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OBSERVED VOR BEARING ERRORS CAUSED BY 30-CPS
AMPLITUDE MCDULATION ON THE 9 96-KC SUBCARRIER

STMMARY

Thi: repoxt precenta the reuults of teots conducted at the
Technical Development and Evaluation Center of the Civil Aeronautilcs
Adminiotretion to determine the VOR bearing error, as indlecated by dif-
ferent types of receivers and the monitor, when the amplitude of the
9960 cpo medulition on the redio frequency carrier being fed to the
goniometer is varied from 2 to 30 per cent.

It 1s concluded that the practical limit of recidual modula-
tion remaining on the rf carrier after paseing through the modulation
eliminator should not exceed S per cent Values of modulation greater
than 5 per cent canured excessive bearing errors in some types of VOR
recelverg.

INTRODIICTION

A major problem in the establishment of reliable very high
frequency omnirange facillities in the United States 1s the reduction
of the number and length of time of station shut-down periods due to
equipment failure or routine maintenance. One of the stetion com-
ponente, namely, the modulation elimimetor, requires conciderable main-
tenance time in order to maintain lese than S per cent residual modula-
tion.

The function of the modulation eliminator is to remove the
92960 c¢ps and volce aemplitude modulation from the rf carrier that is
being fed to the goniometer The 9960 cpe modulation of the carrier
going through the goniometer to the cideband loops ¢euses an amplitude
moduletion on the trensmitted 9960 cps subcarrier reference signal at
a 30 c¢ps rate. A 30 per cent modulatlon of 9960 cps on the carriler to
the gonlometer will result in 30 per cent emplitude modulation of the
9960 cps pubecarrier transmitted ovignal at a 30 cps rate.

At the request of the Office of Federal Airways, an investi-
gation was conducted to determine what the effect would he on the
bearing accuracy, as indicated by the monitor and VOR receivers, if the
b per cent limit of residual moduletion were increased; and what
mexinmum value of recidual modulation can bhe tolerated.
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EQUIFMENT AND TESTS

Testa were conducted on the Type CA~12?7 ptation monltor and
the following types of omnirange receivers that were available at this
Center No effort wag made to improve the VOR operatiom of these
recelivers

1. Collins Type E1R2

2 Bendix Type MN-85BA

3. Adrcraft Padio Corp Model 15A.

4 National Aeromautical Corp Type VIR-1 (Omnigator).
The tests were conducted under the following conditions:

1. The cerrier feeding the goniometer was modulated by the
9960 cps subcarrier to an amplitude equivalent to 2, 5, 10, 15, and
30 per cent

2. The steatlon antenna array was rotated from 0° through 360°
in increments of 45° at each of the above percentage modulations

3 The received signal level wes adjusted to 50, 20, 10, and 5
microvolts at the receilver input for each of the modulation percentages
and azimuth settings.

TEST SET-UP 41D PROCRDURE

To meesure the received signsl levels a receiver was connected
directly to the outside antenna and tuned to en omnirange station
operating on 114.8 Mc A vacuum tube voltmeter (G.R. Type 1800A) was
cornected to the AVC circult and the indicated voltage was recorded.
The receiver was then disconnected from the antenna and conmected to
the omnitest equipment (consisting of a Collins Type 4795 audio genera-
tor end a Boonton Type 211A rf signal generator) through e 6 db pad.
The rf output from the Type 211A signal generator was adjusted to the
seme signel level as that obtained from the station, as indicated by
the AVC level read on the vecuum tube voltmeter. This rf level
(approximately SO microvolts) was recorded as the receiver input signal
level from the station The rf output from the slgnal generator was
then adjusted for 20-, 10-, and S-microvolt levels and the AVC voltage
for each level was recorded The above AVC voltage callibration was made
on each of the four receivers A block schematic diagram of the test
set-up used 1n the recelver laboratory to measure the signals from the
setation 1ls shown In Fig. 1

The following general test procedure was used to measure
the error as indicated by the receivers operating under variocus test
conditions-
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The station first was adjusted for normal operation, that is,
epproximately 2 per cent modulation an the carrier signel fed into the
gonlometer. One of the receivers was comnected directly to the antenna
and the omnibearing selector adjusted for zero deflsction of the course
deviation indicator (CDI). The bearing as read on the OBS was recorded.

The antenna was then switched to incorporate the phaser and the
6 db ped in the mntenna circuit. See Fig 1. The phaser, used as &n
attenuating etub, was adjusted to give the same AVC voltage as pre-
viously recorded on thie receiver for the 20 microvolt level. The CDI
deflecticon, as read on an external microarmeter, end the course width
were noted and recorded for this condition.

The phaser wes next adjusted to obtain the same AVC voltage as
recorded for the 10-microvolt level The CDI deflection and the tourse
width were noted and recorded. The phaser was adjusted again to obtain
the same AVC voltage as recorded for the S-microvolt level. The CDI
deflection and the course width were noted and recorded.

The above procedure was repeated on each of the other three
receivers, and the CDI deflection and the course width for each recelver
and input signal level were recorded

At the completion of the above tests on all of the receivers,
the per cent modulation of the carrler fed into the goniometer wasa
changed at the station from 2 per cent (normal operation) to 30 per cent
(equivelent to the mocduletion eliminator not functioning), and all of
the above tests on each recelver were respeated.

After the 30 per cent modulation teste at all input signal
levels were completed, the percentage modulation was changed to 15, 19,
and 5 per cent and all teste for each recelver were repeated for each
modulation percentage.

The station antenna array was roteted through 360° in' 45°
increments and rll of the above tests were conducted at each new bearing.

To measure the amplitude of the modulation on the cerrier fed
to the goniometer from the modulation eliminator, en oscilloscope was
cornected to the output of the modulation eliminmator (Test Jack No. 2).
The percentage modulation was measured with the statlon operating under
normzl conditions, and amounted to approximately 2 per cent. This velue
vas used as the referemce for all succeeding measurements. To obtain the
various desired values of moduletion amplitudes, the emthoce resistance
wag varied and additional resistance added whenever necessary. The
station was readjusted for proper modulation levels each time the
modulation amplitude was changed.
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TEST DATA

All of the following data vere referenced to the 2 per cent
medulation level (normal operation) at each bearing and input level.
This wes done to elimipate errors due to low signel input levels,
station errors and inherent receiver errors. The data indicate only
those errore ceused by the change in percentage modulation of the 9960
c¢po on the carrier fed to the goniometer at each azimuth bearlng and
input signal level.

Receiver Course Sensitivity

It was noted during these tects that the course seneitivity
of all of the receivere was not materially affected by changes in the
percentage of modulation. However, the course sensitivity in the Narco
and ARC type receivers was affected at the lower signel input levels.
This 1e indicated in Table I.

TARLE I
Recelver Course Sensitivity
Signal Ievel Narco Bendix Collins ARC
(microvolts) (deg) (deg) {deg) (deg)
E0 32 18 15 26
30 z2 18 15 28
20 34 18 15 44
10 36 19 15 -
5 52 21 17 -

Collins S1R2 Receiver

An analysis of Figs 2, 3, and 4 indicates that the percep-
tage of moduletion, up to a value of approximately 20 per cent, did not
appreciably affect the accuracy of the bearing of the Collins S1RZ
recelver at any azlmuth setting.

Bendix MN-8ZBA

Figures 5, 6, and 7 indicate that 30 per cent modulation of
the 9960 cps signal on the sideband caused a course error of approxi-
mately 1.5° at the 45° and 180° bearings on the Bendix MN-85BA receiver.

ARC-1547

It will be noted from the curves, Figs. 8, 9, and 10, that the
ARC-15A receiver was sensitive to the difference in the percentage
modulation. The course error due to the increase from 2 per cent (the
reference line) to 5 per cent modulation was approximetely 1.5° When
the percentage modulation was increased to 30 per cent, the error was
then increaged to approximately 6°. It also should be noted that the
error vas dependent upon the signal input level and the szimth from
the station.



Yorco VIR-1

The Narco VITR-1l receiver was found sensitive to a small change
in the perceatage of modulation, and showed en error of approximately 2°
vhen the modulation was increased from 2 to 5 per cent. See Figs. 11,
12, end 13. When the percentage modulation was lncreased to 30 per cent,
the error increased to approximately 15° at the low input signal level.
It should be noted that the error was dependent upon the signal input
level and the aeimuth from the station.

Meximum Error

The curves in Figs 14, 15, and 16, show a comparison of the
maximum error of all four recelvers at various percentages of modula-
tion and various signal input levels, and without regard to any parti-
cular azlmuth setting of the antenna Ae seen in Filg. 15, an increase
from 2 per cent to & per cent modulation caused an increase in error
of 1.5° for the Narco end ARC type of receilvere with a 20-microvolt
input signal level With lower 1nput levels, this error is increased.
Nc data were obteined on the ARC receiver for the 5-microvolt input
élgnal level due to the low sensitivity of the receiver avallable.

Monitor Error

Figure 17 shows that the error is dependent upon the stetion
azimuth in relation to the location of the monltor pick-up head. The
maximun error,as indicated by the monitor, would be at the 90° and 270°
points The maximum error, as indicated by the monitor, is directly
proporticnal to the percentage of residual medulation, as is shown in
Fig. 18.

DISCUSSION
Airline Type Receilvers

The bearing errors of the Bendlx and Collins receivers vere
not materielly affected when the percentage of modulation was increased
from 2 per cent to 30 per cent This is attributed to the excellent
limiting and discriminating circuitry used in these recelvers,

Recelvers Used in LExecutive Type ‘ircraft

The operation of the ARC Model 15A receiver often used in
medium weight aircraft was found to be affected by the amplitude of
the modulaticn fed to the goniometer The error caused by increasing
the percentage modulation from 2 to 30 per cent was proportional to that
Increase. The amplitude of the error varied with the azimuth bearing
from the station and the signel level.



Private Flyer Type Recelver

The Narco Omnigator receiver was used as a typical private flyer
receiver, This recelver is very sensitive to any increase in the per-
centage modulation ebove 2 per cent The error caused by increasing the
rezidual modulation is proportionel to the increase in modulation and
rises at a rate of approximately 1° error for an increasse in 2,5 per cent
modulation, with a 20-microvolt input signal level. Lower signal levels
ceused greater errors for the same per cent modulation.

Station Monitor

The error increases in proportion to the modulation amplitude
The errors are affected by the locetion of the pick-up head in relation
to the azimuth from the station. This 1s attributed to insufficlent
limiting circultry in the Type CA-1277 monitors.

CONCLUSIONS

It is concluded that the several types of VOR recelvers tested
will have excessive bhearing errors when the residual modulation on the
rf carrier from the modulation eliminator exceeds a value of 5 per cent.
The magnitude of error will vary with the different types of receivers
and the percentage of residual modulation.
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