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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 specifications and standards. TSB rules provide for (a) the publication of portions of
unrevised government specifications and standards without consensus voting at the SAE Committee
level, and (b) the use of the existing government specification or standard format.

Under Department of Defense policies and procedures, any qualification requirements and associated

qualified products lists are mandatory for DOD contracts. Any requirement relating to qualified products
lists (QPL’s) has not 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 methods contained in this standard apply to all items of equipment. WHEN IT IS KNOWN THAT
THE EQUIPMENT WILL ENCOUNTER CONDITIONS MORE SEVERE OR LESS SEVERE THAN
THE ENVIRONMENTAL LEVELS STATED HEREIN, THE TEST MAY BE MODIFIED BY THE
EQUIPMENT SPECIFICATION.

1.3 Numbering system:

1.3.1  New methods: A method number will be assigned so that the new method is located close to the
methods of similar or related tests.

1.3.2 Reuvision of existing methods: Revision of test methods are indicated by a letter following the
method number. For example, 3111, if modified or changed, would be 3111A, the second revision,
3111B, etc.

1.4 Method of reference:

Test methods contained herein shall be referenced by specifying:

a. This standard number

b. Method number. The letter following the method number shall not be used when referencing test
methods. For example, use 1010, not 1010A.

c. Procedure number
d. Details required in the results paragraph of the applicable method.

e. 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

UU-T-450 Tissue, Facial
STANDARDS

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 specifications, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activity or as
directed by the contracting officer.)

3. DEFINITIONS:

3.1 The following definitions listed in this military standard covers general terms. The general terms are
defined in the following paragraphs.

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

3.1.2 Bundle: A bundle 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 cable or harness run.

Breakout: The point where a branch meets and merges with the main cable or harness run or
where it meets and merges with another branch is called a breakout.

Cable or harness run: The cable or harness run is that portion of a branched cable or harness
where the cross-sectional area of the cable or harness is the largest.

Cable core: The portion of a cable contained within a common covering is the cable core.
Cable assembly: A cable assembly is a cable which is terminated and ready for installation.

Multiple fiber cable assembly: A multiple fiber cable which is terminated and ready for installation
is called a multiple fiber cable assembly.

Multiple bundle cable assembly: A multiple bundle cable assembly is a multiple bundle cable
which is terminated and ready for installation.

Harness assembly: A harness assembly is a harness which is terminated and ready for
installation.

Fiber optics: Fiber optics as applied to this standard is a general term used to describe the
function where optical energy is guided to another location through fiber(s).

FO: FO is an abbreviation for fiber optics.

Acceptance pattern: The acceptance pattern of a fiber or fiber bundle is a curve of 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:
NA (95% power) = sin 6

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.

3.1.21.1 Numerical aperture, NA (5% intensity): The numerical aperture of a fiber or a bundle is defined
by:

NA (5% intensity) = sin &’

where 6’ is the angle where the measured intensity of radiation is 5% of the maximum measured
intensity when plotting either the acceptance or radiation pattern.

3.1.21.3 Numerical aperture, NA (material): The numerical aperture of a fiber or bundle is defined by:

NA (material) = (nf—n3)"

where n4 and n, are the fiber core and cladding refractive indices, respectively, for step index
fibers. For graded index fibers nq is the maximum index in the core and n, is the minimum index
in the clad.

3.1.22 Exit angle: The exit angle is the angle between the output radiation vector and the axis of the fiber
or fiber bundle.

3.1.23 Radiant power: ®: The time rate of flow of electromagnetic energy. unit: watts (W).

3.1.24 Radiant intensity: | = d®/dw: The radiant power per unit solid angle w in the direction considered.
unit: watts per steradian (W/sr).

de  _  dl
dwdAcos® dAcoso

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)

3.1.25 Radiance: L =

3.1.26 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 stated) of the peak value I,

3.1.32 Radiant power ratio: R is defined as the radiant power ratio ®,/®4, where ®,, 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 cross-sectional area
determined from the termination inside dimensions.

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

3.1.35 Cladding mode stripper: The cladding mode stripper is 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 be used in military FO specifications.

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

3.1.38 Fiber buffer: The fiber buffer is the material which surrounds and is immediately adjacent to a fiber
which provides mechanical 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 index 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 cladding 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 herein are specified in the individual specifications, as applicable, and the tests shall be
applied as specified herein. Whenever this standard conflicts with the individual specification, the
latter shall govern.

4.2 Test conditions:

Unless otherwise specified herein, or the individual specification, all measurements and tests shall
be made at temperatures of 15°C to 35°C, at air pressure of 650 to 800 millimeters of mercury, and
relative humidity of 45 percent to 75 percent. Whenever these conditions must be closely controlled
in order to obtain reproducible results; for reference purposes, temperature, relative humidity, and
atmospheric pressure conditions of 23°C + 2°C, 50 percent = 5 percent and 650 to 800 millimeters of
mercury, shall be specified.

4.2.1 Permissible temperature variation in environmental chambers: When chambers are used,
specimens under test shall be located only within the working area defined as follows:

a. Time variation within working area: The controls for the chamber shall be capable of
maintaining the temperature of any single reference point within the working area within £2°C.

b. Space variation within working area: Chambers, shall be so constructed that, at any given
time, the temperature of any point within the working area shall not deviate more than 3°C from
the reference point.

5. TEST METHODS:

5.1 Individual methods for fiber optics testing are sectionalized.

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 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.

6.3 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 core 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:
_ (DeY
R~ (5)
where

D¢ = core diameter
D = fiber diameter (over cladding)

If the fiber is not circular in cross-section the core/fiber area ratio is defined by:

_ (Ac
Re = (AF)

where

Ac = core area
Af = overall fiber area

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of fiber optics cable. For convenience of
the test, a short 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 |. Optical Microscope Method:

3.2.1 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 Micrometer eyepiece: The microscope shall be equipped with a micrometer eyepiece (often called
a filar micrometer).

3.2.3 Magnification: The microscope shall be equipped with a set of objective lenses of approximately
10X, 40X and 100X magnification.

3.2.4 Reference scale: A precision scale shall be used to calibrate the microscope magnification (stage
micrometer).

3.3 Procedure Il. Photomicrographic Method:

3.3.1  Photomicrographic camera: The microscope described in section 3.2 (or equivalent) shall be
equipped with a photomicrographic camera, preferably one which uses self-developing film.

3.3.2 Measuring scale: A suitable scale shall be used for measuring the diameters of the fiber images
photographed.

4. PROCEDURES:

4.1 Procedure |. Optical Microscope Method:
Step 1 - The microscope shall be calibrated for each of the objective lenses to be used. Calibration
shall be accomplished by measuring the length, L, of the image of a known scale with a precision

reference scale (stage micrometer) using each objective lens (in turn) and the micrometer eyepiece
(filar micrometer). The magnification is given by:
-

where

L = the length of the known scale.
| = the length of the reference scale (portion of the stage micrometer scale used).
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4.1 (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 - Fibers chosen for test shall be free of chipped edges or other defects which might interfere
with judging the location of the core to clad interface. The illumination source shall be attached to the
free end of the specimen and the source adjusted for easily discernable fiber interfaces.

Step 5 - The overall diameter of the selected fibers shall be measured by means of the micrometer
eyepiece and the known calibration. Several measurements of cladding diameter shall be made on
each selected fiber and the average D, for each fiber shall be computed.

Step 6 - The core diameter of each of the selected fibers shall be measured in the same manner as
the fiber diameter and the average core diameter, D¢, for each fiber shall be computed.

Step 7 - The core/fiber area ratio, R,, shall be calculated for each of the measured fibers and the
average computed. If the fibers are not circular, additional measurements shall be made to calculate
the overall fiber area, Ag, and the core area, Ac.

Step 8 - Concentricity. The concentricity of the overall insulation or of any primary insulation,
insulation coating or cladding shall be determined by locating and recording the minimum and
maximum cladding thickness of the same cross section. The ratio of the minimum cladding
thickness to the maximum cladding thickness shall define the concentricity.

4.2 Procedure Il. Photomicrographic Method:

Step 1 - The intensity of the front and back illumination, the shutter speed and “f’ stop shall be
adjusted to obtain a clean photograph.

Step 2 - The image of the selected fibers shall be recorded photographically.

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, Dg, 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 primary insulation,
insulation coating or cladding shall be determined by locating and recording the thickness of the
same cross section. 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 number

5.2 Pretest data required

5.3 Failure criteria

5.4 The type of microscope, 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 average fiber and core diameter for each fiber measured

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

5.8 The number of 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 consist of funnel-shaped gauges with precisely known inside diameter. For each
nominal fiber bundle 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 liquid may be used to wet the fibers prior to insertion 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 extraneous material for a distance of approximately 50 mm

from the end of the 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 by capillary action and facilitate packing of the fibers.

Step 3 - Starting with the largest gauge of the series, the bundle shall be inserted into each
progressively smaller gauge until it cannot pass into a gauge. This will also facilitate removal of
excess lubricant and determine the smallest diameter circle which will accommodate the fiber bundle.
The diameter of the smallest gauge which accepts the fiber bundle will define the fiber 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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METHOD 1030
NUMBER OF FIBERS

1. SCOPE:

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

2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of fiber optic cable. For convenience of
the test, a short specimen may be used.

3. APPARATUS:

3.1 Apparatus for Procedure I:

3.1.1  Optical Microscope: An optical microscope as described in Method 1010 of DOD-STD-1678 or
equal shall be used. The magnification shall be sufficient to fill a photograph with the fiber bundle

image.

3.1.2 Photomicrographic Camera: A photomicrographic camera as described in Method 1010 of
DOD-STD-1678 or equivalent shall be used.

3.2 Apparatus for Procedure II:

3.2.1 Laboratory Balance: A laboratory balance of reading accuracy to .1 milligram or better is required.
3.2.2 Microscope/laboratory tweezers.

4. PROCEDURES:

4.1 Procedure I:

Step 1 - 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.

Step 2 - One end of the specimen shall be placed in the illumination source.

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 - Sequentially, individual fibers, selected at random, will be removed from the tray and the
remaining bundle mass recorded.

Step 6 - A minimum 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 lll:
Step 1 - The approximate number of fibers (N) in the bundle can be calculated from

D 2
N = .907[—— J
d

where d is the average fiber diameter determined according to Method 1010 and D is the fiber
bundle diameter according to Method 1020.

5. RESULTS:

5.1 Results for Procedure I

5.1.1 The type of microscope, type of objective lens, and the magnification shall be reported.
5.1.2 The total number of fibers shall be reported.

5.2 Results for Procedure 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 microscope as described in Method 1010 of DOD-STD-1678 or equal shall be used. The
magnification shall be sufficient to fill a photograph with the fiber bundle image.

3.2 Photomicrographic camera:

A photomicrographic camera as described in Method 1010 of DOD-STD-1678 or equivalent shall be
used.

3.3 lllumination source:

A white incandescent light source with adjustable intensity shall be used for illuminating the
specimen on the front and back. A diffusion plate shall be used between the illumination source and
specimen back.

4. PROCEDURE:

Step 1 - 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.

Step 2 - One end of the specimen shall be illuminated by the back illuminating source. The opposite
end of the specimen shall be placed in the field of view of the optical microscope and illuminated at an
oblique angle to 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):

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 taken. When the number of transmitting fibers in the two photographs are the same, this
number is reported.
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. The number of transmitting fibers obtained on the two lowest intensities.
5.2 Documentation:

The following information shall be recorded and shall be made available upon request:

a. The type of microscope, type of objective lens, and magnification.
b. Date of last equipment calibration and when calibration is next due.
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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 apparatus shall consist of clamps, masses, mandrel assembly, drive gears and adjustment
screws arranged as shown in Figure 2010-1.

3.1.1 Mandrel assembly: The mandrel assembly shall be adjustable so that the mandrels may be
brought together, remain parallel and contact the fiber optics cable. The mandrel assembly shall
be adjustable in reference to the axis of rotation of the cyclic arm so that during operation vertical
motion of the fiber optics cable within the mandrels is a minimum.

3.1.2 Cyclic arm: The cyclic arm shall be driven by an electric motor either whose output shaft speed is
adjustable or through an infinitely adjustable transmission so that the cyclic arm is driven at 30 £ 1
cycles per minute.

3.1.3 Masses: The masses shall be so designed so that the force applied to the fiber optics cable is
coincident with the axis of the cable.

4. PROCEDURES:
4.1 Procedure I:

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 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 (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.

4.2 Procedure ll:

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

Step 2 - Prior to cyclic testing the output power shall be determined in accordance with Method 6010.

Step 3 - The specimen shall be placed in the cyclic flexing apparatus using the specified mandrels
and mass.

Step 4 - The apparatus shall be operated for the specified number of cycles.
Step 5 - The specimen shall be removed and the output power determined again.
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 percentage, Py, of the fibers broken in the cyclic test (procedure 1) shall be reported and
calculated from:

_ N+=N,
Py = —N1 x 100

where N4 is the number of transmitting fibers before cycling and N, is the number of transmitting
fibers after cycling.

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

:22
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 of the specimen.

5.11 Any visible damage to the specimen shall be reported.
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Figure 2010-1. Bend Test Fixture
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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 specimen shall be a representative sample of fiber optics cable whose length is at least 150
times the finished outside diameter of the cable. It shall be prepared for testing in accordance with
Radiant Power Measurement, Method 6010.

3. APPARATUS:

3.1 The bending apparatus shall be as specified in Method 2011 of FED-STD-228 except for the mandrel
sizes which shall be specified in the individual specification sheet. The power measurement
apparatus shall be as specified in Radiant Power Measurement, Method 6010.

3.2 The test mandrels, masses, and clamping method shall be as shown in Figure 2020-1 for
Procedures | and Il and in Figure 2020-2 for Procedure Ill. The clamps shall not damage the
specimen. The length of the specimen between the mandrel and the mass shall be sufficient to
permit the required number of turns. (The masses shall be of values shown in Figure 2020-2.) or
(The masses shall be sufficient to keep specimen taut and to permit bending without handling.)

4. PROCEDURES:

4.1 Procedure I:

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 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.

Documents

Document Sharing Hub

Full document details: SAE AS16781A


http://avadocuments2026.com/doc/sae-as16781a
http://avadocuments2026.com/doc/sae-as16781a

SAE AS16781A Page 29 of 127

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 - 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 transmitting power, ®4, of the specimen shall be measured according to
Radiant Measurement, Method 6010.

Step 3 - The specimen shall be removed from the power measurement apparatus, 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 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 magnification for cracks or
other defects caused by bending.
Step 7 - Within one hour after reaching room temperature the specimen shall be straightened and
removed from the mandrel. The transmitted power, ®,, of the specimen shall then be measured
according to Radiant Power 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

(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 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. The total number of turns
will be specified in the specification sheet.

Step 7 - 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 magnification for cracks or
other defects caused by bending.

Step 8 - Within one hour after reaching room temperature the specimen shall be straightened and
removed from the mandrel. The specimen shall not be disconnected from the power measurement
apparatus. The transmitted power, ®,, of the specimen shall then be measured according to
Radiant Power Measurement, Method 6010.

5. RESULTS:

5.1

52

5.3

54

5.5

5.6

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

Procedure number
Pretest data required
Failure criteria

The percentage, Py, of the fibers broken in the bending test (Procedure |) shall be reported and
calculated from:

N,—N
PN = fx’loo

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

Any cracking or splitting of the insulation (Procedure 1).
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5.7 The ratio (Procedure Il and Ill) of output power, R, shall be reported and calculated from:

-2
D,

R

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

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 total number of turns on the mandrel.

ARM —w

MANDREL

D]ZAMETER-]-4

CLAMP

TERMINATED
END

MANDREL

SPECIMEN

TERMINATED
END

Figure 2020-1. Test Mandrels and Masses (Procedures | and Il)

Full document details: SAE AS16781A

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/sae-as16781a
http://avadocuments2026.com/doc/sae-as16781a

SAE AS16781A Page 32 of 127

MAKRDEEL
DIAMETER

b = 5% WOMINAL T
CAELE OD

g————— MARS —————

ERD TERMINATED END TEEMIBATED

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

15,3 m 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 Over = 25 kg

Figure 2020-2. Test Mandrels and Masses (Procedure 1)
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METHOD 2030
IMPACT TESTING

1. SCOPE:

1.1 This method determines the ability of a fiber optic cable to withstand impact loads.
2. SPECIMEN:

2.1 The specimen shall be taken from a representative sample of the fiber optics cable.
3. APPARATUS:

3.1 General:

The apparatus shall consist of clamps, mass, drive gears, and adjustment screws arranged as
shown in Figure 2030-1.

3.1.1  Drop hammer assembly: The drop hammer assembly shall be designed to permit a free vertical
fall of 150 mm onto the fiber optics cable. The striking surface shall be cylindrical shaped with a
minimum length of 50 mm and unless otherwise specified a radius of curvature of 10 £ .13 mm.
The hardness of the striking surface and anvil shall be Rockwell RB-90, minimum. The drop
hammer assembly shall be adjusted so that the axis of the striking surface will be at right angles to
the axis of the cable.

3.1.2 Cyclic arm: The cyclic arm shall be driven by an electric motor whose output shaft speed is
adjustable either directly or through an infinitely adjustable transmission so the cyclic arm is driven
at 30 £ 1 cycles per minute.

3.1.3 Masses: The masses shall be loaded onto the hammer so that the full force is applied vertically
onto the fiber optics cable unless otherwise specified.

4. PROCEDURES:

4.1 Procedure I:

Step 1 - Unless otherwise specified the specimen of the fiber optics cable shall be preconditioned for
48 hours at 50 + 5% relative humidity and 23 + 2°C.

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

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 - Prior to impact testing the output power shall be determined in accordance 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 power determined again.
Step 6 - See Step 6, Procedure I.
5. RESULTS:
5.1 Results for Procedure I
5.1.1 The percentage, Py, of the fibers broken into the impact test shall be reported as calculated from:
N, —N,

PN = N—1X100

where N, is the number of transmitting fibers before impact testing and N, is the number of
transmitting fibers after impact testing.

5.1.2 The weight applied to the drop hammer and the number of cycles shall be reported.
5.1.3 Any visible damage to the specimen shall be reported.

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 calculated from:

-2
D,

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

R

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

5.2.6 Same as 5.1.4.

NOTE: Cable exterior deformation will not be considered as damage. However, cracking, splitting or
other similar effects shall be considered as damage.
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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
GUIDE\.ﬂ—— /22.9 mm and Over = 13,5 kg

DROP 150 MM | ”__'j /

SPECIMEN TO BE
CENTERED UNDER

MASS
STRIKING
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AVIL"" e //////////// ii \

S>> 3

R =NOT LESS THAN SOMM,
( FREE RUNNING
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DRIVING PIN ROTATES AT
30 CYCLES PER MINUTE

Figure 2030-1.
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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 load apparatus shall be as described in Method 3001 of FED-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 a flat plate as shown in Figure 2040-1.
The hardness of both the stationary and movable plates shall be Rockwell RB-90, minimum. The
cable specimen shall be mounted so as to prevent lateral motion of the cable in the test fixture.

r——lm.smm —bl
£ £ 6.4 mm

r=

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

h]
L ‘\_ 4
i |l CABLE

~ T

TENSILE
LOAD

Figure 2040-1. Test Arrangements for Crush and Shear Testing
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4. PROCEDURE:
4.1 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 apparatus shall be operated to apply the specified load at the specified rate.

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 damage.
4.2 Procedure Il
Step 1 - See Step 1, Procedure |.

Step 2 - Prior to compressive strength testing the output power shall be determined in accordance
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 power determined again.
Step 6 - See Step 6, Procedure I.
4.3 Procedure Il
Step 1 - See 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 5, Procedure Il.
Step 7 - See Step 6, Procedure I.
5. RESULTS:
5.1 Results for Procedure I

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

N,—N
PN = 1,\]—12X100

where N, is the number of transmitting fibers before compressive strength testing and N, is the
number of transmitting fibers after compressive strength testing.

5.1.2 The maximum load applied during the test and the loading rate shall be reported.
5.1.3 Any damage to the specimen shall be reported.

5.1.4 Temperature(s) of test if other than room ambient.

5.2 Results for Procedure II:

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

:22
D,

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

R

5.2.2 The maximum load applied during the test and the loading rate shall be reported.

5.2.3 Any damage to the specimen shall be reported.

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

52.6 Sameas5.1.4

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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