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EVALUATION OF A COMBIND OMNIRANGE-DISTANCE 
MEASURING EQUIPMEW AND RACON INSTALLATION 

INTRODUCTION 

This report describes certain teste conducted to determine the 
feasibility of eddlng a CPN-6 radar trenspondor beacon (commonly known ae a 
"Racon") to a standard VHF omnirange and alstance measuring equipment (DME) 
1nstd.1at1on. Testa were made to determine whether any Interference to the 
n0rm.l operation of omnirange or DMY3 would be lntreduced a8 a result of the 
lnstellatlon and operation of a closely ad.Jacent CPN-6 racon. The flrl.31 
plan of installation required complete redealgn of the DME trenspondor an- 
tenna, and modlfxatlon of the omnlrenge antenna. Tests were conducted with 
both high and low stabillty typea of DME as well as with both single and 
double pulse systems. Teets falled to reveal lnteractlon or interference 
of any type -ng the three equipmenta, however, the combined lnstallatlon 
proved to be a somewhat cumbereome undertakIng with several disadvantages. 

The work covered by this report was undertaken &B a result of & re- 
quest made by the Department of the Navy to the Office of Federal All-ways. 

EQUIPMENT 

CPN-6 Racon 
The car-6 ia a heavily conetructed 3-centimeter microwave radar 

beacon designed for ground or ship installation, and 18 Intended primarily to 
serve a8 a navigational aid for alrcraft equipped with euitable radar. The 
beacon radiates no si@al until Interrogated by .a 9275 MC (X-bend) radar 
pulse of $= to 5 mlcroseconda in duration. The beacon then repllea with a 
train of one-half microsecond pulses, their number and spacing forming an 
assigned code for ldentificatlon purposes. Peak power of the beacon reply 
18 approximately 40 kw on an X-band frequency of 9310 MC. A horxontally 
polarized antenna 1s employed consisting of two linear arrays, one for re- 
celvmg end one for tranemlttlng. Each array conslets of 12 rings of 7 slots 
each unlfotiy spaced around a circular wave guide. The two arrays have 
identical radiation patterns, nondirectional in azimuth and with a vertical 
beam width of five degrees at the half-power points. 

Dletance Measuring Equipment 
The DME ground equipment 18 a. radar-type transponder operating on 

L-band frequencies from 960-1215 MC. A common antenna is used, fed through 
50-ohm RG-17/U cable. Except for a random squltter to operate the automatic 
frequency control, .there 1s no signal radiated until lnterrogatlng pulses 
are received from an aircraft. Pulse for pulse, the transponder repllee with 
pulsee 1+ microseconds wide at a peak power of 2 to 4 kw. The antenna la a 
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vertically polarized stacked array with a nondirectional horizontal pattern 
end a vertical beam width of ten degrees. The antenna, which 18 mounted 
above end coax:ally with the omnlrange entenna, has developed into two types. 
The type manufactured by Hazeltine Electrormcs Corp. for the experimental 
system consists of a lightweight alurmnun and stainless steel structure four 
wavelengths high, conslstlng of eight half-wave diamond-shaped radiators 
mounted on each side of a central structze. The entlre unit 1s protected 
by a l@itwelght flbreglaso cover. The type menufoctured by Federal Tele- 
communication Laboratories for the experimental system conslsts of a stacked 
array of nine dIscone elements anchored together with fibreglass rods, and 
further strengthened by a heavy flbreglass housing. 

Omnirmge 
The VHF omnirenge 18 a navlgatlon feclllty now 1n commlB8loned 

operation at many locot.tlons throughout the country. The omnircnge trens- 
nltter radiates a cw algnol mth an output power of 200 watts. For optimum 
accuracy of azimuth detemnotion, an antenna pattern approaching that red- 
lzed in free spilce 18 desirable. Large ObJeCts mounted near the entcnna can- 
not be tolerated, and eny ObJeCt 50 feet or higher wlthin a dist,ance of 1,000 
feet radius is highly undesirable. 

INSTALLATION AND OPEHATION 

OrigInal Installation 
The CPN-6 first was installed, together tith a single pulse type 

DME trnnspondor, 111 a small bulldlng located approximately 250 feet from the 
omnlrange statlon, 8ee Fig. 1. The CPN-6 antenna with conncctlng waveguiaes 

wa8 mounted about 40 feet above the ground on the seme pole as the DME antenna 
as shown In Fig. 2. A speclolly designed adjustable mounting bracket was de- 
algned to allow Its posltion to be made absolutely vertical. Fig. 3 is a view 

of the complete DME-CPN-6-FOR ~nstallatlon. Operntlon of both the DME and 
the CPN-6 at this alto for a period of several months proved conclusively 
that it wo.~ feasible end completely setlsfactory to operate the two equip- 
ments In the 8eme bulldlng. Speclflc tests deslgoed to detect mteractlon or 
lnterferonce between equipments were negative, both from a video and from a 
radio frequency point of view. 

During this tine many flights were made In conducting tests of the 
DME. On many occasion, while checking the operation of the CPN-6, It was 
found that on alrcraft wae! lnterrogntlng the recon, The Air Matter14 COm- 
mend, Wright-Patterson Air Force Base, reported that a B-17 made three runs 
over the racon zt altitudes of 10,000, 7,500 and 5,000 feet. Continuous in- 
dicatlon wo6 recelvcd from the racon each time up to a distance of 80 nllee 
from Indlanapolla. 

A short time after installation of the CPN-6, a multiplex DME BYE- 
ten employing two pulses wa8 installed. At no tine did the operating cherac- 
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teristics or the efficiency of either equipment seem to be affected m any 
manner by the presence of the other. 

Combined Instsllatlon 
The comblned lnstallatlon presented the problem of mounting both 

the DYB and cm-6 antennas coaxislly above a sts&ara VHF omnirange antenna 
with proolslon for two X-band waveguides to pass through both the Dkd3 and 
0mn1renge arrays. The most dlfflcult portion of the problem was to carry the 
waveguldes around or through the DME antenna mthout dlsturblng Its Impedance 
or radlatlon characterlstlcs. To design and produce a DKE antenna that would 
meet these requlrements, a contract was let to Federal Telecommunication Lab- 
oratories, Inc. 

Using their orlglnsl DME dlscone sntcnna, the first solution was a 
straightforward approach, viz., placing the waveguides around the DME an- 
tenna m a gradual spiral, always keepmg the small dlmenslons of the wave- 
guide aclJacent to the flbreglass hous-, See Fig. 4. The standing-wave 
ratlo versus frequency of the antenna modlfled in this msnner is shown as 
Fig. 5. Numerous DME flights were made using this modlfled antenna, and 
performance was normal at all times. However, a more clean-cut solution to 
facilitate mountmng the C!PN-6 antenxa was desired. It was evident that the 
basic design of the &scone type antema would have to be modified consider- 
ably to allow the waveguides to pass through Its center and retain the same 
lmpedence and radlatlon characteristics. As a solution, Federal developed an 
S-element stacked diphorn antenna, so-called because It radiates as a dipole 
but has the general appear-once of a horn. A new of the internal. ConstrUCtiOn 

of the dlphorn showmg the X-band waveguIde passing through the center 1s 
shown m Wg. 6, The standIng-wave ratlo versus frequency of the dlphorn 
antenna 1s shown 111 Fig. 7, and the vertlcsl antenna pattern 1s plotted in 
Fig. a. Fig. 9 shows an experimental arrangement dovlsed to secure the CPN-6 
antenna to the top of the DkE alphorn snd fecllltate connectIon of the wave- 
guuldes. This unwieldly assembly, welghlng approximately 150 lb., was mounted 
on top of the omnlrange antenna by bolting the assembly down on a &-inch pipe, 
which extended through and above the omnlrsnge antenna. As a safety measure, 
the assembly was guyed with nylon cords anchored to the omnlronge counterpoise. 
Wavcgulde and DME cable were passed through the b-inch pipe extending through 
the geometric center of the omnlrange antenna, snd secured to connections 
built Into the bottom end of the alphorn antenna. The complete installation 
1s shown as Fig. 10. 

The DME and CPN-6 were placed in continuous operattlon for 81x weeks. 
After this period hhe combined array was removed snd a conventIona DME array 
was re-mstelled. This octlon was necessary because the combined antenna 
assem'~ly, belng connected by means of rigid waveguides and guyed to the coun- 
terpoise, msde It virtuelly lmposslble to rotate the omnirsnge antenna as- 
sembly for sny test or callbratlon purposes. 
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CONCLUSIONE 

Operating the three equipments satisfactorily at a smgle site is 
quite possible, but such an lnstallatlon x.mth the present antennas 1s far 
from being a desirable or practlcel arrangement. The experim&tal L-bsnd 
dIphorn antenna 1s conaxlerably lasger md heavier then elthcr the conven- 
tl~nd. Hazeltine or the Federal DIVE arrays and, when assembled to the CPN-6 
mtenr- &, presents a combination so heavy end awkward that a crane 18 required 
to effect the lnatsllatlon and renovel, The nsscnbly was dlfflcult, If not 
mposalble to service. 

At a stat.tlon where It 1s deslrnble to have the CPN-6 equipment 
assoc1xtod with the omnirenge nnd DME, two meth-x% of installation are pos- 
slble. The method to be chosen ml1 depenri lxbely upon the number of such 
installations and the future planning for the a?ddtlon of other types of 
equlpnents to the basic omnxange end DIG? faclllty. If only a few mcons 
are to be Installed, the racon antenna nny be mounted on a GO-foot pole ,:p- 
proxmately 250 feet from the omnirxnge and DKE bulldmg. A small buildmg at 
the base of the pole vlll be required to provlc'e shelter for the racon and to 
keep the length of the wavemdes to a mlnlllun. If, on the other hand, a 
large number of raclns ore to be ~nstzUc2, It would prove economical to de- 
sl@ a composite antenna mcorporatlng the radiators for the omnlrsnge, DME, 
end CPN-6, placing all equlpnents in one bullding. Basic techniques required 
in the design of such ill sntennz system are well tiown. However, eddxtlondl 
work would be required to arrive at a pro<uctlon design. 
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FIG 7 STANDING W,%“E RATIO OF DIPHORN ANTENNA 



FIG 8 VERTICAL RADIATION PATTERN OF DIPHORN ANTENNA 
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