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This ARP document will provide guidelines for optical performance testing of short haul fiber optic
inter-connection systems used in aerospace vehicles. The focus of this document is to establish
common pre and post installation test methods and troubleshooting methodologies.

1. SCOPE:
1.1 Scope:
1.2 Applicability:

2. APPLICABLE D

2.1

2.2

2.21

222

This document

connectors (sifnplex, multi pin, ribbon), couplers, splices, optical switches'ahd ma
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there is conflic
specification o
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MIL-PRF-29
MIL-PRF-85
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thods herein
existing methods
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blement thereto,

Standards: Not Applicable

2.3 Other Government Documents:

The following other Government documents form a part of this standard to the extent specified
herein. Unless otherwise specified, the issue of those cited in the solicitation.

Not Applicable
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2.5

3. DEFINITIONS:

3.1

Non-Government Documents:

TIA/EIA-455, Fiber Optic Test Procedures
AIR 5271, Components
ANSI Z136.2, American National Standard for the Safe Use of Lasers

Order of Precedence:
In the event of a-conflictbetweenthetext-ofthisstandard-and-thereferences-ecited herein, the text of

this standard shall take precedence. Nothing in this document, however, supersedes applicable
laws and regulgtions unless a specific exception has been obtained.

General Fiber Pptic Terms:

ABSORPTION: Loss of light in a fiber caused by intrinsic impurities, resulting from conversion of
optical power into heat energy.

ACCEPTANCE CONE: The cone containing incidentrrays that couple into bound modes of the fiber.
The half anglelis equal to the acceptance angle.

ADD-DROP MULTIPLEXER (ADM): A compoenient used to multiplex lower-speed |electrical and/or
optical signals jnto a high-speed optical channel. Supports time division multiplexing (TDM) or dense
wavelength-diyision multiplexing (DWDM).

AMPLIFIED SPONTANEOUS EMISSION (ASE): The light emitted from the decay of the upper level
of a lasing transition without stimulated emission. (Broad spectral emission and uhpolarized.)

AMPLITUDE NIODULATION (AM): Transmission technique where the informatior| is encoded in the
amplitude of the carrier.

ASYNCHRONpPUS TRANSFER MODE (ATM) A hlgh speed transmission schenpe providing
bandwidth on

ATTENUATION: The diminution of average optical power. Attenuation results from absorption,
scattering, and other radiation losses. Attenuation in general is expressed in dB without a negative
sign.

ATTENUATOR: An optical device that reduces the intensity of a light beam passing through it.

AVALANCHE PHOTODIODE (APD): A photodiode that produces current through internal
amplification. (Avalanche multiplication)

BACK REFLECTION — OTDR: Back reflection is the return of part of the energy in the launched
pulse to the OTDR by an event along the fiber. Also known as Fresnel reflection.
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3.1

(Continued):

BACKSCATTERING — OTDR: Back scattering is the portion of returned energy that returns in a
generally opposite direction to that of the launched pulse to the OTDR by microscopic imperfections
along the fiber. Also known as Rayleigh backscattering. For example, the back-scattered signal
from a 1-inch length of 100/140 micron multimode fiber at 850 nm wavelength is approximately -60
dB.

BANDWIDTH: Measure of information carrying capacity; the greater the bandwidth, the greater the
information caffrying capacity.

BEND LOSS: [The result of macrobends (curvature of fiber) or microbends{small|distortions in the
fiber) producing increased attenuation by coupling light energy from the fiber core|to the cladding.

BIREFRINGENCE: The property whereby the effective propagation speed of a light wave in a
medium deperlds upon the orientation of the electric field (state of\polarization) of the light.

BIT-ERROR-RATE(BER): The number of digital highs on a transmission link that @re interpreted as
lows, and vice|versa, divided by the total number of bits received. (BER should b¢ better than
1x107 in propgrly operating systems.)

BOUND MODES: In a multimode fiber, the powerin bound modes is predominate|y contained in the
core of the fibqr.

BUFFER COATTING: Protective materialthat covers and protects a fiber. (No optjcal function.)

CALIBRATED LAUNCH CABLE —OTDR: Is a serial numbered special jumper, sgrving to
interconnect tHe OTDR with the @ircraft harness connector for testing the harness| The launch
terminus may be a pin or socket! The integrity and cleanliness of the launch termipus is checked by
the OTDR on hoth Fresneland Rayleigh operating modes according to the serial nhumber, prior to
launch terminys insertion.

CENTRAL WAVELENGTH: Wavelength of a source’s peak power.

CHIRP: A change in the characteristic optical frequency of a device as a function of time (modulated
diode laser) or position (chirped fiber Bragg grating).

CHROMATIC DISPERSION: A phenomenon caused by the wavelength dependence of group
velocity in an optical fiber. Since any practical light source has a certain spectral width, chromatic
dispersion results in pulse broadening. The coefficient describing chromatic dispersion per unit
length is generally given in units of ps/(nm_km).

CLADDING: That dielectric material of low refractive index surrounding an optical fiber core that has
a lower refractive index than that of the fiber core.

CLADDING BOUNDARY: Consisting of the inner and outer limits of the layer directly surrounding
the core.
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3.1

(Continued):
CLADDING LIGHT: Light propagating in the cladding.

CLADDING MODES: A mode in which the electromagnetic field is confined in the cladding and the
core by virtue of these being a lower refractive index medium surrounding the outermost cladding.

COHERENCE: A phenomenon whereby the phases of the photons (or constituent wave trains) of a
light beam maintain a definite relationship with each other. A narrow line-width laser is said to exhibit

a high degree
CONNECTOR

CONTINUOUS
by a signal (D(

bf coherence.
Hardware installed on cable ends to connect cables to a dévice o

WAVE(CW): Constant output from an optical source thatis active

).

CORE: The central region of an optical fiber with higher refractive index than that

within which m

CORE CENTH
the outer most

CORE DIAME

CUTOFF WAV
propagation of

dB: Decibel.
optical power 3

DEADZONE —
signal is saturg

DISTANCE AQ

ost of the optical power is to be transmitted.

R: For a cross section of an optical fibet, it is the center of that circ
limit of the core area.

FER: The diameter of the circledefining the core center.

ELENGTH: The shortestwavelength for which an optical fiber can
a single transverse mode.

btandard logarithmi¢ unit for the ratio of two quantities. In fiber opti
nd represents less or gain.

OTDR: Ahe distance from an event, such as a connector, over wh
ted and-the OTDR is not able to make measurements.

CURACY — OTDR: The difference between the true distance in a fi

r another cable.

but not modulated

of the cladding,

e which best fits

only support the

ts, the ratio is

ch the OTDR

ber and the OTDR

measurements value, using the true value of the effective group index of the fiber.

EFFECTIVE GROUP INDEX — OTDR: The effective group index of a fiber is the ratio of the pulse
propagation speed in vacuum and in the fiber. The value for glass fiber is approximately 1.5.

EQUILIBRIUM MODE DISTRIBUTION: The condition in a multimode optical fiber in which relative

power distribut

ion among the bound modes is independent of length.

EVENT — OTDR: An abrupt discontinuity or index change in the fiber, such as a connector, a
mechanical splice, a star coupler, a break, etc. A cleaved fiber end or a flat polished open connector
back reflects approximately 4% (or -14dB) of the incident pulse energy. A break in a 100/140-micron

multimode fibe

r back reflects from -30 to -14dB.
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3.1

(Continued):

FAR FIELD REGION: The region at some distance from a source or aperture where the radiation
pattern is independent of the distance. The far field is generally characterized by an angular

distribution of light intensity.
FIBER OPTIC CABLE: Any installed jacketed optical fiber.

FIBER OPTIC SYSTEM: The assembly of all the interconnected fiber optic subsy

stems, including

sources, detedfors, cables, couplers and connectors.

FRESNEL MODE — OTDR: A low sensitivity operating mode of the OTDR for'the
type connectors, reflective mechanical splices, reflective couplers and switehes, fi
cracks, and fof the measurements of length, distance, back reflection @nd return I¢
approximate sensitivity range for the Fresnel operating mode is -10,to’-40 dB (rele
cleaved end). [Also, refer to ‘OTDR Trace - Fresnel'.

GAP TYPE CONNECTOR: The mated pair has an air gap .between the glass end
may range from less than one, to several microns. The gap can result from polishi
predetermined|length as in SMA style connectors, or ftam having a concave polis
profile on one pr both endfaces of the mating fiber intmulti-contact terminus style ¢
type connectors are classified as “loud” reflective-connectors - OTDR.

detection of gap
ber breaks and
bss. The

tive toa -14 dB

faces. The gap
g connectors to a
n or under cut
onnectors. Gap

GRADED INDEXED FIBER: An optical fiber having an index profile in which the refractive index

varies continugusly as a function of radialdistance from the longitudinal axis of thq

INSERTION LOSS: The logarithm 'of the fraction of received power/transmitted p
component in
90% of the inc
3.0 dB.

dent energy is 0.46 dB. A coupling transmitting 50% energy has at

LAUNCH CONDITIONS = OTDR: Accurate and repeatable loss measurements ir
core fiber, with[ concatenated connectors, require a special beam profile of the OT

e fiber.

bwer through a

he link multiplied by 10. The insertion loss of a mated pair of conngctors transmitting

N insertion loss of

short haul, large
DR probe pulse.

LARGE COR
than 62.5 microns.

FIBER: Large core fiber is considered fiber with a nominal core diameter greater

LOUD: A component, such as a connector, is referred to be “loud”, if its return loss is less than

approximately 30 dB.

LOSS ACCURACY - OTDR: The difference between the true insertion or return |

oss of a single

isolated event and the OTDR measurements value, using the true value of a reference reflector.

MAP AND TEST OPERATION — OTDR: Is a operating mode that enables the maintainer to auto-
test each fiber optic link in the air vehicle against a previously created map of the same, and identify

changes or faults in the link.
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3.1

(Continued):

MAXIMUM THEORETICAL NUMERICAL APERTURE: A theoretical value of numerical aperture
calculated using the values of refractive index of the core and cladding is given by:

where:

NA,., = SQRT(n,’-n,%)

(Eq. 1)

ng = mfximum refractive index of the core

Ny =re

MODE: A moq
amplitude in a

other than for the effects of a uniform attenuation.

MULTI-MODE
the fundament

NEAR FIELD H
dependent on
characterized

NUMERICAL /

can enter or legve an optical fiber system.or element, multiplied by the refractive in

in which the ve

OTDR: Opticdl Time Domain Reflectometer. Also referred to as an Optical Fiber

Utilizes pulses
distance down

OTDR TRACE
the zero intensg

ractive index of the innermost homogeneous cladding

e of an axially uniform waveguide describes an optical fielddistriby
plane normal to the fiber axis does not vary with axial distance alon
FIBER: An optical fiber, which can support one*or more bound mo
bl mode.

REGION: The region close to the source; or aperture where the rag
he distance from the source, along the source axis. The near field

Dy a spatial distribution of light intensity.

APERTURE: The sine of thevertex angle of the largest cone of me
rtex of the cone is located.

of light injectedinto the fiber and analyzes the reflected return light

a fiber a reflection (connector, break, etc.) was encountered.

- FRESNEL: In the Fresnel mode of operation, the trace consists g
ity level, and individual pulses extending from the baseline, represe

tion whose
g the waveguide,

les in addition to

iation pattern is
s generally

ridianal rays that
jex of the medium

Monitor (OFM).
to determine the

f a flat baseline at
nting loud events.

This trace may

be stylized by replacing the pulses with artificial symbols, such as

sticks, for easier

interpretation.

OTDR TRACE - RALEIGH: In the Fresnel mode of operation, the trace consists of a staircase
shaped elevated baseline, and individual pulses extending from the baseline, usually at the edge of
each step, representing quiet events. The insertion loss of an event is proportional to the vertical
distance of the steps on either side of the event. The trace may be stylized for easier interpretation.

OPTICAL FIBER: A cylindrical optical waveguide made from dielectric material.

OPTICAL INSPECTION MICROSCOPE - OIM: Passive optical magnification of the polished end of
connector ferrule for viewing of contamination or damage.

OPTICAL POWER: The rate of flow of radiant energy with time.

-7-
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3.1

(Continued):

OPTICAL POWER METER — OPM: Measures optical power emanated from an optical fiber.

OVERFILLED CONDITION: An overfilled condition excites all the bound modes of a fiber, including

cladding mode

S.

PC TYPE CONNECTORS: Physical Contact (PC) connectors, when mated, have their glass end
faces in contact, without an air gap. This is achieved by convex polishing the glass in the terminus.

PC connectorg

POWER BUD(
meet the bit er
the power bud
electronic com
receiver(s). (S

QUIET: A com
approximately

RALEIGH MO
type connectof
quiet cracks ar
insertion losse
(relative to a -1

REAL TIME —
troubleshootin

RECEIVER: A

RECEIVER SH
the maximum

are classed as " quite ™.

SET: The allocation of optical power and losses required by @-systs
ror rate under operating conditions in a fiber optic network:\lh more
jet is an expression of the optical power losses, combining elemen
ponent performance and network topology, which allows assessme
ee Appendix)

ponent, such as a connector, is referred to be quiet, if its return los
35 dB.

DE - OTDR: A high sensitivity operating mode of the OTDR for the
s, quiet mechanical splices, quiet switches, splitters, stars, microbe
d the fiber itself. The Rayleigh mode is also used to measure segnm
5. The approximate sensitivity range for the Rayleigh operating mo
4 dB cleaved end). Also, refer to ‘'OTDR Trace - Rayleigh’.

DTDR: Inreal time operation the OTDR screen refresh rate is at lea
j intermittent faults.

n opto-electronic device that converts optical power into electrical ¢

ENSITRATY: The minimum level of optical power required at the re
hllowable bit error during digital transmission.

m designer to
practical terms,
s of opto-

nt as seen by the

5 is greater than

detection of PC

nds, macrobends,
ental or total link
e is -40 to -90 dB

st 30 Hz to enable

ower.

ceiver to achieve

REFRACTIVE

INDEX (n): Afa pointin a medium and in a given plane, the ratio of the velocity of
light in a vacuum to the phase velocity of a sinusoidal plane wave propagating in that given plane.

REFRACTIVE INDEX PROFILE: The distribution of the refractive index along a diameter of a cross-

section of an o

ptical fiber.

RETURN LOSS — OTDR: The positive 10log of the fraction of reflected power of the OTDR pulse
from a component in the link. The return loss of an open flat polished connector is approximately 14
dB, a pair of mated gap type connectors is 11 dB, and a pair of quiet PC type connectors is 40 dB.

RESOLUTION, ONE POINT - OTDR: One point resolution is the smallest distance change the
OTDR can measure at a single isolated event.
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3.1

3.2

(Continued):

RESOLUTION, TWO POINT - OTDR: Two-point resolution is the smallest distance between two
adjacent events of equal back reflection the OTDR can measure.

SHORT HAUL - AEROSPACE: A description specified to systems, in which the propagation
distance between source and detector depicts typical aircraft dimensions, i.e.: less than 150 meters.

SHORT HAUL - OTDR: An electro-optical instrument that launches optical pulses into the fiber

under test, anj

or back scatte
of the fiber, an
is the OTDR tr|

STABILIZED L

fiber under test.

STEP INDEX |
the core and a

USABLE POW
VIDEO INSPE
utilizing CCD t

for capture.

VISUAL FAUL]

ed from the fiber. The time delay is converted to distance by theeff
i the intensity is displayed on the OTDR screen as a function(ef-dist
ace of the fiber.

IGHT SOURCE — SLS: Injects a steady and knownr amount of opti
FIBER: A refractive index profile characterized by a constant refrac
sharp decrease, step function, in the refractive index at the core-cl
ER: Power output from a transmitterithat is of use to a receiver.

CTION PROBE - VIP: Active method of viewing polished end of cq

chnology to display the magnified image on a video display and/or

| FINDER — VFF: Visible laser used to inject intense light into an op|

for continuity and to find fiber bréaks.

VCSEL: Vertid

WAVELENGTH
in a vacuum.

al Cavity Surface Emitting Laser

measures the fime delay and intensity of these pulses back reflecled from an event,

pctive group index
ance. This display

cal power into the

tive index within
bdding interface.

nnector ferrule
laptop computer

tical fiber to check

1: The-distance covered in a cyclic period by the wave front of a harmonic plan wave

Fiber Optic Ca

le Plant Topology:

The topology of a network refers both to its physical (cable plant) and logical (software) arrangement.
Some typical topologies are shown in Figure 1. (See also: ASSC.120.2.81 Chapter 2)



https://saenorm.com/api/?name=173e58f051f4ce692de0bbf71658d8b4

SAE ARP5061

Star @ Q Q ? Ring
. .

Point-to-Point

Tree
Switched Network

Network Switch #2

pELT Ll

d = . I & 3
J 3 . 1 : |: : 1
Radaf > MC1 :Dspiay i| MCc2 | RFCM i) Stores ; Stores |

i : I : i

’ o ‘ l

----- ; MNetwork Switch #1

Data Metwork . _._._ =Grouph Only

——— e o Metwiork = Areillary Equiprment

I:I = Group 8 & Group B

FIGURE 1
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3.21

3.2.2

3.2.3

3.24

3.2.5

3.2.6

Point-To-Point Cable Plant: The point-to-point cable plant is the basic building block of each of the
following cable plant topologies. Topologies that are more complex can be broken down into point-
to-point segments for individual link loss measurements and troubleshooting. The point-to-point

topology is simply a single fiber optic cable with a fiber optic connection on each end. Information
is transmitted from one end of the cable and received at the other end of the cable. Point-to-point
topologies can also be made up of a series of cables with intermediate connectors between the

transmit point and the receive point. This series of cables and connectors is usually referred to as

a concatenated cable.

Star Couple
coupler. As
input and ou
star coupler
among the o
available at 4
providing a n

shooting a sfar network with an OTDR may be more difficult'than other cable pl3

overlaying re
each pigtail g
reflections st

Ring Intercomnected Cable Plant: A ring topology’is a series of point-to-point cor

nodes in a n¢
tested in the

Switch Coup
destinations.

ar coupler may be either transmissive or reflective and will havé-an
put ports, creating an n-by-n star coupler with ports or fiber pigtails
nas n-inputs with n-outputs and the information at any of thé.nputs
Litputs. A reflective star coupler has n-ports with the infermation at
Il the other ports. Star networks also provide a level of’increased r
nultiple of outputs with the same information at a single input into th

flections from each output of the coupler. This difficulty can be ove
f the coupler being of progressively longerlengths, thus shifting thq
fficiently that the OTDR can differentiate.each port.

btwork that are arranged in a clesed loop. The ring topology can be
same manner as a point-to-point cable plant.

ed Cable Plant: The switches in a switched network route data fro
To accomplish this, the switch examines the destination address in

and then rou
network by

the order in Which framestdepart the switch is based on their arrival time and pri

value. The

for the netwgrk. Heré-again, a switched network is a collection of point-to-point s
be easily trolible-shot and tested between the switch and each node.

es each frame to(the proper destination. The switch controls the ré

Cable Plant: The unique aftribute of a star coupled cable plantis the use of a Star

equal number of
A transmissive
s equally divided
any one port
pliability by
e star. Trouble
nts due to the
rcome by having
e returned

nections between
trouble shot and

m sources to
the frame header
bsources of the

amining incoming frames in parallel. When contention for output résources occurs,

itch also~controls other network control functions such as providin

prity/preference
g the clock signal
segments that can

Bus Topologi

es: A bus topology utilizes a fiber as a central line with a series of

hree-port tee

couplers from which each node is tapped. Each tee coupler typically has a large offset ratio where
only a small percentage of the light is tapped off the bus to minimize losses through the network. If
one of the couplers fails, the network is split into two networks where the nodes can still
communicate within each section but not between the two sections.

Tree Topologies: Tree topologies can be most easily thought of as that of a typical cable television
distribution system where there is a main ‘trunk’ line with ‘branches’ out to subdivisions, then to
blocks, then to the home. A disadvantage of tree topologies is that if there is a break in one of the
branches, all of the nodes down stream from the break are affected.

-11 -
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3.2.7 WDM Networks: WDM networks utilize the multiplexing of multiple wavelengths of light
transmitted through a single fiber and then de-multiplexed at the receiving end of the network. A
WDM coupler is used to combine the wavelengths from multiple transmitters and used to split the
wavelengths back out to multiple receivers. This simplifies the cable plant to a point-to-point
topology but creates more complex network components.

3.3 Fiber Optic Testing and Equipment:

This section is

Short Haul Fiber Optic Links as they are installed in aerospace applications’ must
during and aftgr installation and for on going maintenance purposes.

Built-In Test (BIT) on current systems is generally restricted to recognizing and rej
(interruption) within the fiber optic communications link. This_go, no-go test does
nature of the fault and does not provide information where the*fault is and how to

The repair and

TABLE 1 - General Purpose Fiber Optic Test Equipment

used to help define general understanding of the equipment requird
procurement that are recommended for aerospace fiber optic test and measuremg

maintenance technicians utilize equipment listed in Table 1 to mair
fiber optic systems.

bments for
bnt.

be tested before,

orting of a fault

not reveal the
correct it.

tain and repair

NOMENCLATURE ACRONYM FEATURE APPLICATION
Visual Fault-Findef VFF Injects.intense (laser) visible Check fiber continuity
(Fiber Tracer) light into the optical fiber. Find fiber breaks
Verify fiber routing
Optical Power Meter OPM Measures optical power Measure absolute power from
emanated from an optical transmitters.
fiber. This is the “Multimeter” Measure absolute power at the receive
of fiber optics. end.
Measure relative conpector loss.
Measure relative link|loss.
Stabilized Light SLS Injects a steady and known Connector Loss Measurements
Source amountof nptir\al power nta. Link-lL oss-Measurements.
the fiber under test.
Optical Time OTDR Probes the fiber with a light Map and Test newly installed fiber
Domain pulse and analyzes the links.
Reflectometer reflected return light. Allows Locate faults.
for precise location of faults Locate points of high loss.
and other features in the
network
Optical Inspection OIM Magnifies the polished end of = Check connectors for contamination.
Microscope or Video the connector ferrule for Check Connector for damage such as
Inspection Probe VIP viewing. scratches and/or cracks.

-12-
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3.3

(Continued):

The complexity of Fiber optic cable and harness testing may range from a simple continuity test of a
point-to-point link, to an elaborate mapping of a fiber optical network involving several optical power
splitters with many branches. A point-to-point link usually is rather simple to test and generally

involves the technician launching light into the link and measure the output power at the far end. In

its most simple form, a visual light is injected and if the light is visible at the far end, it can be
assumed that the link is continuous.

(Li

A very comple
which compareé

1. The optical
givenin a\

>

Connectors

Transmitter

he Replaceable Unit)

S NN

FIGURE 2

loss of each path of thellink is measured and compared to the maxi
viring plan.

>

Receiver

(Line Replaceable Upit)

K system is analyzed using (1) Alight source and power meter or (g) with an OTDR
s the network at hand with agpreviously stored map of a good netwprk.

mum allowed loss

1 -

1

1>

Transmitter
(LRV)

/ /
Splitter

Connector

FIGURE 3

(am}

1>

Receivers
(Line Replaceable Unit)
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3.3 (Continued):

3.3.1

2.

Visual Fault
VFF should as a minimum have the following attributes:

The OTDR is connected to the main end and returned signal is analyzed and compared with a
previously stored map. In case of a fault, the exact location in distance from the launch end is
available. The technician immediately knows where the problem is located. For that test to work,
certain criteria, such as staggered branches, connector reflections etc., must be recognized
when constructing the system. An OTDR is also used to verify the reflectance (reflected light)
and return loss of connectors and other components in the system. It is important to note that the
term return loss is often used incorrectly to describe the reflectance of a single interface or
feature. Réfurnlossis actually the sum of all the reflectance in a sysiem. Keéping in mind that
distinction,|Jan OTDR can measure and record the reflectance of a single_ mated connector pair.
The measyred reflectance can then be compared to connector specifications to verify that the
flight system is properly integrated. Consider the following example thatillustrgtes how an OTDR
may be usg¢d to perform connector mate verification tests using refleectance megasurements.
Cable planf connectors are manufactured and PC polished to a >40 dB reflectance requirement
and integrgted. Later upon testing it is found that the systeni Bit Error Rate is [not as expected.
An ODTR is used to check the system and the reflected signal from one mated connector pair is
measured at 20 dB. Since the cable connector specification was >40 dB, therg is an apparent
anomaly af the mated connector. The connectors are de-mated, found to be dirty, cleaned, re-
mated, and once again checked with the OTDR. The measured mate connector reflectance is
now 41.3 dB and the system Bit Error Rate is asiexpected. In addition to reflectance
measurements, Aerospace OTDRs have the ability to record and sum all the rgeflectance in a
report that value as the returndess, an important system parameter in many

inder (VFF): The VFF injects an intense visible light into the optical fiber strand. The

Optical Launch Power with-wavelength in the visible range (approximately 634 nm)
Optical intgrface that properly aligns the light injected into the fiber under test
Battery opgration

Small and lightweight to be used in an aerospace environment

Eye Safe

The maintenance technician can quickly detect if the Tight is continuous through the fiber. The
absence of light indicates an interruption or fault within the fiber link. The VFF is a very simple tool
that provides an indispensable and easy method to verify proper cable routing and continuity. A
minimum of operator training is required. The VFF is the equivalent to the electrician’s continuity
tester -- the “buzz box.” The VFF may be used on Multimode and Singlemode optical fibers
equally well. When viewing the output of singlemode fibers, however, the emanated light cone is
rather narrow and the user must face the fiber within approximately 12° otherwise no light may be
visible to the user.

-14 -
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Wide Field

Narrow Field

3.3.1 (Continued):

FIGURE 4

Light that is mot guided within the fiber escapes through the cladding'and buffer material. Light
leakage is cqused by fiber breaks, microbends such as pressuré<points on the cable. This feature
can only be Wised when the cable jacket material is translucent 1o visible light. It|should also be
noted that in[some tight tube jacketed fiber optic cable, thefiber may be damaged and yet the tight
aintains enough alignment that the fiber appears continuous. In these instances, the
maintainer must be aware of the intensity of light emitted from the fiber.

buffer tube n

VFF

nduced
Bend
N i Broken
Break in No Light _ Fiber
ANN Connector Escaping
Light
Light Due g
To Bend
VFF //
\I\Inak
OQutput
FIGURE 5
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3.3.1.1 Visual Fault Finder Safety: The Visual Fault Finder (VFF) shall minimally comply with USA FDA
CDRH 21 Subchapter J Class Il TmW max. and IEC 825-1:1993. The VFF shall be certified by
the supplier to meet current eye safety standards.

3.3.2 Optical Power Meter and Stabilized Light Source: The Optical Power Meter (OPM) is used to
measure the total optical power emanated from an optical fiber. The OPM is typically used for two
main functions: (1) Measure and display absolute optical power in microwatts or dBm units, (2)
Measure and display relative optical loss (or gain) in dB units.

The OPM cophverts the optical power into a corresponding electrical signal..Acalibration factor is

applied to this signal to correct for the response factor of the optical detector'that is dependent on
the wavelength of the applied optical signal. A user control should allow\the opgrator to select the
appropriate wavelength to be measured.

In the absolute power measurement mode, the application for¢he OPM is to mepsure transmitted
power by an [active device (transmitter) or received signal strength through a passive device.

FC-PC or ST Connector

[ Fiber Probe .
>—]

Transmitter

Optical Power Meter

~ in dBm Mode

FIGURE 6
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3.3.2 (Continued):

The proper functioning of the device is verified if the minimum specified amount of power is
measured by a properly calibrated OPM.

Connectors

A minimum 3
A calibrated

3.3.2.1 Logarithmi
measurem
with dB an

3.3.2.2 The Relati
relative los
expressed
to arrive at
absolute p

== = I
Transmitter
FC-PC or ST
Optical Power Meter
imdBm Mode
FIGURE*Z

mount of power at the receiver mustbe available for the receiver to
DPM is used to measure the signal strength.

C Units dB/dBm: The usgeof1ogarithmic units is convenient when m
bnts. This section is intended to acquaint users unfamiliar with the
j dBm.

e dB Unit: The'decibel is the basic measurement unit used in fiber
5 or gain. Fhe‘logarithmic nature of the decibel allows a large or sn
in a simple;manner. In addition, dB gain or loss values can be simy]
the overall link loss, added or subtracted to the dBm input level, to
bwer,at’a given point in the link or to calculate the expected power |

properly function.

aking optical
ogarithmic units

optics to express
hall ratio to be

ly added together
calculate the

ovel.

where:

I:’in

P
dB = 10 e logy, P"_”‘

= optical power in linear watt units

Pout = optical power out in linear watt units
W unit = W, mW, nW, pW

(Eq. 2)
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3.3.2.2 (Continued):

The decibel is used to refer to ratios or relative units. For example, we can say that a certain
optical fiber has a 10 dB loss (the power level is reduced to 10% of its input value) or that a
particular connector has a 3 dB loss (the power level gets reduced by 50% at the connector).
REMEMBER THAT A DECIBEL EXPRESSING LOSS IS A NEGATIVE UNIT. In fiber optics, it is
common practice to omit the negative sign and speak of a loss of 3 dB. However, if you solved
the decibel equation or read the power meter display, the result (transmittance) would be -3 dB.
In talking, and even in data sheets, the negative sign is omitted, with little confusion being

caused. Table 2 Tists the transmittance with the equivalentToss and percentadge of power.
TABLE 2 - Transmittance
Transmittance  Loss  Gain Power Remaining Power Loss
(dBm) (dB)  (dB) (%) (%)

10 10 1000

0 0 100

-1 -1 75 25

-2 -2 60 40

-3 -3 50 50

-4 -4 40 60

-5 -5 30 70

-6 -6 25 75

-7 -7 20 80

-8 -8 15 85

-9 -9 12 88

-10 -10 10 90

-20 -20 1 99

-30 -30 0.1 99.9

3.3.2.3 The Absolute dBm Unit; ‘The decibel is a dimensionless unit referring to either gain or loss,
dependinglon sign. The'dB gives no indication of the absolute power level. The most common
derived unit is the dBm. This is the decibel power level referred to 1 mW. An jmportant
relationship to remember is that 0 dBm = 1 mW. A negative or positive value gloesn’t mean
anything eitherdad or good, like dB loss or gain. It is simply the absolute power level so be sure
to check th i j ificati j j Ing is acceptable.
I:>out
dB = 10 e log,, (Eq. 3)
|:>in

where:

Pout = optical power in milliwatts (mw)
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3.3.2.3 (Continued):

3.3.3

3.34

LOSS GAIN
Power Ratio 10N 001 01 05 1 2 10 100 10 N
- |
dB -10N 20 -10 -3 0 +3  +10 +20 +10N
FIGURE 8

Typical poV

e Laser ba
* LED bas

Short Haul A
should have
used to test (
platforms. T
test short lin}
the telecom

found in the

harness man

troubleshooting, fault isolation and repair. The OTDR should have operator frier

ease of use.
50, 62.5, or 1

Optical Inspsg
the fiber opti
Microscopes

connectors gnd termini. The Video Inspection Probe is ideal for field use, as the

inspection of

ver ranges encountered are:

5ed Systems: +3 dBm to -30 dBm  (Singlemode, typical)
bd Systems:  -10 dBm to -35 dBm (Multimode, typicat)

oint-to-point fiber optic links, star, ring, and other types of networks

DTDR. This short distance requires higher speed analysis and circ
ypical OTDR used by the telecém industry. Areas of use include fi
ufacturing, environmental testing, installation, on-board monitoring

Currently, separate OTDRs are required for the specific cable plan
00-micron multimode or singlemode fiber.

have limited use in the field and are more suited for fabrication and

thetindividual termini while installed in a connector. The use of the

when cleanir

erospace OTDR: The short haul fiber optic Optical Time Domain Reflectometer
centimeter spatial resolution, zero dead zone_ and real time operatig

n. The OTDR is
Ised in aerospace

ne Aerospace OTDR is different from telecom OTDRs in that it is spgcially designed to
s that may vary from only one to several hundred feet and not miles of fiber as with

Uitry than that

per optic cable
and

dly controls for

[ to be tested, i.e.,

ction Microscope’and Video Inspection Probe: This equipment is required to inspect
C connectars ‘and termini for contamination or damage. Optical Insy

ection

repair of individual
probe allows

\VIP is very helpful

gand inspecting multiple position connectors. The VIP also enablg¢s the capture of

the video image when used with a laptop or other portable computing device. This feature can be
especially useful in remote installations where the available personnel may not be familiar with
fiber optics and may need to send the electronic image to engineering or a central control location

for review.
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4. GENERAL REQUIREMENTS:

4.1

Cable Plant Husbandry:

The methods identified in this standard shall be used to ensure the proper operation and

performance of the components that make up the cable plant interconnection topology. These tests
need to be conducted during various phases of installation of cable topology, production and service
as described in the following paragraphs.

NOTE: To red

411

4111

41.1.2

41.1.3

4114

41.2

unmat

Pre-Service:
components

Cable Plan
optical test
Cable asss
Harness ar

Cable Plan

bd connectors, ports, and components housing fiber optic termini.

from pre-installation to delivery of the vehicle.

t Acceptance Tests: Fiber optic cable and components shall under
ng prior to shipping from the fabrication facility-and upon receipt at
mblies shall be tested to ensure that theyare mechanically and op

perform a functional check on all fiber optic:.cable assemblies with a Visual Fa

The purpos
on the airfr]

Cable Plant Installation Tests: After the cable is installed within the airframe, r
This action will_provide quick assurance that fibers have not been

light check
the installa

Cable Plant Post-Ingtallation Tests: After all fiber optic cable plant topology lin

installed, F
attenuation
performed

e is to provide a quick and easy optical continuity check on the cab

ion process.

of theAfiber optic cable is within acceptable limits. Preferably, thes

Lice the risks associated with contamination, dust caps shall be (inst

This section refers to tests that at a minimum should be performed

t Pre-Installation Tests: Just prior to-airframe installation, it is recon

ame where any needed repair or replacement would be more difficy

ber Integrity Tests (FIT) shall be conducted to verify that the end-tg

blled on all

on the fiber optic

jo visual and
the unit facility.
ically sound.

d connector components shall be subje¢ted to visual and functional examination only.

hmended to

Ut Finder (VFF).
e before installing
It

epeat a continuity
damaged during

ks have been
-end (system)
b tests will be

psHate in the production process as possible to ensure that the instdllation of following

subsystems have not damaged the fiber optic components.

In-Service: In general, the fiber optic cable plant should not be disturbed unless as part of required
maintenance, service or generation. Ideally, interconnects would not be de-mated unless there
has been a section of the cable plant identified as suspect and troubleshooting is required.
Unnecessarily disturbing the cable plant interconnect system can introduce contamination and
cause maintenance induced damage. It is important to remember to clean the connectors prior to

mating.
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4.2 Troubleshooting:

4.2.1 Operational Level: The maintainer shall be capable of troubleshooting and fault isolating the fiber
optic cable plant from a central area or from a point identified by on-board diagnostics (BIT). Fault
detection and isolation of high loss areas of the fiber optic cable plant should be performed using a
VFF, power meter and light source (often referred to as Optical Attenuation Test Set-OATS,
Component Test Set-CTS, etc.), and OTDR as required to isolate the fault or area of excess
attenuation. The troubleshooting matrix shown in Table 3 is provided as a simple guide.

TABLE 3 - Troubleshooting Guide

TEST PROBLEM LOOK FOR TOOL CORRECTION
Continuity Open-No Light Connector Unmated Visual Mate Connector
Gross OIMNIP 1) Clgan &
contamination at Inspegt Termini

polished endface

Broken fiber VFF 1) If fiper is
OATS broken near
OTDR connegctor, splice

in length of pre-
terminated cable
2) Remove
damaged section
and splice in new
sectign of cable
3) Bypass broken
cable|with
replagement
jumper

Damaged termini OIM/NVIP 1) Splice in
\/EE length of pre-
OATS terminated cable
OTDR 2) Bypass broken
termini with
replacement
jumper

4.2.2 Depot Level: The depot level technician shall have the same capability of operational level
maintainer with the addition of being able to repair and re-terminate fiber optic cable with the
appropriate termini and end face geometry to restore damaged fiber optic harnesses. When
necessary the technician will also need to be able to fabricate test leads, adapter cables and
ground support cables.
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4.3 Test Equipment:

4.3.1

Optical Interfaces: The optical interface shall have a permanent attached dust cover that is easily

detachable from the unit. Instruments shall have detachable adapters to accommodate various
connector interfaces but specifically should be capable of interfacing with FC-PC, ST and MIL-

29504 termini.

43.2

Environmental Specifications for Test Equipment: In general, fiber optic test equipment for

aerospace applications shall meet at a minimum the environments specified in Table 4.

TABLE 4 - Environmental Specifications for Test Equipment

ENVIRONMENTAL
PARAMETER SPECIFICATION
Temperature
Operating -15°C to +65°C '
Storage -45°C to +75°C
Humidity 0% to 95% RH
Powe Battery

Drop
Instrument with Rubber cover
In Carrying Case

Vibratfon

Waten
Unprotected Instr.
In Carrying Case

3 feet, all'6 faces plus 4 corners
10 feet,;all 6 faces plus 4 corners
As(specified in transportation requirements

Splash proof. (Bellcore method)
Watertight, submersible for indefinite time.

Case Material Resistant against most solvents, Acetone, Alcphol,
Antifreeze, Hydraulic Fluid, Jet Fuel, etc.
NOTE: The VEF-Temperature range may be lower due to visible laser componsg

nt limitations.
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4.3.3 Optical Time Domain Reflectometer (OTDR): The OTDR or Optical Fiber Monitor (OFM) can be
used in cable harness manufacturing, pre-installation, installation, post-installation, acceptance,
flight, and in operation testing for trouble shooting faults, isolation and repair. The OTDR trace
uniquely characterizes the fiber optic link under test, it shows where each connector, or other
components are, and shows the location and nature of a fault. In addition, avionics OTDRs should
have the capability of mapping a fiber optic cable plant, making master traces for each link of the
cable plant and storing them in the unit's memory. This enables subsequent tests of one link or the
whole cable plant to be automatically compared to the map. Differences between map and test are

recorded, or
OTDR is alsg
loose compo|
orMap and 1
unique to thg
aircraft be st
following are

* OTDR Useg
launch cab
« OTDR Useg
aircraft ma
Block map

4.3.3.1 OTDR Spe

ailure points are found and repaired. Tf repair is made, the map is
used to find and identify intermittent faults, such as unstable ot no
hents, cracks, vibrating cables, etc. The OTDR shall be able/to’be

t vehicle shall be stored in the OTDR memory and/or aigéneral ma
bred in the on-board diagnostics history data file for,review. For ea
required:

, Real Time: Requirements for real time operation include an OTD

e, and a suitable power source.

, Map & Test: Requirements for map &<test operation include an O
b in the OTDR memory (or on-board-diagnostics equipment contain
, a calibrated launch cable, and a stitable power source.

cifications: The overall preferred performance for OTDR aerospac

Lipdated. The
isy connectors,
sed in Real Time

[est modes. When Mapping and Test of the cable plant has‘been pg¢rformed, the map

o for that Block of
th mode the

R, a calibrated
TDR, the unique

ing the aircraft

b use is listed in

Table 5.
TABLE'S - Aerospace OTDR Specifications
FEATURE SPECIFICATION
Short halul, distance_ range: 0 to 10001t (300 meters)
Fresnel geadzone: 2 inches
Rayleigh deadzone: 5 inches
Fresnel Dperating Mode: -10dB to -40dB
Rayleigt Cpclatillg Mode: =40dBto—=90dB
Display Screen Refresh Rate: 30Hz
One point resolution: 0.2 inches
Two-point resolution: 2.0 inches
Loss Accuracy: 0.2dB
Algorithms: Real time, Compare, Subtract, Map & Test
Fiber Sizes 100/140, 62.5/125*
NOTE: * - May require separate unit for each fiber size.
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4.3.3.2 OTDR Calibration: The OTDR must be calibrated against the US NIST (National Institute of
Science and Technology) absolute standard. This calibration assures that all power
measurements are accurate within a given range. Itis recommended that the OTDR should
have at a minimum an annual calibration schedule. It is even more important, however, that the
units are frequently checked for proper operation as the optical interface can be contaminated or
damaged — which leads to erroneous measurement results. Relative accuracy shall be
demonstrated and certified by the manufacturer. The OTDR shall be easy to maintain and
calibration should be possible with minimal intrusion into the instrument enclosure. Calibration
shall be possible by following documented procedures.

4.3.4 Optical Powgr Meter and Stabilized Light Source:

4.3.41

43411

Optical Po

readings suitable for any fiber type from Single-mode up to 280 um’ multimode
used to mgasure absolute optical power and relative optical 10ss (or gain) in any fiber optic cable

plant instal
manufactu
OPM is us

the light p

ation. Specifically, aerospace installations require accurate measu
ing, installation, troubleshooting and repair of components and cabl

ver Meter: The Optical Power Meter (OPM) shall provide‘quick and accurate power

fiber. The OPM is

rements during
e harnesses. The

ally used in conjunction with either an LED, or a laser source for mgasuring insertion
loss. The $ource injects a known quantity of lightspower into the fiber and the
er at the output of the cable. The result is the optical power loss measurement for a

given cable.

OPM Sp
the OPM
Table 6:

* Dynam

cifications: When selecting.an OPM for aerospace fiber optic test a
shall have at a minimum.the’ following characteristics and the spec

c range +3 to -60.dBm (InGaAs Detector)

* Calibrated wavelengths.at 850 nm, 1300 nm and (optional 1550 nm)

* Absolu
» Capabl
* Reado
Long B
Detach

e dBm and-felative dB measurement mode
e of storing‘the reference reading at each wavelength
t resofution of 0.01 dB

tterylLife

OPM measures

nd measurements
fications listed in

ble'adapter caps to adapt to FC-PC, ST and MIL-PRF-29504 termini, etc.

» Splash

proof packaging

Small Size and rugged construction meeting appropriate environmental condition
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4.3.4.1.2 OPM Calibration: The OPM must be calibrated\against the US NIST (Natior

4.3.4.2 Stabilized

TABLE 6 - Optical Power Meter Specifications

SPECIFICATION OPTICAL POWER METER
Detector Type InGaAs
Compatible Fiber Sizes SM and MM up to 200um core
Spectral Calibration 850nm, 1300nm, 1550nm
Calibration Accuracy +0.25dB (NIST traceable)
Linearity +0.05dB (Bellcore method)
Stability +0.01dB
Langterm (24 hour)
Stability +0.05dBm
Tgmp. -15 to +65°C
Pqwer Requires Batteries (>40 hours life)
Weight & Dimensions 150g (5.2502)60x140x25mm

Ingtrument (with Batteries)

Copnnector Interface: Adapters available for.~sFC-PC, ST, SC, 29504
termini, AVIM, DIN, SMA

Science and Technology) absolute standard.ZThis calibration assures that a
measurements are accurate within a givenrange. It is recommended that th
have at g minimum an annual calibration'schedule. It is even more importar]
the units fare frequently checked for.pgroper operation as the optical interface
contaminated or damaged — which leads to erroneous measurement results
accuracy|shall be demonstrated and certified by the manufacturer. The OPN
maintain jand calibration should be possible with minimal intrusion into the in
enclosure. Calibration shall’be possible by following documented procedure

ight Source:~ The LED or Laser Source is usually used in conjuncti
Power Metgr for measuring insertion loss. The Source injects a known quanti
into the fibgr and’the OPM measures the light power at the output of the cable

al Institute of
| power
e OPM should
t, however, that
can be
Relative
/l shall be easy to
strument
S.

on with an Optical
y of light power

The result is the
" shall be tested

optical power.loss measurement for a given cable.
with LE d-singtemode-fi ratt-be-te
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4.3.4.21

Stabilized Light Source Specifications: When selecting an LED source for aerospace fiber
optic test and measurements, the LED source must meet the specific launch conditions as
required by this specification or as specified by the platform. In addition to the following
characteristics, the preferred performance specifications for the SLS are listed in Table 7:

* Output Power for LED source: -10 to -20 dBm depending of wavelength

* Output power for Laser Sources: 0 to -10 dBm depending of wavelength

» Controlled launch condition for LED sources

» Battery[Operated with minimum 24 hours of battery Tife

+ Utilizes common off the shelf batteries

* Low Battery Indicator

* Removpble adapter interface for easy cleaning of the fiber interface’and tq accommodate
various| connectors such as FC-PC, ST and MIL-29504 seriestefmini

» Small Size and rugged construction meeting appropriate environmental conditions

 Splash|proof packaging

TABLE 7 - Stabilized LED Light Souree Specifications

FEATURE SPECIFICATION
Centenf Wavelength

Nomingl 1300nm 860nm

Range 1280 - 1340 840-880

Spectral Width (FWHM)

(Maximum) 140nm 60nm

Stabiliy (1 hour) +0.05dB +0.05dB
Power|Output

Into 17J0/140um GI MM fiber 0.29NA >-17dBm (20uW)  >-13dBm (50uW)
Power|Output Upcértainty

(Calibriated launch level +0.5dB

Into 140/140°Gl MM fiber)

Power Battery ( > 24 hours life)

Weight (incl. Batteries) 150g (5.2502)

Dimensions 60x140x25mm

Connector Interface Interface with broad line of Adapters available

for: FC-PC, ST, SC, 29504 termini, AVIM, SMA
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TABLE 7A - Stabilized Laser Light Source Specifications

FEATURE SPECIFICATION
Center Wavelength
Nominal 1300nm 1550nm
Range 1280 - 1340 1520nm - 1570nm
Spectral Width (FWHM)
(Maximum) <10nm <10nm
Stability (1 hour) +0.05dB +0.050dB
Power Output
Into SNIF-28 SM Fiber > -10dBm >-10dBm
Power [Output Uncertainty
(Calibrgted launch level +0.5dB

into SMIF-28 fiber)
Power

Weigh{ (incl. Batteries)
Dimengions
Connettor Interface

Battery ( > 24 hours life)

150g (5.250z)
60x140x25mm

Interface with Broad line of Adapters available for:

PC, ST, SC;-29504 termini, AVIM, SMA.

FC-

4.3.4.2.2 SLS Calipration: The SLS must be\calibrated against the US NIST (Nationa
Science and Technology) absolute’standard. This calibration assures that a
measurements are accuratewithin a given range. It is recommended that the
at a minimum an annual calibration schedule. Itis even more important, how
are frequently checked.for’‘proper operation as the optical interface can be c
damaged — which leads to erroneous measurement results. Relative accurg
demonstrated and certified by the manufacturer. The SLS shall be easy to n
calibration shouldbe possible with minimal intrusion into the instrument encl
shall be possiblé by following documented procedures.

| Institute of

| power

SLS should have
bver, that the units
bntaminated or
cy shall be
haintain and
psure. Calibration
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4.4 Optical Launch Conditions:

Launch condition defines the stimulus used when making fiber loss measurements with a stabilized
light source and optical power meter. It is understood that wavelength, fiber size and the reference
connector may affect test results. Equally important, however, are the distribution of light within the
fiber core (Near-Field) and the angular light distribution (Far-Field). The effect of varying launch
conditions is especially dramatic on relatively short fiber optic links with many components and
connectors within a short span of fiber. A short length of concatenated fibers will produce
significantly different results depending on the Numerical Aperture of the Tight Tauriched. The
following graph shows how the loss can vary from 0.4 to 1.8 dB on a test sample.| The test was
conducted using 100/140 um fiber cable. Four segments of 2 m, 5 m, 5 m,{and 2 m lengths were
concatenated.| The first segment was used as the launch fiber. Mandrel wraps of various diameters
were used to ddjust the Far-Field pattern. The significance of this testis‘to show how the measured
loss of a shortfiber link can dramatically depend on launch condition:

The aerospacg community determined a base line launch condition to assure comimnonality across all
loss measurements. The specification defines 3 points on a\Far-Field and Near-Flield scan.

Sample Concatenated Cabl_«e Link Loss as a Function of NA
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1.40 ‘ ] -
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]
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FIGURE 9
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Launch Specification AS100 (M80) for 0.29 na: The launch conditions for 100/140-micron fiber
with a numerical aperture of 0.29 shall be as shown in Table 8.

TABLE 8 - AS100 Launch Specification - 100/140-micron, 0.29 na

PARAMETER SPECIFICATION COMMENT
Wavelength (Center) 850nm £30nm Wavelength per system requirement
1310nm +30nm Affects accuracy little in short systems.
Spectral Width-FAHM) 140nm Not-eritical
Any smaller spectral width [shall be
accepted.

Non-Coherent light‘only for OPM tests
Coherent light fof @TDR tgst allowed.

TABLE 8A - AS100 Launch Specification - Fat‘Field Pattern

Far Field Paftern Intensity  Max (+) Min (+)  Measured according to FQTP-47
5% 255 245
15% 225 210
75% 120 .100

Far Field Skewing <3°

TABLE 8B - AS100 Launeh’Specification - Near field Pattern

Near Field Ppttern Intensity  Max (+) Min (+)  Measured according to FQTP-43, A
5% 95 80
15% 85 70
75% 45 30

Core Eccenticity < 5um
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4.4.2 Launch Specification AS62 (M90) for 0.275 na: The launch conditions for 62.5/125-micron fiber
with a numerical aperture of 0.275 shall be as shown in Table 9.

TABLE 9 - AS62 Launch Specification - 62.5/125-micron, 0.275 na

PARAMETER SPECIFICATION COMMENT
Wavelength (Center) 850nm +30nm Wavelength per system requirement
1310nm +30nm Affects accuracy little in short systems.
Spectral Width (EAAHM) <140nm Nat critical
Any smaller spectral width| shall be
accepted.

Non-Coherent lightonly for OPM tests
Coherent light for OTDR tgst allowed.

TABLE 9A - AS62 Launch Specification - FatField Pattern

Far Field Paftern Intensity  Max (+) Min (+)  Measured according to FQTP-47
5% 275 .250
15% .255 .230
75% 130 .100

Far Field Skewing <3°

TABLE 9B - AS62 Launch-Specification - Near Field Pattern

Near Field Rattern Intensity  Max{+) Min(+) Measured according to FQTP-43, A
5% 63 57
15% 59 53
75% 35 29

Core Eccentricity < 3um Core to ferrule circumferefce

4.4.3 Launch Condgition Efféct on Fiber Optic Components (62.5 um Fiber): Fiber Optic Components
may or may hot be sensitive to varying launch condition. In Table 10, we list thel dependency on
launch conditionifer various components. Please note that this table applies toJiber links of
approximately 100 m and shorter. The skewing and eccentricity parameters arel assumed part of
the reference connector of the test cable or test probe. This affects the initial launch into the test
specimen.

It should be understood that the launch condition should be carefully controlled to maintain
accurate test results.
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TABLE 10 - Launch Parameter - Launch Condition Depenency on Various Components

Component Wavelength ~ Spectral  Far-Field Near-Field Skewing Eccentricity

| <100m Width
MM Fiber Low Low High High Medium Medium
SM-Fiber Low Low N/A N/A High Very High
Connector Low Low High High Low High
MM Fused Medium Low High High Low High
Coupler/
Splitter
SM Coupldr7 High Low N/A N7A N/A Very High
Splitter
Attenuator Medium Low High High Low High
Fused
Attenuator Low Low Medium Medium bow High
Bulk Optics
Switch Low Low High High Low High

4.4.4 European Agrospace Launch Conditions: Eurofighter 200/280 um Step Index fibre (extracted
from JN1008§)

Full launch t¢chniques

In the full laupch technique, all modes are excited and the light shall be incident pn the launch end
of the fibre ir] the form of a spot, centrally lJocated on the fibre core and of a diameter at the 10%

intensity poirjts greater than that of the:fibre core diameter. In addition, the numarical aperture NA
of the launchl beam shall be greater than the maximum theoretical NA of the fibr.

D

Additional requirements

1. Near field intensity of datinch spot - The spot diameter at 80% intensity (measured as described
in BS6558, Pt 1, Clause D.4.8) shall be 1,05 x the fibre core diameter

2. Angular dependence of the far field power from launch spot - When measurgd in accordance
with the methiod described in Clause D.4.7 of BS6558 Pt 1, 1985, the angular dependence of

HP T A R A T b |l | 4o WaYaYeVi + 1 £ oot 4
the far fl I UISUToUuuUIT stidil vary Uy 155 UldlT LU 70 UP WU dliTl allyic Ul SIti=1 NA)

Practical realization

The above requirements may be met by using an incandescent tungsten-halogen light source and
an 810 nm narrow-band filter using the arrangement illustrated by Figure 13 of BS6558, Pt 1, 1985.
Alternatively, a large area LED with a uniformly emitting surface, and operating at (810 nm £ 30
nm), may be placed close to the fibre end to achieve similar over-filled launch conditions.

Cables, optical, single core 200/280 (extracted from prEN4532 Aerospace series Cables, optical,
single core)
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44.5

(Continued):

Full launch techniques

In the full launch technique, all modes are excited and the light shall be incident on the launch end
of the fibre in the form of a spot, centrally located on the fibre core and of a diameter at the 10%
intensity points greater than that of the fibre core diameter. In addition, the numerical aperture NA
of the launch beam shall be greater than the maximum theoretical NA of the fibre.

X the fibre core

Additional refjuirements
1. Near field intensity of launch spot - The spot diameter at 80% shall be1;'05
diameter
2. Angular dependence of the far field power from launch spot » When measurgd in accordance

with the 1
shall vary

Practical rea

The above re
an 810 nmn

area LED wi'lh

close to the
ABS0963-00
Tests shall b
Equipment C

source empl
The user has

launch conditioning/externally to the source.

nethod described in EN 187000, the angular dependence of the far,
by less than £20% up to an angle of sin-1 (NA):

ization
quirements may be met by using an-incandescent tungsten-haloge
arrow-band filter using the arrangement illustrated EN 187000. Alte
a uniformly emitting surface, and operating at (810 nm £ 30 nm),
bre end to achieve similar over=filled launch conditions.

1 - Cable, fibre optic, Type LF (62.5/125 ym graded index)

b performed with an 85/85 + 5% launch condition

alibration toSpecified Launch Condition: The launch condition of t

byed shalltneet the requirements according to the herein-published
generally the option of using a source with built-in launch condition

field distribution

n light source and
rnatively, a large
may be placed

he fiber optic
specifications.
er or performs the

The minimum requirement is to verify the following:

* Wavelength

» Far-Field
* Near-Field

Optionally the test cables maybe analyzed for skewing and for core eccentricity.
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4451

Center Wavelength (FWHM Method): The Center Wavelength is defined as the center point of
the distance between the lower and higher spectral boundary at the 50% power level. The center
point may not necessarily coincide with the maximum peak power of the source.

50%

50%

Center Wavelengtii

FIGURE 10

It is important that all measurements.on multimode fiber be made with non-colerent light, i.e.,

Laser mus

NOTE: FQ
ME

not be used as a test source.

R SHORT FIBER-LINKS, SPECTRAL ACCURACY WILL NOT SE
FASUREMENT RESULTS.

/ERELY AFFECT
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4.45.1.1 Test Apparatus: Recommended test equipment is any commercially available Fiber Optic
Spectrum Analyzer (FOSA). Calibration of the FOSA shall be against the physical fundamental
second harmonic of a HeNe Laser (1266 nm).

f|§|

L

(=[] (o | o T ooo _—
] \E Ea Q5SS 4 =
4 A _4
Light Spectrum Analyzer
Source
FIGURE, 11

4.4.5.2 Spectral Width (FWHM Method): The Spectral width of the test source is defined as the Full
spectral Width at Half the Maximum power:level.

50%

50%

FIGURE 12

NOTE: FOR SHORT FIBER LINKS, SPECTRAL WIDTH WILL NOT SEVERELY AFFECT
MEASUREMENT RESULTS.
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44521

4453 Scanning N

4.4.5.3.1

Test Apparatus: Recommended test equipment is any commercially available Fiber Optic
Spectrum Analyzer (FOSA). Calibration of the FOSA shall be against the physical fundamental
second harmonic of a HeNe Laser (1266 nm).

Far-Field
The MAX

lethod:

~.

1 _O

/o ==
(o] o | (o o ooo —

] \E.::.EE;4 =
4 AR
Light Spectrum Analyzer
Source
FIGURE 13

Pattern: The Far-Field pattern-is defined to fall within the specified
and MIN values are absolute numbers and symmetrically applied {

1.25

1.00

075 -~

0.50  —
Power (%)

025 o

0.00

Min

-0.33

T
-0.11 0.0
Numeric Aperture

T
0.11

0.22

0.33

FIGURE 14

curve template.
o the curve.
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4.4.5.3.1.1 Test Apparatus: Recommended test setup and test method is per FOTP-47, Method A.

The output power of the fiber under test is angularly scanned from +30° to -30° (0.5NA). The
pick-up fiber or defined aperture collects the light at each particular angle. The collected
power must be measured by an external sensitive power meter.

Commercially available Far-Field scanners may be used when properly calibrated. The
calibration is performed against accurate mechanical measurement tools.

0000 ® §

FIGURE 15

Using the far field test method, the ferrule is rotated to find the maximum deviation of the
peak position.

4.45.3.2 Near-Field Pattern: The Near-Field pattern is defined to fall within the specified curve
template. The MAX and MIN values are absolute numbers and symmetrically applied to the
curve.
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1.25

1.00

0.75

Max
0.50
Power (%) g ;
0.25 N

0.00 =

T T
-75.0 -50.0 -25. 0.0 25.0 50. 75.0

microns

FIGURE 16
4.4.5.3.2.1 Test Agparatus: Recommended test setup and test method is per FOTP-43.

A precision receptacle positions.the connector into the focal point of a micrpscope objective.
The fiber end face is imaged.with a known magnification. A motor controlled linear stage
holds the pick-up fiber agsembly. The stage is repeatable to 10 mm resulting in a virtual
accuragy of 0.25 mm for the scan.

CommTrciaIIy available Near-Field scanners may be used when properly dalibrated. The
calibrafjon is to'be performed using an optical comparator and a reference physical standard.
Typically, thedmagnification of the lens is determined and then the linear stage is calibrated

againsf the'physical standard measurement.
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4.4.6

200 ® §

0000 X
0000 Od

FIGURE 17

Visual Fault Finder-Visible Laser Source: The Visual Fault Finder (VFF) is used
effective trouble-shooting device. For use in aerospace applications the VFF sh
following chgracteristics’and specifications listed in Table 11:

+ Small and lightweight (Pocket Size)
» Wavelength of 635 nm for enhanced visibility even in bright daylight.

as a quick and
ould meet the

* Must work - -

Long Battery life of 48 hours continuous operation
Utilizes common off the shelf batteries

* Rugged construction - toolbox instrument

Splash Proof (Water sealed preferred)

* Must meet current laser safety regulations
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TABLE 11 - Visual Fault Finder Specifications

FEATURE SPECIFICATION
Central Wavelength
Nominal 635nm
Range 615nm-660nm
Spectral Width (RMS) <3nm
Stability”
1 hour max. deviation +0.5dB
10 hourg max. deviation +1.0dB

Power Qutput’
Into SME-28 Single mode Fiber  >-5dBm +1dB
Environmental

Operating -15°C to +45°C
Storage -35°C to +70°C
Power Battery (>24 hours battéry life)

Weight & Dimensions

Instrumgnt (with Batteries) Instrument to be small pocket sized similar to g light pen.
Connector Interface Adapters fofFC-PC, ST, SC, MIL-29504 termini, AVIM,
SMA

4.4.7 Quality Refefence Jumpers: The ferrule/terminus shall be of reference quality. [The fiber core to
ferrule concgntricity shall be as controlled by hand selecting ferrules to best fit at time of
termination. |Concentricity shall be*determined by mating the probe terminus to g reference
terminus and rotating one against the other. The difference between the maximpum and the
minimum poyver levels shall be less than 0.15 dB. The probe and single channgl connectors
should be ingpected visually under 200x magnification minimum prior to perfornfing optical tests.
No nicks, sctfatches or ¢racks should be present.

4.4.8 Test Probes andilest Adapters:

4.4.8.1 Fiber Optic Test Probe: Simplex fiber optic cable assembly with an appropriate connector to
mate with the source and receiver equipment, FC or ST type is recommended, and a “probe”
interface to mate with the harness under test.

4.4.8.1.1 Fiber: The test probe fiber shall have the same optical properties (core cladding diameter,
numerical aperture, attenuation, bandwidth, etc.) as specified in the harness being tested.

4.4.8.1.2 Buffer: The buffer(s) need not be the same as the harness under test and may be of standard
telecommunication grade material. The buffer shall be removed for termination of the probe to
obtain the lowest insertion loss.
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4.4.81.

4.4.8.2

4.4.8.3

4484

4.5 Fiber Optic Cohnector Cleaning:

4.5.1

452

3 Cable: The cable construction of the probe should be of aerospace quality, but need not be the
same as the harness under test. The probe cable should be flexible and remain flexible over
any temperature range that might be present in field-testing.

Fiber Optic Probe Adapters: An adapter that mates with the D38999 connector on each end of
the harness under test providing alignment of the termini and support the probe to minimize
angular alignment. There should be an adapter for every D38999 shell size and insert
arrangement combination to be tested on the vehicle. For connectors containing both electrical
and fiber oplic contacts, the cavilies in the adapters corresponding o the eleclrical contacts
should be plugged to prevent any attempt to probe an electrical contact. The adapter shall have
D38999 style retention clips to achieve positive locking of the probe within-the [adapter insert.
The adaptgr for the D38999 connectors containing pin terminus should hold the alignment sleeve
captive. There shall be separate adapters for mating to termini outside of the P38999.

Probe Terminus: The probe terminus shall have a spring member to pre-load fhe terminus
ferrule during mating. The probe shall also have a terminus removal mechanigm for easy
removal of|the probe during testing. The probe ferrule shall be made of ceramic to achieve the
best ferrulg alignment.

Calibration|Adapter: A calibration adapter for cannecting two probes together |prior to making
optical measurements shall be provided. This\adapter enables accurate refergnce
measurements of two probe jumpers. Theealibration adapter houses a precigion alignment
sleeve for alignment of the two probe ferrules.

Pre-Demating Visual Inspection’and Cleaning: Wipe or dislodge any gross contamination using
appropriate methods for level.6f contamination. Connector plug and receptacle ishould be free of
any loose dirt or liquid contamination. After demating connector, note any physital damage or
contaminatioh to insert; ferrules, and sealing grommets.

Pre-Mating lisualinspection and Cleaning: Prior to mating connectors, clean bpth mating
connector/fefrale’ halves using approved cleaning solution and methods for each application.
Visually inspect ferrules for residual contamination after initial cleaning. Magnified inspection may
not be required if proper cleaning procedures are followed. Repeated cleaning may be required if
system attenuation is exceeded.
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4.6 Link Loss Test Procedures:

4.6.1

Multimode: Common link loss test procedures are required to ensure equivalent measurement
results are achieved between users. The following figure illustrates the recommended link loss
procedure for testing fiber optic cable plants containing multimode fiber optic cables. Depending
on the organization conducting the measurements, the first step of using a calibrated reference
cable to determine the amount of optical power transmitted from the LED source may be
performed at the depot or tool crib level on regular intervals or prior to checking out the LED

source. This
to perform fo
documented

at some level.

Multimode Fiber Optic Link TFest

eliminates exira steps that the operation Tevel maintainer may not
I troubleshooting. However, it is important that this step be performied and the results

have time or need

STEP
LED i MULTIMODE FIBER rl Power
SOURCE REFERENCE CABLE #1 METER
STEP b 1 MATED CONNECTOR PAIR X.XX output §B power
[ 1.50 dB (0. 75 per connecter half)
LED ] MM FIBER zeroed dB’s MM REF CABLE #2 [ POWER
SOURCE REFERENCE CABLE #1 o75a8 ) 075qs  OR MM FIBER PROBE METER
0i75-+0.75 +0.1=
STEP B 1.60 dB 0dB
LED B MM FIBER ED/ \ED MM REF CABLE #2 m [Power
|} { |
SOURCE REF CABLE®] CABLE UNDER TEST OR MM FIBER PROBE METER
0.75dB 0.75dB
A XX dB loss
STEP 1:

Turn on sourc
verify that it ig
the source is g

bod.

Remove MM

REE+#1 from power meter. Att

STEP 2:

and meter. Centfect Multimode Reference cable #1 to source and power meter. Measure output power of Jource and
acceptable.\Fhe/power output as read at the meter should be within a specified range based on the source tq make sure

h MM REF #2 wer meter and mate with MM REF #1. Verify that thefloss in the
source/MM REF #1/MM REF #2/power meter link is acceptable. Acceptable loss value should be slightly higher than the loss in the
MM REF #1. This will verify that the reference cables and connectors are good. Suggest 1.50 dB delta as acceptable. Zero power

meter after verifying that test cables and interfaces are good.

STEP 3:

Insert Cable Under Test (CUT) between MM REF#1 and MM REF#2. Read power meter output and verify that CUT is good.
Suggest that acceptable CUT loss be less than two times half of a connector interface plus some factor (.1dB) for uncertainty. This
would yield acceptable CUT loss being 1.60 dB or less.

FIGURE 18
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4.6.2 Singlemode: The following figure illustrates the recommended link loss procedure for testing fiber
optic cable plants containing singlemode fiber optic cables. Depending on the organization
conducting the measurements, the first step of using a calibrated multimode reference cable to
determine the amount of optical power transmitted from the Laser source may be performed at the
depot or tool crib level on regular intervals or prior to checking out the Laser source. This
eliminates extra steps that the operation level maintainer may not have time or need to perform for
troubleshooting. However, it is important that this step be performed and the results documented
at some level.

Singlemode Fiber Optic Link Test
STEP
SM FIBER MULTIMODE REF CABLE #2
LASHR D E POWEH
SOURCE REFERENCE CABLE #1 OR MM FIBER PROBE METER
STEP 1 MATED CONNECTOR PAIR XXX outpuf dB power
[ 0.75 dB  (0.375 per connector half)
LASHR D SM FIBER zeroed dB's S REF CABLE #2 [ POWEF
SOURCE REFERENCE CABLE #1 037508 03758, OR SM FIBER PROBE METER|
0.375 +0.375 £01= 0dB
STEP B 85
LASHR D SM FIBER / \ SM REF CABLE #2 [ POWER
SOURCE REF CABLE #1 CABLE UNDER TEST OR SM FIBER PROBE METER
0.375dB 0.375dB
X.XX dB loss
STEP 1:

Connect MM REF #2 to power meter and SM REF #1. Connect SM REF #1 to source. Turn on source and meter. Meagure output
power of sourde and verify that it is acéeptable. Note: Shows a method for determining the total power being output by fhe source.
The power output as read at the metehshould be within a specified range based on the source to make sure the source is good.

STEP 2:
Remove MM REF #2 and insert SM REF #2 in it’s place. Verify that the loss in the source/SM REF #1/SM REF #2/power meter link
is acceptable. [Acceptable‘oss value should be slightly higher than the loss in the SM REF#1 to SM REF#2 connector pafir. This will
verify that the feferénee'¢ables and connectors are good. Suggest 1.5dB or less be acceptable. Zero power meter after verifying that
test cables and|interfaces are good.

STEP 3:

Insert Cable Under Test (CUT) between SM REF#1 and SM REF#2. Read power meter output and verify that CUT is good. Suggest
that acceptable CUT loss be less than two times half of a connector interface plus some factor (.1dB) for uncertainty. This would yield
acceptable CUT loss being .85dB or less.

FIGURE 19
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4.7 Safety:

4.7.1

4.7.2

4.7.3

Handling: When handling bare optical fibers, care should be taken to prevent fibers from
puncturing the skin and breakage causing fragments to fly into the eye region. Safety glasses
should be worn when working with fibers and the careful disposal of fiber ends should be followed
as discussed further. Glass fibers are small enough to puncture and stay under the surface of the
skin. Besides being an irritant, bits of glass fibers can be difficult to remove. It is particularly
important to keep strays bits from around the eyes, where removal is even more difficult. During

installation ahd repair, all snipped or cleaved pieces of oplical glass fibers shoul
appropriate disposal containers. Placing fibers on an adhesive tape strip cai-bg dangerous and
should not b¢ used. In addition, all cables with exposed, bare fibers protruding $hould be

vered or positioned to preclude accidental puncture. Your‘best defense against
injury by fibefs is common sense. Eating and drinking around fibers:is-consider¢d dangerous.

adequately

Also, since fi
or eyes after
disposal.

Eye Safety:

with the eye
scopes. Pro
connectors.

with protectiv
minute fragm
cleaving ope
due to their g
of Lasers, fo

Optical Powsg
small dimens
attain quite h
examined, th
All systems s
Moreover, in

gments can stick to skin oils, thoroughly wash your hands before
working with fibers. The fiber waste must never bgput in ordinary g

be placed in

uching your face
arbage for routine

Unmated connectors and fibers may transmit non-visible radiation and direct viewing

should be avoided. Do not inspect active fiber optic systems with o
ective end caps and connector coversishould always be kept on al
The most reliable form of protectionfor eyes is to prevent fragment
e eyewear. The clear lenses can stop a fiber end from piercing the
ents from entering the eye. -Elying glass fragments are often the resg
rations. What is worse is‘that the presence of these fragments ofte
mall size. Please refer to/ANSI Z136.2, American National Standar
additional eye safety.precautions.

r Source: Although the optical power present in installation can be

ptical magnifying
unmated

s from entering

eyeball or prevent
ults of cutting and

n goes unnoticed

d for the Safe use

fairly low, the

ions of fiber‘cores and semiconductors sources makes it possible for intensities to

igh values:“If an optical cable is disconnected or broken and the e
ere may-be a risk of eye damage, particularly if a magnifier or other
hould.be assumed on, until test equipment can verify the status of
applications that require higher intensity optical sources, system d¢

posed end is
visual aid is used.
bptical sources.
signers should

include addit

onal safety precaufions o ensure the safety of maintenance personnel.
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4.7.4 Laser: The lasers used as fiber sources operate at 850, 1300 and 1550 nanometers wavelengths,
which are all in the infrared part of the light spectrum. These first two wavelengths along with the
visible light are focused by the eye onto the retina. Retinal receptors are sensitive to the range of
wavelengths between 400 and 700 nanometers, but not to wavelength outside the range. Herein
lies the danger. Although a person cannot perceive the intense light from the laser, it is still being
focused on the sensitive retinal tissue. At the focal point, energy density can be high enough to

burn the tissue, resulting in loss of visual activity or in blind spots in the person’s visual field. This
is even though lasers for fiber use are actually of low power compared to other laser types. Lasers

4.7.41

4.74.2

4.7.4.3

4744

are classified
maintenance
power, and W
is sufficient f

Class 1: L
prolonged

wavelength
output pow
emission a
onto the re

Class 2: L
Class 2 las
category. |

Class 3: L
directly, or

Class 4: L
application
that would
optical out

[ wavelengths greater than 1400 nanometers is absorbed by the co

info four general categories 1o their accessible radiation during no

. The class of an individual laser depends on its operating wavelen
hether it is pulse or continuous wave. The concentration on few po
pr fiber optic theory.

psers are considered “eye-safe” in that no eye damage-would resul
bxposure to the direct beam. Because shorter wavelength light, es
s shorter than 550 nanometers, is more heavily‘absorbed by the ref
er of Class 1 lasers generally increases with.increasing wavelength

lina occurs and the Class 1 laser maximum output power increases
psers are those for which this aversion response will protect one frg
No Class 2 lasers are used in fiber systems.

asers are medium power-produce radiation that can cause eye dan
when a magnified reflection is viewed. A diffuse reflection is usuall

psers are high power and are not used in communication/data cabils
5. All lasers,used with fiber communications systems are well below
cause skinburns, but the danger to eyesight is very real. The dang
uts where energy is coming directly from the laser.

mal use and
gth, its output
wver infrared lasers

[ even from
pecially

ina, the maximum
s. As lasers
rnea, no focusing
dramatically.

m the output.

ers include only those emitting visible radiation. Many fiber identifi¢rs fall into this

age when viewed
y not a hazard.

b plant
the energy levels
er is highest at
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5. NOTES:

INDEX OF PAGE CHANGES
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AND LETTER

PAGES AFFECTED REMARKS

REVISED

ADDED

REMOVED

REVISED BY

APPROVED

FIGURE 20

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE AS-3, FIBER OPTICS & APPLIED PHOTONICS
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APPENDIX A
FIBER OPTIC SUPPORT EQUIPMENT

NOTE: This is a compilation of historical test equipment, hand-tools, and consumables that have been
used by the aerospace fiber optic community and is not intended to be a recommendation or promotion of
any particular brand or manufacturer. The sole purpose of this section is to give the new user a historical
reference of items that have been applied to fiber optics in aerospace systems.
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SAE ARP5061

OPTICAL TIME DOMAIN REFLECTOMETER (OTDR):

Boeing A&M
NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER
OTDR OPTOELECTRONICS OFM-1020 Yes -

SPECIFICATIONS
POWER
REQUIREMENTS
OUTPUT
ENVIRONMENT

ACCURACY
DIMENSIONS

115/220 vac @60-

400hz

22-30 vdc

Serial/Parallel

Port/PCNMHA Card

Operating -20C to 35C, Storage -45C to
75C

+/-0.05db

14"X18"X8”

COMMENTS

Recommended for use on several
aerospace platforms.
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SAE ARP5061

OTDR TEST PROBES/ADAPTERS

Glenair Photo
181-006

— 180-043
e

msa e v [oeBlEerforeel GLENAIR,INC, =~
preohimpinp] =L e iSO

FEE0THRY, FROBE COMECTIR,
038980 SER, 11, TEST PROGE|

T FROBE, FIESR (T
FIR 033000 SR, TEL
FROBE ADFTER,

— o 01006 T¢ =] 160-043 2
NOMENCLATURKE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER
TEST PROBE GLENAIR Yes -

SPECIFICATIONS
POWER None
REQUIREMENTS]

OUTPUT
ENVIRONMENT
ACCURACY
DIMENSIONS

COMMENTS Used on Comanche EMD program.
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SAE ARP5061

DUAL WAVELENGTH LED SOURCE (DWLS)

n o i \11;51'.1
= Exemitent Lomg Tenm Skalitify

= Seleciable Sulmol

CAY o Modulated

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

DUAL WAVELENGTH RIFOCS 252A-M80 Yes -

LED SOURCE
SPECIFICATIONS§
ENVIRONMENT Operating -15C to +55C, Storage -35C to
+70C
DIMENSIONS 2.8"x5.6"x1.4"
WEIGHT 8.5 oz.
POWER 2AA alkaline
REQUIREMENTS batteries>24 Hours
WAVELENGTH 850nm 1300nm
SPECTRAL (FWHM) <55nm <140nm
STABILITY (1 HQUR) +/- .05dB +/- .05 dB
POWER OUTPUT
100/140 Gl MM F|BER413dBm -20 dBm
62.5/125 Gl MM -13dBm/ -20 dBm
FIBER
50/125 GI MM FIBER -14dBm -21 dBm
9/125 GI MM FIBER -38 dBm
CONNECTOR UCI-PC
INTERFACE
ADAPTERS APC-10 (FC-PC CONNECTOR
INTERFACE)
ATS-10 (ST
ADAPTER)
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SAE ARP5061

OPTICAL POWER SOURCE TEST PROBES/ADAPTERS

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL
STOCK
NUMBER

CALIBRATION
REQUIRED

ADAPTER(S) RIFOCS APC-10

SPECIFICATION

FC-PC CONNECJTOR
INTERFACE

ADAPTER RIFOCS ATS-10

SPECIFICATION
ST TYPE ADAPTER

192}
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SAE ARP5061

OPTICAL POWER METER

of made
Hanuation

- nr L'a:'lrlf,'z.'elauct‘l
= NIST Tracembie
» = 100 Howrs battery life

* 50C Imerface
Mo frybrid cables needec!

NOMENCLATURE MANUFACTURER PART NUMBER FSCM -NATIONAL | CALIBRATION
STOCK REQUIRED
NUMBER
OPTICAL POWER RIFOCS 555B Yes
METER
SPECIFICATIONS
SENSOR TYPE InGaAs (1mm)
POWER RANGE +3 to -60dBm
CALIBRATION 850/1300/1550 nm
WAVELENGTHS
ABSOLUTE +/- 0.25dB @
ACCURACY Calibration
Conditions
FUNCTIONS dBm, dB, CAL
OPTICAL RIFOCS Snap-On Connector (SOC)
CONNECTOR Series
INTERFACE
POWER 2AAAlkaline Batteries (>100 hours
battery life)
ENVIRONMENT @perating -15C to +55C, Storage -35C to
+70C
WEIGHT 76 0Z
DIMENSIONS 2.8"x5.6"x1.4"

-51 -



https://saenorm.com/api/?name=173e58f051f4ce692de0bbf71658d8b4

SAE ARP5061

OPTICAL POWER METER TEST PROBES/ADAPTERS

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

FIBER OPTIC TEST  GLENAIR, INC. 600-083 06324

PROBE AND
ADAPTER KIT

CONTENTY
PLUG ADAPTER

PLUG ADAPTER
PLUG ADAPTER
PLUG ADAPTER

RECP. ADAPTEF
SIZE 11, PIN INS
RECP. ADAPTEF
SIZE 17, PIN INS
RECP. ADAPTEF
SIZE 17, PIN INS
RECP. ADAPTEF
SIZE 17, PIN INS
RECP. ADAPTEF
SIZE 23, PIN INS
RECP. ADAPTEF
SIZE 23, PIN INS
RECP. ADAPTEF
SIZE 25, PIN INS
PROBE TOFC C
ST

FC
ALIGNMENT SLE

D
, SIZE 17, SOCKET INSR
, SIZE 21, SOCKET INSR
, SIZE 23, SOCKET INSR
, SIZE 25, SOCKET INSR

[ EaiP Kt Ead Kb vEadP | Kt Vo

FEVE ADAPTER, PROBE

180-020NF06178S

180-020NF062116S
180-020NF062321S
180-020NF062529S
180-020NFO7112PA

180-020NF07178P
180-020NEO07178PA
180-020NF07178PB
180-020NF072321P
180-

020NF072321PA
180-020NF072529P

NNECTOR:CABLE ASSY ABC 54705-A-A-3

ABC 54705-A-B-3

180-024
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SAE ARP5061

MISC. TEST PROBES, ADAPTERS

3

= !
NOMENCLATURE MANUFACTURER PART NUMBER FSCM  NATFONAL CALIBRATION
STOCK NUMBER REQUIRED
Adapter Set, Fibe MDA-ST. LOUIS = 74D740310 76301 NO
Optic - DMU/DMC
Adapter Set, Fibef MDA- ST. LOUIS  74D740300 76301

Optic (not shown)

Note: The 74D7400310 Adapter Set is used to test the fiber.gptic links internal to the Digital
74D740300 Adapfer Set is used to test the fiber optic links;0n the aircraft associated with th

OPTICAL SOURGE / POWER METER

Map Set and the
e Digital Map Set.

NOMENCLATURE MANUFACTURER PART NUMBER FSCM  NATIONAL

CALIBRATION

STOCK NUMBER REQUIRED

Optical Attenuation WILCOM

Test Set (OATS)

T312B 51778

YES

Note: Used by USN.
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SAE ARP5061

VISUAL FAULT FINDER

NOMENCLATURE MANUFACTURER PART NUMBER FSCM ‘NATIONAL| CALIBRATION
STOCK REQUIRED
NUMBER
VISUAL FAULT RIFOCS 160L 0XY53
FINDER
SPECIFICATIONS
POWER 2AA alkaline
REQUIREMENTSH batteries >80 Hours
Use
WAVELENGTH Nominal 635nm,
Range 630-640nm
SPECTRAL WID[TH  <2nm
(FWHM)
POWER OUTPUIT Range -5 to 0dBm
(SMF-28 Fiber) (Class 3A)
CONNECTOR UCI (Various
INTERFACE Adapters Available)
ENVIRONMENTAL  Operating -10C to +50C, Storage -40C to +85C
(0:95%RH Non Condensing)
WEIGHT 7 0z.
DIMENSIONS Length 9.0 in.

B 5 40O o
ldiTicil 1. U 1.

This device is a Class 3A laser and may cause eye damage if directed into the eye. Do not utilize any
maghnification device to view fiber or termini emitting this light.
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SAE ARP5061

MICROSCOPE, INSPECTION

A

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION
NUMBER REQUIRED

FIBERVUE, LEICA 31-22-70C ND

FIBER OPTIC

MICROSCOPE

NOTE: Used to
holding fixtures fg
interchangeable |

nspect the end face polish of fiber optic contacts, connectors, and bare fib
r different size connectors, battery or ac;powered, tripod or hand held use.
Ens to provide a wide variety of magnifications for general inspection to sin

er. Has multiple
It also has
glemode fiber

inspection.
PROBE, VIDEO INSPECTION
T
S
NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION
NUMBER REQUIRED
VIDEO WESTOVER FBP-S1 NO
INSPECTION
PROBE (VIP)
29504/4 PIN WESTOVER FBPT-MIL-2P
ADAPTER
29504/5 SOCKET WESTOVER FBPT-MIL-2S

ADAPTER
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SAE ARP5061

BORESCOPE

NOMENCLATURE

MANUFACTURER

PART NUMBER

FSCM

NATIONAL
STOCK
NUMBER

CALIBRATION
REQUIRED

BORESCOPE

SPECIFICATIONS

EMCO

FOVIS-50/D

POWER
REQUIREMENT$
MAGNIFICATION
ENVIRONMENT
WEIGHT
DIMENSIONS

120X-200X

HEAD MOUNTEID DISPLAY

NOMENCLATURE

MANUFACTURER

PART NUMBER

FSCM

NATIONAL
STOCK
NUMBER

CALIBRATION
REQUIRED

HEAD MOUNTED
DISPLAY

SPECIFICATIONS
POWER
REQUIREMENT$

EMCO

PORTABLE BAT[TERY BELT

NOMENCLATURE

MANUFACTURER

PART NUMBER

FSCM

NATIONAL
STOCK
NUMBER

CALIBRATION
REQUIRED

PORTABLE

EMCO

BATTERY BELT

SPECIFICATIONS
POWER OUTPUT
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SAE ARP5061

HARNESS REPAIR

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CGALIBRATION
NUMBER REQUIRED

REPAIR SET, MDA/BOEING- 74D740301 76301 Yes

FIBER OPTIC ST. LOUIS

Note: Developed ffor Depot Level Maintenance for the termination (SMA and 38999) and re
splice) of tactical gircraft fiber optic harnesses. Includes alltooling and consumable supplig

pair (mechanical
s required.
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SAE ARP5061

MECHANICAL SPLICES

THERMAL PLASTIC LINED SHRINK TUBING

CAMSPLICE

NOMENCLATUH

RE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK C

ALIBRATION

NUMBER FQUIRED

CAMSPLICE

SPLICE, CABLE|
FIBER OPTIC

SIECOR

ASSEMBLED
SPLICE KIT-MDA

R
95-000-04 NP
NP

74D740301- 76301

1017

Note: The SIEC
mechanical splic
exceeded enviro|
The CamSplice ¢
tube buffered ca

MECHANICAL §

DR CamSplice was selected as the mechanical splice of choice through an
e and cleaver evaluation. The CamSplice had fewer parts (2), was easy to
hmental and mechanical requiréments, and was compatible with the polyim

extensive
Luse, met or
de coated fiber.

an be used with both the loose-tube 5M2551 (Brand Rex OC-1260) and the Spectran tight

bhle (BC04674).

PLICE TOOL

/ SPLICE TOOL LEVERS

CABLE HOLDING FIXTURES

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION

NUMBER REQUIRED

SPLICE TOOL

SIECOR

2104040-01 NO

Note: The SIECOR splice tool is not required to install the CamSplice. The splice tool is an aid used to hold
the fiber optic cables being spliced to ease installation.
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SAE ARP5061

MECHANICAL SPLICES

The MS1041-172
cups, and a tube

-1.0-1.8A Crimp-and Cleave Splice contains shrinkdubing, (2) crimp sle
assembly which contains the capillary alignmentfixture.

eves, (2) retention

NOMENCLATUY

RE  MANUFACTURER PART NUMBER FSCM NATIONAL
STOCK
NUMBER

CALIBRATION
REQUIRED

SPLICE

SPECIFICATION
Minimum Insertio
Loss

AURORA OPTICS  MS1044-172-1.0-
1.8A

=2 U

NOTE:
Not recommende

i for loose tube fiber.
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SAE ARP5061

FIBER CLEAVER

/ CLEAVING DRUM
W\
\

g

/ CABLE CLAMP WITH,
SPRING LOADED THUMB SCREW

FIBER CLAMP

NOMENCLATURE MANUFACTURER PART NUMBER FSCM ANATIONAL STOCK CALIBRATION

NUMBER REQUIRED
ROTARY DANIELS GHC100-2TA YES
CLEAVER MANUFACTURIN
G CORP.

FIBER CLEAVER

a4

ey,

NOMENCLATURE  MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

FIBER CLEAVER THOMAS & BETTS 92208-AF 56501
CORP.

SPECIFICATIONS

NOTE: Not recommended for polyimide-coated fibers.
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SAE ARP5061

KEVLAR SHEARS

NOMENCLATURE  MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

CLAUSS 86-1/2S 71827 5110-01-419-
5283

KEVLAR SHEAR

UJ

SPECIFICATION
LENGTH 6 1/2"
LENGTH OF CUT 5/8"

UJ

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL| CALIBRATION
STOCK REQUIRED
NOMBER™

KEVLAR SHEARS XURON/Ripley 9180

SPECIFICATIONS
LENGTH 5718
LENGTH OF CUT 5/8"
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SAE ARP5061

CABLE STRIPPER

NOMENCLATURE

Q
PART NUMBER FSCM NATIONA

MANUFACTURER | CALIBRATION
Q STOCK REQUIRED
O NUMBER
CABLE STRIPPER  IDEAL INDUSTRIES 45-162 s\\‘r" 30119 5110-01-216- No
INC. %) 4464
&
SPECIFICATIONS N\
R\4
xO
TWEEZERS \\C\)j“
N
NOMENCLATURE MUFACTURER PART NUMBER FSCM NATIONAL| CALIBRATION
(</ STOCK REQUIRED
~ NUMBER
TWEEZERS -~ No

SPECIFICATIONS
GGG-T-870 CLASS1
STYLE1
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SAE ARP5061

BUFFER STRIPP

ER

MILLER STRIPPERS

Fig
/25, BER OPTIC

AT

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NAHGNAL STOCK CALIBRATION

NUMBER REQUIRED
MILLER MILLER FO-103-S NO
STRIPPERS

Note: No adjustment is required for 125-micron acrylate coated fiber; however, adjustment

used with polyimi

le-coated fibers.

is required when

MICRO STRIPPERS
l
NOMENCLATURE ~MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION
NUMBER REQUIRED
MICRO UTICA MODEL MS NO
STRIPPERS

Note: No calibration is required; however, it is important to insert the proper blade set and buffer alignment

guide for the fiber

optic cable that is being stripped.
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SAE ARP5061

CRIMPER
NOMENCLATURE ~ MANUFACTURER PART NUMBER FSCM NATIONAL| CALIBRATION
STOCK REQUIRED
NUMBER
CRIMPER DANIELS M22520/10-01 5120-00-117- No
MANUFACTURING 4880
SPECIFICATIONS
DIE
NOMENCLATURE  MANUFAGTURER PART NUMBER FSCM NATIONAL| CALIBRATION
STOCK REQUIRED
NUMBER
DIE DANIELS X290 11851 No
MANUFACTURING

SPECIFICATION

S
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SAE ARP5061

NO-NIK STRIPPERS

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION
NUMBER REQUIRED

NO-NIK CLAUSS .014 INCH NP

STRIPPERS, THHRMAL

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK CALIBRATION
NUMBER REQUIRED

THERMAL MEISEI M-10 NO
STRIPPERS

NOTE: The thermal strippers are used for stripping the buffer tube of older fiber optic cables. As an example,
5M1945 - Brand Rex OC-1011, used on AV8 and early F-18’s and support equipment.
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SAE ARP5061

SCALE
NOMENCLATPRE—MANIFACTORER —PART NUMBER—FSCM—NATIONAE—CALIBRATION
STOCK FQUIRED
NUMBERCY
SCALE A\ ) No
Q
SPECIFICATIONS s\'b
GGG-R-791 T)YPE IV @)
CLASS1 A<<
QV
INSERTION/EXTRACTION TOOL N\

AN
NOMENCLATURE MANUFACTURER_)\ PART NUMBER FSCM NATIONAL CALIBRATION
: STOCK REQUIRED
NUMBER

N
INSERTION/REMOVAL TOOL C)U M81969/14-03 5120-00- No

@. 915-4588

SPECIFICATIONS

O
\ 4

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

INSERTION/REMOVAL TOOL M81969/8B-07 81349 No

SPECIFICATIONS
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SAE

ARP5061

NOMENCLATURE MANUFACTURER  PART NUMBER ESCM NATIONAL CALIBRATION
STOCK _REQUIRED
NUMBER-\
INSERTION/REMOVAL TOOL M81969/8B-08 81349 N~ No
Q
;\‘b
SPECIFICATIONS (@)
X
INSERTION/EXTRACTION TOOL QQ

«O
ART NUMBER FSCM

NOMENCLATURE  MANUFACTURER NATIONAL  CALIBRATION
© STOCK REQUIRED
C) NUMBER
INSERTION/REMOVAL TOOL ~.  MS27495R16 96906 5120-00-409- No
O@ 5206
SPECIFICATIONS C)

INSERTION/H

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

INSERTION/REMOVAL TOOL MS27495A16 96906 5120-00-018- No
0529

SPECIFICATIONS
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SAE ARP5061

PROTECTIVE CAPS/PLUGS

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

PROTECTIVE CAPS No

SHELL SIZE 11 D38999/33W11R

RECEPTACLE

PLUG D38999/32W11R

SHELL SIZE 17 D38999/33W17R

RECEPTACLE

PLUG D38999/32W17R

SHELL SIZE 19 D38999/33W19R

RECEPTACLE

PLUG D38999/32W19R

SHELL SIZE 21 D38999/33W21R

RECEPTACLE

PLUG D38999/32W2¢R

SHELL SIZE 23 D38999/33W23R

RECEPTACLE

PLUG D38999/32W23R

SHELL SIZE 25 D38999/33W25R

RECEPTACLE

PLUG D38999/32W25R

MTC

SPECIFICATIONS

MATERIAL METAL

STRAP WRENCH

MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION

NOMENCLATURE STOCK REQUIRED
NUMBER

STRAP WRENCH No

SPECIFICATIONS
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SAE ARP5061

DISPOSAL, FIBER

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK QALIBRATION
NUMBER REQUIRED
FIBER DISPOSAL] CLAUSS F1-8828 NO

NOTE: Preferred|method of fiber optic waste disposal. Provides a safe way of handling thg fiber scraps from
splicing and terminating through final disposal after the container is full. Reduces chances ¢f fiber splinters

being picked up frgm double-backed tape and other temporary methods of containment.

LACING TAPE

NOMENCLATUREH MANUFACTURER PART NUMBER FSCM NATIONAL CA[LIBRATION
STOCK REQUIRED
NUMBER

LACING TAPE GUDEBROD INE. No

SPECIFICATIONS

MIL-T-43435B
TYPEM SIZE Il
CLASS C
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SAE ARP5061

EYE PROTECTION

E== B
! A
e
NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL| CALIBRATION
STOCK REQUIRED
NUMBER
HEAT GUN
NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL| CALIBRATION
STOCK REQUIRED
NUMBER
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SAE ARP5061

DUSTING SYSTEM, CO;,

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL CALIBRATION
STOCK REQUIRED
NUMBER

DUSTING SYSTEM, CHEMTRONICS ES-270 21267 No

CO,

SPECIFICATIONS

ENVIRONMENT 300 psig at 77F/25C

100% ultra

pure CO,

Replacement CQ, cartridge Part Number is: ES

275

PADS, ALCOHOL

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL | CALIBRATION
STOCK REQUIRED

PADS, ALCOHOL TEXWIPE CO. TX801 21994 7920-01-036- No
4464

SPECIFICATIONS
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SAE ARP5061

DUSTING / FORCED AIR

NOMENCLATURE MANUFACTURER PART NUMBER FSCM NATIONAL STOCK [CALIBRATION
NUMBER REQUIRED

AeroDuster 134a| Miller-Stephenson  MS222N NO

Note: Used to blgw away particulate contaminates and to dry-contacts/connectors after clg¢aning with solvent.

TISSUE, LENS

Kodak Lens CIeaninQ" Paper

NOMENCLATURE ““MANUFACTURER PART NUMBER FSCM NATIONAL STOCK [CALIBRATION
NUMBER REQUIRED

Tissue, Optical KODAK 154-6027 NO
Wiping

Note: Used to clean the end face of fiber optic contacts without scratching the optical surface. Used in
combination with Isopropyl Alcohol. Equivalent alternative to prepackaged alcohol pads.
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