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S MIL-A-Q080( USAF)
2 February 1954

MILITARY SPECIFICATION

_ iz amemmenan A maeema boy o reatm
ON COMMUNICATIONS EQUIFNMENT,
GENERAL SPECIFICATION FOR DESIGHN OF

1. SCCPE

1.1 This speci.ficatiofx covers the performance requirements for the
design of airborne antennas for use with liaison communication equipment,.
including the furnishing of engineering reports. -

2. APPLICANLE SPECIFICATIONS

2,1 The following specifications, of the issue in effect on the date
of invitation for bids, shall form 2 part of this specification to the ex-
tent specified herein:
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SPECIFICATIONS $

2
:

MIL-C-TL  Connectors myn For Radio Frequency Cables
MIL-C-3608 Connectors, ¥BNG®, For Radio Frequency Cables
UIL-E-5400 Electronic Equipment, Airborne, Beneral Speci-

f£ication For

MIL-R-6L71 Radio Set AN/ARC-2 ..
MIL-P-709L Plastic Parts, Aircraft Exterior, Geaeral Require-
ments and Tests for Rain-Erosion Protection of
MIL-P-8013 Plastic liaterials, Glass Fabric Base, Low Pressure
. Laminated, Aircraft Structural
MIL-F-gOL1 Plastic katerial, liclded Sandwich Consiructiom,
(lage Fabric Rase; Honeycomb Core, For Aircraft
Structural Applications
MIL-A-909L Arrester, Lightning, Integral Antenna
H1L.-T-9107 Test Reports, Preparation Of
(Copies of specifications required by comtractors in comnection with s
procurement functions should be obtained from the procuring agency or as

pecifies

directed by the contracting officer.)
3. REQUIREMENTS -

3,1 General.- The requirements, including material and vorkmanship,
specified in Specification Mil E~5400 are applicatls as reyuirements of this

specification.
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3.2 noaig. The antemna po cified herein is to bo installed during or afier
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in combination with a.nother antenna or antcnnu it shall be poasible to operate the
equipments simultaneously (in a receiving or transmitting condition) and with ne
interference, ons with the other. The antenna shall be suppliad together with the
necesasary transmission lines,. conneoctors, isolation units, liaison matching network,
and filters. .
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-2 General, Tha antesnna 2iml1l sansiazt = ) 2anla i

smeme .. asa> Smii somsise ©f an isclatesd nd.rurllﬁ 3%Ta0T/uUTe
moh aa a wing tIp or vertioal stabilizer tip, shunt fed element, notoh or other
system suitable for installation in aircraft and consistent with the position in
whioch it is to be mounted.

3e2.1.2 Preferred Antenna Conﬁ.ggrn.tiona. .The following basioc antenna con=
figurations, 1Tsted in order of their preference; are desirable fram the standpoint
of obtaining a standard coupler of the type now being produceds (ses paragraph 6.3)

-
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(b) Isolation of either wing- ng-tip.

If an antenna configuration is proposed which would require the development of a

different antenna coupler then the one being produced, the conmtrastor shall demon-
strate to the satisfaction of the contracting officer that the proposed antenna ia
<the on.l.y aengn suitable for installation on the airoraft in question or that it is

miich luper:wr To any other aoalgn.

3.2..1".3 Colleotion of Liquids. The aumtenna shall be so designed and ins talled .

that no watay ar sthapr Hdguid esn eollect in any pertion of the antsnna when ths
airoraft is on the zround. or in flight.

3¢2.1.ly Toinge The antenna shall be constructed to withatand the most severe
ioing conditions encountered in flight. The antenna shall be designed to minimize -
undesirable performance effects dum to i.oing

3e2.1.5 Disleotrioc liaterial. The contractor shall submit a proceas specifi=
cation in accordance with §peoﬂ'ioat'lon MIL-P-8013 or Spociﬁoatton E[L-Beﬂm, cover-

Lt 4-\\- manitPandiiwduns and PCahed Lemem mesmovomm mend o adel.
sy ML UL R VUL ALl S &uu;suuu&u& pivuoaes aau mSLhnods of sootrol of mmuxuoturlng
variahles of any nlastio matarial uzad in tha ammstruation aff tha acéacan L I . .
= — P ——a - —— - Teew Wlaaw i ww Vawis Vi VUT auvILLRe 4 iLdD

process anoa:lfio;tion shall be in addition to any approved genparsl process specifi-
oation the contraotor may now have and shall be suh;jeot to the approval of the
Proouring Agency.

-
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' Repsion Rasistanna. Plutia mt.r:ll.ln used in the !'Lhrica.tion of

Z 9 R.1
s6:1 Ercsion Resistance. Plastic materi
any pl.rt or the antenna shall meet the resistance to rain erosion requirements of
Specification MIL-R-70GL or all exterior plastio parts shall be protected with an
erosion resistant material so that the ocmbination shall meet the roquiremntl of
Specification MIL-P=709L and Specification MIL-P-8£013.

3.,2.1.5.2 -External Radii of Curvature (Cap Type Antennas). The oonducting

portion of the antempa structure shell be desisned to provide large, smooth radii

*  of curvature on all external edges and corners, to reduce pr'oipitation static

*. caused by DC corons discharges. If sharp trailing edges and corners are required
for .aerodynamio reasons, the airfoil may be completed by insulating material
attached to the metal of the antenna structure. BRadii of curvature of the antenna
metal shall not be less then one half inch.

3.2.2.1 General. The antenna system shall be designed to operate satisfac~
torily over the frequency range from 2 to 2l megacycles per second and to receive
and transmit radioc communication signals essentially ommidireotional in agimuth.

3.2,2.2 Antenna System Efficiency. The antenna system efficiency of the pro=

wansad andanna [(ena mowaswanh A_J._ 11 -h-'l’ ha d.{'.minnd f‘nr +ha fﬂl'lg'iﬂ' g‘rnuunn- )

pPUeSvVe suiveiie \www —_" R e WP e R W S—- e e

ciess 6, B, 10, 12, 1, 16, 18, 20, 22 and 2} megacyoles per second. The antenna
system etficioncy shall be at 1eut 50 peroent of the antemnns system effloiency
for the reference antenna (specified in Lie342 of this specification) at emch of the
above froquoncies. The average of the antenna syatom efficiencies at ths a‘bove

frequencies for the propoua antenna shall be mo less than that for the relorens
antenna. :

3,2.2.3 Power Transfer Efficiency. The power transfer efficiency of the pro-
posed antenna system (see paragraph 6.4.2) shall be no less than 25 percent at any
frequency below 6 megacycles and above 2 megacyoles per second. The average power
transfer efficiency over the froquoncy range of 2 mgacycles per second to 6 mega-

‘cycles per second shall be at least & percemte IThoss freguenmciss withim ths above

range, for which the ‘length of the path from the top of the vertical stabiliszer
aleng the front of the fin and ton ocenterline aof the aircraft to the leading edge
of the wing root and thence a.long the wing leading edge to the t:l.p is less than -
0.25 wavelengths, shall not apply.

3:2.2.4 Antenna Matohing Units

3.2.2.4:1 General. An impedance matching unit shall be provided to tramnsform
the antenna impedance to a value that will give a voltage standing wave ratio of
2 ©l, or less, on 'the 50 ohm coaxial tra.nuinim line between tho transmitter and
the antenna. The contractor shall prepare a specifioation covering the detail
requirements for a satisfactory impedence matohing unit. If at all possible, the -
matching unit referred -to in paragraph 6.3 shall be used. The specifica.tion shall

be subject to the approval of the Procuring Agemcy.
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32,242 Mstching Unit Efficiency.- The power transfer efficiency of -
‘the matching unit (see paragraph 6.4.3) shall be the highest obtainable con-
sistent with good engineering practice, ’ :

5¢2.2.4¢3 Impedance Matching Ability.- The matching unit shall be ca-
pable of aut.mtI&';IE matching 5&5 antenna impedance including the tolerance
specified in L.l.2.5, using only the information popvided by the radio trans-
mitter, and within a time limit not to exceed 10 seconds,

302.2.44l4 Voltage Stan Wave Ratio.- The desigp and installation of
the antenna and e unit s that the voltage standing wave
ratio produced on any part of the coaxial cable bestwesnthe transmitter and the
entenna matching unit shall not exceed 2 to 1 when the liaison equipment is
transmitting at any frequency within the 2 to 2l; megacycles per second range.

3+2.2.5 Lightning Protection.- The antenna shall be provided with a light-
ning arrester, designed in accordance with Specification MIL-A-9094 to protect
the antenna and associated equipment from damage dus to lightning strokes.

3.2.2,6 Rf Corona and Voltage Breakdown.- The proposed antenna shall be
so designed that no evidence of corona or voltage breakdown shall occur at the
maximm altitude of the aircraft when a voltage 50 per cent 4in excess of the
maximum calculated peak voltage is applied across the antenna input terminals.
The maximum peak voltage shall be based on the maximum peak modulated power
delivered to the antenna terminals at tne frequency where the impedance is
such that the gap voltage is yreatest. ’

3.2,2.7 Transmission Line and Comnectors.- The antenna shull be s0 de=
signed and installed that connection can be readily made to the associated radio
equipment through the shortest practical length of rf coaxial cable using ap-
propriste transmission line connectors specified in Specification MIL-C-7, or

MIL-C-3608, HN type comnectors shall meet the requirements of this specifi-

amd £ r 4

cation, (See 6.5)

30242.8 Selective Isolating Devices.~ If the proposed iiaison antemna
15 to be used Tn conbTnation wth-another anbenna or ambennas in & multiplexing
system, the contractor shall provide the necessary isclation units and filters
required for satisfactory operation of all the equipments involved. The con-
" tractor shall submit a specification covering the design and fabrication of
each isolation unit necessary to provide satisfactory multiplexing of the equip-
ments. The specification shall be .subject to the approval of the proaring agency.

3.3 Required Keasurements:

3+3.1 Radiation Pattern Measurements.~ The contractor shall dbtain the
radiation patlerns of the proposed antenna at full scale frequencies of 2, 4, 6,
g, 10, 12, 1L, 16, 18, 20, 22, and 2 megacycles per second and the radiation
patterns of theieference antemna (specified in L.3.2 of this specification) at .
frequencies of o, &, 10, 12, 1i, 16, 18, 20, 22, and 2 megacycles per second.

The methods of measuremeni shall be as specified herein,

5 o

ot
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3,3,2,1 Generals The impedance of the proposed antenna shall be measured
over the full scale frequency range of 2 to 2, megacycles per second. The initial
measurements shall be made on 8 soale model of the aircraft for the purpose of
arriving at a satisfaotory electrioal design prior to installation of the antenna
on a full soale airoraft. Full socale measurements shall be made on the prototype
antenna installation for camparison with the model impedance data.

3.3.2.2 Model Measurements. The impedance of the proposed antenna shall
be determined over the Tull soale frequenoy range of 2 to 2} megacyocles per second
by installing the antenna on a scale model of the alrcraft for whioh it is being
designed. The impedance of the antenna shall be measured at model frequenoies
corresponding to full soale frequency intervals of 1 megacyole over the frequency

..... ad D &5 Ol marssvoles ner senond. The maasuremants ahall be made at more

JBUERY Vi & VW &y wvpRvyVave pus SYTVes = sew —_—— e e T

frequent intervals where it is npecessary to establish the minimum or maximum value:
of resistance or reactance in the above frequenoy range, The methods of measure-
ment and the test conditions shall be as speoified herein.

%.3.2.3 Full Soale Airoraft Measuremnts. The impedance of
antenna shall be measured over the frequenoy range from 2 to megaoyocles
seoond in 1 megacycle intervals or less with the antenna installed on the full
scale airoraft., Msasuremsnts shall be made with the airoraft in at least two
different looations, for example, on reinforoed comcrete, non-reinforced conorete,

or off the runway, The methods of measuremonts shall be as speoified herein,

3.3.3 Antenna Efficienoy. For “oap” type antennas the antenna efficienocy
(see paragraph G6.L.L) shall be determined over the frequenoy range from 2 to 6
megaocycles per second from the dieleotrio loss of the plastio isolating section as
speoified herein. For frequenoies above 6 megacycles per second it must be demon-
strated that the antenna efficiency is essentially unity. If an antenna is propose
other than a "ocap” type the contraotor shall submit to the Proouring Agenoy a pro-

posal of the method to be used in determining antenna effioienocy.

3.3, Matohing Unit Efficiency. The power transfer effiociency of the antenna
matohing unit together with the transmission line from the transmitter shall be
determined as speoified herein.

3.3.5 Corona and Voltage Breakdown., Tests for protection against oorona and
voltage breakdown sha made 1n accordence with L.4.8 of this specifiocation,

3.3.6 Operational Flight Tests. The antenna system shall be flight tested
using at least ten frequencies spaced through the range of 2 to 2; megacyoles per
seoond. Satisfactory voioce communication shall be demonstrated over the maximum
range for the frequency involved. At least one test shall be made over a distance
greater than 2000 miles, The flight test procedure shall be in accordance with
LoL4.9 of this specification. .
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3.4e1 Preliminary R o:rt.' A proii:imr,’y letter report shall be submitted
desoribing the intent, m%&ﬁ of approach, general outline, and target dats.

3.4.2 Interim Report. A letter report shall be submitted, desoriding smy

ohange in method, antenna program. or hrzat date as soon sz such infarmation is
lmawn-

. 3.4.3 Substantiating Data. Data from each of the msssurements used to design
‘and test the anteona shall be submitted to the contracting officer as soon as
practicabls afisr each test is comploted. The method of measuremsati shall be
desaribed and the results shall be olearly presented. In partioular, the following
data shall be nubmittad at ths timesx indiocated:

4

3.443.1 Preliminary Design Data.

.h.} 1.1 Prinoipal plané radiation patterns and .the ocorresponding radistion
pattsrn silicisncies for both tvhe prﬁ?ﬁiéu and the reierence antennas at each

frequenoy of pattern measurements shall be submitted when the pattern measurements
are oompleted. .

3.4.3.1.2 The impedance ohancteristio- of the proposed entenna shall be sub-
mitted when the nodol measurements are oonplotod. :

- %

7’4-70;09 A5 500L &5 The model J.mpvnlmu data has been ootunoa.a proumnlry

estimate of antenna otfio:lonoy shall be submitted.

3.4.3.1.4 A correoted ourve of the antenna impedance based on the model im-
pedanoce dats and the estimated shunt oapacitance and shunt conductance of the
dieleotrio material to be used in the gap shnn be sudbmitted with the preliminary
estimate of antenna effioienoy.

.h 3.1.5 A preliminary estimate of ooupler iffioionoy shall be obtained from
the oorreotod antenna impedance and shall be submitted with the prelimimary eatimate
of antenna efficiency.

3ei4e3.1.6 An estimate of the peak rf voltage which will eppear across the’
antenna gap at the frequency for which this woltage will be the highest shall be

-n‘h-ﬂ##..rl_ This sstimata ahall ha \.-..-i on ks ssrrssisd aﬁ“i_“ Ao dones a.l..-a‘ ea

the uti.mtod ‘ooupler efficiency assuming 150 watts of rf power available at the
transmitter and 100 percent modulation. Zthis estimate shall acocompany the pre- -
liminary estimate of antenna eoffioclienoy.
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3.Le3.1.7 A computation shall be made based on the preceding desigp data
and estinates to show that the propused antenna will meet the requirements for
antenna system efficiency and power transfer efficiency of this specification. The
computation shall take into account the nower diesinated in the transmission line

WU Y mwes westmme Veamew e=evw ST SIN 22T pPUNTC eSSy

between the transmitter and the antenna coupler. This computation shall be sub-
mitted as soon as the model pattern and impedance measurements have been corpleted

3;14.3.2 Final Design Data.- As soon as possible after the antenna and

isolating gap have been designed the foliowing data shall be mubmitied:

(1) Detail drawings of the proposed antenna and isolating gap.

(2) Final estimate of antenna efficiency based on full scale mclup
of gap region (for cap-type antennas). T i

(3) Corrected impedance data based on model impedance and the added
shunt capacitance and dielectric losses measured on the full
scale mockup of the gap-region.

(4) Measured transfer efficiency of the transmission line and an-
tenna coupler,

alr wé mﬂ{nm which will annear across the

L R dd VYVVEBRW Walawes Ly 3 e d -——
isolating antenna gap at the frequency for which this voltage
will be highest. (This estimate shall be based on the measured
transmission line and coupler efficiency and the corrected model
impedance assuming 150 watis of rf power available at the trans-
mitter and 100 per cent modulatiom.) :

~
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(6) Altitude chamber measurements of the rf brealldown voltage of the
. isolating gap at the highest altitude which the aircraft is de-
signed to attain.

3,4.3.3 Data from Prototype Antenna Installed on Aircraft.- As soon as
practicable afler an airoralt w%ﬁ'ﬁ the prototype antenna is completed the fol-
lowing data shall be submitted:

(1) Full scale impedmce measurements with the aircraft on the ground.
(2) Data from the £light test required by this specification.

3ehe343.1 Flight test reports must describe each test flight conducted by
the contractor and comment on any operating defects encountered and modifications
found necessary. . ‘

Beliels Final Engineering Report.~ A final engineering report prepared in ac-
cordance with Specification MIL-T-9107, shall be submitted not later than 60 days
after release of engineeriny design data. The final engineering report shall con-
tain a compilatien of all test data required by this specification, together with
a description of the method employed in obtaining the data and complete data on
the final design and fabrication processes for the antenna. (See 6.6)

P2eT S mmrSe VSRS s 595 S€%c SEEYRSYRS
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) h um.mc. INSPBGTIOl, AI'D TEST PROCEDURES i
h.l The antenna shall be subjeot to impootion by au‘ﬂloriud Govermment
inspeotors. When inspection is conduoted at the contractor's or manufacturer's
plant, tests shall be oonducted by the contractor or mamufaoturer under the
supervision of the authorized Government 1mpoetor.
L.2 Previous acceptance or approval of material or the release of any
design by the Proouring Agenoy shall in no case be oonstrued as a guarantee of
aoooptanoo of the finished product. -
"Le3 Test Conditions, )
ho3o_1 Equipmon‘b Roquir‘d. .
Boonton, Type 160-A Q-Meter or equivalent \
General Radio Typs 9JSARF Bridge or equivalent /
General Radio Type 1601 RF Bridge or equivalent
General Radio Type 1602A Admittance Meter or .equivalent
Bridge Detector, Battery Operated, 2 to 2 Mo
Bridge Deteotor, Battery Operated, 10 to 250 Mo
Bridgo Osoillator, Bnttory Operated, 2 to ﬁ; Mo
Bridge Osoillator, Battery Operated, 10 to 250 Mo \-/
Pattern Range to cover the model frequencies .. ' . :
“Soale Models 1/20th to 1/50th scale for pattern measurements, )

&/71?11 1 L/LWII SOBLT A10r 2EPOSUADOCD measurements.

Radio Set AN/ARC-21

Le3+2 Refersnce Antenma. The reference -ntom reguired in this specifi-
oation shall conslst of a Iixed-wire extending from an insulator conneoted to
the center tail fin, or in the case of double tail fin aircraft, from either
the right or left tall fin whichever is the more oconvenient, to an insulator .
on the top center line of the fuselage. The wire shall be -1xty-ﬁn foot in R
length or 80 peroent of the fuselage length whichever is shorter. The sntenma .
shall be suspended from the tip of the tail fin provided that the angle between
the fuselage and antenna is less than 15 degrees. If this angle is larger the
. point of suspension shall be lowered so that the angle equals 15 degrees. The
feed point shall be at the forward end of the antenna,

Le3.3.1 The scale model for impedance moasurements shall be large enc
to oontain all of the masuring equipment. It shall not be smaller than 1
soale nor lo.rgor than 1/5th scale and shall be oovmd with good oonduoting

—md B

utunu °

L.3.3.2 A1} required measuremsnts shall be mde with the model in the olear,
at least 30 feet away fram surrounding objects and at least 25 feet off the
ground. It shall be supported by a dielestrio struoture. S

S 3050
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and the primary supply voltage for this eguipment
fource contained within the model, No external power leads or wirea of any

nature shall be conneoted to the model.
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the opera.tor away {rom the
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oonplately o.ny from the model after the ﬁml adjustments have been made; this
should produce no appreciable effeoct on the indioating instruments.

Le3.3.5 It is important that the oirouit losses of ths seotion of trans-
mission line and any other mstwork sonnsoting the ambtemna o the measuring
epparatus be small compared to the power absorbed (radiated and dissipated) by
the antenma.

h. L Flight Tests (Test Conditions).

Li.3.5.1 Airborne Test Station. The airborne test station shall consist

P s A BT T A e N TR Y S s A ad 2 oman - =2 od camesa e Al o
of a standard Radio Set AN/ARC~Zl installation im the aircraft having the
mmadtadarne sndanne tnedalladlian Tha wadia ahal1l ha +imad and addunet+a’d 4n
ytvvuuypv ALl VOMIIIG &AlLD VRAMA VAVLLS ®AAV S RUAV DUV SuRLse WY VIMLVE WAL GU U VWK s
aogordance with the teate for performance in test instal lations as speoified

Le3.4.2 Ground Test Station. The ground test station shall oonsist of e
Radio Set AN/ARC-21 wh:loh has met the tests for performance in test installa-

1:1ons as specified in lje3.l4.3, conneoted through a minimum length of rf ocable

wamdl anYVler maloawd cad suarrnd wbdaddanm andanna A11 wAanmd obkaddan
n\!-U/U \-U ﬂ v“‘ UJ-U“-‘J Pv‘u 4 DO 5‘ VWAL OVAVLLVI Gl vOiIAAG 9 ol A Bl\lwu QO VEAVAVAL
equipment shall be connected and ad{iustad according to the best installation

and operating praotice. The groumd station standard antenna shall be located

on terrain that is roa.sonably flat and free from objects that would ocause radio
reflections. The site selected shall be subjeot to the approval of the Proocuring
Agenoy. .

. 2 ). 2 Dadlda Qad AW /ADO_ 01 Dowfremamas d;m Paask Tnabal Tadians AW /ann_m
LGejells) ABULU VS L m:[u\v—u 4Ol AVINRUIVY 4. 400V LAUD VERALQVLILVIUID e a.“/n.nv-(-
equipment which satisfe. EorIly meets the operating requirements of Speocifiocation

the Governmont onginoor or 1ncpootor auignod to the pro;jaot ahall have tho
authority to require suoh additional tests as he considers neocessary to assure
proper operation of the equipment.

| P T PO | [ POV I N - S S [} VY ST T T 1 [ S 1

Ledellel}e LVOINIMIIA DAL UOS sl man ) 415 vquipmouv snali oo s ouna
tastad aPraw installation in the slrars bt nw swarnd statdane. Radia Qad
VO VIWM ®BRa VYV A VAR 4L VA VAL &dd WENRS WRd A Vi SRaA Y wa b‘ WWAMNA P VA VAVIMODS AWMLY YOV
AN/ARC-21 shall be properly .i.n_.nt_l ed and conneoted in accordance with tha

inatallatzon only, a suitable nonitoring device shall be employed which will
give an indication proportional to the rf power supplied to the antenna. This
power meter is to be used to monitor the trensmitter output to determine during
flight tests that the eqxipment is oporating satiaf‘aotoriiy. The monitoring

method shall be BUDJGO'G to the npprovax of the rrocu.rlng Agency.
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L.}y Methods of Measurement.

L.l Radiation Pattern Mesasurements. Radiation patterns of a soale model
of the airframe with the antenma installation shall be pletted on a model
pattern range. The three prinocipal plane patterns and a set of patterns in
whioh # is variable and @ has the values 0°, 25°, 37°, LS°, 53°, ¢0°, 66°, 72°,
8L°, 90°, 96°, 102°, 106°, 114°, 120°, 127°, 135°, 143°, 155°, and 180° shall
be obtained for both the p and the ¢ polarigzations. (For a definition of these
angles see Fig. l.) These patterns shall bs plotted inm polar ooordinates with
relative field strength plotted radially on a linear soale. Care must be taken
that all the patterns at a given frequenocy are plotted to the same soale (i.e.,
radiated power and deteotor sensitivity constant for all patterns at a given
frequenoy).

L.4.1.1 Rediation Pattern oienoy. The radiation pattern efficiency
for each frequency shall be caloculated from ths set of radiation patterns as

follows:

(1) For each polarization obtain thrdugh the use of a planimster
- the area enclosed by each of the measured linear polar pat~
tern plots. X
(2) For each of the specified values of © add the two areas from )
- (1), above, corresponding to the two polarisations.

(3) Plot the values obtained in (2) above, as a fumotion of
. 008 © (=15 0088 = + 1) on a rectangular ooordinate ohart,
and draw a smooth ourve through the plotted points.

with the aid of a planimeter the total area under the
ourve given by (3) above, betwsen © = 0° and @ = 180°,

~~
=
~r
Q
[
<k
-
b

(5) Obtein with a planimeter the area under the ocurve given by
(3)-above and bounded by the straight lines whioh correspond
to the two limiting values of @ , that 150 = 60° and € =
120°,

(6) Divide the area obtained in (5) by the area obtained in (k).

- —em o mree BN 2 ___ N o -
This ratic is the 'radiation pattern effiociency™ for the

frequenoy at whiqh the pattern set was measured. It must
neoessarily lie in the range zero to one.
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lss.2 Impedance Msasurements (Model). The oontractor shall have the privilege
of using any one or any oombination of methods to measure the impedance, provided
that such methods are appropriate to the frequency range, and to the impedance
values being encounteted. If the authorized govermment 1napeotor considers the data

- o - - Py Aamm o mao PPy Ty =t 11
cbtained from these msasursmsnts o bs of gqusstiomabls accuracy, the contractor shall

repeat thé measurements by any one or any combination of the methods which the
inspeotor shall designate. The following is a list of recommended

mathods,

Lelie2.1 RF Bridge Substitution Methods With an rf bridge installed in the
model and connected to the antenna terminals by a low loss seoction of ooaxial
transmission line, adjust the bridge to obtain a null, Without altering the dbridge
settings, remove the antenna from the end of the transmission line and replace it
with an edjustable dummy load. Adjust the dummy load until a null is again obtained,

* - - el o wn [SY G evN ——— mn an 8. e o a - B A o e = = oy 3 Py
then remove it from the transmission line and msasurs its impedance om an rf bridge.

4.Lh.2.2 RF Bridge Substitution Method (PartSel Match). In using this

method of impedance mgﬁurement, the prooedure outlined in the precoding paragraph
is modified as follows: A small low loss matohing metwork is installed at the
antenna feed point to provide a more favorable impedance, from the standpoint of
rf bridge errors, at the bridge end of the ooaxial cable. At each point of the

measurement, the mtomng network is auaus‘con until a low VSWR is obtained at the
rf bridge end of the cable, and the procedure outline in L.[;.2.1 is followed.

Le4.2.3 Direot Methode An rf bridge is installed at the antenna feed point
or, if this is physically impossible, at a point within the model where conneotion
to the antenna can be made with a short straight seotion of low loss air-dieleotrio
coaxial line. The antenna impedance is either obtained direotly, or in the ocase of
the ooaxial line, oalculated from the impedance at the bridge terminals by con-
ventional transmission line transformations. The length of soaxial line must be

alaced 2o o o e S e ass =dd oo A oA 8oa o __ _ __ _

SnVrv in UOlanl'llUﬂ 'GU a WIVB.IOBS'EH atv ‘UI'IB lrequonoy of measurement to RVOIQ 8rrors.

h.h.2.ls Susceptance Variation Method. When the linear dimensions of the

ﬁ__'-_vﬁ RISV|RIDLE FORAATSS LT dbLN MBS @ W Sa o Gane

air-frame are oonsiderably less than a half wavelength, the resistance of a cap~
type antenna is very low and the reactance is high. In this case there is no
standard measuring instrument suitable for the impedance range, yet small enough
to be mounted in the model. To obtain the impedance in such oases a parallel
resonant cirouit can be oonstruoted and the antemna conduotance measured by
varying the oapaoitancd (Fig. £). Both the detector and aignal source must be

- v o -l del ods dolae acmdacena e
very loosely coupled. The circuit is first resomated without the antenna by

adjusting C;, and the width of the resonant ourve between half power points is
measured by varying the vernier condenser, Cy; which is in parallel with the main

tuning oondonser, 09 » The conduotance of the unloaded oirouit is 6, = E_’_A_C_'
where 4C; 1is the change in capacitance between half power points. - 2

-’
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. The antenna is then connected and the circuit resonated again by adjusting C,
with Cy returned to its initial position. The change in C, is the capacity

of the antenna, and the width of the resonant curre:fis obtained in the same

manner as before. The conductance of the loaded circuit is 1 =G+ Gye

A limitation on this method results from the fact that the antémna conductance,
Ggy in some cases is as small as 1 micromho, while the susceptance is of the

order of 1000 micromho, so that even with coil Q's of 300 or L0O, 0; is large
compared to Gge To overcome this difficulty, a vacuum tube circuit which is
equivalent to a negative conductance can be added to raise the Q of the circuit.

Stable Q!s of the order of 1000 to 2000 can be obtained in this manner.

Lelye3.5 Nominal Impedance Curve.— Plot a nominal antenna impedance curve
based on the measured model impedance data. The following tolerance shall be
placed on the nominal impedance values for the purpose of matching unit design.

a. Resistance & (20% + 1 om)
b. Resistance * 20%

L.h.3 Full Sisze Aircraft Impedance Measurements.- The General Radio Type
916A RF Bridge ar equivalent together with the Bridge Oscillator and Bridge
‘Detector shall be installed inside the aircraft fuselage at any convenfient lo-
cation for performing the measurements, Connection from the rf bridge to the
antenna feed point shall be made through a length of RG-8fU coaxial cable. The
aircraft shall be .in the clear with no connecting wire attached. Primary power
for operation of the bridge oscillator and detector shall be obtained from a
source within the aircraft. lMeasurements can be made by one of the methods
descrived in L.4.2; other suitable methods may be used. - '

Lelieli Antenna Efficiency:

Lieltel4el General.- The methods for estimating antenna efrficiency described
below apply to cap-type antennas only. For other types of antenna these esti-
mates must be made by appropriate methods, and #the methods used are subject to
approval by the Bontracting Officer.

loliie2 Preliminary Estimate.- Measure the capacity and Q of the configu~
ration shown in Figure 3 with and without a slab of the dielectric material pro-
posed for use as skin of the gap. This configuration shall consist of a rect-
angular sheet metal plate of height approximately equal to the proposed gap
width, and about 1 1/2 gap widths' wide. It shall be supported 1/2 gap width above
a8 square ground sheet by means of two foam polystyrene supports. The sides of the
ground sheet shall be at least 2 gap widths long. The slab of dielectric material
shall rest on the ground sheet and siiall be fastened to the metal plate in a con-
venient manner. The edges of the dielectric glab shall be sealed in the manner
proposed for construction of the actual gap. Fiber orientation of the dieleciric
material shall be in the same dircction as in the proposed version of the antenna.
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" Lyolielse2ed Kouuremntl shall be made using a Boonton type 160-l Q-meter or

equivalent. Bnough data shall be taken to establish the ourve in the fro-

quency rmgo 2 to 6 mogaoyo.l.u per seoond, but at least oné point sha
a O_matar ahall ha nlanad off

AV |THMV VWL Simase TV pemvew ves >

e o e meFasys ~la

determined in every C.5 msgascysles.

side of the gap near one of the ‘—‘PP rts. It shall be seourely grounded to

the ground sheet which, in turn, s be grounded to a water pipo or other
good ground connection. The loads to the meter shall be as short as praotioal.

I-'O
H

Bielielye242 A mecond set of measuremscots shall be made after immersing the dislss-
4ot slak in tap water 4-.... 72 hours, The slab shall then be removed from the

A o X°) SAR0 alk VB TRULEE A WVe i swweSS
water and wiped dry and allowod t0 dry further for five minutes at room temper-
ature, before repeating the measurement desoribed above. Moasuremsnts shall
start at the lowest frequenoy and be taken for 1noreuing frequenoiea. 411
measurements shall be completed within one hour after removing slab from water.
Lolielie2¢3 From these measurements the added shunt admittance due to the
dielectrio skin material in the gap shall be.estimated as follows:

Let Co = Capaoity in miorofarads required to resonate Q-moter ooil
P [y Al e

without external oconnection.

Q instrument with plate attached but without

1
trunont with phto attached and with

. AC = Change in oapacitanoce in miorofarads, read off vernier
. .dial with plate attached, with and without dielectric sleb.

f = Frequenocy in lio/sec.
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D = Gap width in feet (distance from isolated mstallio
seotion to main part of airframe).

Lelselie2li Then the added shunt edmittance aoross the gap due to the dieleotrio

skin is then given by Y, = G, + JB,, where ST

6y =2vf ¢, /_1 - \
) -\ @ 1/

@l
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Loliel1e2.5 The oﬁ‘oot of dielectrio spar seotions upon gap admittanoce shall be
determined by measuring the dieleotrio oconstant and loss tangent of a sample
of the spar material using oconventional teohniquea. Msasurements shall be taken

before and nfter soaking as speoified for the skin material. Yuring the measure-
ments the sample shall be oriented so that the glass fibsrs ars lengthwiss in
the field. The admittance of the spar sections shall be caloulated from the
dielectrio constant and loas -_g nt assuming uniform electric fields in the gap.
This admittanoe shall be added to the skin admittance to determine the total

Leljelje2.6 These reaults shall be used for oorreoting the model antenna impedance
as required in 3.3, 3.1.l4 of this specification, as well as for estimating the
antenna efficliency. For correoting ths model impsdance at frequsncies above 6
megaoycles it may be assumed that Yd:jBd=j2Wf ACL  where AC is that
measured at 6 megaoyoles per seoond. To show that this is a reasonable assumption,

S =

the - Eieleotrio ognsvtu;i: and loss‘faotor of the dieleotric material shall be

| SR T | = R | = — ko [ -~ P L oo cmmmmteccccnembe o .e a2l mn emsmleremm - -
Leliel4o3 Final Estimate. For thess measursments a full sizs mockup of th
and surrounding alroraft structure shall be built. The same mockup as re-

Leliehe3.1 The capacity and Q moross the antenna gap shall be measured with -
the isolated oap supported by polystryreno foam at the proper distance. Msasure-~

ments shall be made using a Boonton type 160-A Q-meter or equivalent. Enough
2 + 1

data shall be taken to establish the curve in the frequency range from 2 to 6
megacycles psr second but at least one point shall be determined in every 0.5
megacyoles. .

helielie3+2 The above measurements shall be repeated with the oomplete gap
struoture proposed for the final version of the antenna, inocluding fiberglas
laminate paneis and suppori:s. 1ightning protoctive dovioos, isolation units,
connectors and any other equipment whioh will be placed in the gap.

L.ielie3.3 These data shall bs used to compute __t.g efficiencies and to
ocorrect the impedance measurements of seotion lg.h 2 as required in 3.4.3.2 of
this speoifioation.

L.4.5 Matohing Unit Measurements.

Le4e5.1 Estimate of Power Tranmsfer Efficiency of Matohing Unit. The
effioiency of the impedance matohing unit shall be estimated by use of the
charts, Figs. L and §. The procedure for using these charts is as follows:

(1) The antenna impedance shall be normalized to the oharaoter-
istioc impedance of the transmission line from the trans-
mitter to the matohing unit.

(2) For frequencies bstwesn 2 Ha and 15 Mo use’ the chart of Fige
5s Find the polnt corresponding to the normalized antenna

hart. The matohing oircuit effiociency shall
nterpolation between contours of constant

d’O
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effioienoy ( Rt = oonstant).

(3) At frequenoies above 15 Mo prooeed in the same fashion using
the chart of Fig. 4.

Li.5.2 Measurement of Power Transfer Effioienoy of Matohing Unit and Trans-
mission Line, The power transfer eificlenoy of the transmission line and antenna
matohing unit shall be measured together; this effiolency is the product Ny Nc &
It is the ratio of the power input at the antenna terminals to the power input at
the ovaxlial 1line between the transmitter and entenna.

Liel4e5+2¢1 The contractor shall have the privilege of using any one or any com-
bination of methods to measure the efficienoy of the matching unit and transmission
line, provided suoh methods ‘are appropriate to the frequenoy range and to the
impedence values of the antemna. If the authorized Qovernment inspeotor considers
the data obtained from these measurements to be of gquestionable accuracy, the
oontractor shall repeat the measurements by any one or any combination of methods
whioh the inspecotor shall designate. The following is a list of recommended methods:

L4.4.5.2.2 Three Impedance Method. In this method the matohing unit shall be
terminated in a dummy load whose impedance shall be that of the antenna at the
frequency of measurement. The dummy load shall bes constructed so that most of the
power is dissipated in a single resistor, R,. An rf power source shall be applied tq‘\/
the transmission line and the matching unit allowed to ommplete its normal tune-up
oyole. The input shall be then disoomneoted from the rf source and oomnected to an
impedance bridge. Three impedances shall be measured: For the first of these, Z,,
the dumy load shall be in the normal condition. The second impedance shall be
measuredwith the resistance oomponent of the dummy load shorted out; designate this
Zoe The third impedance, Z,, shall be measured with the resistance oomponent opened.
Tﬁo diagrams of Figs. 6A, 6B and 6C illustrate these measurements. The ratio of the
power dissipated in R, to the power input to the transmission line is

(o))

Ry | Z2~ Z3 I

R N R =

where flp is the transfer efficienoy of the reaotive part of the dummy load, and
Ry is the resistive part of Z,. If the dummy load is carefully constructed Ne
oan be made approximately equal to unity, and the formula above yields the
produot RNt direotly. In any osse np can be measured by the method outlined
above, To Uetermine Re the dummy load is oconnected direotly to the bridge. Henee

] (Zn"'z-a' )( z,- ,_2,)]

f I(Zz"' z“) I 4 \/

where the primes indioate measurements made with the dum‘,loac; alone. '

Ne
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Lelje5e2¢2.1 For cap=type antennss s dummy load built eccording to the
sohematio diagram of Fig. 6A is suitable. With oare in construction the losses
in the reaotive elements can be made negligible. The resistor, R,, shall have
suffiolent power dissipating capacity to absord the power applied to the load
during tune-up. It is not neocessary to kmow its impedance, bdut for acourate
measurements its reactance shall not be more than 20 peroent of its resistance.
Globar high frequenoy resistors have proved satisfaotory. Construotion of the
resotive part of the dummy load oan be simplified if a range of resistance values

is employed.

Bel4e5+2.5 Current and Resistanoe Heasuremsnt. 7The most straight-forward
scheme requires The measurement of ourrent and resistance at the transmission line
input and at the dummy load. The input and output powers are obtained direotly.
The effioienoy N N¢ shall be the ratio of power out to power in. In the ourrent=-
resistance method the ooupler shall be terminated in a dummy load of the proper
impedance in series with an rf ammeter. 4 source of rf power shall be conneoted /
to the input of the transmission line through an rf smmeter and the matching unit
shall be allowed to oomplete its normal tume~up oyole. When a matoh is obtained
the input-and load ouirrents shall be reocorded. The transmission line shall be
disoconnected from the power source and the impedance shall be measured looking
into the line. The output and input power shall be ocomputed (12 R ). When using
this method several precautions must be observed. To obtain the resistance values o’

‘asrrastly gsara must he talen ¢o Kean tha eirouit stravs oconstant gl_x_r;_gg measurement:

VULl VU VAY WRI VU M VY Vaave Nv avvpy ssvwmae ¥ wveSgw Tvees e S|TEILIOZC

It should be further noted that the ourrent measurements are subjeot to consideradl
error and that a 1% error in ourrent measurement produces a 2% error in oomputed -
power. On the input side of the network care must be taken to minimize strays to
ground between the ourrent meter and the point at which the matohing network input

impedance is measursd. On the output side of the network it is necessary to make

the meter part of the load impedance so that the series impedance of the meter and
the strays to ground are accounted for. This is particularly true when measuring
wing-cap or taile-cap impedances at 2 megacyocles whers the antenna resistance may be
very low. The meter resistance may then beoome an appreciable part of the total
load resistance. -lhus, ady change in meter impedanoe bestween the bridge msasure-
ment and the ourrent measurement may beoems a source of error. Of more concern

than the above considerations, however, is the faot that a number of different meter
ranges must ordinarily be used to measure the load ourrent over the 2 to 2, megaoycle
band beoause of the variation in antenna resistance. Aoocurate meter oalibration

is therefore a necessity.

proposed antenna shall be computed at each of the frequencies required in 3.2.2.2
of this specification by the following formulas R.= N R,N.N, where
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s = ANTENNA SYSTEM EFFICIENCY
W = ANTENNA PATTERN EFFICIENCY
la = ANTENNA EFFICIENCY
e = ANTENNA COUPLER EFFICIENCY
. = TRANSMISSION UINE EFFICIENCY

Np shall be computed from the model pattern measurements in socordance with
kil.1.1 of this specifioation. N o mormally cen be assumed to be unity in the
frequency range of 6 to 2}, megacyocles per seocond, however, the contractor shall
izlilonstrate that this 1s essentially true. The preduots of fjo Ny is the measured

ue of efficiency for the combined transmission line and antenna coupler w “red
in accordance with L.L.5.2 of this specification.

Lolie6el For-the reference antenna it shall be assumed thatfg =0.0 Np o The
antenna system effioienocy shall meet the requirements of 3.2.2.2 of this specifi-
ocation.

L.4.? Power Transfer Efficiency. The power transfer effioiency of the pro=
posed antenna shall be oompuied and a ocurve of efficienoy vs frequency shall be
plotted over the frequenocy range 2 to 6 megacyoles per seoond. Enough points shall
be oomputed to establish the ourve but at least one point shall be computed every
0.5 Mo. s .

Lielie7e1 The following formula shall be used to compute the power transfer
effioiency of the proposed antenna: Power transfer efficlency = Nafc ¢ Where Na
s the antenna effiociency estimated in mooordance with L.lh.L, . is the power
_branafer effiolenoy of the matohing unit, and n¢ is the power transfer efficiency
of the transmission line. n. and n, shall be determined in accordance with L.4.5.2
of this speoification,

Lolie742 The caloulated power transfer efficiency shall meet the requirements
specified herein. : :

liodie8 Corona and Voltage Breakdown. The antenna installation inoluding
lightning arrester, lead in, and isolation units if used, shall be tested for
protection against oorona and voltage breakdown., The tests shall be performed
at simulated maximum altitude in an altitude chamber, using full scale mockups of
the vulnerable regions of the antenna installation. Vulnerable points which shall
be. tested are the regions where application of the prinoipals of eleotrostatio field
theory indioates the probable presence of high voltage gradients. For isolated




Downloaded from http://www.eve?)gpec.com

-2l - , MIL-A~9080(USAF)
tip antennas such vulmerable points inoclude spar splioe regions, hinge joints,
angular dreaks in the isolating gap, leading and trailing edge, eto. Tests can be
nmade using a mookup of the entire gap region or, al ternmatively, they can be made
using seotional mookups of the regions of interest provided that the seotion tested
inoludes enough of the struoture on either side of the point of interest to insure
the similarity of eleotrio fields at the point under test.

Lee8s1 The rf voltage for breakdown or corona onset shall be established as
follows: At the simulated altitude (maximum and operational), the rf voltage
_ applied to the mookup shall be inoreased until oorona or voltage breakdown oocours.
The mmbient air temperature of the pressure ohamber during the test shall be
recordeds The rf voltage which causes the onset of oorona or voltags breakdown
shall be oorrected to minus L0 degrees C ambient air temperature. The frequency
used for this test shall be that at which maximum voltage is developed at the
terminals of the proposed antenna. The measurements shall meet the requirements
specified hereln.

LeLk.9 Flight Test Prooedure. Under the conditions specified in L.3.L of this
speoification the ocontraotor shall demonstrate satisfactory air-to-ground and ground-
to-air voioce communiocation at various altitudes up to the service oceiling of the
airoraft and distanoces from the ground station up to 2000 miles. Test freguenocies
to be used for a given distance and time of day shall be in acoordance with the
prediotions of the Central Radio Propagation Laboratory, National Bureau of Stan- ~
dards. At least ten frequenoies spaced over the frequenoy range of 2 to 2, mega-
oyoles per seoond shall be used. Frequenocy authorigation can be obtained from
the Proouring Agenoy. At least one test shall be made with the airoraft at a
distance greater than 2000 miles from the ground station. Information on ground

- station faoilities for the long range test oan be obtained from the Proocuring
Agency. For each test frequenoy used the oontractor shall demonstrate that
satisfaotory voioce communioation can be established at any airoraft heading.

Leolie9.1 Radiq Noise, Qualitative noise roooption shall be reoorded during ¢t
tuning operation oycle of the ‘matohing umit. .

Lolo9.2 Precipitation Static. Qualitative receiving checks during the course
of the operational flights tests shall be recorded.

5. FREPARATION FOR DELIVERY
5.1 Not appliocable,
6. WOTES ' ' .

6.1 Use., The antennas oovered by this specifiocation are intended to be
installed on airoraft and used with high frequency communioation equipment.

.-
WA
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6.2 The following publication may be of interest in connection with
tests specified herein:

Handbook for Maintenance Instructions for Radio Set AN/ARC-2L.

6.3 A satisfactéry antenna impedance matching unit for use with wing-cap
and tail-cap liaison antennas has been developed by Engineering Research
Associstes, Inc., St. Paul, Minnesota.

6.4 Definitions:

6.4s1 Antenna System Efficiency.- Antenna system efficiency is defined
as the ratio ol the power radiated into the solid angle included between 30
degrees above the horizontal plane through the aircraft to 30 degrees below
this plane to the total power input at the transmission line terminals.

6.4.2 Power Transfer Efficiency.- Power transfer efficiency is defined
as the ratio of total radiated power to the power input to thetransmission line
at the tronsmitter terminals. ’

6.4.3 Matching Unit Efficiency.- Matching unit efficiency is defined
as the ratio of the power delivered to the antenna to the power input to the
matching unit.

6.4.4L Antenna Efficiency.- The antenna efficiency is defined as the
ratio of the radiated power to the power input at the antenna terminals.

6.5 Specification MIL-C-3643 may be used as a guide in the determination
of the particular type of HN connector required in %.,2.2.7. ¥hen the parti-
cular type of connector has been established, the contractor shali satisfy
tihe procuring agency. The procuring agéncy will furnish the applicable
drawing, if available, for the type of connector used.

6.6 Ordering Data.- Invitations for bids, contracts and purchase orders
should stute the conditions for tne following:

6.6.1 The contractor shall reproduce the final engineering report re-
quired by 3.4.4 and accomplish distribution in accordance with a list to be
furnished by the procuring agerncy.

NOTICE: Vhen Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsidility nor any obligation whatsoever; and
the fact that the Goverrment may have formulated, furnished, or in
any way supplied the said drawvings, specifications, or other data is
not to be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereio,
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