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12 October 1973

SUPERSEDING
MIL-A-5999A(WU?)
30 April 195%

MILITARY SPECIFICATION

ANTENNA SUBSYSTEM FOR ASRCRAFT MARKER BEACON EQUIPMENT
GEN13RAIJSPECIFICATIONFOR

1. SCOPE

1.1 This specification covers the general
test requirements for an atema su%system
equipnient in the spot frequency of 75 P4TIz.

2. APPLICABIX DOCUMENTS

2.1 The following documents, of the issue

design, performance, and flight
used w:th VHF marker beacon

in effect on date of intimation
for bids or request for proposal.,form a part of this specificationto the
extent specified herein.

<

SPECIFIMTIONS

Federal

L-P-383 Plastic Material.,Polyester Resin, Glass Fiber Base,
Low Pressure Laminated

Military

MIL-E-5400 Electronic Equipment, Airborne, General SpecificationFor
mL-E-6051 Electroma+petic Compatibility Requirements, Systems
ML-c-45662 Calibration System Requirements

FSC 5826
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STANDARDS

Military

MIL-STD-490 Specification Practices
MIL-STD-81O Environmental Test Methods
MIL-sTD-831 Test Reports, Preparation of
MIL-STD-877 Antenna Subsystems, Airborne, Criteria For Design and

Location of

(Copies of SpeCifiCS.tiOIIS, standards, drawings,~d Publicationsrequired
by suppliersin connectionwith specificprocurementfunctionsshouldbe
obtainedfrom the procuringactivityor as directedby the contractingofficer.)

3. REQUIREMENTS

3.1 First article inspection. This specification makes provisions for first
article inspection.

3.2 General documents. The requirements of MIL-STD-877 apply as requirements
of this specification. The requirements of MIL-E-5400 apply to antenna
components containing electronic circuitry, When the general documents
conflict with this specification, this specification shall govern.

3.3 Design and construction. The antenna subsystem specified herein shall
be designed to be compatible with the VHF marker beacon requirements
for the weapon system under consideration. The antenna subsystem may be o
a separate item or may be installed as an integral part of the aircraft. The
mtenna subsystem may be in physical combination with other frequency range
antenna subsystems, thus serving two or more equipments. If the antenna
subsystem is made in combination with other antenna subsystems, it shall be
possible to operate the equipments simultaneously, and with no interference,
one with another.

3.3.1 Antenna subsystem composition. The antenna subsystem shall include
all components, such as receiving elements,
devices, filters, and switching devices,

transmission line, matching
that are connected in the system beyond

the output connector of the associated equipment.

3.3.1.1 Antennareceiving elements. The antenna receiving elements shall
consist of cavity, dipole, array, or other elements suitable for installation
in the aircraft weapon system consistent with the position in which it is
to be installed.
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3.3.1.2 Transmissionline and connectors. The antennasubsystemshall be
so designedand installedthat connectioncan be readilymade to the associated
radio equipment throw@ a minimum length of radio-frequencycable. R-f cable
smd associatedconnectorsshall be subjectto prior approvalby the procuring
activity. The method used in effectingelectricalconnectionbetweenthe
antennaelementand the r-f cable shall satisfythe environmentalrequirements
specifiedherein. The maximum allowableloss betweenthe receiverand antenna
element shall not exceed2 dB. The use of standardcables and connectorsshall
in no way be construedas justificationfor exceedingthe maximum allowable
attenuationstatedherein.

3.3.1.3 Structuralplasticmaterials. The requirementsfor type 11 materials
of L-P-383 shall apply for all structuralplasticmaterialsused in the
antennasubsystemcoveredby this specification.

3.3.2 I?lusb antennadesigns. Flush antennasof specialcurvatureto mate
with the skin shall be designedfor a given ~rcraft location only when
standardcurved shapes are not applicable.

3.3.2.1 Plastic $overplates, not an integralpart of the flush antenna,
shall not be used to obtain a mating surfacewith the aircraftskin.

3.3.3 Aerodynamics

3.3.3.1 The total aerodynamicdrag, resultingfrom the protrusionof antenna
elementsinto the airstreamwhen installedon the aircraft,shallbe minimized
by proper shape design.

3.4 Performance

3.b.l Electrical requirements

3.4.1.1Frequency. The antennasubsystemshsllbe designedto coverthe
spot frequencyof ?5 MHz.

3.4.1.2 Polarization. When properlyinstalledon an sircraft,the antenna
subsystemshall receivesignalsfrom directlybeneaththe aircraftthat are
polarizedparallelto the fore and aft axis of the aircraft.

3.h.l.3 Volt~e standim wave retie (vSWR). The antenna subsystemshallbe
so designedand installedthat the VSWM producedon any partof the
interconnectingradio frequencytransmissionline sbil.1not exceed1.5 : 1
at 75 MHz with referenceto a nominal50-ohmlevel. A bsndwidthof 30~ ~z
shallbe maintainedwithin a 5:1VSWR circlewith the antenna fixed tuned.
When subjectedto extreme serviceconditions,the antennasubsystemshall
not go keyond 2.5:1 VSWR at 75 MHz.

3

Downloaded from http://www.everyspec.com



MIL-A-5999B(USAF)

3.4.1.4 Efficiency. The minimum acceptable sensitivity in voltage of the
antenna subsystem shall be within 10.5 dB of that of a half-wave dipole
at a frequency of 75 MHz.

3.4.1.5 Radiation pattern requirements. The radiation pattern shall be
essentially a lobe without deep nulls so that the maximum gain of the
antenna subsystem is downward from the aircraft and in a direction not
more than 10 degrees from a vertical line through the antenna subsystem.
All external store configurations that are proposed or normally carried
operationally shall be considered separately.

3.4.1.6 Interference acceptability level. The interference of other
electronic equipment wj.ththe antenna subsystem operating with the marker
beacon receiving set shall be considered to be at an acceptable low level
when the operation of other electronic equipment in the aircraft does not
give.erroneous marker indication throughout the flight profiles specified
in section 4 herein.

3.4.2 Environmental conditions. Unless otherwise specified for a particular
weapon system, the antenna subsystem, including all components thereof,
shall withstand the environmental requirements defined under 4.4.3.3 without
reducing the performance below the limits specified herein. In addition to I
the environmental conditions specified above, the antenna subsystem shall
be designed and constructed to withstand the severest environmental conditions
existing in the area of the aircraft in which it is installed. Vibration, shock,
extreme temperatures, effects of gunfire or other armsment originating within
the aircraft or resulting from flight conditions shall be taken into a

consideration.

3.4.3 Flight profile perform~ce. When installed on the aircraft> ‘he
antenna subsystem shall satisfactorily perform the flight profile executions
specified in section 4 herein.

4
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3.4.3.1 Range. In a horizontalflight of the aircraftover the ground
station cone of silencemarker at 10,000 and 30,000feet altitude(ground
clearance),a positionmsrker beacon indicationshall.be receivedfor a
distanceof not less than 1 mile.

3.4.3.2 Pattern symmetry. In horizontalflightover the ground stationat
any sltitude,the durationin miles of marker indication,when approaching
a point directlyover the ground station,shalJ not be more than 50 percent
greater than the durs.ti.onin miles of ❑arker beacon indication when leaving
the point directly over the ground station, and tice versa. (Mathematically
this may be expressedas 0.67
(section 4)).

<;: ;;<1.5 when referred to figure 1

3.5 Size and weight. The size and weight of all componentsrequired
for the antennasubsystemshsll be a minimum consistentwith We requirements
of this specificationand the detail specification.

4. QUALITYASSURANCEPROVISIONS

4.1 Responsibilityfor inspection. Unless otherwisespecifiedin the contract
or p~cbase order, the supplieris responsiblefor the perfOrmSXlceOf d-l
inspectionrequirementsas specifiedherein. Except as otherwisespecified
in the contactor order,the supplierm~ use ‘hisown or any other facilities

m

suitablefor tkperformance of the inspectionrequirementsspecifiedherein,
unless disapprovedby the Government. The Governmentreservesthe right to
perform any of the inspectionsset forth in the specificationwhere such
inspectionsare deemednecessaryto assure supptiesand seMces conformto
prescribedrequirements.

4.2 Classificationof inspections. The examiningand testingof the entenna
subsystemshallbe classifiedas follows:

a. First articleinspections

b. Quality conformanceinspections.

4.3 Pretesting requirements

4.3.1 Calibrationof marker beacon equipment. Prior to beginningany tests
the suppli,ershallperfomn calibrationtests on all VHF marker beacon equipment
in accordancewith the supplier-preparedtest plsm conformingto the
requirementsof MJL-C-45662. Records of all test resultsshall be maintained.

5
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4.3.2 Marker beacon receiver bench and preflight tests. The marker beacon
receiver shall be tested and adjusted within the limits of the bench and
preflight procedures specified in the applicable bench, preflight, and flight
test specification to be furnished by the procuring activity. The receiver
sensitivity shall be measured and recorded before each series of tests.
The preflight procedures shall be conducted after the installation test of
4.3.3.

4.3,3 Aircraft installation test. The VHF marker beacon equipment shall be
properly installed in the aircraft and connected in accordance with the
installation wiring diagram and installation specification to be furnished
by the procuring activity. An operational installation test shall be
performed on the VHF marker beacon system, including cables and antennas.

4.3.4 Ground test station. The ground equipment shall consist of a
standard Federal Aviation Administration (FM) cone of silence transmitter
as maintained and operated by the FAA of the Department of Transportation. The
gro-:~dtest station for flight testing under the marker beacon antenna
subsystem shall be similar to the station used under operational conditions.

k.h First article inspections

4.4.1 First article samples. The first article samples shall consist of
models of all major components of the antenna subsystem representative of
the production equipment and covered by the antenna sybsystem component
specification required in 4.7.1. The first article samples shall be tested o
under the test conditions specified herein and at the point designated by
the contract.

4.4.1.1 Testing instructions. Unless otherwise specified in the contract
or purchase order, a minimum of three first article swnples shall be required
and testing shall be as follows:

. One first article sample shall be subjected to the environmental tests
;pecified under 4.4.3.3.

b. One first article antenna subsystem shall be installed on the test
aircraft and subjected to the flight tests specified under 4.4.3.4,

c. One first article sample shall be subjected to the electrical tests
specified in 4.4.3.2.

6
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4.4.2 Scale models. A scale model of the antenna or antenna subsystem
installed on a scale model of the aircraftinvolvedshallbe used for
radiationpatternmeasurement(see4.4.3.1). Modelingdetailssuch as
externalstores,canopy constructions,flaps,wheel doors,et ceterashall
be similar enough to full-scaledetailsto permit reasonablyaccurate
radiationpatternsto be measured. The type of constructionand metallic
surfacingused shallpermit maximum versatilityfor testingnew locations
for antennas. Reducedscale dimensionsof the model shall not differ
by more than 2 percent from the correctdimension,or one-sixteenthinch,
whichever is greater.

4.4.3 First articletests

4.4.3.1Radiationpatternmeasurementtests. Radiationpatterns (see
3.4.1.5)of the antennaor antennasubsystemin the locationsproposedby
the suppliershall be ‘obtainedby scalemodel techniques. A comlete integral
set of patternsshall be submittedfor each selected antenna location. The
isotropic gain shall be computed and plotted on each pattern chart for
each antenna subsystem measured. The model frequency shall be chosen to
simulate 7!5MHz. All other antemas in the innnediatevicinity of the model
antenna under test shall be installed and properly terminated to insure that
nomnal coupling effects will be reflectedinto the pattern data.

4.4.3.2 Electricaltests. The proceduresand applicationof electrical
tests to determineproper performanceand compliancewith the requirements
of this specificationsbl.1be preparedby the supplierand subjectto
approvalby the procuringactitity.

4.4.3.3 Environmental tests

4.4.3.3.1 The followingentironmer!taltestingshallbe conductedin
accordancewith the indicatedmethods of MIIJ-STD-81O.The proceduresm~ be
modified as necessaryto be compatiblewith the expectedextremeconditions:

a. Temperatureshock,method 503, procedureI

-b. Temperature-altitude,method 504,procedure1, table 504-1, equipment
class of applicabledetail specification

c. Humidity,method 507, procedureI

7
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I

ly
d. Salt fog, method 509, procedure I

e. Vibration, method 51b.1,equipment category and specific requirements
of the applicable detail specification.

f. Shock, method 516.1,
(a) and (c).

procedure I, figure 516.1-2, shock parameters

$3. Gunfire vibration, method 519.1, procedure as applicable.

4.4.3.3.2 Immersion (leakage) tests. The equipment shall be immersed in a
suitable liquia such as boiled ethylene glycol or water. The water temperature
shall be uncontrolled if the supply temperature is between ll° C and 20° C
(51.8° Ft0 68° F). The absolute pressure of the air above the liquid shall then
be reduced to approximately 1 inch of mercury and maintained for 1 minute, or
until bubbles.substantially cease to be given off by the liquid, whichever
is the longer. The absolute pressure shall then be increased to 2-% inches of
mercury. Any bubbles coming from within the equipment case shall be considered
as leakage. Bubbles which are the result of entrapped air on the various
exterior parts of the case shall not be considered as leaks. A helium leak
detector or other means of test, equal or superior in sensitivity to the
immersion test method described above, may be used upon approval by the
procuring activity.

4.4.3.3.2.1 The test specified in 4.4.3.3.2 shall apply to all components
of the antenna subsystem that are gasket sealed, pressurized, or fision sealed.
Components that are not sealed or pressurized shall be subjected to a
humidity test (4.4.3.3.1c.) in lieu of the immersion test.

4.4.3.4 Flight tests

4.4.3.4.1 Test setup

a. The VHF marker beacon flight test aircraft shall be one of the first
10 assembled models of the weapon system under test.

8
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subsystemshallbe an exact
productionaircraft.
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~ marker beacon eqtipnent, cables, ad ~tenna
duplicate of the installation proposed for

c. The extent of flight testing shall depend on the results of the model
radiation pattern measurements. If the radiation patterns are inconcllaslye -
all or part of the flight tests specified herein my be required as directed
by the procuring activity.

d. The antenna subsystem shall be evaluated with all normally carried stores
in place and with both landing gear and.flaps or air brakes in extended and
retracted positions.

A.A.3.A.2 Procedures. Unless otherwise specified by the procuring activity,
flight tests shall be conducted in accordance with figures 1 and 2.

4.5 Quality conformanceinspections.
consistof individualtests.

4.5.1 IIIdividud tests. 13ac~ g.mtenna
followingtests:

Quality conformanceinspectionsshall

subsystemshall be subjectedto the

a. Immersion(leakage)tests, k.4.3.3.2

e b. Antenna subsystemcomponenttests: The individualtests foreach
componentused in the antenna subsystemshallbe those specifiedin the
component specifications(see 4.’?.1).

c. Complete antenna subsystemtests. The individualtests for the complete
antenna subsvstemshallbe limitedto the functional testingof the VHF“

marker beacon systemand shallbe specifiedin the basic weapon system
specification.

4.6 Rejectionand retest. The procuringactivityshall have the option of
rejectingthe sntennasubsystemcoveredby this specificationon the basis
of!unsatisfactoryradiationpatternsor flighttest results. Rejected
sntennasubsystemsshall not be retestedand resubmittedfor approvalwithout
furnishingfill particularsconcerningthe previous rejection and the measures
t aken to overcome the defects.

9
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PROCEDURES:

a. Six flight “passes” shall be required to completethe figure.

b. All passes shall be directly over the marker beacon.

c. 5000-foot “passes” shall be made with normal stores and landing gear extended.

30,000 FOOT AND
101000 FOOT- A._.-

TERRAIN CLEARANCE++ ._-y____
——— —.—

\ A- . —— -.

I
~
I

5000 FOOT
TERRAIN CLEARANCE - “w–––

——

I

APPROXIMATE
RADIATIONPATTERN

A
r A—— — --- —
— — ——— . -5
-—-c——-/J\

BZ-——---v-

)
A —-_ -.
.——— ——— -

\

==
MARKER BEACON -
TRANSMITTER

Figure 1. Flight profile (Sideview of transmitterradiationpattern)
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PROCEDURES:

a. Two flight “passes”throughthe transmitterpattern shallbe required,one
in each direction. “Passes”shallbe made with normal stores and lending
gear extended.

b. The flightpasses shall be made at 2000 feet eltitude(terrainclearence)
aad at 2000 feet horizontalrange from the transmitter.

c. The lights shall be lit for the two passes for approximately the same
distance in each direction. (Thus indicating symmetrical reception of signal
for both sides of the aircraft.)

APPROXIMATE
RADIATION PATTERN

—

1

-MARKER f3EhCOkJTRANSMITTER
I
I
/ , (

l ! +

! 200; FOOT \

——— —.. ——. . .

PERIOD fX.JRliUG WHICH
LIGHTS SHOUL06E LIT

Figure 2. Flight profile (Top view of transmitterradiationpattern)
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4,7 Data requirements. When specified in the contract or purchase order,
the data specified herein shall be prepared and submitted to the procuring
activity for approval.

4.7.1 Antenna subsystem components specifications. The supplier shall prepare
for each contractor-furnished equipment (CFE) nonstandard antenna or antenna
subsystem component a proposed procurement specification in accordance with
MIL-STD-490, outlining in detail the method for quality control. The
foregoing requirement shall also apply to procurement of previously qualified
standard types, including those types previously contractor-furnished aircraft
equipment (CFAE). The supplier shall prepare detail specifications on all
components of the antenna subsystem that are nonstandard or not previously
approved; standard types not supplied from Government stock shall be included
in this category.

4.7.2 Component drawings. Construction drawings, of sufficient detail to
facilitate complete evaluation of any contractor-furnished antenna subsystem,
including all nonstandard components, shall be submitted prior to delivery
of the first production aircraft on which the antenna subsystem is mounted.
The minimum acceptable drawings shall include general arrangements, outline
dimensions, mounting provisions, power connections, and r-f cable lengths.
Photographs shall also be considered acceptable if the object size can be
closely approximated, The construction drawings may be included as psi+
of smother report due in “the same time phase.

4.7.3 Installation data. Complete information regarding the installation
of the antenna subsystem in the actual aircraft shall be furnished.
Information supplied shall include the type and quantity of r-f cable,
connectors, relays, filters, adapters, or other miscellaneous items that
form a part of the actual antenna subsystem installation.

4.7.4 Test reports. All test reports shall be prepared in accordance with
MIL-STD-831.

4.7.4.1 Radiation pattern report. A detailed report covering the results of
the scale model test of the recommended location shall be prepared. In
addition, the supplier shall include sufficient data, both electrical and
mechanical, on all other locations investigated to substantiate his choice
of locations and as evidence that a tnorough study has been vade. The
correlation between full scale antenna patterns and the scale model antenna
patterns on a suitable ground plane shall be included in the report. These
data shall be submitted as soon as possible after the first prototype
structural configuration of the aircraft is completed. Additional data shall
be required for each major revision of the aircraft configuration affecting
the performance of the VHF antenna subsystem.

12
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4.’T.4.2 Electrical, mechanical.,and environmental.test data. The supplier
shall submit a detailed test report covering the electrical, mechanical,
and environmentaltests in accordancewith the specificationsrequiredin
4.7.1.

4.7.4.2.1 Submissionof mew electrical., mechanical, and environmental test
data on components that have previouslybeen approvedand the applicationis
similarshall not be required. However,the suppliershall submit.previous
test data and shall certifythat the component(s)is capableof meetingthe
electrical,mechanical,and environmentalperformancerequirementsfor the
weapon system in sbich it is to be installed. Any changesaffectingthe
electrical.,mechanical.,or environ?%entslperformanceof the componentshall
render any previous approvalvoid.

h.7.h.3 Flight testing data

4.7.4.3.1 FliE@ test proKram plan. The suppliershall submit a detailed
flight test program plan in accordance with the testreqtiremmts specified
herein. This report shall include complete information on the test facilities
to ‘beused both on the ground amd in the air. At least on photographof
of the ground antennasubsystemshowingits locationand local enviromzent
shallbe included. The report shallbe submittedprior to beginningany flight
tests on the atenna subsysten.

a 4.7.4.3.2 Fli@t teat report. A final flighttest report shallbe submitted
analyzingand summarizingthe resultsof all flighttests conductedby the
supplieron the antennasubsystem. This report shell includethe folluwhg:

a. Recordeddata in tabular or graphic form obtainedduring flight tests.

b. Power outputsof transmitterson test frequencies.

c. Completedata on subsystemlossesbetween the receiverand the receiving
elementsof the antennasubsystem.

d. Unsatisfactoryresultswith the reasonswhy satisfactoryresultswere not
obtaine~.

e. ‘lotalnumber of fli@t hours requiredto performthe test.

f. Resultsof radio interferencetests requiredby MIL-E-6051.

13
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4.’7.4.4Interim engineeringreports. Interim reports shall be submitted
the antenna subsystemdevelopment,first article inspections, quality

on

conformanceinspections,et cetera, describingin detail the progress made,
including unsatisfactory results and comments on modifications required.

4.7.4.5 Final.engineering report. The supplier shall submit a final engineering
report consisting of pictorial, graphic, snd written material necesary to
completely describe the location and installation of CFE or Government furnished
equipment (GFE) antenna subsystems in the aircraft. Performance data shall include
voltage standing wave ratio curves as measured in a full-scale mockup or in
the aircraft itself. The supplier’s identification numbers of each component
of the over-all subsystem shall be included.

5. PREPARATIONFOR

5.1 The VHF marker
accordance with the

6. NOTES

DELITJERY

beacon antenna subsystem shall be prepared for delivery in
instructions of the procuring activity.

6.1 Intended use, The VHF marker beacon antenna subsystem covered by this
specification is intended for use with marker beacon equipments.

6.2 Ordering data. Procurementdocumentsshould speci~ the requirements
herein.

6.2.1 procurement requirements

a. Title, number, and date of this specification

b. First

(1)

(2)

(3)
shouldbe

article samples and tests

Number of first article samples

Point of inspection

Point of delivery for samples (samples to be
shipped at least 60 dayspriorto production

c. Selection of applicable levels of preservation and

submitted for approval
installation) .

packaging, and packing.

a
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6.2.2 Contractdata requirements. When required,the data specifiedunder
4.7 will he listed directlyon a DD Form 1423 incorporatedinto the contract.

6.3 ~ical design information. The suppliermay obtain design and
installationdata for a typicalVHF marker beacon antennaupon request
to the procuringactivity.

Custodians: Preparingactivity:
Air Force - 11 Air Force - I.1

Project No. 5826-F076

15

. -.

@

Downloaded from http://www.everyspec.com



,... . . . .. . .

FoLO

@xs/ms
!4ri~ht-PattersQnAF%,Q ~5~~S PO)l TAGE AMO VCCD ~AIO

OFFICIAL BUSINESS

@C P,3RTMCNT 0P 7MC A$Fd PORCC

PENALTY FoR PRIVATE uSE SM4
DoD-318

. . 0

FOLO

Downloaded from http://www.everyspec.com


