwidth (optical).” Only
those limitations to bandwidth due to intermodal effects are determined.

2. SPECIMEN:

2.1 Test specimen:

The test specjmen shall be a known length of multimode optical fiber. The'core digmeter shall be
determined by Method 1010 of DOD-STD-1678. The numerical aperture shall be determined by
Method 6040 [of DOD-STD-1678.

2.2 Reference spgcimen:

The referencg specimen shall be either a short length from-the same sample as the|test specimen or
a short length| of fiber which is representative of the fiber'under test, as required by|the applicable
specification. [ The length of the reference specimenishall not be greater than 1 pergent of the length
of the test spgcimen.

2.3 End preparatipn:

A flat end face, perpendicular to the fiber axis shall be prepared at both ends of thg test and
reference spegimens in accordance.with Method 8040 of DOD-STD-1678.

2.4 Specimen handling:

3. APPARATUS:

3.1

The test spec
microbending

Care_should be taken to minimize external microbending.

men shallbe suspended in a manner which relieves tension and minimizes

Light source:

(See Figure 6050-1).

A suitable source (such as an injection laser diode), which produces short duration, narrow spectral
width pulses shall be used.
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3.1.1

3.1.2

Waveform: The source shall be modulated electrically or optically to produce short pulse
waveforms. The pulse duration and shape shall be such that the magnitude of the Fourier
transform of the waveform (as measured with the detector specified in 3.3 and following the
procedure of 4.1) shall not vary by more than 15 dB over the range of frequencies of interest.

Wavelength: The center of the spectral linewidth shall be know to an accuracy of +5 nm and shall
be within £ 10 nm of the specified wavelength. For injection laser diodes, the center of the
stimulated emission shall be considered to be the center of the linewidth; the stimulated emission
must exceed the spontaneous emission by no less than 15 dB.

Spectral linewidth: The spectral linewidth of the source will, in part establlsh the upper frequency
limit for valign is. The spectral
linewidth shall be such that the measured -3 dB bandwidth (optical) will not diffeq from that which
would be measured with a zero spectral width source by more than 10 percent. [The required
spectral lingwidth will depend on wavelength, fiber length, and fiber composition| This condition,

DF (GHz km nm)
| (km) IDL (GHz)

where AL if the spectral width full width, half maximum (FWHM) of the source, L is the length of the
test specimen, IDL (Intermodal Distortion Limit) is the highést frequency of intergst for this
measurement, and IDF (Intermodal Distortion Factor) is.a\parameter inversely proportional to the
magnitude pf the material dispersion (IDF = 0.2/|M| (ns/km nm)), may be used tq estimate the
maximum gource linewidth for a valid measurement.*For the germanium-phosphorus doped silica
system, IDF can be estimated from the followingitable 6050-I.

AN (nm) <

TABLE 6050-I.
A{nm) IDF(GHz km™ nm) A nm) IDF(GHz km nm)

1200 18.
1250 42.
1300 220.
1340 40,
1510 1.

800
820
840
860
880
900

NN A et ot
e ¢ + e e e
N LW = WO~ Oy

Note: Gaussian.impulse response shapes and Gaussian pulse shapes were assumed to generate
these data.| They will therefore apply most accurately to well compensated graded index fibers.

Spectrum stability: The spectral characteristics of the source shall be stable throughout the
duration of a single pulse and over the time during which the measurement is made.
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SAE

3.2 Launch system:
3.2.1 Mode scrambler: The light source shall be optically coupled to a mode scrambler, the output of
which is independent of the spatial characteristics of the light source. The mode scrambler shall
conform to one of the following types as specified in the applicable procurement specification. The
prefered mode scrambler shall be a 3 meter length of fiber, constructed as follows: a one meter,
step index fiber fusion spliced to a one meter graded index fiber which is fusion spliced to another
one meter, step index fiber. See figure 6050-2. In lieu of the preferred type mode scrambler, the
following shall be used: a single, 2 meter length of step index fiber. If necessary, large winding
bends or a microbending device can be placed in the mode scrambler to alleviate its sensitivity to
laser diode alignment. See figure 6050-3.

specimen: The output of the mode scrambler shall be coupled to theL input end of the
specimen i such a way that both the size of the spot on the end of the specimen and the launch
numerical gperture can be adjusted to specification. The fiber position shall be gtable over the

duration of the experiment. A viewing system may be used to aid fiber-alignment.

3.2.2 Coupling to

3.3 Detection sygtem:

ratio of outy

3.3.5 Coupling: ]

of the fiber

3.4 Electronic ins

ut signal to applied.gptical power is sufficiently constant with time, sh

he output of the-fiber shall be coupled to the detector in such a mani
are coupled,equally.

trumentation:

3.4.1

Display insframent: The detected optical pulse shall be displayed on a suitable ir

3.3.1 Bandwidth:| A detector with sufficient speed that the conditions of 3.1.1 can be met shall be used.

3.3.2 Uniformity: | A detector that has been shown to have a uniform response (+ 10%) over its active
area shall Qe used.

3.3.3 Linearity: A detector that is linear in response over the range of power and energy required shall
be used. Ajvariable neutral density filter orether suitable device may be used tq| limit the range of
power and gnergy over which the detector is used.

3.3.4 Stability: Aldetector that has been shown to be sufficiently stable, that is, a dete¢tor for which the

all be used.

ner that all modes

strument such as

a high speed sampling oscilloscope. The instrument shall have a calibrated time base and shall be
linear in amplitude response over the range of encountered signals.

3.4.2

recording the detected pulse waveform for subsequent computer processing.

Data recording: The display instrument shall be suitably connected to some external means of
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3.5 Computation:

3.5.1

3.5.2

4. PROCEDURE:

4.1

Equipment: Suitable computational equipment capable of providing Fourier transforms of detected
waveforms and computing ratios of linear arrays shall be provided.

Sampling: An appropriate transform technique along with suitable sampling parameters including
the number of samples, the time between samples, the Nyquist frequency, and the frequency
resolution, where applicable, shall be chosen. The same sampling parameters shall be used for
Procedures | and Il. The frequency resolution shall be at least a factor of ten smaller than the

smallest -3

dB frequency measured.

System calib

This section gescribes the procedure necessary to calibrate the system using the

specimen.

Step 1 Alignment. The reference specimen shall be placed into-the test system in
fied launching conditions are obtained. The reférence fiber core shall be centered in
e input end of the

that the spec
the output lig
refeerence fil
the NA of the
detector.

Step 2 Signa
devices shall
sweep rate u
such that an
taken into ac

Step 3 Measdrement. The sysitem shall be caused to record a waveform and, usir

sampling par
magnitude of]
general, zerg
and shall be

ation:

nt signal from the mode scrambler. The intensity distribution across th
er core shall vary by less than 25%. The launch numerical aperture,
reference fiber. The output of the reference fiber shall be properly c«

level and time base adjustment., Display unit gain, neutral density fil
be adjusted to obtain a single stable pulse waveform on the display i
sed in this step must be thelsame as that used in Step 2 of paragraph
entire waveform is observed. Electrical phenomena (ringing, reflectig
count while performing measurements.

hmeters, to eompute and properly scale the Fourier transform of that
the transform shall be normalized to its value at the lowest frequency
frequency). This normalized transform is called the system calibratiq
stored’and/or otherwise recorded for use in Procedure Ill and for repg

eference

such a manner

NA shall exeed

bupled to the

ters and/or other
nstrument. The

4.2 and must be
ns, etc.) must be

g the known

waveform. The
computed (not, in

n function, |G(f)|
rting in Section 5.
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4.2 Measurement of test specimen:

This section describes the procedure for measurement of a test specimen using the system as
previously calibrated.

Step 1 Alignment. The test specimen shall be placed into the test system in such a manner that the
specified launching conditions are obtained. The test fiber core shall be centered in the output light
signal from the mode scrambler. The intensity distribution across the input end of the test fiber core
shall vary by less than 25%. The launch numerical aperture, NA, shall exceed the NA of the test

fiber. The output of the test fiber shall be properly coupled to the detector.

Step 2 Signa
density filters

1 1 ol b lo ol 4 4 MLt tlo 4 + H 1 IH
1ITVCT AlTtu Uuric vdot aUJUsSUTITIIL - VVILT UTC TTOoU SPTUINTITIT PTUPTITY all

, as available, shall be adjusted to achieve a signal level on the deteq

approximately equal to the signal level obtained in Step 2 of the system calibration

demonstrate
(including de
displayed. A
of the systen]

4.2.3 Measuremg

parameters

I linearity range of the detector and electronics). Also, the same eleg
ector gain, if any) and time base shall be used. The entirewaveform

ned, neutral
ttor that is

4.1) (to within the
tronic gain

must be

pain, electrical phenomena (ringing, reflections, etc.) mustbe accounted for as in step 2

calibration (4.1).

ent: The system can be caused to record a waveform and, using the
, to compute and properly scale the Fourier transform of that waveforr

of the transform shall be normalized to its value at the;lowest frequency compute

zero freque
recorded fqg

4.3 Computation

This section
fiber bandwid

Step 1 Trans
determined b

H) = |Ed

G

where [H(f)| i

ncy). This normalized transform is called*|F(f)] and shall be stored af
r use in Computations (4.3) and for reporting in Section 5.

UJ

bpecifies the procedure by:which the magnitude of the fiber transfer f
th are computed.

known sampling
n. The magnitude
d (not, in general,
nd/or otherwise

inction and the

er function. The magnitude of the transfer function of the test specinpen shall be

y

5 the’magnitude of the transfer function, |F(f)| is the magnitude of the t

in 4.2.3, |G(f

ansform obtained

| is‘the system response function obtained in 4.1.3 and f is frequency

[H(f)| shall be

expressed in decibels (optical) using [H(f)lyg = 10 logqq [H(f)|. |H(f)I4g shall be retained for reporting

in Section 5.

Step 2 -3 dB Bandwidth (optical). The -34g bandwidth (optical) shall be determined as the lowest
frequency at which [H(f)|qg = -3 dB and shall be designated f 3 yg. The quantity f_3 4g shall be
retained for reporting in Section 5.
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5. RESULTS:
5.1 Reporting:
The following information shall be reported with each test:
a. Operator and date.
b. Specimen identification.
c. Specimen length.
d. Reference length.
e. Source wavelength.
f. Launching-eenditiens-
g. Magnitude of transfer function, (|H(f)|4g Vs. f).
h. -3 dB Bapdwidth (optical), (f.3 4g)-
5.2 Documentatipn:

The following

information shall be recorded and shall be made available upon req

a. Source manufacturer, type, actual wavelength, and spectral characteristics.

c

Detector
and rang

dates of |

@ oo

e of linearity.

Detection electronics/display system details.

Data recgrding method.

Lowest frequency at which |G(f)] = -15 dB.
Computation details, including sampling parameters.

ast equipment calibration and when calibration is next due.

lest:

manufacturer, type, spatial response uniformity, gain at operating volfage, if applicable,
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Example system for fiber bandwidth measurement by time domain techniques.

FIGURE 6050.1-1.
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FIGURE 6050.1-2. Example of preferred type mode scrambler.

r— 1 T N
I I I |
| 2m ’
| N—— STEP INDEX | TES ORCE
I | oeTionaL I IREF% )
L —— S N IO —

LIBHT SOURCE and LAUNCH OPTICS

UAUNCH OPTICS

FIGURE 6050.1-3. Example of substitute type mode scrambler.
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METHOD 6060.1
FAR-END CROSSTALK

1. SCOPE:

1.1 This method describes a procedure for measuring far-end corsstalk between two fibers (or two
bundles) where each fiber (or bundle) acts as a transmission element. It employs radiant power
measurements and is defined by:

FEXT (1, 2) =10 |Og10 (@11/@12)

where the first subscript represents the fiber being illuminated and the second subscript represents
the fiber beirjg monitored.

{LLUMINATED FIBER

OR BUNDLE
du
1 ——-1

NOTE: FEXJ (1, 2) is the positive unit referred:to as “dB down.”
2. SPECIMEN:
2.1 The test spegimen shall be taken from a representative sample of FO cable.
3. APPARATUS:

3.1 The apparatys shall be@s specified herein and in Method 6010, Procedure Il or Il|, of
DOD-STD-1¢78.

3.2 Radiation defectors:

Two detectors shall be used to detect the output radiation emanating from the illuminated and
neighboring fiber (bundle). The spectral responsivity and response time of the detector(s) shall be
compatible with the radiation source and light modulator.
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4. PROCEDURE:

Step 1 - The output of the source shall be adjusted, where necessary, to obtain the specified center
wavelength, and its intensity shall be adjusted to obtain sufficient detectable radiation.

Step 2 - Both ends of the illuminated fiber (bundle) and neighboring fiber (bundle) shall be prepared in
accordance with Method 8040 of DOD-STD-1678 and finished so that the endfaces are perpendicular
to the axis of the specimen, or index matching fluid shall be used to couple the optical power between
fiber (bundle) and detector. The length (L4) of the test specimen shall be measured.

Step 3 - One end of the illuminated fiber (bundle) shall be placed in the specified radiation beam so
that its entire epdds-illuminated and that uniform illumination is present across the fiber launch cone

specified in theg specification sheet.

Step 4 - The input end of the non-illuminated fiber (Fiber 2) shall be optically;blocked to prevent
ambient light frpom entering the fiber and affecting the FEXT measurement,

Step 5 - Both ends of the illuminated and neighboring fiber (bundle) shall be placed o that the axis of
the output cong of radiation is perpendicularly incident on their respective detectors pnd all of the
radiation impinges on the detectors.

NOTE: One dgtector may be used and @44 and ®4, measured serially (see Step 6)

Step 6 - The rejative radiant power, @44, of the illuminated fiber (bundle) and @4, of the neighboring
fiber (bundle) ghall be measured at the specified wavelength(s).

NOTE: If the measured value of @4, is small (fess than 10 times the background ndise of the dark
detector) then gither a shorter length of thé_specimen or a greater source intensity should be used. It
may be necesdary to use a calibrated attenuator in the illuminating fiber detector cirguit (®44).
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5. RESULTS:

5.1

52

Reporting:

The following details shall be reported with each test:

apow

bl O]

g.

Operator

and date.

Specimen identification.
The measured power (in watts) ®¢4 and ®1».
The radiation source, center wavelength(s), bandpass at the wavelength(s) and numerical

aperture

of the launched radiation cone.

The length-r-ofthe-speeimen:

The idenfity and refractive index at the wavelength(s) of interest of any index/n

used.
The far-e

Documentati

hd cross talk, FEXT (1, 2).

DN

The following information shall be recorded and shall be madeayailable upon req

a.
b.

Source manufacturer, type, actual wavelength, and spegtral characteristics.

Detector
and rang
Computa
Dates of

e of linearity.
lion details, including sampling parameters.
ast equipment calibration and when=-calibration is next due.

hatching fluids, if

est:

manufacturer, type, spatial response uniformity, gain at operating volfage, if applicable,
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ameter shall be

determined by

> test specimen or
the applicable
rcent of the length

e test and

SAE AS16781A
METHOD 6070.1
OPTICAL FIBER BANDWIDTH BY FREQUENCY DOMAIN TECHNIQUES

1. SCOPE:

1.1 This method describes a procedure for determining the bandwidth of a multimode optical fiber at a
specified wavelength with specified launching conditions, using frequency domain techniques. The
results are expressed as the “magnitude of the transfer function” and the “-3 dB bandwidth (optical).”
Only those limitations to bandwidth due to intermodal effects are determined.

2. SPECIMEN:

2.1 Test specimgn:

The test spe¢imen shall be a known length of multimode optical fiber. The-core di
determined Hy Method 1010 of DOD-STD-1678. The Numerical Aperfure shall be
Method 6040 of DOD-STD-1678.

2.2 Reference specimen:

The referencg specimen shall be either a short length from_the same sample as the
a short length of fiber which is representative of the fibeb under test, as required b
specification| The length of the reference specimen’shall not be greater than 1 pe
of the test specimen.

2.3 End preparatjion:

A flat end faqge, perpendicular to the fiber axis, shall be prepared at both ends of
reference spgcimens in accordance with Method 8040 of DOD-STD-1678.

2.4 Specimen hgndling:

3. APPARATUS:

3.1

The test spe
microbending

cimen shall’be suspended in a manner which relieves tension and mi
). No external microbending shall be intentionally introduced.

nimizes

(see Figure 6070-1)

Light source:

A suitable source (such as a continuous wave (cw) injection laser diode), capable of being stably
amplitude modulated over a broad frequency range and having a narrow spectral width shall be

used.
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3.1.1

3.1.2

Modulation: The source shall be modulated electrically or optically to produce a sinusoidally time
varying output power. The frequency of modulation shall be variable over a sufficiently wide range
and the variation of modulation amplitude over the frequency range of interest shall be no greater

Page 98 of 127

than 15 dB (optical), (as measured with the detector specified in 3.3, the electronics specified in
3.4, and using the procedure of 4.1).

Wavelength: The center of the spectral linewidth shall be known to an accuracy of + 5 nm and
shall be within + 10 nm of the specified wavelength. For injection laser diodes, the center of the
stimulated emission shall be considered to be the center of the linewidth; the stimulated emission
must exceed the spontaneous emission by no less than 15 dB.

Spectral lin
limit for vali
effects. Th
differ from

10 percent.
compositio

measurements by this procedure of the bandwidth limitations duet

spectral linewidth shall be such that the measured -3 dB bandwidth
hat which would be measured with a zero spectral width source by m

The required spectral linewidth will depend on wavelength, fiber len
n. This condition,

DF (GHz km nm)

Ak(nm)sI

where AL iS
test speci

measurem
magnitude
maximum S
system, |IDFf

L (km) IDL (GHz)

the spectral width of the source full width, halfmaximum (FWHM), L i
en, IDL (Intermodal Distortion Limit) is the _highest frequency of interg
nt, and IDF (Intermodal Distortion Facter)-is a parameter inversely p
pf the material dispersion (IDF = 0.2/M, (ns/km nm)), may be used to

ource linewidth for a valid measurement. For the germanium-phospk
- can be estimated from the following table 6070-I:

TABLE 6070-

Alnm) IDF(GHZ km nm) A{nm) IDF(GHz km nm)
800
820
840
860
880

900

18.
42.
220.
40.
1.

1200
1250
1300
1340
1510

NN et ot e
W =~ WO IO

upper frequency
b intermodal
(optical) will not
ore than

yth, and fiber

5 the length of the
st for this
oportional to the
estimate the

orus doped silica

Note: Gau

bsian implllcn response chnpnc and-Gaussian plllep thppc Wwere ass

imed to generate

these data. They will therefore apply most accurately to well compensated graded index fibers.

Spectrum stability: The spectral characteristics of the source shall be stable throughout the

duration of

the measurement.
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3.2 Launch system:

3.2.1

3.2.2

3.3 Detection sygtem:

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.4 Electronic ingtrumentation:

3.4.1

Mode scrambler: The light source shall be optically coupled to a mode scrambler, the output of
which is independent of the spatial characteristics of the light source. The mode scrambler shall
conform to one of the following types as specified in the applicable procurement specification. The
prefered mode scrambler shall be a 3 meter length of fiber, constructed as follows: a one meter,
step index fiber fusion spliced to a one meter graded index fiber which is fusion spliced to another
one meter, step index fiber. See figure 6070-2. In lieu of the preferred type mode scrambler, the
following shall be used: a single, 2 meter length of step index fiber. If necessary, large winding
bends or a microbending device can be placed in the mode scrambler to alleviate its sensitivity to
laser diode alignment. See figure 6070-3.

Coupling t@ specimen: The output of the mode scrambler shall be coupled to tje input end of the
specimen in such a way that both the size of the spot on the end of the spégimejn and the launch
numerical gperture can be adjusted to specification. The fiber position shall be $table over the

duration of|the experiment. A viewing system may be used to aid fiber, alignmer

—

Bandwidth] A detector with sufficient speed that the conditions of 3.1.1 can be met shall be used.

Uniformity:| A detector that has been shown to have a tuniform response (+ 10%]) over its active
area shall be used.

Linearity: A detector that is linear in responsge'over the range of power required|shall be used. A
variable ngutral density filter or other suitable device may be used to limit the rapnge of power over
which the getector is used.

Stability: A detector that has been'shown to be sufficiently stable, that is, a detector for which the
ratio of output signal to applied eptical power is sufficiently constant with time, shall be used.

Coupling: [The output of the fiber shall be coupled to the detector in such a manher that all modes
of the fiber|are coupled-equally.

Detection ipnstriment: The output of the detector may be amplified with a suitable wideband low
noise amplifier—itstattthereafter be detected withasuitable marrowband-instrument, such as a
spectrum analyzer, capable of providing a calibrated display of optical detector output versus
frequency. The display shall provide output signals equivalent to the display information. The
bandwidth of the instrument shall be sufficiently narrow that any harmonics of the modulation
frequency are not detected.
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3.4.2 Source electronics: The optical source shall be modulated with a variable radio frequency (rf)
source, compatible with the detection electronics, such as a tracking generator.
3.4.3 Data recording: The detection electronics shall be connected to a suitable means of recording
data for subsequent computation and reporting.
3.5 Computation:
3.5.1 Equipment: Suitable computational equipment capable of computing ratios of linear arrays shall

3.5.2 Software:

4. PROCEDURE

4.1

be provided.

System calib

This section
specimen.

Step 1 Alignn
that the spec
the output lig

reference fibgr core shall vary by les than 25%. The‘launch numerical aperture, NA

NA of the refi

Step 2 Signa
sinusoidally 1
neutral densi
detector as a
electronics ¢

Step 3 Meas

modulation (getector output) as a function of frequency as the modulation frequen

continuously
function, |G(f

APPTopriate sonware, Compadatible with the procedures or 4. shall be U

ration:

Hescribes the procedure necessary to calibrate the system using the

nent. The reference specimen shall be placed into the test system in

fied launching conditions are obtained. The reference fiber core sha
ht signal from the mode scrambler. Thetintensity distribution across th

brence fiber. The output of the reference fiber shall be properly coup

level and frequency range adjustment. With the source electronics :
hodulate the source at freguencies covering the range of interest, the
y filters (if used), and display electronics shall be adjusted to display
function of frequency: The source modulation level and adjustments
nosen for this step_must be suitable for use in Step 2 of Procedure II.

irement. Thersystem shall be caused to record the magnitude of the

or discretely over the range of interest. This function is called the sys
|. Hshall be suitably normalized and shall be recorded and stored fof

sed.

reference

such a manner

|l be centered in

e input end of the
, shall exceed the
ed to the detector.

hdjusted to
modulation level,
the output of the
of the display

detected

Cy is varied either
stem calibration
use in Procedure

IIl and for ref

orting as in Section 5.
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4.2 Measurement of test specimen:

4.3

This section describes the procedure for measurement of a test specimen using the system as

previously ca

librated.

Step 1 Alignment. The test specimen shall be placed into the test system in such a way that the
specified launching conditions are obtained. The test fibercore shall be centered in the output light
signal from the mode scrambler. The intensity distribution across the input end of the test fiber core
shall vary by less than 25%. The launch numerical aperture, NA, shall exceed the NA of the test

fiber. The ou

Step 2 Signa

tput of the test fibershall be properly coupled to the detector.

level and frnqnnnr‘\/ range dellefmnnf \With the test epnr‘imnn prop.

orly aligned,

neutral densi
approximatel
linearity rang
any) and disg

y filters, as available, shall be adjusted to achieve a signal level on/tt
y equal to the signal level obtained in Step 2 of Procedure | (to within
e of the detector and electronics). The same electronic gain (includin

Step 3 Measulirement. The system can be caused to record the magnitude of the g

modulation (q
continuously
in the same 1
reporting as ¢

Computations:

This section
fiber bandwid

etector output) as a function of frequency as the modulation frequen
pr discretely over the range of interest. This curve is called |F(f)|. It sh

Bection 5.

D .

th are computed.

Step 1 Transfer function. The magnitude of the transfer function of the test specin

determined b

H| = |E(
IH() &

where [H(f)| i
in Step 3 of P
fis frequency
shall be retai

y

~—""1

5 the magnitude of the transfer function, |F(f)| is the magnitude of the ti
rocedurell, |G(f)| is the system response function obtained in Step 3 g

lay electronics adjustments shall be as used in Step 2 of Rrocedure ||

e detector that is
the demonstrated
g detector gain, if

etected
Cy is varied either
all be normalized

hanner as |G(f)] and shall be recorded and stored for use in Procedute Il and for

specifies the procedure by which, the magnitude of the fiber transfer flinction and the

en shall be

ansform obtained
f Procedure | and

ned for reporting in Section 5.

. |H{E) shall be expressed in decibels (optical) using H(f)4g = 10 Iog1|0 [H)|. [H)lgs

Step 2 -3 dB Bandwidth (optical). The -3 dB bandwidth (optical) shall be determined as the lowest
frequency at which |H(f)|qg = -3 dB and shall be designated f 3 yg. Because the transforms have
been normalized to their value at the lowest frequency computed the bandwidth computed as above
shall be considered valid only if it exceeds the lowest frequency at which H(f) is computed by more

than a factor

of 10. The quantity f_3 4g shall be retained for reporting in Section 5.
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