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INTRODUCTION 

Purpose 

The purpose of this project was to develop a Double Sideband Doppler 
. VOR System and evaluate the effectiveness to improve airborne receiver 

compatibility over that of the present Single Sideband Doppler System. 

• A secondary purpose was to determine a feasible technique of provid¬ 
ing more efficient modulation for the reference signal as a means of 
increasing radiated power and thereby increase Doppler VOR (DVOR) 
operating range to chat of the Conventional VOR. 

General 

Project effort has resulted in an improved Doppler VOR System 
known as the Double Sideband Doppler VOR System, and a new technique 
(high level modulation system) for providing the reference 30 Hz ampli¬ 
tude modulation of the carrier at an increase of radiated carrier power 
which is applicable to either the present Single Sideband or the Double 
Sideband Doppler VOR System. Each of the two systems will be discussed 
in separate sections of this report. The equipment development will be 
briefly discussed in the third section of this report. 
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SECTION I 

DOUBLE SIDEBAND DOPPLER VOR SYSTEM 
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Background 

There are many VOR and VORTAG facilities presently operating 
with restricted services due to certain site effects from objects which 
are physically or economically impractical to remove. There are 
requirements for new facilities for which there are no suitable sites 
available for a Conventional VOR or VORTAG. The endeavor to 
reduce the siting problem of the Conventional VOR has resulted in 
the use of the doppler principle in the generation of the 30 Hz frequency 
modulation of the 9960 Hz subcarrier. 

The feasibility of the Doppler VOR (References i and 2) was 
proven in 1958, and was integrated in the National Airspace System (NAS) 
by Selection Order 1010. 5, dated August 27, 1964. The Doppler VOR 
System does provide a navigational facility where operational requirements 
cannot be met by the Conventional VOR System. It has the advantage of 
having much less susceptibility to course deterioration due to siting 
conditions. This is due to the basic manner in which the variable phase 
voltage is produced. Improvement in receiver compatibility and 
reduction of station bearing error, with some additional reduction of 
"siting effects" and counterpoise size, can be achieved with a Dual 
Channel Subcarrier Doppler VOR. 

DISCUSSION 

General 

In the development of the Doppler VOR, it was necessary to have 
system compatibility with existing airborne receiving equipment. The 
compatibility of the Doppler VOR is dependent upon many factors involved 
in the generation of the signals of the transmitter and in the processing 
of the signals at the reception point. 

Each of the various types of navigational receivers currently in 
existence processes the Doppler VOR signals differently. This is due 
to varied receiver design parameters among the various manufacturers 
of navigational receivers. 

The major receiver design parameters which affect receiver 
compatibility are the degree of limiting in the frequency modulation 

5 



circuitry (9960 FM Channel), the bandpass character:.sitcs of the radio 
frequency and intermediate frequency amplifying stagis, the type and 
characteristics of the limiter and discriminator useú, the point of the 
receiver circuitry at which the AM and FM modulations are separated, 
and the characteristics of the signal filters used in the processing of the 
information portion of the received signal. The limitation of "compat¬ 
ibility without receiver modification" places the burden of receiver 
compatibility at the signal source, the Doppler VOR. 

At the signal source, receiver compatibility and station error are 
primarily determined by the smoothness achieved in the simulated rota¬ 
tion of the sideband antenna and the circularity of its radiation pattern. 
These are determined by the sideband radiation system composed of the 
sideband antenna, the distributor, and the counterpoise, all of which 

affect the radiated signal. 

In order to establish a relationship between the Doppler VOR radia¬ 
tion system and receiver compatibility, as well as station error and to 
discuss means of improvement, a comparison of how the navigational 
signals for the two VOR systems are generated is briefly reviewed. 

Specifications 

The specifications for a VOR ground system are, in part, that it 
contain two modulation voltages having a frequency of 30 Hz. In order 
to keep those voltages separate and distinct, so that they may eventually 
be compared in phase angle by the receiver, one is transmitted as 30 Hz 
amplitude modulation, while the second is applied to a 9960 Hz subcar¬ 
rier as frequency modulation, and the subcarrier transmitted as ampli¬ 
tude modulation. One of these voltages must have a phase which varies 
directly with azimuth angle, while the other must have a phase which 

is constant with azimuth. 

VOR specifications require that the characteristics of the frequsncy- 

modulated subcarrier be as follows: Center Frequency - 9960 Hz; 
Deviation - +480 Hz; Modulation Frequency - 30 Hz. 

Navigational Signal Generation 

Conventional VOR: The radiated signal from the Conventional VOR 
is composed of a carrier frequency which is amplitude-modulated by two 



audio frequencies, one a 30 Hz and the other a 9960 « k 
is frequency-modulated 4480 Hz at a 30 Hz rate! carrier which 

me"6 Aviation oTHso'hz 11711 

is radiated b^thTca^r^'t^ thÍSb 9960 Hz and 

therefore i. known as the referencfpVsVsiglaL'm azimuths and 

The 30 Hz amplitude modulation of the carrier er,« 

rotating figure-of-eight pattern The ldeband array* producing a 

in space with the circular carrier pattern to"^T8^ pattern combines 
where R = A (1 +m8in9) and m(modulation ¡JZ ““ a rotat“8 Umacon, 
equal to the carrier level The u et * W1ile A is 

this signal varxes with azimuth ,^86 3° Hz AM comPonent of 
phase signal. ” 15 aPProPriately known as the variable 

of the navigational receiver" ^3^^ ^ prOCessed by the AM channel 
which, when compared o the 30 Hz ^ the pha- 
channel of the receiver w 11. , refer^ signal from the FM 
the point of radiation. A blor^^1 6 azimuth lnf°rmation relative to 

is given in Figure 1 The RF sn^?1^111 ° ^ VOR nio<?ulation system gure i. i he RF spectrum xs illustrated in Figure 2a. 

is generated b^e use“»'Se^sT D“PPlerfVOR' *he 30 Hz AM signal 

used in the VOR. Unmodulated e7from^he ?0ni°meter as 
the input. However onlv nne ^ carrier 18 supplied to 

a modulation bridge'for modulation oí theUcSarrierdí°heSo?hly T" t0 
IS connected to a dummv InaH ^ • rrier- The other output 

meter. A simplified block diagram^toe^OHzT0 Vt7 ^ g0nÍ0" 

SyStem ÍS 8ÍVe" Ín 3- We now have the career etr^lmpm^de 
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Figure 3. BLOCK DIAGRAM OF THE DVOR 30 HZ AM MODULATION 
SYSTEM 
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modulated in a manner that when detected and processed by the navi¬ 
gational receiver, a 30 Hz AM signal is produced, the phase of which 
does not vary with azimuth. Therefore, this 30 Hz AM signal now 
becomes the reference signal. 

The generation of the 9960 Hz .nakes use of a heterodyne tech¬ 
nique. This technique can be explained if we suppose an antenna is 
placed in the vicinity of the carrier antenna. The carrier antenna is 
energized at a frequency of fc and the other antenna at a frequency 
which is different from fc by 9960 Hz (fQ). As these two frequencies 
are within the bandpass of the receiver, a 9960 Hz heterodyne signal is 
detected. 6 

^ i ,,Jhe fretluency modulation of the 9960 Hz signal is accomplished 
by the Doppler Effect. " The "Doppler Effect" is a well-known phenomenon 
wherein the received frequency of periodic wave radiation from a moving 
source is altered by this movement; that is, if the source is moving 
towards the receiver, the received frequency will be higher than the 
radiated frequency and conversely, will be lower when the source is 
moving away. This is illustrated in the classic example of the change 
in pitch of a train whistle as it passes the listener. 

In the Doppler VOR, a single antenna could conceivably be 
rotated about an axis in order to create the moving radiator. ( In 
practice, qua si-rotation is resorted to. ) Figure 4 illustrates this 
principle, where a signal of frequency f0 is radiated from an antenna 
rotating about point "X" at a rate S r/min, and at a distance D wave 
lengths from X. The received frequency will therefore be above, below, 
or equal to f0, depending on whether the rotating antenna is moving 
toward, away from, or at right angles to a line to the receiver. 
The deviation from fo is proportional to the product of "D" and "S. " 
Since the frequency modulation deviation cycle must occur once every 
thirtieth second, "S" is fixed at 30 Hz or 1800 r/min. In order to 
produce a deviation of j_480 Hz, "D" must be approximately 2. 5 wave 
lengths, or about 22 feet at the mean VOR operating frequency of 115 MHz. 
In the illustration, the frequency of the received voltage at point "A" 

*o» *o + 480 Hz, f0, f0 - 480 Hz, as the antenna rotates past points 
1,2, 3, and 4, respectively. 

To complete the specified characteristics of the frequency- 
modulated subcarrier, it is necessary to add a fixed antenna at point "X. " 
This antenna also has a circular radiation pattern at frequency f , wherein 

11 
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the difference between f and f is 9960 Hz The k r , 
ir'-" '^ -ceiver âíacivlly pr„duce ' a carrUa ,7, 

rsreV?;rcye;'e9r,Hzsubcarrurtha*' --- - 

amplitude ‘mod61 7 Pha- voltage, U eeta^shedb 8’ 
with Ù 30 hT u ng c CarrÍer radiated from the cent«l antenna 
roía 1 VOlta8e- Slnce ftaaa «»o components have interchanged 
roles with respect to which is the "reference" nhac« n ^ 
is the "variable" phase voltage, it is necessarv «Hal .h WhÍCh 

nb:trr°rd in at locktise direct 

^ttirrfr^s, to - 
these voltages by their relationship to the carried ^Therefo '0 

"FMb3e0H£erritd ,0 Merrfter aS the "AM 30 Hz voltage" and 7e V * M 30 Hz voltage.11 (The term« ,,6 
errwU-. ti .. 6 v-inei,erms variable voltage" and "referpnrpa 

azimuth Ca°ndThee t0.den0,e. *he VOUa8e Which vari«s » phase with imuth, and the voltage which has a fixed phase, respectiv-lv 
However, in "Doppler VOR" discussion, confusion due to îhe former 

a,0Clatl0n “f these terms with ground and airborne circuits necessi 
using them in conjunction with those terms engendered above. ( ’ 

at the encTofínÍrm^ZZ^f0''.'] ""It''"* m“8t r°tate at 1800 r/min 
difficult to accomplish physicaUy ame”0““ h" eXtremely 
spaced around the peripi/ry of /circle ZZ feet fo Xs'^Ther^ 

preiniy“;“;:: by a diStrib“*- at 1800 r/min which 3re 

L“„f aysil7^1 paTr'n rThC°UPli"de' a"d aPPr»™a‘^V siinusoiaal pattern. This produces a pattern which Ha« a 

I.engrieyrCo0tnaÍngtaa„7PUtUde and angU‘ar Vel°City aS il rota*'6- Since a 
for this sysim m »r ^ dCtUaUy emPloy'd. nomenclature tms system might more correctly be "Quasi-Doppler VOR. " 

With a cemeer7euuenPcvCír99Ín£0r. ‘7 irafl-ncy-modula,ed subcarrier 

modulation frettue’ncy ol 30 Hz havl bien ^ a‘ d ' 
of the Doppler VOR a, point "A" described above 'is mlstra”;^™ 
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A carrier frequency is received which is amplitude-modulated by two 
audio frequencies, one a 30 Hz signal, the phase of which is fixed in 
all points in azimuth, and a 9960 Hz subcarrier frequency-modulated 
+ 480 Hz at a rate of 30 Hz, the phase of which varies with azimuth. 

e receiver produces 30 Hz FM signal from the 9960 Hz subcarrier 
the phase of which provides azimuth information relative to the point ’ 
of radiation when compared to the 30 Hz AM signal. 

of the ooIau'heTdyne~DOPfer effeCtM techni<lue “««d in the generation 
of the 9960 Hz subcarrier and 30 Hz FM results in reduced susceptibility 
to course deterioration from obstacles around the site such as trees 
uildings, etc. This is due to the fact that the variable phase is now’ 

contained in the subcarrier frequency-modulated signal. For bearing 

erfT°r u\the recei7in8 P°int> to «ist, there must be a combination 
of right bearing" (direct) information with "wrong bearing" (reflected 
or reradiated) information. For the latter, the frequency deviation 
cycle is displaced in time from that of the former. If a reflected 
voltage, shifted 90° in phase of deviation cycle, with an. amplitude 
of one-twentieth of the direct voltage added to the direct voltage, it 
would have little or no effect on the instantaneous frequency of the 
direct voltage. This effect, known as the "frequency modulation 
capture effect, " has been experienced in communications transmission 
on interfering frequency modulation transmissions, where the stronger 
signal takes over. The antenna aperture is related to this effect 
in that, with greater aperture, the overriding of unwanted signal 
is greater, since the frequency modulation deviation is greater. 

As indicated earlier, receiver compatibility at the signal 
source is dependent upon the smoothness achieved in the Quasi-Doppler 
\OR hereafter referred to as Doppler VOR, and the circulatory of the 
sideband radiation pattern. These are dependent upon the radiation 
system, composed of the sideband antennas, distributor, and counterpoise, 
Each will be discussed in relation to its effect on the smoothness of 
the simulated motion, improvements accomplished, and areas of 
possible improvements. 

Distributor - The distributor, the heart of the Doppler VOR, 
is a simple mechanical (but very complex electrical) device which 
couples RF energy from the transmitter to each of the sideband antennas 
in succession. A photograph of a typical distributor is given in Figure 5, 
With exPloded views of the distributor head in Figures 6, 7, and 8. There 
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Figure 8. DISTRIBUTOR HEAD WITH COVER AND ROTOR REMOVED



are several factors in distributor design and performance which 
produce undesirable effects in the generation of the rotating sideband 
antenna Pattern These factors concern blending, transmitter 

ding and leakage. , The distributor, as it rotates, will feed only 

brgm ? decrease that level> a"d feed the next antenna 
small amount, and continue the process until only the second 

antenna is fed. The variation in level fed to an antenna, versus 
the distributor rotational angle, is referred to as the "blending 
unction. The blending of the distributor outputs are illustrated 

in igures 9 and 10. Nonideal blending will produce several effects. 

j In order to achieve smooth simulated rotation of the 
sideband antenna, it is necessary that the ratio of the levels fed 
to the two antennas have a specific value for a given position of 

e istributor. When this criteria is not met, the instantaneous 
antenna position will be incorrect for points between full feed 
to each of the successive antennas. Correct position will also 

incorre r ^ antenna8 are fed amounts. An 

îoTn/re! T ^ ^ WÍ11' ^ examPle* ca^ the antenna 
increasingly lag as the rotor proceeds from the position of 

feeding one antenna only. As the rotor midposition is reached, 
e antenna position will again be correct. Following this, the 

antenna position will follow a similar cycle, except that it will 
lead its correct position. As a result, an extraneous FM is produced 

h H T-K ? rate °f 1500 HZ' SinCe there are 50 antennas, and 

by the räteTtr TT.l ^ ^ ThC hÍghe8t deVÍatÍOn is determined y the rate at which the antenna must travel to restore it to its 
correct position following the lag portion of the cycle, which is in turn 
dependent on the degree of the lac ♦ ’ ’ n turn' 
near the ooint wh^r! , TH extraneous deviation is a maximum 

ar the point where the normal deviation reaches its maximum 

zerò Tnce the V"*““8 t0 Zero where th= nortrçal deviation is 
aero since there can be no error in the relative motion when there is 
no relative motion. The result of this extraneous deviation is to 
produce a 1500 Hz ripple on the 30 Hz output of the 9960 Hz receiver 
discriminator. If the amplitude is small, no error results since it 

relativetvT ^ fr0m thC 3° Hz VOlta^’ « *he 
y aPPreciable error can be produced in a receiver by 

exceeding the bandpass of the 9960 Hz discriminator. (In the early7 
days of Doppler VOR development, the peak combined deviation 
cached over 700 Hz, and produced several degrees of error in a 

receiver which had a relatively narrow discriminator bandnass ) The 
FAA Doppler VOR uses a blending function of y = k sin0. 83^^ Jre 
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V is the maximum amplitude fed to a given antenna, k is determined 
by the^amount of RF fed into the distributor, and x varies from 0° 
to 180 , while the rotor moves from feeding maximum to the previous 
antenna, through feeding maximum to a given antenna, and on to 
feeding the maximum to the following antenna. This relatively 
simple blending function produces a theoretical maximum deviation 
of 492 Hz. If the number of antennas were to be changed significantly, 
the spacing would change and a different exponent value for the sin x 
would be required. 

A second consideration of distributor design is phase 
change of the RF fed to the antenna as the rotor moves past a given 
output This phase change has the effect of lengthening and shortening 
the radius arm of the rotating antenna, thereby also producing 
an extraneous 1500 Hz Fid component. The phase of the 1500 Hz 
ripple voltage on the 30 Hz will depend on the nature of the phase change 
It may, therefore, have any phase relation with respect to the 1500 Hz 
ripple produced by imperfect blending. The resultant ripple in the FA A 
Doppler VOR is about 15 percent and does not produce any significant 
error. 

The blending function can also produce ariiplitude 
modulation on the sideband, and thus on the 9960 Hz subcarrier. This 
modulation also depends on the combination of blending function and 
spacing between sideband antennas. To explain this mechanism, 
it may be considered that the blending function is such as to supply 

0 percent of the peak value when two antennas are fed equally, assuming 
also that the antennas are spaced 90°. When the receiver is located 
on a radial in line with the pair of antennas, the sideband will alternate 
between relative levels of 1. 0 and 1. 4, producing significant amplitude 
modulation. When the antenna moves to place the receiver on a lina 
perpendicuiãr to the antenna radial, the amplitude remains constant at 
l. 0. Thus, this amplitude modulation varies from zero to 17 percent 
depending upon antenna position. This is approximately the level measured 

m, tch«rtFAA DoPPler VOR> 14 d°es not produce error, since it occurs at 

Variation in transmitter loading may also affect the 
blending function, and thereby the 1500 Hz FM and 1500 Hz AM. The 
distributor load is highly reactive by ordinary standards. Both the con- 
uctance and the susceptance of the load vary with rotor position. In 

order to minimize this loading variation, isolation between the distributor 
and the transmitter is provided by use of a dummy load and power divider 
as illustrated iu Figure 11. ’ 
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The distributor may also contribute to nonideal perform¬ 
ance (i. e., a constant amplitude, circular sideband pattern rotating 
at constant velocity) through insufficient isolation of outputs. In the8 
FAA Doppler VOR, sufficient leakage exists to produce measurable 
currents out to two antennas on either side of the one being fed. The 
sideband is therefore, radiated from an array, rather thfn a single 

dTrZT' T PLttern ÍS n0ncircular‘ being elongated in the radial 
irection. In addition, the array becomes alternately concave and 

-omplex, causing the elongation to be more in one direction than in 
e other direction. The resultant radiation pattern in the single 

sideband Doppler VOR produces a 9960 Hz subcarrier envelope 
which is amplitude-modulated with a 30 Hz voltage. 

A tbeoretical analysis determined that the ideal 
blending function would be y = sin x ., . . 

* —jc~!5ince this is an infinite 
series, it waS necessary to modify this function. A triangular 
weighing function was used to limit the number of lobes to three. 
A seven-plate rotor was built which included alternate 180° 

outooJhiiT ?d.CrCitr VOUage div;ders t0 Pr0vide th* necessary 
outputs. Tests indicated that this complex distributor did not 
provide any significant reduction in error (Reference 9). 

,., n r—i- ' The standard AUord ‘nop antennas are used in 

close PPler V°f'' u t0 their large Ph’/“ical size and the required 

adja'eJTto "tL «e”al-ated «•= antennas 
fdjaCent t0 fed" '•'"‘snna. These induced currents add to the 

itv t£StheCU.rdeh,S a" the distributor to forth« aggravate the noncircular 

of the subclrrier '’■íh""' ÍUrther ‘"«easing the 30 Hz AM 
modifient Í 1' Parasitic currents have been reduced by 

hnes h k" antem,a (Re£erence 3> and hy cutting the coaxial 
lines which connect the distributor to the antennas to a length that 

Proced ‘1 maximum ‘"P"* ‘mpedance to the induction voltage, 
ocedures for determination oí the correct coaxial line length are 

given m agency order I MP 6790. 5. Any further reduction of the 
parasitic currents will probably require a redesign of the antennas or 
weather protection domes which cover each antenna. It has be n 
suggested that these domes be made of "lossy" material to produce 

signal attenuation of X in the forward direction. The induction 

If 2X8e ?! tne adjacent antenna would thcn experience an attenuation 
fj*: TTh.e Paras>“« ere reduced by the .quare of the attenuation 
“ °r;, ^ha‘ 1S' £°r C“mple, if the attenuation reduces the field 

strength by one-half, the parasitics will be reduced to one-quarter. 
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Counterpoise - The 150-foot diameter counterpoise, presently 
used for the Doppler VOR, was determined to be the minimum size 
for acceptable receiver compatibility and indicated receiver station 
error for all classes of receivers. For the more sophisticated 
receivers, a smaller counterpoise could be used. A finite counterpoise 
produces a 30 Hz amplitude modulation on the subcarrier which is in 
phase with the 30 Hz AM produced by the array pattern from induced 
antenna currents. The mechanism can best be explained by referring 
to Figure 12 in which the 150-foot counterpoise and the ring of 
sideband antennas are illustrated. For an observer, at point X in 
space, only 53 feet of counterpoise are used when antenna A is excited. 
When antenna B is excited, 97 feet of counterpoise are used. This 
difference in the effective counterpoise size as each of the sideband 
antennas are excited, results in a variation of the field intensity. The 
variance of the field intensity caused by the eccentricity effect of the 
counterpoise will be noted in Figure 13. As each of the sideband 
antennas are excited at a 30 Hz rate, a 30 Hz amplitude modulation of 
the rotating 9960 Hz sideband energy, which contains the variable 
phase signal that heterodynes with the carrier, is produced. An 
average value of 6. 5 percent counterpoise modulation was measured 
at the NAFEC Doppler VOR facility. This measurement was made by 
exciting antennas A and B alternately with pure RF energy as an 
aircraft flew a radial through points A and B, recording the field 
strength of each antenna as it was energized. Cross-modulation of 
the 30 Hz AM signal (reference phase) radiated nondirectionally from 
the carrier antenna occurs in the receiver AM detector, resulting in 
a duantal error. 

One solution at some commissioned DVOR facilities to 
reduce the effects of this modulation is the use of the error cancelling 
technique of supplying a small signal of proper magnitude and phase 
from the unused output of the goniometer to a 4-loop array. This 
solution has two prominent disadvantages. One is that the amount of 
error cancellation signal injected into the carrier antenna will not be 
correct for all receiver types. The amount of error cancellation 
signal required for one group of receiver types could result in 
overcorrection to another group of receivers. The second disadvantage 
is that the error cancellation technique requires the use of the standard 
4-loop carrier array in lieu of a single antenna. While the technique 
does function, it must be considered as an interim solution. 
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Figure 13. VARIATION IN FIELD STRENGTH OF ONE ANTENNA CAUSED 
BY ECCENTRICITY EFFECT OF 150-FOOT DIAMETER 
COUNTERPOISE 
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From the foregoing discussion of "cause and effect" of 
problems with the antenna, distributor, and counterpoise, it appears 
at this time that any improvement of these components for improved 
station error and receiver compatibility would require a long develop¬ 
ment effort and a high expenditure of funds. Any immediate improve¬ 
ments to the present Doppler VOR System must then come from the 
modification of, or additions to, the radiated signals. 

As indicated above, the major cause of station error 
and receiver incompatibility of the present Doppler VOR System is 
the cross-modulation of the 30 Hz AM signal radiated nondirectionally 
from the carrier antenna. This results from the amplitude modulation 
of the rotating sideband due to the eccentricity effect of the counterpoise 
as explained on page ¿2. The phase relationship of the cross-modulation 
signal to the reference phase signal is such that the characteristic 
station error curve departs from the ideal zero error to a single cycle 
or duantal shape as illustrated in Figure 14a. 

Referring to Figure 2a, RF spectrum of the Conventional 
VOR, and Figure 2b, RF spectrum of the Doppler VOR, we note that 
Conventional VOR has a carrier frequency of fc and upper and lower 
sidebands, a product of amplitude modulation of the carrier by a 
30 Hz and a 9960 Hz signal, and that the Doppler VOR has a carrier 
of fc, upper and lower sidebands, a product of amplitude mod dation 
of the carrier by a 30 Hz signal. However, an additional RF channel 
spaced 9960 Hz from the carrier has been added to provide the 9960 Hz 
subcarrier. This channel has been standardized to be 9960 Hz above 
fc. In reality, the present Doppler VOR is a system composed of a 
carrier with 30 Hz double sidebands and a single channel subcarrier. 
For simplicity, the present Doppler VOR System, which makes use of 
a single channel subcarrier, will be referred to as a Single Sideband 
Doppler VOR (SSDVOR) and the term upper or lower sideband will be 
used to denote the relation of the subcarrier channel to the carrier 
frequency; i. e., upper sideband being fc + 9960 Hz and lower sideband 
being fc - 9960 Hz. 

When the SSDVOR system makes use of the lower 
sideband (subcarrier channel frequency of fc - 9960 Hz) the resultant 
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shape of the station error curves is as illustrated in Figure 14b. By 
comparing the station error curves in Figures 14a and 14b, one can 
see that the runout error for the SSDVOR system, when the sideband 
energy is fc 4 9960 Hz (upper sideband), is positive at 180° and 
negative at 0°; whereas, sideband energy of fc - 9960 Hz (lower 
sideband) is a reversed error curve; i. e., negative at 180° and 
positive at 0°. 

Suppose then a DVOR system is established with dual 
channel subcarriers radiating both fc + 9960 Hz and fc - 9960 Hz. 
The frequency spectrum of such a system given in Figure 2c, when 
compared to the frequency spectrum of the Conventional VOR given 
in Figure 14a, shows that they are similar. By the addition of 
another subcarrier channel, which is 9960 Hz lower in frequency than 
the carrier, we have produced an RF spectrum similar to the one for 
which the receivers were designed. As we have applied the term of 
Single Sideband Doppler VOR (SSDVOR) to the system which makes 
use of single subchannel operating at fc 4 9960 Hz, then it is appropriate 
to use the term Double Sideband Doppler VOR (DSDVOR) .o denote a 
system which makes use of two subcarriers with frequencies of 
fc 4 9960 Hz and fc - 9960 Hz. 

From the foregoing discussion, it is logical to expect 
improved performance with the DSDVOR System; i. e., the station 
error curve must lie between those of the upper sideband only and 
those of the lower sideband only. 

Double Sideband Doppler VOR System 

A block diagram of a DSDVOR System is given in Figure 15. 
Comparison of the DSDVOR System with the SSDVOR can be made by 
referring to the block diagram of the SSDVOR given in Figure 16. 

In comparison of the two Doppler VOR Systems, it is noted 
that conversion of the single sideband system to a double sideband 
system requires only the addition of another sideband transmitter 
operating on fc - 9960 Hz, the use of a dual input distributor with a 
double bar rotor, and the addition of an Automatic Phase Control (APC) 
to maintain the correct RF phase relationship between the two 9960 Hz 
RF sidebands and the carrier. 
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Figure 15. SIMPLIFIED BLOCK DIAGRAM OF DSDVOR SYSTEM 
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Figure 16. SIMPLIFIED BLOCK DIAGRAM OF SSDVOR SYSTEM 
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array. The redundancy of the two 9960 Hz sidebands tends to smooth 
out the level of the 9960 Hz audio at the second detector resulting in 
less course roughness. 

The requirement of a large counterpoise for the SSDVOR System, 
as previously explained, was due to the cross-modulation resulting 
from the eccentricity of the pattern of the sideband radiation. In the 
DSDVOR System, amplitude modulation of the detected 9960 Hz 
sidebands has been reduced by virtue of the fact that sideband radiation 
emanates from diametrically opposite points of the counterpoise. 
Therefore, a reduction in counterpoise size for the DSDVOR System 
should be possible. A reduction of 33 percent of the counterpoise 
diameter from 150 feet to 100 feet would reduce the counterpoise area 
by approximately 56 percent. When extending the 52-foot counterpoise 
of a Conventional VOR the required additional area ii reduced 63 percent. 

System Adjustment: 

General - The SSDVOR System adjustments are sufficiently 
explained in the agency's orders pertaining to the Doppler VOR System 
and the manufacturer's equipment instruction manuals. Therefore, 
only those adjustments peculiar to the DSDVOR System will be discussed. 

Distributor - The input impedance of each distributor input 
should be adjusted for minimum voltage standing wave ratio (VSWR). 
The sideband output wave shape should be adjusted for the best 
blending function and minimum 1500 Hz spikes on the 9960 Hz using 
the same procedures as for the SSDVOR System. The shape of the 
two output waves should be as nearly identical as is possible. 

Phasing - The two sidebands should be phased for the best 
9960 Hz pattern and maximum amplitude of the 9960 Hz signal as 
indicated by the monitor. A far-field detector will be required for. 
sideband phasing. The two sideband phasers (X and Y of Figure 15) 
should be adjusted for an in-phase condition of the sideband energy 
at the pxunts of maximum frequency deviation of the 9960 Hz signal 
as illustrated in Figure 17a. If a near-field detector is used, a false 
indication of the in-phase condition of the sideband energy will be 
indicated, because the sideband phasers, X and Y, are adjusted for an 
in-phan e condition of the sideband energy at points A and B of Figure 17b. 
These are not the points of maximum frequency deviation of the 9960 Hz 
energy as seen by a receiver at a distance. 
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Figure 17. EFFECT OF FIELD DETECTOR LOCATION ON PHASING 
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r ., cci^l0DHcZ ^~látÍQn Level “ The output of the sideband transmitter 
of the SSDVOR System, is adjusted to produce an indicated 9960 Ha 
level of the monitor to that value obtained when the carrier transmitter 

îrS/-,?0dUlated t0 a depth °f 30 Percent bY tbe 9960 Hz signal from the 
VOR test generator. 

In the Double Sideband System there are two sideband 
transmitters (fc + 9960 Hz and fc . 9960 Hz) which contribute to the 
total sideband energy. Therefore, the output level of each sideband 
transmitter is adjusted to be equal as indicated by the level of the 
9960 Hz channel of the VOR monitor. It is then adjusted to the value, 
the sum of which is equal to the indicated level obtained when the 
carrier transmitter is modulated by the VOR test generator to give 
30 percent modulation of the carrier frequence. 

System Monitoring The DSDVOR System will not present any 
monitoring problems. The monitoring of course alignment can be 
accomplished with a Conventional VOR monitor, as with the present 
Single Sideband System. 

The sideband radiation can be monitored with a type FA-8142 
Doppler VOR sideband antenna monitor, as in the present Single Sideband 
System. Only sideband input to the distributor need be monitored in 
or er to detect a fault in the sideband antenna system. Tests of the 
FA-8142 prototype sideband antenna monitor for the DSDVOR System 
are given in Report NA-69-19 (Reference 8). 

It is theorized that an auxiliary 9960 Hz frequency deviation 
monitor, as used in present SSDVOR System will not be necessary in 
the DSDVOR System. This theory is based on the DSDVOR requirement 
for proper phasing of each sideband with the carrier and the circuitry 
used to achirve proper phasing. 

The crystal frequency of each sideband oscillator, whose 
circuitry is designed to prevent tuning to the wrong sideband, is the 
same as the carrier frequency, but is "pulled" to the proper sideband 
frequency by means of a dc voltage applied to a varactor diode 
(voltage variable capacitor). The sideband oscillator frequency would 
return to the carrier frequency during a varactor voltage failure. 
Since each sideband contributes one-half the total sideband energy, 
the loss of one sideband would cause the monitor to alarm, due to the 
reduction of the 9960 Hz level. 
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This effect was confirmed >y tests in which the dc voltae 
removed from the varactor diodes. 

e was 

m tv- The tu° "60 HZ 8idebands maintain proper phase relationship 
Í A PTV a Dr-!61 y an Automatic Frequency Control/Automatic Phase Control 
(AFC/APC) unit. The AFC/APC unit is comprised of a phase-error detecto, 
circuit which compares the phase of the 9960 Hz sideband to a crystal- 
controlled 9960 Hz reference. Any phase deviation produces a dc error 
voltage which is applied to the varactor diode of the oscillator, causing 
an instantaneous change in the frequency of the oscillator which will correct 

AFrP/Tprerr0r and retUrn the dC err0r Vültage to normal. Failure of the 
AFC/APC unit or the 9960 Hz reference would result in the loss of the dc 
error voltage. With the loss of the dc error voltage, the sideband frequency 
would no longer track the carrier frequency by a difference of exactly 
99b0 Hz, resulting in a constant monitor alarm, because the random fre¬ 
quency will not be within the bandpass of the monitor's 9960 Hz filter for a 
duration that would correct the monitor alarm. 

This has been confirmed by tests in which one sideband was 
operating normally and the dc error voltage of the other sideband was 
replaced by a battery voltage, the value of which was adjusted to produce 
an instantaneous 9960 Hz sideband. With this fixed dc voltage, the random 
drift of the carrier and sideband frequencies produced a constant monitor 
alarm due to the reduction of the 9960 Hz level. 

System Tests: 

, . F£.^minary Tests_- The Doppler VORTAG test bed facility was 
used in the early stages of equipment development and tests of the DSDVOR 

ssnvnn c !" teSt facüity COnsisted of a standard 50 sideband antenna 
ys em with a 150-foot diameter counterpoise and an offset TACAN 

an enna. Upon receipt of the feasibility model of the DSDVOR equipment 
from the contractor, the SSDVOR System was converted to a DSDVOR 

nsm/AV* a Tnner WhÍCh W0UÍd prOVÍde a £luick selection of either SSDVOR, 
SDVOR, or Conventional VOR operation for tests and comparison of 

systems. r 

The first tests of the DSDVOR System were to determine from 
an operational standpoint how critical the phasing and the power ratio of the 
wo sideband channels were to system performance. Consequently, upon 

rT^nvnonc0f the eqUÍpment installation and system adjustments to provide 
a DSDVOR System, tests were made to determine the effects to system 
performance of maladjustments of the sideband phasing and effect of 
unbalanced sideband power. 
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The tests were conducted by making theodolite-controlled 
5-nmi orbital flights of the DSDVOR System with the normal sideband 
power and with an unbalance of 6 dB. This value was chosen to be 
the "worst case," as this is the value which would cause a monitor 
alarm due to low 9960 Hz modulation. The course delation indicator (GDI) 
action of four receivers, a Bendix MN85FA, a Wilcox 706A, a Collins 51R3 
and a 51R4, were recorded. The results are shown in Figures 18 and 19. ’ 

The same procedures and equipment were used to determine 
the effect to the system performance with the sidebands misphased in 
steps of USO, 130°, and +43°. The results of these tests are given in 
Figures 20, 21, 22, and 23. 

Doppler VOR No. 2 test bed facility was used for the major 
portion of tne system tests, as this test bed facility provided a means of 
routing the entire antenna array for static tests. The counterpoise was 
of a design which facilitated reduction of the size for those tests based 
on counterpoise size. 

Many hours of flight time were saved in the early develop¬ 
ment stages by the extensive use of the rotating antenna array to 
simulate actual flight. This not only provided a savings in flight test 
cost but also had the advantages that the effects of reflecting objects are 
fixed in azimuth and that the rotation of the antenna array could be 
stopped for investigation of any portion of the azimuth signals. In 
addition, with the motion of the receivers and recording system stopped, 
the recording time response was equal for all receivers. 

The recording time response is the time required for a 
GDI signal change to be indicated on the recorder and involves not only 
the mechanics of the recorder but includes the impedance time constant 
of the receiver GDI and the recording system. The recording time 
response varies with receiver types and aircraft speed. The effect of 
the unequal recording time response is an apparent shift of the zero 
axis of the station error curve. While the error is small for most 
navigation receivers, it can be as large as 0. 75° for some of the less 
sophisticated receivers. This was determined by making theodolite- 
controlled 5-nmi orbital flights at a constant speed in both a counterclock¬ 
wise direction and in a clockwise direction and noting the difference 
of the indicated azimuth points on the recordings for each type of receiver. 
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FACILITY 
ALTITUDE 
ORBIT 
DATE 

NAFEC DVOR NO. 1 
1500 It MSL 
5 nmi 
3-23-62 

LEGEND 

Figure 18. ^“^TED^YSTEM ERROR AS A FUNCTION OF SIDEBAND 
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FACILITY 
ALTITUDE 
ORBIT 

NAFEC DVOR NO. 1 
1500 it MSL 
5 nmi LEGEND 

Figure 19. INDICATED STATION ERROR AS A FUNCTION OF SIDEBAND 
POWER RATIO 
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FACIUTY 
ALTITUDE 
ORBIT 
DATE 
SIDEBAND 
EQUIPMENT COLLINS 

NAFEC DVOR NO. 1 
1500 it MSL 
5 nmi 
4-4-62 

U i 
os 
o 
8 a o 
« 
0 
« -1 
« 
u 

-2 

LEGEND 

RECEIVER TYPE 
•-- COLLINS 51 R3 

* BENDIX MN-85FA 

-1 — _2 ^ '__I 
. -H-- — I i 

SIDEBANDS in phase — 

Figure 20. COMPARISON OF INDICATED STATION ERROR AS UPPER 

RrMnitN° f1: PHASE IS ADVANCED (COLLINS 51R3 AND 
BENDIX MN-85FA) 
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FACILITY 
ALTITUDE 
ORBIT 
DATE 
SIDEBAND 

NAFEC DVOR NO. I 
1500 (t MSL 
5 nmi 
•1-4-62 

LEGEND 

RECEIVER TYPE 

Figure 21. COMPARISON OF INDICATED STATION ERROR AS RF PHASE 

w[l^OXE706A°EBAND IS ADVANCED (C0LLINS 51R4 AnÎT 
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FACILITY 
ALTITUDE 
ORBIT 
DATE 
SIDEBAND 

NAFEC DVOR NO. 1 
1500 ft MSL 
S nmi 
4-4-62 

legend 

RECEIVER TYPE 

Figure 22. COMPARISON OF INDICATED STATION ERROR AS RF PHASE 
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Figure 23. COMPARISON OF INDICATED STATION ERROR AS RF PHASE 

WILCOX 706A^R SIDEBAND IS ^TARDEE (COLLINS 51R4 AND 
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th» r * . Up0: receipt of the Prototype sideband equipment from 
the contractor, the equipment was installed in the Doppler No 2 

Íne VOr" a TaTr WhÍuh WOUld pr0Vide a means oi change from 
TOR iofa Co™m n0t^rÍÍ‘ SSDV0R- DSDVOR. or Conventional 
DSDVOR c , Pari6T, SV8temS- A block dia8cam of the prototype 
DSDVQR sy8tem used for the following tests is given in Figure 15 The 

—tatic T^st.s- “ Static tests were made by rotating the DVOR 
antenna array and stopping in 10° increments as determined by 
ccurately measured mechanical marks placed on the edge of the 

rotating portion of the counterpoise. The DVOR signals were 

fromme IVol^TÎT^h^^8 apProximately ^ nmi 
were Idiuited / omnibeanng selectors (OBS) of the receivers 
thPn r Ji .f f uan °n COUrse indication. The DVOR signal was 
then repiaced W1th a signal of the same amplitude from receiver 
calibration generator. The phase generator was then adjusted for an 
on course „^cation for each of the 10 receivers. The difference 
between the indicated angle of the phase generation and the 
counterpoise position became the indicated station error for that 
particuiar receiver. The procedure was repeated for each 10° of 
360 azimuth. The results were plotted to provide a station error 

on^6 °f the 10 receivers- The same tests were performed 
the SSDVOR, DSDVOR, and Conventional VOR Systems for a 

T°^raJ1SOn n reCeiver reacti°n under identical test procedures. 

noTbTÍrr V aue,gÍVen Ín FigUreS 24 thrOUgh 38- Static tests could 
of the driv0mPllShhed aS the COUnterpoise reduced in size due to failure 
of the drive mechanism which rotated the antenna array. 

Fhght Tests - Flight tests were made using 10 navigational 
receivers, representative of a cross-section of the air carrier 

ofXethe Cm an,d 8enral aViati0n ^P68- The simultaneous recording 
aLenna , °f ^ receivers* operating from a single 

k V 6 pOS8ible hy the use °f an RF amplifier and a signal 
imneda11 ^ v,- The Slgnal dlstribution pad provided isolation and 
mpedance matching of the receiver inputs. The gain of the RF ampli- 

adiustudT" fWeen the antenna and the Sigl'al '«sfibution pad, was 
h i PrOVlde a 8i8nal level to «'s receiver inputs equal to the level 

whtch would normally appéar at the antenna terminals with one receiver 

41 

l 



42 

F
ig

u
re

 
2

4
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 M

N
-8

5
F

A
 
(A

) 
A

N
D

 
5
1
R

3
 (

B
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 S

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 



43 



(S33H03CI) XN3W30>ndSia 3SHÍ10D 

44 

F
ig

u
re

 
2

6
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 
5

1
R

V
1
 
(D

) 
A

N
D

 
8
0
6
/-
 

(K
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 S

S
D

V
O

R
 S

T
A

T
IC

 T
E

S
T

S
 



o 

í 

45 

F
ig

u
re

 
2
7
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 K

R
-4

0
 (

M
) 

A
N

D
 

y 
5
1
X

3
 (

N
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 S

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 



o 
nO 
fO 

o 
N 
(*> 

o 
00 
(M 

O 
* 

O 
O 
(M 

O 
vO 

o 
M 

O 
00 

o 

o 

w 
w 
W 
CU 
O 
W 
Q 

X 
H 
D 
2 
NI 
< 

Q 
Z 
< 
0 

h 
vn 

U 
0E¡ 
< 

ÍH 
H 
K 
H 
t-t 

oá 
O 
cx¡ 
oá 
w 
2 
2 
H 
< 
H 
w 
Q 
W 
H 
< 
U 
P 
s 

• 
00 
N 
V 
M 
d 
00 • H 
h 

46 

D
R

5
6
0
 (

I)
 R

E
C

E
IV

E
R

S
 F

R
O

M
 S

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 



47 

F
ig

u
re
 
2
9
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 
W

IT
H
 
T

Y
P

E
 M

N
-8

5
F

A
 

(A
) 

A
N

D
 

5
1
R

3
 (

B
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 D

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 



o 

(S33Hoaa) iNawaovadSia asnnoD 

48 

F
ig

u
re
 
3
0
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 R

A
-2

1
A

/N
V

A
2

2
A
 (

C
) 

A
N

D
 5

1
R

4
 (

L>
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 D

S
D

V
O

R
 S

T
A

T
IC

 T
E

S
T

S
 



m 

49 

'i
g

u
re
 
3
1
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 

5
1

R
V

1
 

(D
) 

A
N

D
 

8
0
6
A
 

(K
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 D

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 



50 

Q 
Z 
< 

2 g 
^ V) 
o 
I 

oi 

w 
H 

w 
0* 
>< 
H 

U M 
H 
C 
H 
w 

E 
H 

oi 
O 
oJ 
oi 

$ 
Q 
w 
Q 

S 
“ E 
Z to 
O oí 
N W 
H > < M 
H W 
w U 
Q W 
W 
H 
< 
ü ►H 
Q 
Z 

ro 
X 

M »fl 

00 
m 
« 
u 
O 
Ö0 

1 



51 

F
ig

u
re
 
3

3
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 
E

R
R

O
R
 
W

IT
H
 T

Y
P

E
 A

R
C

-1
5
F
 (

O
) 

A
N

D
 

D
R

5
6
0
 (

I)
 
R

E
C

E
IV

E
R

S
 F

R
O

M
 D

S
D

V
O

R
 S

T
A

T
IC

 
T

E
S

T
S

 





"V, Ih^í. 



54 

F
ig

u
re
 
3
6
. 

IN
D

IC
A

T
E

D
 S

T
A

T
IO

N
 E

R
R

O
R
 W

IT
H
 T

Y
P

E
 
5

1
R

V
1
 (

D
) 

A
N

D
 

8
0
6
A
 

(K
) 

R
E

C
E

IV
E

R
S
 F

R
O

M
 C

O
N

V
E

N
T

IO
N

A
L
 V

O
R
 S

T
A

T
IC

 
T

E
S

T
S

 



w 
W 
W 
« 
0 
H 
Q 

K 
H 
D 
s l-H 
N 
< 

9- Z H 
< < 
^ H 
2 w 
X oí 
S o 
T > 
Oá J 
« < 
W 2 
(¾ O 

t: ^ H 2 
a w 

t-t z 
^o 
aJü 
0 2 

W u, 
2 co 
0 Dd 
H g 
c £ 
h W 
co 
Q J 
W 

Ï2 
U~i3 •-H FT 

Q X U 52 W 
a io h 

r- 
ro 
V 
3 
00 

&4 

55 



56 



Azimuth reference marks on the GDI recording of each 
receiver were made by tracking the test aircraft with a theodolite 
which automatically transmitted a tone for each 10° of azimuth. 
The^hte-controUed 5-nmi orbital flight tests were made to determine 
station error and receiver compatibility for each counterpoise size. 

JsDVOR DSDVOR ir" ^ t0 a8certain «Potability. The 
SSDVOR DSDVOR, and Conventional VOR Systems were flight-tested 
to provide a comparison of the VOR systems. § 

to th* inn f ^15°11 COrfpletion of the reassembly of the counterpoise 
to the 100-foot size, the flight tests were repeated. In addition tests 
were made to determine the effects to the DVOR System of a TACAN 
antenna mounted coaxially above the carrier array. A problem 
encountered in the mounting of the TACAN antenna was that the 
hemispherica1 dome covering the DVOR antenna array did not lend 

coSnSt * infSftallatÍOn °f the TACAN antenna without extensive 
lated TACr AM • t0 Pr°VÍde a ^ick' simPle test. a simu- 
lated TACAN mounting base composed of an aluminum drum of the 
same physical size as the TACAN mounting base was fabricated. The 
drum was assembled in the dome and installed 16 feet above the 
counterpoise by extending the iron pipe used to support the VOR 
polarizer. 

vnn * T° determine scalloPing due to "site effects" for each 
made^Th^Cnr C“Unter',oise aiae- orbital flight teats were 
Fra ta a! eaCh °f the 10 receivers was recorded. 
From these recordings, the maximum scalloping for each 10° of 
azimuth was obtained and plotted. Counterpoise size has little effect 

0?lng* 1 erefore. only the data obtained for the 150', 100', 

n 60 sizes are given as representative of the test results. 

. Evaluation Airborne Laboratory (SEAU Rereivpr T^ctc 
AddiUonal fHght tests. utilizingT^ecal nav.glLonai receler were 

TZc !yr C,0mpariSOn °f the three VOR system performances. The 
p ized receiver was a prototype unit of the SEAL System under¬ 

cover w^scr^K011 for use in fiight inspection service- Thi: receiver was chosen because the design objectives of a highly 
accurate, instrumentation quality unit required for flight inspection 
application would give comparison of systems performance with the 

st receiver available, and would also afford a performance com- 
parison of the SEAL receiver and the more sophisticated receivers 
used in the previous flight tests. receivers 
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Several departures from existing commercial receiver 
designs were incorporated in the ''■'EAL receiver to obtain a high 
degree of accuracy. Generally, these included the development of: 

1. An IF amplifier with low cross-modulation 
and flat response beyond the subcarrier sideband, 

2. A highly linear IF detector, 

3. AGC circuits giving smoothly changing logarithmic 
AGC voltages and stiffer control on the detector output level, 

4. Matched phase response of the filters for the 
30 Hz signal, 

5. Digital circuits for accurate phase comparison 
of the two 30 Hz filters, 

6. Linear amplitude filters and rectifiers for 
separating and detecting pertinent audio components, and, 

7. Provision for manual tuning of the local oscillator 
for placement of the IF frequency in the center of the IF filters. 

Complete design consideration and development of the SEAL receiver 
are given in Report Number RD-67-4 (Reference 4). 

To obtain a high degree of readout in azimuth accuracy, 
departures were made from existing commercial design in the 
processing of the VOR navigation signals. In the SEAL system, the 
navigational signals from the SEAL receiver are sampled at a rate 
of 30 times per second and converted from analog form to digital 
form to provide digital readout of azimuth and for recording on 
magnetic tape for computer processing of the VOR station error at 
a later date. An output is also available for analog readout of azimuth, 
derived by converting the digital information to analog form, for 
operation of the presently used instrumentation. 

In normal use, the SEAL system aircraft position is 
determined by an inertial system; only the SEAL receiver was available 
for the Doppler VOR tests. However, aircraft position was determined 
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^ Íl‘hrd0llte method- Two 6-"mi «bita! flight tests were made of 

Systems^ t' SSDTOR- “DVOR, and Conventional VOR 

«Le need 

-^al 
VOR systeCrftfm^ct PrÍ,lter t0 data f°r 

c l£st Results and Analysis: The primary objective of the DSDVOR 

ocfai*L at 

patibility. reduction of ,'tation error^dt^700^"."”.' 

daw PHOSS1, le UCtÍOn in course roughness and scalloping. The test 
data indicate minimal reduction in scalloping. 

Static Tests - 

s8-Modulation Reduction ~ Individual station 
ror curves (Fig^ïT 24 through 38). as indicated by each of the 
receivers, have been plotted from the data obtained in the pre- 

Tape oMhêTr 8tatÍC ‘7tS- “mparing «he characteristic 
SSDVOR Svat 7 CUrVeS the DSDV0R Sy=«om with those of the 

shape £ fhe MOTOR118 °£ the SSDV°R inhere”« duantal 
System doe, fn faef CUr?S) ‘1 18 aRPar“‘ ‘hat the DSDVOR 

c , f ct’ Produce less cross-modulation of the sienal at 
System^11 eteCt°r üf the navigational receivers than the SSDVCR 

iS difficult to def iñe~iñ a bs o lute t e r m s t^Onlv ^ 61 Ve r —Patibil 
teac ions of receivers of tt 

systems under test can a determination be made of receiver 
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compatibility. Accordingly, the individual receiver error curves 
were combined to provide a composite error curve for system 

DSDVORSOn'a^e 8ive" in Figures 39- 4°. “»d dl. lor the SSDVOR, 
DSDyOR. and the Conventional VOR, respectively. Examination 

SSnvno cUrVeS revealed that the maximum total error spread for the 
SSDVOR System was 7. 2° and 5. lo for the DSDVOR System. The 
Conventional VOR maximum error spread was 3. 8°. 

The dispersion of the receiver error curves are 
greater in the SSDVOR System than in the DSDVOR System. The 
receivers which contributed most to the wide dispersion of the error 
curves in both of the DVOR Systems were the lea'st sophisticated 

fr—’ 1 and M)' TheSe Same receivers also contributed to 
System6 dlSperS1°n °f the error curves in the Conventional VOR 

C’ gjation Error Reduction - A tabulation of each 
system error, as indicated by each of the 10 receivers, is given 

Figure 42 from which it can be noted that the DSDVOR System 
has less station error than the SSDVOR. 

remain^ fi h’- ^^iiects “ In the above tests the receiver 
remained fixed m azimuth and the antenna array rotated to provide 

obiectTal aZlmUth SÍ8nalS; therefore* the eff^ts of reflecting 
J* . M j f remf]n at a constant azimuth. Consequently, "siting 

effects data could not be obtained from these tests. 8 

flight Tests - Due to the long span of time between the 
accomplishment of the preliminary static tests and the flight tests 

;h7naljrr"used in the static *-ta—- ^leLr 
were 'ub.tituted to in the 8ame cutegory of classification 

!Ub8t;tutedProvide, as „car as possible, a cross-section 

tvoes Wh aÍ/ Carrier' a"d general aviation 

were oh,! /eriVer ^ °CCUred d“ring 3 flight and da‘a 
of the ' "ceiver was either repaired or another receiver 

réceivîr^K'U'' ^ h {reCeiver "E" ^¡"8 eubstituted for 
program äUbstltUted for the next a‘ep in the flight test 

size as indir! S‘ati°n errc,r curves for each counterpoise 
size, as indicated by each of the 10 receivers, were plotted from the 
data obtained from the 5-nmi orbital flight tests of the three VOR 
systems; i. e., Conventional VOR, SSDVOR, and DSDVOR Systems 
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A tabulation of the indicated station error on each receiver for the 
three VOR systems with each counterpoise size is given for com¬ 
parison cf receivers and systems. Station error curves for each 
VOR system, as indicated by each of the 10 receivers, are included 
for the more pertinent counterpoise diameters of 150 feet and 100 feet 
to provide a clear illustration and for comparison of receiver response 
to the signal of the three VOR systems. 

Composite station error curves for each VOR system, 
as indicated by each of the individual receivers, were made from the 
flight test data obtained for each counterpoise size. Receiver I 
failed during the flight for the 60-foot counterpoise diameter tests. 
A projection of the anticipated error curve, based on the receiver's 
reaction to previous steps in the reduction of the counterpoise size, 
is shown (by the dotted lines) on the composite curves for the 60-foot 
counterpoise tests of the two Doppler VOR Systems. 

As previously stated, the prime objectives of the DSDVOR 
System are improved receiver compatibility, reduced station error, 
reduction of counterpoise size, and minor improvement in the siting 
effects. These improvements were to be achieved by a reduction of 
the cross-modulation caused by the "counterpoise effect." The 
achievement of the objectives of the DSDVOR System is revealed by 
the following analysis of the flight test data. 

According to the previously stated theory, the duantal 
shape of the station error curve for the SSDVOR System is due to the 
cross-modulation caused by the "counterpoise effect. " If the theory 
is correct, reduction of the counterpoise size would increase the 
cross-modulation resulting in larger errors as the counterpoise is 
reduced in size. Reviewing the composite station error curve for 
the SSDVOR given in Figures 43, 46, 49. 52, 55, it can be noted 
that as the counterpoise size was reduced, the amount, of station 
error increased and the duantal shape became greater with a reduction 
of counterpoise size. Based on these facts, the stated theory is true. 

Accordingly, the DSDVOR System should provide a 
reduction in the station error and improvement in receiver compatibility. 
The composite station error curves for the DSDVOR System given in 
Figures 44, 47, 50, 53, and 56, reveal the absence of the duantal shape 
of the error curves. The dispersion of the curves is less when compared 

65 



to the SSDVOR System with the same counterpoise size, given in 
Figures 43, 46, 49, 52, and 55. For comparison, composite 
station error curves for the Conventional VOR are given in Figures 
4b, 48, 51, 54, and 57. The reduction of station error achieved 
by the DSDVOR System is revealed by the comparison of the 
individual receiver errors, tabulated in Figure 58. 

Further demonstration of the improvement of the 
DSDVOR System can be noted by comparison of the station error 
curves, as indicated by the individual receiver for each of the VOR 
systems, given in Figures 59 through 68 for the 150-foot diameter 
counterpoise, and given in Figures 69 through 78 for the 100-foot 
diameter counterpoise. These figures also provide a graphic 
illustration of the receiver response to the various VOR signals. 

To determine the minimum size counterpoise required 
for the DSDVOR System, the values of the error spreads are tabulated 
in Figure 49 (error spread versus counterpoise size). For system 
comparison, graphs were made of the two Doppler VOR and Conventional 

UK systems. These graphs are presented in Figures 79, 80, and 81, 

for the SSDVOR, DSDVOR, and the Conventional VOR Systems, respec¬ 

ten JAd ^6^1118 t0 the graPhic Presentation of error spread of the 
SSDVOR System given in Figure 79, it can be noted that as the counter¬ 
poise diameter is decreased, the error spread becomes greater at an 
increasing rate for each step of counterpoise reduction. The DSDVOR 
System, presented in Figure 80, had a lower rate of increase of error 
spread as the counterpoise diameter was decreased with virtually no 

aSe ln the error 8Pread between the diameters of 100 feet and 
Jhe ^isfrsion of the erTOr spread curves is less for the 

DSDVOR than the SSDVOR System, with the less sophisticated receivers 
(I and J) contributing most to the dispersion of the curves. The 
dispersion of the curves for the balance of receivers is less than for 
the Conventional VOR System (Figure 81). 

The smaller dispersion of the error curves for the DSDVOR 
System as compared to the SSDVOR System is further evidence of improved 
receiver compatibility provided by the DSDVOR System. 

BaSed on the above statements, the counterpoise size for 
the DSDVOR System can be reduced to 100 feet in diameter and still 

«nvolTPrOVed reCeiver compatibility and less station error than the 
SoDVOR System with a 150-foot diameter counterpoise. 
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FACIUTY: NAFEC DV0RI2 
ORBIT: 5 nmi 1500 it. MSL 
DATE: 9/25/68 

“°"LevEl Fd . _ -_ *• 

“Ä° Ä,*SÄS“ '*> 
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FACILITY: NAFEC DVOR#2 
ORBIT: 5 nmi 1S00 tu MSL 
DATE: 9/25/68 

SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: I50it. 
FREQUENCY: 111. 9MH* 

Figure 60. INDICATED STATION ERROR WITH TYPE 51R3 (B) RECEIVER 
150-FOOT COUNTERPOISE ’ 
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FACILITY: NAFEC DVORI2 
ORBIT: 5 nmi 1500 it. MSL 
OATE: 9/25/68 
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FACILITY: NAFEC DVOR« 
ORBIT: 5 nmi 1500 it. MSL 
DATE: 9/25/68 
SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 It. 
FREQUENCY: 111. 9MHs 

A7IMUTH (DEGREES) 

Figure 62. INDICATED STATION ERROR WITH TYPE 5IRV1 (D) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVORI2 
ORBIT: 5 nmi 1500 ÍL MSL 
DATE 9/25/68 

SIDEBAND EQUIP: W.LCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 ft. 
FREQUENCY: 111. 9MH* 

Figure 63. INDICATED STATION ERROR WITH TYPE KX-160 (F) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY! NAFEC DVOR02 
ORBIT! S ami 1500 ft. MSL 
DATE! 9/25/68 

SIDEBAND EQUIP! WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 ft. 
FREQUENCY! 111.9 MH» 

Figure 64. INDICATED STATION ERROR WITH TYPE ARC-15G ÍG1 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DV0R#2 
ORBIT: 5nmil500 fL MSL 
DATE: 9/25/68 

SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 ÍU 
FREQUENCY: 111.9 MHi 

Figure 65. INDICATED STATION ERROR WITH TYPE 51X2 (H) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVORI2 
ORBIT: 5 nmi 1500 ft. MSL 
DATE: 9/25/68 

SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 ft. 
FREQUENCY: 111.9 MHz 
RECEIVER DR-560 (I) 

SSB DVOR 

\ , 
J — 

/ 
, s > s 

-J L_ i S 
V / / Y 7 

/ / 
n 

1 1 1 1 1 1 '1 

Figure 66. INDICATED STATION ERROR WITH TYPE DR-560 (I) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DV0R#2 
ORBIT: 5 nmi 1500 it. MSL 
DATE: 9/25/68 

COIINTERDpo?sTDIAMETEK W¡50H£rGH M°DUUATION 

Figure 67. INDICATED STATION ERROR WITH TYPE MAP,- ,, ,T1 

RECEIVER. 150-FOOT COUNTERPOISE (J) 
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FACILITY! NAFEC DV0RI2 
ORBIT: SnmilSOOft. MSL 

7/*¿3/00 

ND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 150 it. 
FREQUENCY: 111.9 MH* 

Figure 68. INDICATED STATION ERROR WITH TYPE 
RECEIVER, 150-FOOT COUNTERPOISE 

806A (K) 
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FACILITY: NAFEC DVOR1H2 
ORBIT: 5 nmi 1500 it. MSL 
DATE: 11/8/68 
FREQUENCY: 111.9 MH. 

Figure 69. INDICATED STATION ERROR WITH TYPE MN-85FA ÍA 
RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY: NAFEC DV0R*2 
ORBIT: 5 nmi 1500 ÍL MSL 
DATE: 11/8/68 
FREQUENCY: 111,9 MHi 
SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 100 it. 

0 60 120 180 240 300 360 

AZIMUTH (DEGREES) 

Figure 70. INDICATED STATION ERROR WITH TYPE 51R3 (B) 
RECEIVER, 100-FOOT COUNTERPOISE 
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FACILITY! NAFEC DVOR #2 
ORBIT: 5 ami 1500 it. MSL 
DATE: U/8/68 
FREQUENCY: Ul. 9 MHz 

LEVEL MODULATION 

Figure 71, 
RECe?vTfEBD S,nnT^N ERR°R WI™ TYPE ^-2‘A (C) RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVOR#2 
ORBIT: 5 nmi 1500 ft. MSL 
DATE: II/8/68 

FREQUENCY: 111.9 MHr 

Figure 72. INDICATED 
RECEIVER, 

STATION ERROR WITH TYPE 51RV1 (D) 
lOO-FOOT COUNTERPOISE 
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FACILITY: NAFEC DV0RI2 
ORBIT: 5 nmi 1500 il. MSL 
DATE: 11/8/68 
FREQUENCY: Ul.OMHx 

SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 100 ft. 

Figure 73. INDICATED STATION ERROR WITH TYPE 805A (E) 
RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY: N AF FC DVOR#2 
ORBIT: 5 ami 1500 ft. MSL 
DATE: 11/8/68 

FREQUENCY: 111. 9 MHz 

Figure 74. INDICATED STATION ERROR WITH TYPE KX-160 (F) 
RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY : NAFEC DV0R#2 
ORBIT: 5 «uni 1500 ft. MSL 
DATE: 11/8/68 
FREQUENCY: 111. f MH» 
SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 100 it. 
RECEIVER: ARC-1 SG (G) 

Figure 75. INDICATED STATION ERROR WITH TYPE ARC-15G (G) 
RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY: NAFEC DV0RI2 
ORBIT: 5 niru 1500 it. MSL 
DATE: 11/8/68 
FREQUENCY: 111. 9 MHz 
SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 

Figure 76. INDICATED STATION ERROR WITH TYPE 51X2 (H) 
RECEIVER, lOO-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVOR#2 
ORBIT: 5 mm 1500 it. MSL 
DATE: 11/8/68 
FREQUENCY: 111. 9 MH* 

SIDEBAND EQUIP: WILCOX WITH HIGH LEVEL MODULATION 
COUNTERPOISE DIAMETER: 100 ft. 

Figure 77. INDICATED STATION ERROR WITH TYPE DR-560 (I) 
RECEIVER, lOO-FOOT COUNTERPOISE 

101 



FACILITY: NAFEC DVOR#2 
ORBIT: 5 nmi 1500 ü. MSL 
DATE: 11/8/68 
FREQUENCY: 111. 5 Mm 
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Figure 79. COMPOSITE INDICATED STATION ERROR 
VARIOUS COUNTERPOISE DIAMETERS 

WITH SSDVOR, 
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60 80 100 120 140 160 
COUNTERPOISE DIAMETER (FEET) 

Figure 80. COMPOSITE INDICATED STATION ERROR WITH DSDVOR, 
VARIOUS COUNTERPOISE DIAMETERS 
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Figure 81. COMPOSITE INDICATED STATION ERROR WITH CONVENTIONAL 
VOR, VARIOUS COUNTERPOISE DIAMETERS 
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From the data obtained of the 20-nmi orbital flight tests, 
the maximum scalloping for each 10° of azimuth is plotted in 
Figures 82 through 91. By averaging the maximum value of scalloping 
for each 10° of azimuth, a single value is established for each VOR 
system. The system with the lowest average value would be the least 
susceptible to site effects. The results, tabulated in Figure 92, provide 
a comparison of system and individual receiver reaction to siting 
effects. These data and the graphs of Figures 82 through 91 indicate 
that the DSDVOR System is slightly less susceptible to site effects 

than the SSDVOR System, and there is very little difference in performance 
at counterpoise diameters of 150 feet and 100 feet. 

SEAL Receiver Tests - A tabulation of total error spread of 
each receiver, obtained from the 6-nmi orbital flight tests of the 
three VOR systems, is shown in Figure 93 for a comparison of 
indicated station error. Analog and digital performances of the SEAL 

receiver are compared with that of the air carrier receivers tested 
The station error curves for each of the three VOR systems, as 
indicated by the individual air carrier receivers and by the analog 
output of the SEAL receiver are given in Figures 94 through 100. 
Composite indicated station error curves for the three VOR systems, 
given in Figures 101 through 103, were made from the output data 
of the individual receivers to compare receiver compatibility. 

The digital data, plotted in Figure 104, of the three 
VOR systems, taken from a 6-nmi orbital flight give indication of 
the SEAL receiver performance. 

Coaxially Located TACAN Antenna Test - Results of tests 
to coaxially locate a TACAN antenna with Doppler VOR, using a 
simulated antenna mounting base were inconclusive. A coaxially 
located TACAN antenna would have to be installed at a Doppler test 
facility to conclusively determine feasibility. This test should be 
conducted when a standard DSDVOR counterpoise size is established. 
Since manpower and funds to accomplish this task were not within 
the scope of the DSDVOR project, this was not done. To perform 
tests of the TACAN antenna under the DSDVOR project would have 
unnecessarily delayed the completion of the DSDVOR test. 
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FACILITY: NAFEC DVOR 
ORBIT: 20 nmi 1000 It MSL 
DATE: 10/1/68 
COUNTERPOISE DIAMETER: 150 It 

RECEIVERS 
- MN-85FA (A) 

SSB DVO R 

-V s 

Figure 82. MAXTMUM SCALLOPING PER 10° SECTOR WITH TYPE 
MN-85FA (A) AND 51R3 (B) RECEIVERS, 150-FOOT 
COUNTERPOISE 
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f 

FACILITY: NAFEC DVOR 

Figure 83. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
RA-21A (C) AND KX-160 (F) RECEIVERS, 150-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: 20 nmi 1000 It MSL RECEIVERS 

Figure 84. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
ARC-15G (G) AND DR-560 (I) RECEIVERS, 150-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: 20 runi 1000 ft MSL RECEIVERS 
DATE: 10/1/68 - 51X2B (H) 
COUNTERPOISE DIAMETER: 150ft -MK-U(J) 

SSB d'vo'r 

-V 

DSB DVO R 

■ 2 r t - — 

Figure 85. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
51X2B (H) AND MK-12 (J) RECEIVERS, 150-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: 20 uni 1000 ft MSL 
DATE: 10/1/68 

RECEIVERS 
51RV-1 (D) 

Figure 86. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
51RV1 (D) AND 806A (K) RECEIVERS, 150-FOOT COUNTERPOISE 
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FACILITY : NAFEC DVOR 

ORBIT: :0 nm. 1000 ft MSL 

DATE: 11/9/68 
«-rmKiTFBPniSE DIAMETER: 100 it 

RI :ci :iv 

- N 

ERS 

ÍN-85 

1R3 

FA (A) 

(B) 

n 1 I 3SB D YO R 

■8 
sí 

& >*> 1-¾ 

-- . - 

Figure 87. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
MN-85FA (A) AND 51R3 (B) RECEIVERS, lOO-FOOT 
COUNTERPOISE 



FACILITY: NAFEC DVOR 
ORBIT: 20 nmi 1000 it MSL RECEIVERS 

Figure 88. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
RA-21A (C) AND KX-160 (F) RECEIVERS, lOO-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: ZO nmi 1000 It MSL 
DATE: 11/9/68 

COUNTERPOISE DIAMETER: 100 ft 

RECEIVERS 
- ARC-I5G (G) 
-DR-560 (I) 

¿SB DV 

7 V 

OR 

V 

Figure 89. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
ARC-15G (G) AND DR-560 (I) RECEIVERS. 100-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: 20 nmi 1000 ft MSL 
DATE: 11/9/68 RECEIVERS 

Figure 90. MAXIMUM SCALLOPING PER 10<> SECTOR WITH TYPF 
51X2B (H) AND MK-12 (J) RECEIVERS, lOO-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR 
ORBIT: 20 nmi 1000 It MSL 
DATE: 11/9/68 

RECEIVERS 
- 51RV-1 (D) 

Figure 91. MAXIMUM SCALLOPING PER 10° SECTOR WITH TYPE 
51RV1 (D) AND 806A (K) RECEIVERS, lOO-FOOT 
COUNTERPOISE 
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FACILITY: NAFEC DVOR NO. 2 
ORBIT: No. 1, 6 mr.i, 1800 It MSL 
DATE: 12/16/69 
COUNTERPOISE DIAMETER: 150 ft 
RECEIVER: MN-85FA (A) 

Figure 94. INDICATED STATION ERROR WITH TYPE 
RECEIVER, 150-FOOT COUNTERPOISE 

MN-85FA (A) 



FACILITY: NAFEC ÜVOR NO. 2 
ORBIT: No. 1. fc nmi, 1800 ÍIMSL 
DATE: 12/16/69 

Figure 95. INDICATED STATION ERROR WITH TYPE 51R3 (B) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVOR NO. 2 
ORBIT: No. I, f, nmi, 1800 it MSL 
DATE: 12/16/69 

Figure 96. INDICATED STATION ERROR WITH TYPE RA-21A ,r> 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACIUTY: NAFEC DVOR NO. 2 
ORBIT: No. 1. 6 nmi, 1800 ft MSL 
DATE: 12/16/69 

COUNTERPOISE DIAMETER: 150 ft 

Figure 97. ™D7CATED STATION ERROR WITH TYPE 51RV1 (D) 
RECEIVER, 150-FOOT COUNTERPOISE 

122 



FACILITY: NAFEC DVOR I 2 
ORBIT: No. 1, 6 nmi, 1800 it MSL 
DATE: 12/16/69 
COUNTERPOISE DIAMETER: ISO ft 

Figure 98. INDICATED STATION ERROR WITH TYPE 805A (E) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVOR #¿ 
ORBIT: No. 1, 6 nmi, 1800 ft MSL 
DATE: 12/16/69 

COUNTERPOISE DIAMETER: 150 ft 

Figure 99. INDICATED STATION ERROR WITH TYPE 51X2B (H) 
RECEIVER, 150-FOOT COUNTERPOISE 
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FACILITY: NAFEC DVOR #2 
ORBIT: No. 1, 6 nmi, 1800 It MSL 
DATE: 12/16/Ó9 

COUNTERPOISE DIAMETER: 150 ft 
^^RECEIVER: SEAL (ANALOG) 

Figure 100. INDICATED STATION ERROR WITH ANALOG OUTPUT OF 
SEAL RECEIVER. 150-FOOT COUNTERPOISE 
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SECTION II 

HIGH LEVEL MODULATION SYSTEM 



Background 

The present type of commissioned Doppler VOR System utilizes 
a modulation eliminator, a capacitive goniometer, two 50-ohm loads, 
and an RF bridge, as illustrated in Figure 3, to provide the 30 Hz 
reference modulation of the carrier energy. The RF power loss, due 
to this method of providing the 30 Hz reference modulation, results in 
approximately one-half the car rier power of the Conventional VOR 
System. The field intensity at low elevation angles is further reduced 
by the large counterpoise. The reduced carrier power of the Doppler 
VOR System results in a reduction of the usable range. To make the 
Doppler VOR System more advantageous, the field intensity should be 
increased to equal that of the Conventional VOR. 

DISCUSSION 

One method of making the field intensity of the Doppler VOR equal 
to that of Conventional VOR is to increase the carrier power to over¬ 
come modulation losses. This would require approximately twice the 
power rating of the present carrier transmitter. Obviously, this 
would not only be costly but would have the disadvantage of requiring 
a special carrier transmitter for the Doppler facilities. Therefore, 
to increase the effective radiated carrier energy of present equipment, 
the efficiency of the 30 Hz amplitude modulation system must be 
increased. 

The present method in use to provide the 30 Hz amplitude modulation 
of the carrier energy for the Doppler VOR System is a conversion of the 
modulation method used in the Conventional VOR System. Although this 
method is inefficient, the equipment was readily available and provided 
an interim method until more efficient equipment could be developed. 

In the Conventional VOR the use of the capacity goniometer to provide 
space modulation of the carrier energy was necessary to provide a 30 Hz 
AM signal, the phase of which varied with azimuth (30 Hz variable signal). 
In the Doppler VOR the 30 Hz amplitude modulation of the carrier energy 
generates the fixed phase or reference signal. As the system require¬ 
ments are for a fixed phase 30 Hz AM signal, high level modulation 
of the carrier transmitter with a 30 Hz voltage is possible if a means is 
provided to maintain a constant phase angle of the 30 Hz transmitted 
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signal. This requirement can be fulfilled with an APC unit, illustrated 
in the simplified block diagram of Figure 105. APC of the transmitted 
30 Hz AM signal is necessary because a slight variation in tuning of the 
transmitter's modulated stage causes a small impedance change, 
resulting in a change of the phase angle of the transmitted 30 Hz AM 
signal. This would result in a change in the course alignment for the 

Doppler VOR System. 

Description 

Referring again to the simplified block diagram of the APC unit 
given in Figure 105, it can be noted that a 30 Hz reference voltage 
is derived from an alternator attached to the distributor drive motor. 
The 30 Hz voltage is supplied to the phase comparator block and 
through the phase shifter and modulator to the carrier transmitter 
where the carrier energy is modulated by the 30 Hz signal. A sample 
of the modulated RF energy supplied to the carrier antenna is 
demodulated to obtain a 30 Hz voltage which is supplied to the phase 
comparator, where the phase of the detected 30 Hz is compared to the 
phase of the 30 Hz reference input. An "out of phase" condition will 
generate an error voltage which will shift the phase of the 30 Hz reference 
voltage being supplied to the modulator. A balance will be achieved when 
the detected 30 Hz voltage is in phase with the 30 Hz reference voltage 
under which condition there will be a zero error voltage. Detailed 
circuits and functions are described in FAA Report No. RD-65-45, 
"Development of a Prototype Double Sideband Doppler VOR Transmitter 
Carrier Modulator." One can see by analysis of the block diagram of 
the APC unit of Figure 105, that any phase change due to components 
or circuit adjustments throughout the entire modulation circuitry 
including the transmitter will be corrected. 

A block diagram of a DSDVOR System, which makes use of the 
high level modulation system, is given in Figure 106. It will be observed 
that the capacity goniometer has been replaced with a 30 Hz generator. 
The modulation bridge and balancing lead with its 3 dB carrier power loss 
and the modulation eliminator with its contribution to carrier power loss 
are no longer required. The carrier modulator driver and cairier 
modulator have been replaced with a redesigned modulator which includes 

the circuitry for the APC function. 
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Figure 105. SIMPLIFIED BLOCK DIAGRAM OF AUTOMATIC PHASE 
CONTROL UNIT OF THE 30 HZ REFERENCE 
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Redesign of the carrier modulator driver and the carrier modulator 
was necessary since they were not designed to pass a 30 Hz signal. In 
the redesign of these units, it was possible by the use of solid-state 
circuitry to combine their functions into one unit including the APC. 

he panel space required for the new modulator is the same as the 
combined space requirements of the carrier modulator driver and 
carrier modulator units. 

As the 30 hz AM modulation is independent of the 9960 Hz genera- 

çom/nt?6 hÍící,V!! modulation techniques will function on either the 
SSDVOR or DSDVOR Systems. 

Flight Tests 

The data from flight tests of the SSDVOR and DSDVOR Systems 
as outlined under Flight Tests of Section 1. were obtained with the high 
Uvel modulation equipment installed and operating as an integral unit 
of the Doppler VOR Systems. 
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SECTION ni 

EQUIPMENT DEVELOPMENT 



DISCUSSION 

Double Sideband Transmitters 

System Requiremfents: In the DSDVOR, the generation of the 
sideband pair (fc + 9960 Hz) by separate transmitters requires 
careful consideration of modulation fundamentals. The basic 
equation for double sideband amplitude modulation 

( 
e(t) = E sin Wc* + 0) + i«, sin f(< e ) t + m [( («C - em) 1 + 

states that amplitude modulation of a carrier by a sine wave adds two 
additional sinusoidal components which are displaced equally in frequency 
(above and below) to the carrier. The displacement from the carrier 
frequency is equal to the frequency of the modulating sinusoid. Pure 
amplitude modulation will exist only when the phase angle between the 
upper sideband and the carrier is opposite in sign and equal in magnitude 
to the phase angle between the lower sideband and the carrier as illus¬ 
trated in the vector diagram of Figure 107. Since the method of generat¬ 
ing and radiating the separate sidebands in the DSDVOR System is unique 
an since the separate sidebands must be dealt with in separate circuits 
an delivered to separate feed systems, care must be taken to produce 
a spectrum which does in fact meet the above conditions. To assure that 
a spectrum will be produced which meets tne above conditions, the 
.8®P*r.ate sideband transmitters must have automatic frequency control 
(AFC) circuitry to maintain the upper sideband energy at 9960 Hz above 
he carrier frequency and the lower sideband at 9960 Hz below the 

carrier frequency. Any shift in the carrier frequency must produce an 
equivalent shift in both sideband frequencies with respect to the carrier. 
To maintain the correct phase relationship between the two 9960 Hz RF 
sidebands and the carrier, APC circuitry is required. In addition, to 
maintain the RF level of each sideband transmitter to a preset value an 
automatic level control (ALC) is required. 

., ftrj%-round (Historical): The requirements for dual-channel heterodyne 
sideband generation for the DSDVOR System are formidable in appearance; 
yet the techniques to accomplish the desired results are numerous. The 
problem then was not how to meet the system requirements from a technical 
standpoint, but was the selection of a technique which would provide the 
greatest reliability and minimum equipment with the least complexity for 
ease of adjustment. y 

•]) 

141 



' 

Figure 107. VECTOR DIAGRAM OF DSDVOR 9960 HZ AM MODULATION 
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Accordingly, SRDS issued a proposal for the design and develop¬ 
ment of feasibility models of double sideband transmitting equipment. 
Contracts were subsequently awarded to Collins Radio Company of Cedar 
Rapids, Iowa, and to Hazeltine Technical Development Center of 
Indianapolis, Indiana. Each of the two contractors was to use a different 
technique in the generation of the double sideband energy. The Collins equip¬ 
ment made use of the heterodyne-balanced modulator filter technique in 
the generation of the upper and lower sideband energy. The equipment 
is described in detail in Report Number AD 432 709 (Reference 6). The 
Hazeltine equipment made use of the AFC technique in which the sidebands 
are developed and controlled independently. Each AFC circuit performs 
a phase comparison between a common reference 9960 Hz and the 9960 Hz 
heterodyne between one sideband and the carrier to develop an error 
control voltage which is applied as a correction to the voltage-tuned 
oscillator of the associated sideband transmitter. Complete details of the 
circuits and equipments are given in Report No. AD 612 423 (Reference 7). 

The best circuit features of the two feasibility models of double 
sideband transmitter equipments were used in writing the specifications 
for a prototype model. The development of the prototype double sideband 
transmitter wai awarded to the Wilcox Electric Company, Kansas City, 
Missouri, under Contract FA-WA-4646. 

Tests: Factory inspection and tests were conducted in detail for 
assurance of compliance with the contract specification and performance 
criteria. NAFEC tests were therefore limited to evaluation of operational 
deficiencies with the equipment installed and functioning as an integral 
part of the DSDVOR System. Deficiencies noted and comments follow: 

1. The most annoying deficiency encountered in the equipment 
operation was not one of circuit design, but the selection of hardware. 
The dials used for the tuning of the transmitter continuously gave trouble 
due to slippage of the friction drive. 

2. Under certain combinations of output coupling adjustment 
and grid drive value, there is a very slight indication of double dip in 
the plate current of the final RF stage as this stage is tuned through 
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resonance. No indication of oecillation in the circuit could be detected- 
nor could any detrimental effect to system performance be detected. 

3. In adjusting L-306 of the frequency control unit through its 
range of adjustment, little, if any, effect to the waveform amplitude 
could be detected. Th’s adjustment could perhaps be a factory-fixed 
adjustment. 

4. The adjustment of the trimmer capacitor (reference number 
C-190) of the lower sideband is very critical since only 180° of rotation 
cover its full value. A piston-type of capacitor should be used to pro¬ 
vide many turns of rotation to cover the range of capacity. This would 
give less capacity change per degree of shaft rotation. 

5. The installation of a meter in each of the two sideband 
channels of the frequency control unit to indicate "lock-on'-' and departure 
from "lock-on" would provide ease of adjustment and maintenance. The 
meter could be driven by feedback from the error voltage derived from 
the phase detectors used to control the voltage applied to the voltage-tuned 
sideband oscillators. 

The adjustment required for frequency and phase alignment 
would be made easier by the use of a frequency counter. However, the 
system is not difficult to adjust when the instruction book procedures 
are followed step by step with a knowledge of what is to be achieved for 
each adjustment. 

Failures which have occurred during 3 years of intermittent 
operation of two units of equipment, other than normal tube replacements, 
are: 

1. One failure of capacitor (reference number C-190). 

2. One failure of the diode rectifier (reference number CR-509) 
of the high voltage supply. 

3. Two failures of diode rectifiers (reference number CR-503 
and CR-504) of the bias supply. 
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The number of components could be reduced by the use of 
solid-state devices, particularly in the frequency control unit. The 
advances and improvements made in solid-state devices since the design 
of present equipment warrant consideration of their usage in future 
equipment procurement. 

High Level Modulation Equipment 

System Requirements: The system requires an amplitude-modulated 
30 Hz reference phase voltage obtainable by high level modulation of the 
carrier energy requiring a modulation system capable of passing a 30 Hz 
voltage without distortion. In addition, the circuitry must provide APC 
as previously discussed, to correct any phase change in the transmitted 
30 Hz which may occur due to perturbation in the modulation systems. 

Background: The concept of modulating the carrier energy from a 
30 Hz voltage source to provide the reference phase voltage for the 
Doppler VOR System dates back to the early development effort of the 
SSDVOR. The first tests were conducted in August 1958, at Charleston, 
South Carolina, by the Technical Development Center of the former Civil 
Aeronautics Administration during siting tests of the present Doppler 
VOR System. Although the modulation system components were not 
designed to pass a 30 Hz signal without distortion, the tests indicated 
that with a modulator designed to pass a 30 Hz signal and with the inclu¬ 
sion of APC circuitry for phase stabilization of the transmitted 30 Hz 
reference phase signal, the technique of high level modulation of the 
carrier energy was feasible. Development of a modulator with APC of 
the 30 Hz voltage would be necessary before implementation of the high 
level reference modulation techniques. 

In September 1959, the Systems Research and Development 
Service awarded Contract Number FAA/BRD-143 to the Servo Corporation 
of America for the development of an SSDVOR System and the development 
of a high level reference modulation technique. Due to difficulties and 
delays in the development program, the contract was not completed 
successfully. Upon delivery of equipment from the contract, tests and 
development of the high level reference modulation technique were 
continued as an "in house" effort at NAFEC, culminating in the development 
of the specifications for a prototype production model. 
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In addition, the modulator is of a hybrid design making use of 
solid-state devices for the low signal level stages and vacuum tubes 
for the high signal stages, because at the time of design there were no 
large power transistors capable of the required output. With the 
advances in the "state-of-the-art," consideration should be given to 
an all solid-state modulator. This would not only reduce the physical 
size but would eliminate the high voltage power supply required for the 
modulator tubes and would reduce the maintenance time associated with 
the modulator tube replacement. 

Failures: To date the only modulator component failures, other 
than normal tube replacement, which have occurred for the two units 
in operation are as follows: 

1. Two transistor failures (reference number Q12B. tvoe 
2N2498). yF 

2. One output transformer failure (reference number T-201) 
due to internal short. 

3. The 30 Hz AM level control potentiometer (reference number 
R-185) of both equipments became noisy and required replacement. 

4. One failure of the 4XC250B tube socket due to a short. 

5. The safety air switch would occasionally fail to operate 
due to insufficient air flow past the 4XC250B modulator tubes. 

Distributors 

System Requirements: Briefly stated, the function of the distributor 
is to couple sideband energy to each of the sideband antennas, in succes¬ 
sion, to produce simulated motion. A detailed discussion is given in 
Section I. 

Background: The problems of distributor design for the DSDVOR 
System are greater than those of the SSDVOR System, since provision 
must be made for coupling two separate isolated sideband signals to 
separate rotors. The simple expedient used in the single sideband 
distributor of mounting a metal disc in the center of the rotor, as 
shown in Figure 6, to form one plate of a coupling capacitor will not 
work on a distributor requiring dual inputs. 

147 



The use of capacitive rings as a means of coupling enerav to th* 
rotor coupling bars will in *. • . ^ energy to the 
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From the foregoing discussion, it is apparent that the desion 

large dr.ve motor due to the large mass of the rotor. De,aUs of their 
elopment effort are given in Report Number AD 612423 (Reference 7). 

r ,,. oA\S0 ^ncluded in Contract Number FAA/BRD-404, awarded to 

DopplI VOR DuaTPsadyh0f d'1*2' RaPÍ<,S' l0Wa' f°r the d«velopmen, of pp er VOR Dual Sideband equipment, was the development of a dual 

c annel distributor. A photograph of the distributor is given in Figure 108 
Various parts of the distributor are given in Figures 109 through , 12 
Development details of the Collins dual-chann.l distributor are given in 
Report Number AD 432709 (Reference 6). glVen ln 

Corporation of Alexandria. Virginia, had successfully produced a 
hing e“channel distributor, Contract Number FAA/ARDS-560 was modified 

include the effort necessary for modification of one of their production 
modeis of the single-channel distributor to a dual-channel unit P Subsequently 
added to the contract was the fabrication of a 52-output dual-channel 
istnbutor for use in a multi-lobe Precision VOR - Doppler VOR project 
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Figure 108. PHOTOGRAPH OF COLLINS VOR DISTRIBUTOR AND CART
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Figure 109. VOR DISTRIBUTOR. TOP COVER WITH GONIOMETER ATTACHED
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Figure 110. VOR DISTRIBUTOR, ROTOR REMOVED

Figure 111. VOR DISTRIBUTOR, ROTOR ATTACHED
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Figure 112. VOR DISTRIBUTOR, ROTOR ASSEMBLY AND TOP COVER



The necessary modification of the Jansky and Bailey distributor 
from single sideband to double sideband operation required only the rede¬ 
sign 01 the rotor to provide two output coupling bars, and the redesign of 
the input coupling system to provide dual input capability. The redesigned 
input coupling had two cylindrical capacitors in tandem. The capacitors 
are approximately 1 inch in diameter, 1 inch long, and are spaced 1 inch 
apart. The stator portion of the cylindrical input coupling capacitor is 
secured to the distributor cover plate, as shown in Figure 113. The 
stator fits inside the rotor portion of the input coupling capacitor. The 
rotor portion of the input coupling capacitor is mounted on the distributor 
rotor as shown in Figure 114. 

Details of distributor development by Atlantic Research 
Corporation are given in FAA Report No. FAA-RD-69-68, (Reference 9). 

Tests: 

Hazeltine Distributor 
not completed. 

- No tests were made because the unit was 

___ -Ç-?IllnB Distributor - Most of the early development effort of 
the DSDVOR System made use of the Collins distributor. Tests were 
made of the Collins distributor, and the results compared with similar 
test results made of a Jansky and Bailey single sideband distributor, 

ype No. FA-5632, Serial No. 42, which was the design standard for 
production models presently used in the SSDVOR System. The results 
of the comparison are as follows: 

,., l’ Output Voltage Variation - The Collins distributor 
exhibited an output voltage variation of + 6 percent compared to + 3 
percent variation of the Jansky and Bailey standard distributor. 

2- Adjacent Output Isolation - The RF leakage from the 
driver output into the adjacent outputs averaged -26. 1 dB for the upper 
sideband and -26. 9 dB for the lower sideband, compared to -33.4 dB 
for the single-channel Jansky and Bailey standard distributor. Plots 
of output voltage variation and of isolation of antenna outputs are given 
m Figures 115 and 116, respectively. 

3* Sideband Isolation - A comparison of the isolation 
between the two sideband channels of the Collins distributor cannot be 
made with the Jansky and Bailey standard distributor, as the latter is 
of a single-channel design. The isolation between the two sideband 
channels measured approximately -27 dB. 
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Figure 113. STATOR OF THE INPUT COUPLING CAPACITOR AND 
MOUNTING BRACKET OF THE JANSKY AND BAILEY 
DOUBLE SIDEBAND DISTRIBUTOR
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Figure 115. COMPARISON OF VARIATION IN OUTPUT VOLTAGE 

156 



U
P

P
E

R
 S

ID
E

B
A

N
D

 

157 

F
ig

u
re
 

1
1
6
. 

C
O

M
P

A
R

IS
O

N
 O

F
 R

F
 

A
D

JA
C

E
N

T
 O

U
T

P
U

T
S

 



Jansky an<^ Bailey Dual-Channel 50-Output Distributor - This 
distributor design was the same as the standard Jansky and Bailey 
single-channel design with the exception of dual-rotors and the method 
of input coupling. Tests were limited to sample measurements of the 
first adjacent output isolation, measurement of ihe sideband channel 
isolation, and measurement of the VSWR of each sideband channel 
input. 

First Adjacent Output Isolation - The average of four 
sample measurements of the first adjacent outputs indicated an isolation 
of -35. 7 dB for one channel, and a -34. 5 dB for the other channel. 

2* Sideband Channel Isolation - The isolation of Channel 1 
from Channel 2 was -26 dB, but isolation of Channel 2 from Channel 1 
was -25.4 dB. The difference in the isolation is due to the difference 
in the stray capacitance. 

3* Input Voltage Standing Wave Ratio - The input VSWR, 
with the distributor running, indicated a value of approximately 12, 9:1 
for each channel on a through line wattmeter. With the input line 
"matched, " the input VSWR was 1. 37 to 1 for Channel 1 and 1.4 to 1 
for Channel 2, measured with only the measured channel energized. 
With both channels energized, these values were 1.8:1 and 2.2:1, 
respectively. All measurements were made at a frequency of 113.0 

Jansky and Bailey Dual-Channel 52-Output Distributor - This 
distributor design was the same as the Jansky and Bailey dual-channel 
50-output distributor, with the exception that it provided 52 outputs. 
The measurements made of the Jansky and Bailey 50-output dual¬ 
channel distributor were repeated for Jansky and Bailey dual-channel 
52-output distributor, using the same technique and frequency. 

First Adjacent Output Isolation - The first adjacent 
output isolation measured -34. 5 dB for one channel and -33 dB for the 
other channel. 

2‘ Sideband Channel Isolation - The isolation of Channel 1 
from Channel 2 was -22. 5 dB and Channel 2 from Channel 1 was -21.1 dB. 

158 



r 

3* Standing Wave Ratio - The input VSvVR for each 
channel was approximately 13.2:1. Under "matched" conditions, the 
VS WR for the input of Channel 1 was 1.6:1 and 1.7 for Channel 2. With 
both channels energized, these values were i.ó5:l for Channel 1 and 
2.2:1 for Channel 2. ' 

Operational Deficiencies 

It is difficult to draw a fine line separating operational deficiencies, 
in the true sense, from design problems when basic standards are being 
established, such as in the development of the dual-channel distributor. 

Distributor: The design of the input coupling capacitor of 
the Collins distributor achieves a small increase in the isolation between 
sideband channels when compared to the Jansky and Bailey distributor 
The first adjacent output isolation of the Collins distributor was less than 
the Jansky and Bailey distributor. The output voltage variation of the 
Collins distributor was greater than compared to the standard single¬ 
channel distributor. The input coupling capacitive rings of the Collins 
distributor are of a design which requires multiple feed points. These 
feed points are connected together by means of coaxial connectors, 
which present a possible source of trouble. 

Improvement of the adjacent output isolation and the reduction 
of the variation in the output voltage could possibly be achieved in pro¬ 
duction models to make the Collins distributor comparable with the 
Jansky c.nd Bailey distributor. However, it appears that the design 
of the Collins distributor, requiring more extensive machine work than 
the simple design of the Jansky and Bailey distributor, would increase 
the cost of production models without any major gain over the technical 
characteristics of the Jansky and Bailey distributor. 

Jansky and Bailey Distributors: The isolation between sideband 
c annels was less in the Jansky and Bailey distributors than in the Collins 
distributor; however, the difference was small. Improvement could 
possibly be achieved on production models. Suggested modifications 
to increase the sideband channel isolation are: (1) shielding the rotor 
coupling, (2) placing a ring at ground potential between the coupling 
rings of the rotor, and (3) placing a grounded metallic disc between 
the stator coupler rings. These modifications would increase, by a 
small amount, the RF losses of the distributor due to the shunt capac¬ 
itance and would possibly require a redesign of the rotor impedance 
matching scheme. 
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In the present design there appears to be a high RF current mode 
at the coupling rings. This is assumed from tests which required a large 
amount of RF energy to be coupled to the sideband antenna. In these tests, 
the lead connecting the distributor input to the lower stator of the coupling 
capacitor melted. This lead is routed through the center of the upper 
stator coupling capacitor. In addition, the heat generated at the lower 
coupling capacitor was sufficient to expand the metal of the coupling 
capacitor and distort the insulated support of the stator position of the 
coupling capacitor causing metal-to-metal contact of the stator to the 
rotor. The feed wire was replaced with a length of teflon-insulated 
coaxial cable and the power reduced to complete the tests at normal 
power levels (less than 10 watts); no heating problem was experienced. 

In another test involving a dual-channel rotor to produce a 
wave shape function, the same problems were encountered, but 

no damage was experienced to the feed line. In this test, operation for 
normal power was delivered to the antenna system; however, the input 

power was high due to the RF losses in the rotor. In both tests 
trouble was experienced with the lower coupling capacitor rings. These 
two failures of the lower coupling capacitor were the only failures 
experienced, and are mentioned only as points of consideration in future 
development design, and should not be considered as operational 
deviciencies. 



SUMMARY 

*nalrÍS °J ^he tests conducted of the Double Sideband Doppler VOR 
ysteni showed that the added sideband to the RF spectrum of^he Single 

Sideband Doppler VOR System reduced the counterpoise modulation 8 
thereby increasing receiver compatibility with increased station accuracy 
and a reduction of counterpoise size. ^ 

The high level modulation technique for the 30 Hz reference sienal 
was feasible for either the Double Sideband Doppler VOR System or the 

rm. USed Single Sideband DoPPler VOR System. This increased 

ConvenUonaî^OR V°R - “e" 

Additiona! improvements of the VOR systems, other than small 

c?mn«ehT a g fr0m ‘mproved components, required non- 

vaHawè SÄ“ ‘n meth°d °£ “-e reference and/or 
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CONCLUSIONS 

Based on the test results, it is concluded that: 

1. The Double Sideband Doppler VOR System (DSDVOR) is 
effective in improving compatibility with airborne receivers over that 
of the present Single Sideband Doppler VOR System (SSDVOR). The total 
dispersion of all data from the overall group of 10 different types of 
typical receivers used in the test was reduced in the case of the DSDVOR 
when compared to the SSDVOR at all counterpoise sires from the present 
standard 150-foot diameter to the reduced 60-foot diameter. 

2. The DSDVOR will reduce station error over that of the 
present SSDVOR. A reduction of approximately 50 percent, based on 
the average of the total error of the 10 receivers tested, can be 
achieved with counterpoise diameters from 100 to 150 feet. 

3- A reducti<>n in the counterpoise diameter from 150 feet to 
100 feet can be achieved without sacrificing receiver compatibility and 
the low station error obtained with the 150-foot counterpoise. A 
reduction of 33 percent of counterpoise diameter will reduce the 
required counterpoise extension area 63 percent. 

4. The high level reference modulation technique tested is 

n<fnvru>aS ae^th^d °f increa8in8 the radiated carrier power, for either 
DSDVOR or SSDVOR systems, to that of the Conventional VOR. 

5. Specifications for procurement of double sideband equipment 
for field use can be based on the final equipment tested. This includes 
the following: 

a. Double Sideband transmitters. 

b. Double Sideband distributer if minor improvements 
of the input coupling are made. 

c. High-level reference modulator. 

d. Modification to carrier transmitter. 
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