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1. SCOPE:
1.1 Purpose:
This specificatjon covers design and performance requirements of filier optic splides for optical
distribution sygtems in aerospace vehicles and provides a means.af procurement|of such devices.
1.2 Specification Approach:
Fiber optic cahle design characteristics are uniquely related to various aerospace|vehicle
applications. As a result, the splice is constructed far specific cable types. Evaluation of the splice
performance spall be with the cable type as definedin the splice detail specification (see Section 3).
Typically, fiber{optic splices have unique assembly instructions. Splices that are qualified to the
same detail spgcification must be assembled using the same procedure and toold. All assembly
instructions shpll be presented and docuniented in accordance with this specification.
1.3 Part Number Structure:
The part numbler structure for @ach splice shall be as follows:
MA5405/1-001
MA5405: Progqurement Specification
MA5405/1: Agsembly Type
MA5405/1'001 ADQCIIIb:y T_y'JC alld SILC
1.4 Condition of Listing:

Splices will be specified in this document when requested for the purpose of specifying the splice in
a user, government, or non-government standard body optical distribution system (see Section 7).
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2. REFERENCES:

2.1 Applicable Documents:

211

2.1.2

2.1.3

2.14

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,

however, supe
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Test Methods for Electronic and Electrical Component Part
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PA 15096-0001.
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ASTM D 115
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Methyl Isobutyl Ketone (for use in organic coatings)
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EIA-455

Fiber Optic Test Procedures
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2.2

Definitions:

2.2.1 COMPONENT MANUFACTURER: A component manufacturer is a manufacturer that produces

components

(i.e., splices, etc.) in accordance with the component specification.

2.2.2 PURCHASING ACTIVITY: A purchasing activity is an organization which procures components
for a system or subsystem manufacturer that produces assemblies from those components. A
purchasing activity is not a distributor or component manufacturer unless designated so by the

2.2.3

3. TECHNICAL RE

The splice shall

procurement sp€
the detail specifi
assembled in ac

3.1

3.2

system or su

THIRD PART
monitoring a

Material Prope

Materials shall
specify a mate
drawing. The

and all engineg
demonstrated,
requalification
periodic qualifi

Design Dimens

Dimensions sh

psystem manutacturer.

'Y INSPECTORATE: A Third Party Inspectorate (TPI) is a tést'lab
Ctivity independent of the component manufacturer.

QUIREMENTS:

comply with the requirements herein. In the event of a conflict betw
cification and the detail specification which detines the unique techr
cation shall govern. The splice shall be tested in accordance with T
cordance with the assembly instructions(see 3.3).

Fties (see 5.1):

be as specified in the detailxspecification. When the detail specific
rial, the material properties-shall be in compliance with the manufag

ring drawings. If a.Change in material occurs after initial qualificati
the manufacturer(is required to perform an engineering analysis to
s necessary. AnEngineering Analysis Report shall be provided to
Cation inspection (see 4.1).

ions (see 5.2):

pratory and/or a

een the
ical requirements,
able 1 after being

htion does not
turer engineering

manufacturer shall certify-that all materials are in compliance with this specification

bn has been
determine if
he TPI at the next

all-be as specified in the detail specification. When the detail specification does not

require specific dimensions, the dimensions shall be in compliance with the manufacturer
engineering drawings. If a change in dimensions occurs after initial qualification has been
demonstrated, the manufacturer is required to perform an engineering analysis to determine if
requalification is necessary. An Engineering Analysis Report shall be provided to the TPI at the next
periodic qualification inspection (see 4.1).
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TABLE 1 - Qualification Tests

Requirement Test Sample Quality
Inspection Paragraph Paragraph Size Conformance
Group 1
Material Prioperties 3.1 5.1 5 *
Design Dimensions 3.2 5.2 10 *
Assembly Instructions 3.3 5.3 N/A *
Group 2 (Hootnote 1) 5
Insertion Lpss 351 5.5.3
Vibration/Temperature Cycle 3.6 5.6
Optical Pefformance 3.5 5.5
Tensile Strength 3.7 5%
Optical Pefformance 3.5.1 5.5
Group 3 5
Insertion Lpss 351 5.5.3
Heat Aging 3.8 5.8
Humidity 3.9 5.9
Salt Spray 3.10 5.10
Optical Pefformance 3.5 5.5
Group 4 (Hootnate 1) 28
Insertion Loss 351 5.5.3
Fluid Immersion 3.11 5.11
Optical Performance 3.5 5.5
Group 5 (Footnote 1) 5
Flammability 3.12 5.12
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TABLE 1 - Qualification Tests (Continued)

Requirement Test Sample Quality
Inspection Paragraph Paragraph Size Conformance
Group 6 5
Insertion Loss 351 5.5.3
Altitude Immersion 3.4 5.4
Freezing ater/lmmersion 313 513
Optical Pefformance 3.5 5.5

Footnote 1} Required for initial qualification and every alternate periodic qualification
(see 4.4).

3.3 Assembly Instquction (see 5.3):

Each splice shpll be provided with concise, clearly writtep, instruction containing the following
information in the order shown.

Title
Splice spegification part number

Cable spedification part number(s)

Manufactuer assembly part number

National stpck number (if available)

Detail assgmbly instructions

Piece part grawing sufficient(to'enable proper use

Piece part humbers when applicable for replacement
Detail accgssory drawings' sufficient to enable proper use
Accessory part numbets when applicable for replacement
Tools (cleaving, crmping, polishing pucks, etc.)

Address ard telephone number of manufacturer

TART T S@Toa0 o

Each splice shaftbe assembted im accordance with the inStructions.
3.4 Altitude Immersion (see 5.4):

The splice shall be assembled in accordance with assembly instruction (see 3.3), subjected to
altitude immersion test in accordance with 5.4, then comply with insertion loss requirements of 3.5.
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3.5 Optical Performance (see 5.5):

3.5.1

3.5.2

3.6

3.7

3.8

3.9

3.10

Insertion Loss: The splice assembly shall not exceed insertion loss limits specified in the detail

specification

when tested in accordance with 5.5.3.

Change in Optical Transmittance: The permanent change in optical transmittance of the splice
due to exposure to mechanical and physical tests shall be less than 0.5 dB when tested in
accordance with 5.5.4.

Vibration/Temj

The splice sha
vibration/temp4
specified in the
continuously th
3.5.2).

Tensile Streng

The splice sha
the tensile stre|
specified in the
continuously th
3.5.2).

Heat Aging (se

The splice sha
the heat aging

detail specification and comply with the optical performance requirements of 3.5. H

does not const

erature Cycle (see 5.6):

brature cycle test in accordance with 5.6 at the maximum operating
detail specification. The splice shall comply with insertion loss red
roughout the test and comply to the change in optical transmittance

h (see 5.7):

| be assembled in accordance with thie assembly instruction (see 3

hgth test (see 5.7), and comply withthe minimum tensile strength r
detail specification. The spliceshall comply with insertion loss red
roughout the test and comply.to the change in optical transmittance
e 5.8):

| be assembled\in accordance with the assembly instruction (see 3
test in accotfdance with 5.8, at the maximum operating temperaturg

tute failure of the splice.

Humidity (see

| be assembled in accordance with assembly instruction (see 3.3) and subjected to

temperature
uirements of 3.5
after the test (see

3), subjected to
bquirement
uirements of 3.5
after the test (see

3), subjected to
specified in the
ailure of the cable

b Q).

The splice shall be assembled in accordance with the assembly instruction (see 3.3), subjected to
the humidity test in accordance with 5.9, and comply with the optical performance requirements of

3.5.

Salt Spray (see 5.10):

The salt spray test is applicable only for splices with metal piece parts. The splice shall be
assembled in accordance with the assembly instruction (see 3.3), subjected to the salt spray test in
accordance with 5.10, and comply with the optical performance requirements of 3.5.
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3.12

3.13

4.1 Third Party Ins

3.11 Fluid Immersio

n (see 5.11):

The splice shall be assembled in accordance with the assembly instruction (see 3.3), subjected to
the fluid immersion test in accordance with 5.11, and comply with the optical performance
requirements of 3.5.

Flammability (see 5.12):

The splice shal
to the flammab
removal from t

Freezing Wate|

The splice sha
the freezing wa
requirements g

QUALITY ASSU

Quialification is r¢
requirements (se
under control, or
specification.

To ensure a bg
test data shall

except for insp|
independent tg
TPl may monit

ility test in accordance with 5.12. The splice shall be self-extinguis
ne flame. Flame as a result of the cable shall not be considered.

F Immersion (Ice Crush):

| be assembled in accordance with the assembly<nstruction (see 3
iter immersion test in accordance with 5.13, and<comply with the of
f 3.5.

RANCE PROVISION:

pguired to confirm that products procured to this specification are in
e 4.3 and 4.4). Qualification deaes not assure that the manufacture
ly that at the time of examination the products tested met the requi

pection:

lanced partnership between component manufacturers and purchg
pe generatedtby a TPI. The TPl is not legally bound to the compor
ection serviees rendered. To the maximum extent possible, the TP
st activity and perform the tests independently of the component m
Dr unique tests as appropriate. The TPI shall certify what data was

generated in a

' be assembled In accordance with the assembly instruction (Se€ 3]3) and subjected

ing within 5 s after

3), subjected to
tical performance

compliance with
I's processes are
Fement of the

sing activities, the
ent manufacturer
| shall be an
anufacturer. The
monitored and
pments at the time

ccardance with this specification and that the products met all requir

of testing. At a purchasing activity request, the TPI shall provide confirmation of compliance for
those component manufacturers reviewed. Upon request by the purchasing activity, a summary of
the data shall be made available by the TPI. The summary will reflect any recorded failures and
subsequent submissions. The TPI will not approve or disapprove the corrective actions needed for
product compliance. Detail test data must be obtained from the component manufacturer.
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4.2

United States Government Acquisitions and Purchasing Activities:

For acquisitions of products for direct or indirect United States government end usage, the
purchasing activities or government contracting officers, when this specification is adopted, are
required to use following TPI activity:

Naval Air Warfare Center, Aircraft Division, Patuxent River
Code 4.4.4.1, Bldg. 1461

48298 Shaw Rpad, Unit 4

Patuxent River,, MD 20670-1900

Interested component manufacturers are required to submit a request for-gualification action prior to
developing tes} data.

4.2.1 Commercial Acquisition: Purchasing activities for commercial@acquisitions are ot required to use

4.3

4.4

4.5

4.6

the government TPI activity.
Initial Qualification Inspection:
Initial qualificafion shall be performed sequentially inteach test group as specified [in Table 1.
Periodic or Requalification Inspection:

The componernt manufacturer is required:te’ generate test data to verify periodic irjspection
qualification eVery three years after initial qualification or whenever a major change in design or
materials has gccurred. If a design‘er material change does occur, the component manufacturer is
required to perform an engineering analysis and to generate appropriate TPI test data to confirm the
product is still in compliance with the specification at the time of the change (requdlification). The
component mgnufacturer issrequired to periodically qualify to the technical requirement of Table 1
except the groyp 2, 4, and-5 tests need only be documented on alternate periodic|inspection
qualifications heginningwith the first reporting period.

Qualification Test:Sample:

Unless otherwise specified in the detail specification, the total number of specimens listed in Table 1
for each type splice described in the detail specification shall be tested. The specimens shall be
divided as shown in Table 1 for qualification testing.

Quality Conformance Inspection:

For each production lot each splice shall be examined in accordance with the quality conformance
tests (*) specified in Table 1.
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5. ??7:

5.1 Material Properties Certifications Analysis (see 3.1):

5.2

5.3

54

The component manufacturer shall review all material properties requirements in the detail
specification and engineering drawing and provide individual certifications for each material. When a
material is considered proprietary, the material shall be coded for certification purposes. A summary
approach for certification may be used rather than detail certifications for each material. If material

changes or chfinges n the properties of previously approved materials have occu
Engineering Afalysis Report must be developed.

Design Dimen;s

Measure the s
engineering dr
engineering dr
occurs, an Eng

Assembly Instr
The assembly
order shown.

accordance wi

Altitude Immer

fions Test (see 3.2):

plice dimension to the next smallest digit specified by detail specific
hwing. Record the dimensional results. For those dimensions spe
hwing, a coded system may be used for reporting purposes. If adi
ineering Analysis Report must be developed.

uction Analysis (see 3.3):

nstruction shall be reviewed to detefmine if all information in 3.3 is g

The splice shall be assembled,imaccordance with the instruction fo

h Table 1.

sion (see 3.4):

5.4.1 Altitude Chamber: The altitudé immersion test chamber shall be a sealed cham

542

5.4.3

maintaining 4

\n absolute pressure of 2.54 cm of mercury or lower.

Test Contain

r: The test container for positioning the splice assembly shall hav

minimum dimensions> 2 in wide, 9 in long, and 3 in deep. A salt solution shall i
container to a depth’that will completely cover the assembly at all times during t

immersion t

fred, an

ation or
cified on the
mensional change

rovided and in the
testing in

ber capable of

b the following
e placed in the
ne altitude

t-HThe salt solution shall be prepared by dissolving 5 + 1 parts by

weight of non-

iodized commercial table salt in 95 parts by weight of distilled water. No material shall be added to,
and no contaminant shall be present in the container or solution which may prevent wetting of the
test sample by the solution.

Sample Preparation (see 3.4): The test samples shall be placed in the container in the chamber in
such a manner that the splice assembly will be entirely immersed in the salt solution. The
uppermost point of the splice shall be 2.54 cm minimum below the surface of the solution. The
exposed ends of the fiber optic cable for the test sample shall be unsealed and above the salt
solution. The cable shall be arranged so as to prevent any high insertion losses which might
incorrectly indicate a splice failure.
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5.4.4 Altitude Immersion Cycling (see 3.4): The chamber shall be sealed. The chamber pressure shall
be changed from room ambient to an absolute pressure of 2.54 cm (75,000 ft) +0.0 -0.5 cm of
mercury within 5 min and shall be maintained at this level for 30 min, minimum. The chamber
pressure shall be cycled (or returned) to room ambient pressure within 1 min and shall be
maintained at room ambient pressure for 30 min, minimum. The foregoing shall constitute one
cycle. Two additional cycles shall be performed (three cycles total). The splice assembly shall
remain fully immersed in the salt solution during the three cycles and for the subsequent optical
performance measurements (see 3.5).

5.5 Optical Performance Test (see Optical Performance Document):

The graded index multi-mode optical test shall be performed at 850 nm and 1310 [nm using the
launch conditigns specified in Tables 2 and 3. The step index multi-nmiode optical fest shall be
performed at 860 nm and 1310 nm using the launch conditions specified in 5.5.2.| The single mode
optical test shgll be performed at 1310 nm and 1550 nm using thieylaunch conditions specified in
5.5.2.

5.5.1 Launch Conditions for Graded Index Multi-mode Fiber»The light launch conditions used during

the optical teft shall be made in accordance with EIA*455-50 using a (Gausian) [distribution
meeting the fequirements specified in the table below.

TABLE 2 - Near FieldIntensity (% of Core Diameter)

Relativentensity Low High
5% 80 95
15% 70 85
75% 30 45

TABLE 3 - Far Field Intensity (% of Numerical Aperture)

Relative Intensity Low High
5% 84.5 87.9

15% 72.4 77.6

75% 34.5 41.4

-10 -
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5.5.2 Launch Conditions for Step Index Multi-mode and Single Mode Fiber: For single mode fiber no
special launch conditions are required with the exception that the power source shall be 10 dB
minimum above the minimum sensitivity of the receiver. The launch conditions for step index
multimedia fibers shall be 100% of core diameter. These launch conditions may be achieved by

5.5.3

5.5.4

the following

a.

method, or equivalent:

Select a light source of the appropriate wavelength and spectral bandwidth as described in

EIA-455-50. The output power of the source and the sensitivity of the detector shall be set to

allow 3d
10 dB ab

Select a
cable ung
connecto

Mode eq
wraps sh
unwrappt

Insertion Los
Method A un
may be used
specified in t
method prov

Change in O
splice shall b
evaluate the
tests. The rg
making all m
sufficiently s¢
mechanical g

Of [0SS due t0 a mandrel wrap plus the ToSs of the unit under test
pve the minimum sensitivity of the detector.

aunch cable with a fiber that matches the core size, core type (steq
ler test, with connectors to mate to the connector on the light sourc|
I on the cable under test.

All be established to induce 3 dB minimum and-a maximum of 5 dB
bd cable, follow the general information onsmandrel wraps in EIA-4"

S: Insertion loss measurement shall-be measured in accordance W
ess otherwise specified on specification sheet. Any optical power
if the method is sufficiently sensitive to measure the differential po
ne individual mechanical andienvironment requirements of Section
des repeatable readings-(less than 3% variation).

e measured in accordance with EIA-455-20, utilizing a monitor fibe
change in transmittance due to exposure of the cable to environme
ference fibershall be used to calibrate the light source power outp
pasurements. Any optical power detection method may be used if

hind still be at least

), and NA of the
e and the

Jalize the launch cable by installing a mandrel, “The mandrel size gnd number of

of loss from the
b5-50.

ith EIA-455-34
Hetection method
ver levels as

3 and if the

btical Transmittance Test (see 3.5.2): The change in optical transnpittance of each

" reference to
ntal and physical
It just prior to
he method is

nd.environment requirements of Section 3 and the method provid

readings (les

bnsitive-te measure the differential power levels as specified in theeEdividual

repeatable

s(than 3% variation). A pretest optical power measurement shall bp made and the

specimen shall then undergo inspection testing. All optical power measurements, subsequent to
the pretest measurement, shall be referenced to the pretest value and the change in dB calculated.

-11 -
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5.6 Vibration/Temperature Cycle Test (see 3.6):

5.6.1 Test Chamber: A test chamber shall be used which can maintain a temperature -55 +0 -3 °C and
the maximum operating temperature specified in the detail specification. The chamber shall be

5.6.2

5.7 Tensile Strength Test (see 3.7):

5.7.1 Test Equipmgent: The testing-device shall require the following:

designed to permit a temperature change rate of 17 °C per minute in the region

of the splice. The

vibration fixture with mounting clamps approximately 12 in apart shall position near the center of
the chamber. The clamps shall be designed to rigidly hold the fiber optic cable. The clamps will be
designed to prevent slippage or damage to the cable while permitting continuous optical

transmission[through the cable and Splice. The chamber and fixture shall be de
the mounting location is free from resonance over the test frequency range, spet

Test Procedyre: The cable assembly shall be mounted between the twolcable

fiber optic caple leads exiting the chamber and connected to the optical source.
assembly shall be continuously monitored optically in accordance with 5.5. The
subjected to p simple harmonic motion having an amplitude of<0y076 cm (0.152

excursion). The frequency shall vary uniformly between approximate limits of 1
The entire fr¢quency range, from 10 to 2000 Hz and returnyto 10 Hz shall be tra
approximately 1 min. The motion shall be applied for a-period of 18 h in each of
perpendiculay to each other and to the axis of the cable. Prior to initiating the vi
chamber’s temperature shall be stabilized at -55 +0:-3 °C. When the vibration is
chamber shdll be maintained at -55 +0 -3 °C for30 min, then the temperature r3g
appropriate 17 °C per minute until the maximum operating temperature specifie
specification|is reached. The maximum operating temperature shall be maintain

Kigned to assure
ified in 5.6.2.

lamps with the
The cable

splice shall be

Cm maximum total
D and 2000 Hz.
ersed in

two axes mutually
bration, the
initiated, the
ised at an

i in the detail

ed for 30 min then

the temperatpre will be lowered to -55+0-3 °C at an appropriate 17 °C per minyite rate.

aws, or gther holding devices that will not distort the splice while hg
e ends:;

a. Clamps,
optic cab

Iding the fiber

b. A mechapisn to separate the holding devices at a constant rate of speed of

1 in/min £ 174 in/min.

c. A gage to register the amount of tension being exerted between the cable ends.

d. An oven capable of maintaining the splice at a maximum operation temperature while being

separated.

-12 -
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