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TEST OF USKON CMTR M REDUCE VOR COw(SE SCAUOPING 

IN'IRODUCTION 

Thi.e report preaente the results of an Investigation regarding 
the uBe Of Uskon cloth to reduce VOR COu1Be ecalloplng. Information fur- 
nished by Region One concerning the inveetigation conducted on the 
Saliebury, Maryland, VOR to reduce the COLUBB ecalloping diBClO8ed the 
following: exceBaive scalloping between the 40' and 60' radiale prevented 
COEiBEdOhlg the facility. A preliminary survey wae made in November 
1952 by Mr. R. B. Gilroy of Region One to ascertain the cause of the exces- 
sive Course scalloping in the northeast quadrant. ThiB ~diminary BWVey 
eliminated the VOR and itB associated equipment aB the direct CaUB0 Of the 
course scalhping. A BeCOna inveetigation vaB conducted by Mr. Gilroy 
during January 1953, which mrrowed the possible cauae~ Of course BCallOping 
to the south and eaet face8 of the. AdminiBtration Building. The Administra- 
tion Building ie located on a 312" radial, 1200 feet from the VOR. To 
reduce the scalloping, a etrip of UBkon cloth, 4 by 5 feet, vae placed on 
the OUtBide of the VOR antenna shelter in a direct line vith the reflecting 
object and equally spaced above and below ths antenna surfaces. It v30 
aesumed that the Uekon cloth would attenuate the energy to the reflecting 
surface vhlch in turn would reduce the course ecalloping. Difficulty wan 
experienced tecause the Uekon cloth, in the vicinity of the VOR antenna, 
upeet the nulls and phasing of the VOR thereby producing bearing errore 
of large magnitudee. The elm of the UBkOn cloth strip MB reduced until 
a strip 12 by 22 inches had little effect on the station but produced the 
deslred results. Flight recordinge taken with and without the Uekon cloth 
In poeitlon, were forwarded to this Center to substantiate thee reeults. 

FIELD A?UI FLIGRT TESTS 

The Technical Development and Evaluation Center ordered a quantity 
of Uskon cloth to evaluate the findings of Region One. A four-loop VOR 
eystem vith polarizer W&B usea for this evaluation. The antenna array w38 
placed on a nine-foot diameter couaterpoiee eight inches above the ground. 
A screen I.50 feet long and 25 feet high, conaietiag of No. 12 COpp0rweld 
wires spaced 16 inches apart, va8 ueed a8 the reflecting Bu.rface. The 
reflecting surface was placed approximately 600 feet from the VOR anten.tIS 
to produce maximum q galloping at a bearing of 46". 

A field strength reading wae made at one end of the reflecting 
Bcreen ueing a Stoddart Model I@IA-5 radio field lnteneity meter. The 
receiving antennae vere placed 12 feet, 24 feet, and 88 feet above ground. 
The field strength measuremente served aB a reference to determine the 
effect of the UBkon cloth. 
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A 46inch square of Uskon cloth unB taped to the Inside of the 
antenna shelter as preecrfbed by Region One. A field Btrength measurement 

failed to reveal any change in field inteneity at the reflecting surface. 
A strip of Uskon cloth 40 by 72 inches uas installed in place of the PC-inch 
BqUWe of cloth. A second Bet of field inteneity measurements were the 
same as the first. The 4n by 72-inch strip of Uskon cloth was then sus- 
pended from the top of the antenna shelter in a vertical plane 9-3/4 inches 
from the antnnna a-y. A measurement of field intensity at the reflecting 
surface indioated a 22 per cent reduction in field strength, The u&on 
clotl, remaining in a vertical plane, was then moved horizontally 18 inches 
frcx the anteIU&aB. The field intensity at the reflecting screen was the 
Bane as the original maa8 urement without Uekon cloth. 

To substantiate theee me.aBurementB, the UBkon cloth was removed 
and a flight check wae made, The aircraft flev a circular courBe of Bix- 
mile radius through the scalloped sector. The scalloping amplitude and 
frequency were recorded. Then the 40-inch square of Uskon cloth was taped 
inside the antenna Bhelter in the manner prescribed by the First Region. 
A second six-mile circular path was flown to record tha scalloping frequency 
and amplitude. The scalloping frequency was the same in both recordinge. 
The scalloping amplitude changed slightly from 6.0' to 5.8' which essentially 
confirmed the field intensity measurements. 

The next set of tests considered the possibility of the Uskon 
cloth producing omnibearing changes, An instrument truck, equipped with a 
Colline 5lR-2 omnireceiver and associated equipment, wae parked about 1,000 
feet from the VOR. The 40-inch Bquare of Uskon cloth ~88 placed in position 
approximately every 50' around the Btation. At each position the cloth 
would be taped In place on the outside surface of the antenna shelter. A 
measurement of the VOR bearing was made at each succeesive movement of the 
Uskon cloth. Receiving equipment errors vere eliminated by keeping the 
truck Btationary and moving the Uskon cloth about the antenna. The UBkOn 
cloth waB reduced in size ae each complete revolution vaa made about the 
BtatiOn. The following table shove the maximum error noted for each siee 
of UBkon cloth used: 

Size Of UBkon Cloth (inches) Max- ErrOr (degrees) 

40 by 40 5.83" 
30 by 30 4.34 
20 by 20 2.0 
10 by 10 0.36 
12 by 22 1.04 

The flight recordings of the Salisbury, ~ryland, VOR were 
analyzed. Several discrepancies were noted in these recording8 that could 
bo misleading. The equipment used to record the theodolite circlee and 
radial flightB MB not the Same. One aircraft using Bendix receiving 
equipment meaeured the condition before Uskon cloth we,8 used and another 
aircraft using Colllna receiving equipment vaB used to record the result8 
with the 12 by 22-inch piece of Uskon cloth in plaae. Comparisone of 
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this type should be made with the 681~ receiver and recording equipment. 

It is evident from the recordings supplied that the course deviation 
indicator (CDI) dampening of the tvo equipments may not be operating with the 
same efficiency. The purpose of the damDenlng is to make the course devia- 
tion indicator insensitive to rapid changes in its current. If the aircraft 
is flying a course such that the scalloping frequency changes through a Wide 
band of frequencies, the course deviation indicators of the two equipments 
will not see the same magnitude of ecalloping error. The greateat magnitude 
Of scalloping error will be observed near, but displaced from, a zero scallOp 

lng frequency. As the frequency of the scalloping increases, the wiggle 
filter dampens the action until no scalloping is observed. 

A study of Fig. 21 of Technical Development Report No. 126, 
entitled, VHF Omnirange Wave Reflections from Wires" showed the possibility 
of changes in scalloping by small deviations from a radial flight path. A 
deviation of 1.5' from a specific radial may produce 1CC:l change in scallop- 
ing frequency when flying a radial; however, only a minor change in frequency 
was noted when flying a circle around the station. It ~8s demonstrated at 
the Center that a series of radial flights using the same aircraft receiver 
and recording equipment would not agree in scalloping information. 

An examination of the Salisbury, Maryland, recordings revealed very 
little change with or without the Uskon cloth. The course .5callOping 

observed on the theodolite circle with the Uakon cloth in place ehowed the 
same or slightly greater scalloping amplitude than the recording without the 
Uskon cloth. The radial flight with the Uskon cloth in place YBB much 
improved over the recording without the Uskon cloth; however, this improve- 
ment is nullified by the unreliability of a radial recording. The same 
improvement is possible by making two consecutive radial flights without 
any changee in the station. 

CONCLUSIONS 

After a careful study of the Salisbury, Maryland, data and further 
tests conducted at this Center, the following conclusions have been made: 

1. The Uskon cloth did not reduce the field at the reflecting 
surface and, therefore, it could not reduce the course scalloping amplitude. 

2. The 12 by 22-inch strip of Uskon cloth is capable of producing 
an omnibearing error of approximately one degree measured at TDEC. 

3. The recorded conditions and implied improvements of course 
scalloping cannot be placed in direct comparison when the recordings were 
taken with tvo eeparate aircrafts and their equipment at two different 
timee. 

4. A radial flight check is not a reliable means of measuring 
course scalloping improvements, 
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Numerous tests have been conducted at TDEC to determine methods 
of reducing tha field intensity at the reflecting surface without pro- 
ducing additional bearing errors at other azimuths. This approach has 
been only partially successful. The most successful method to date has 
been to deflect the energy at the reflecting surface in a vertical 
direction by the we or a sloped screen. 


