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EVALUATION OF A COMBINED OMNIRANGE-DISTANCE
MEASURING EQUIPMENT AND RACON INSTALLATION

INTRCDUCTION

This report describes certain teets conducted to determine the
feasibility of adding a CPN-6 radar treanspondor beacon (commonly known asg a
"Racon”) to a standard VHF omnirange and distance measuring equipment {DME)
instellation, Tests were made to determine whether any interference to the
normal operation of omnirange or DME would be introduced as a result of the
instellation and operation of a closely edjacent CPN-6 racon. The final
plan of ingtellation required complete redesign of the DME transpondor an-
tenna, and modification of the omnirange antenna. Tests were conducted with
both high and low stability types of DME as well as with both single and
double pulse systems. Tegta failed to reveal interacticn or interference
of any {ype among the three equipments, however, the combined 1nstallation
proved to be a pomevhat cumberscme underteking with several disadvantages,

The work covered by this report was undertaken as a result of g re-
gquest made by the Department of the Navy to the Office of Federal Airways,

EQUIFPMENT

CPN-6 Recon

The CPN-6 is a heavily constructed 3-centimeter microwave radar
beacon designed for ground or ship installation, and 1s intended primarily to
gserve as a navigational ald for amircraft equipped with suiteble radar. The
beacon rediates no signel until interrogated by a 9275 Mc (X-band) radar
pulse of 2% to 5 microseconds in duration., The beacon then replies with a
trein of one-half microsecond pulses, their number and spacing forming an
aseilgned code for identification purposes. Peek power of the bescon reply
18 approximately 40 kw on an X-band frequency of 9310 Mc. A horizontally
polarized entenna 18 employed coneisting of two linear arrays, one for re-
ceiving end one for transmitting. Eech array consists of 12 rings of 7 alots
each uniformly spaced around a circular wave guide. The two arrays have
1dentical raediation patterns, nondirecticnal in szimuth and with a vertical
beam width of five degrees at the half-power points.

Distence Measuring Equipment

The DME ground equipment is a radar-type transpondor operating on
L-band frequencies from 960-1215 Me. A common anterna is used, fed through
50-chm RG-17/U cable. Except for a random squitter to operate the automatac
frequency control, jtherc 138 no signel radiated until interrogeting pulses
are recelved from an aircraft. Pulse for pulse, the transpondor replies with
pulses l% microseconds wide at a pesk power of 2 to 4 kw, The antermsa 1s a
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vertically polarized stacked array with a nondirectional horizontal pattern
and a vertical beam width of ten degrees. The antenna, which 1s mounted
above and coaxially with the omnirange antenna, has developed into two types.
The type menufactured by Hezeltine Electromice Corp. for the experimental
syatem consists of a lightweight aluminum and stainless steel structure four
wavelengths high, consisting of elght half-wave diemond-shaped radiators
mounted on each side of a central structare. The entire unit 18 protected
by a lightweight fibreglass cover. The type manuf-ctured by Federal Tele-
communication Laboratories for the experimental system consists of a stacked
array of nine diacone elements anchored togethcr with fibreglass roda, and
further strengthenced by a heavy fibreglass housing.

Comirange

The VHF omnirznge 18 a navigation facility mow in commissioned
operation at many locations throughout the country. The ocmnirenge trans-
mitter radiates a cw signal with an output power of 200 watts. TFor optimm
accuracy of azimuth determinsztion, an antenna pattern approeching that real-
1zed in free space 18 desirable, Large objects mounted near the antcnna can-
not be tolerasted, and =ny object 50 feet or higher within a distance of 1,000
feet radius is highly undesirable.

INSTAITATICN AND CPERATION

Original Tnstollation

The CPN-6 first wes installed, together with a single pulse type
DME transpondor, in a small building located approximately 250 feet from the
omnirange station, gee Fig. 1. The CPN-6 antemna with connecting waveguides
was mounted about 40 feet above the ground on the same pole as the DME antenna
as shown in Fig. 2, A specially designed adjustable mounting bracket was de-
gigned to allow 1ts position to be made asbsolutely vertical., Fig. 3 1s a view
of the complete DME-CPN-A-VCR 1nstallation. Operation of both the DME and
the CPN-6 ot this site for a period of several months provcd conclusively
that it was feesible =nd completely satisfaoctory to operate the two equip-
ments in the seme building., Specaific tests designed to detect interaction or
interfercnecc between equipments were negative, both from a video and from a
radio frequency point of view.

During this time many flights were made in conducting tests of the
DME. On many occasions, while checkirg the operation of the CPN-6, 1t was
found that an circraft wos interrogesting the racon. The Air Materiel Com=-
mand, Wright-Patterson Air Force Base, reported that a B-17 made three runs
over the racon =t altitudes of 10,000, 7,500 and 5,000 feet. Continuous in-
dication was received from the racon each time up to a distance of 80 miles
from Indianapolas,

A short time after installation of the CPN-6, a multiplex DME sys-
ten employing two pulses was installed., At no time did the operating charac-
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teristice or the efficiency of either equipment seem to be affected in any
manner by the presence of the other,

Combined Installation

The combined instellation presented the problem of mounting both
the TME and CFN-6 antennas coaxially aebove a standerd VHF omnirange antenna
with provision for two X-band waveguides to paes through both the DME and
omnirenge arrays, The most difficult portion of the problem was to carry the
waveguldes around or through the DME antemna without disturbing 1ts impedance
or radiation characteristics., To design and produce a DME anterma that would
meet these requirements, a contract was let to Federal Telscommunication Leb-
oratories, Inc.

Using their original DME discone antcnna, the first solution was a
straightforward approach, viz., placing the waveguides around the DME an-
tenna 1n a gradual spiral, elways keeping the small dimensions of the wave-
guide adjacent to the fibreglass housing. See Fig. 4. The standing-wave
ratio versus frequency of the antenna modified in this manner is shown es
Fig. 5. Numerous DME flights were made using this modified anterma, and
verformance was normal at all times. However, a more clean-cut solution to
facilitate mounting the CPN-6 antenna was desired. It was evident that the
basic design of the discone type antemma would have to be modified consider-
ably to allow the waveguides to pass through 1ts center and retain the same
impedence and radiation characteristices. As a solution, Federal developed an
8-element stacked diphorn antenna, so-called because 1t radiates as a dipole
but has the general appeerance of a horn. A view of the intermal construction
of the diphorn showing the X-band waveguide passing through the center 1s
shown in Fig. 6., The standing-weve ratio versus frequency of the diphorn
entenna 1s shown in Fig, 7, and the vertical antenna pattern i1s plotted in
Fig. 8. Fig. 9 shows an experimental arrangement devised to secure the CPN-6
entenna to the top of the TME diphorn and facilitate comnection of the wave-
guides. Thia unwieldly assembly, weighing approximately 150 1b., wnsg mounted
on top of the ommirange antennan by bolting the asasembly down on & 4-inch pipe,
which extended through and esbove the omnirange antenna. As a safety memsure,
the assenbly waa guyed with nylon cords anchored to the omnirange counterpoisc.
Waveguide and DME cable were passed through the 4-inch pipe extending through
the geometric center of the ommirange antenna, and secured to connections
built inte the bottom end of the diphorn sntenna. The complete installation
18 shown as Fig. 10,

The DME and CPN-6 were placed in continucus operation for six weeks.
After this period the combined array was removed and a conventional DME array
was re-lngtalled. This ection was neceasary because the combined antenna
asger>ly, being connected by meana of rigid wavegmides end guyed to the coun-
terpoigse, made 1t virtuelly impossible to rotate the omnirange antenna ns-
gembly for sny test or calibration purposes.



CONCLUSIONS

Operating the threc equippments setisfactorily at a single site 1a
quite possible, but such an installation with the present antennas i1s far
from being a desarable or practical arrangement, The experiméntal L-band
diphorn antenna 1s considerably larger and heavier than either the conven-
t1.nal Hazeltine or the Federal DME arrays and, when asscubled to the CPN-6
antenna, presents a combination so heavy and awkward that a crane is required
to effect the inetallation and rercval, The asscobly was ¢ifficult, if not
inpossible to service.

At a station where i1t 1s desirable to hove the CPN-6 equapment
assocliated with the cmnirsnge ond DME, two meth-ds of installaticn are pos-
sible. The method to be chosen will depend lrr.ely upon the nurber of such
installations and the future planning for the acdition of cther typea of
equiprients to the basic cmnircnge and TME facility. If only a few racons
are to be installed, the racon antenna oy be meunted on a2 k0-foot pole op-
proxinately 250 fest from the crnirange and DME buildang. A smell building at
the base of the pole will be required to provide shelter for the racon and to
keep the length of the wovegmides te a minimum, If, on the other hend, a
large nuriber of racons are to be installed, it would prove eccnomical to de-
81ign a composite antenna incorporating the radiators for the omnirange, DME,
and CPN-6, placing all equipments in one building. Basic techniques requared
in the design of such an antcenna gysten are well known. However, sdditional
work would be regquired to srrive at a production design,
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