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A TVOR AUTOMATIC-REBROADCAST SYSTEM* 

SUMMARY 

This report describes the development and testmg of a TVOR automatic-rebroadcast 
system developed at the Technical Development and Evaluatxm Center, Indlanapolls, Indiana 
This system provides a means whereby pllots who are using a TVOR fac,hty on an arport 
which does not have a control tower or at which the control tower does not operate 24 hours a 
day may broadcast by radio an abbreviated fhght plan which 1s rebroadcast by the TVOR This 
rebroadcast 1s then plcked up by any other arcraft which 1s operat,ng wlthln that area and 
which 1s tuned to the TVOR faclllty Thus, all arcraft concerned can exchange perturznt 
lnformatlon and can work out their own landing sequence or other traffic-separation problems 

The automatic-rebroadcast system consists of the lnterconnectlon of a number of 
receivers tuned to prescribed commun,cat,ons frequencws in such a manner that arcraft 
transmlsslons on these frequenczes are received and are rebroadcast on the TVOR frequency 
The system xxorporates a prlorlty handling of rebroadcasts and an automatic nonmandatory 
acknowledgment SIgnal transmitted after each rebroadcast Standard control-tower recexvers 
are employed, and the receiver mod,flcat,ons Introduced to incorporate prlorlty operstxm for 
rebroadcast do not change receiver characterlstlcs wwlth regard to sensltwlty and rellablllty 

The aperatlonal experience galned during the nine months of operation at Indlanapohs 
nidlcates that the proposed appllcatlon of an automatic-rebroadcast system as a means whereby 
pllots may set up their own traffic separation under certaxn condltlons 1s entuely feasible 

INTRODUCTION 

The experience galned in the operation of very-h,gh-frequency (VHF) ommranges 
lndlcated that there are many advantages to be galned by placmg a VOR on an axport This led 
to the development of the ternnnal VHF ommrange. or TVORl, which offers accurate and 
reliable gudance for axcraft descending under ,nstrument-flight-rule (IFR) condltlons to 
m~nlma that ~~11 place the arcraft in a pos,tu,n to land on a runway when the pllot estabhshes 
visual contact with the aupart. The TVOR 1s not to be regarded as a precwon-approach 
aId such as an znstrunent landu,g system (ILS), however, It offers more accuracy and more 
rellablllty under atmospherx static condltlons and offers more ease of navzgatlon and of 
orlentatlon than any low-frequency or medwrn-frequency aId currently in use There are sev- 
eral advantages to TVOR lnstallatlans on axports For example. many aIrports I,, the Uruted 
States with low trafhc density are serviced by commercial air carriers which are now bang 
operated under v,s’tlal-flight-rules (VFR) condltlons only because of a lack of nearby urcraft 
navlgatlonal faclhtles The u,stallatlon of a TVOR on these axports would be of tremendous 
aId in completu,g flights to these alrports under IFR condltwns However, the xxtallatlon of 
TVOR facllxtxs at low-traffic-density aIrports. most of whxch have no control tower, presents 
the problem of how to insure that alrcraft ma,nta,n adequate separatux, at locations outsIde of 
control areas 

The automatic-rebroadcast system, developed at the request of the OffIce of Federal 
Airways. provides a means whereby arcraft 1ntendx.g to make an approach on a TVOR may 
announce this lntentlon on prescribed ax/ground frequencies and may have thx transmxslon 
rebroadcast over the TVOR frequency in order that any other pilots using the same TVOR 
navlgatlonal faclllty may became aware of the exlstlng traffic and, by means of commumcatlon 
via the rebroadcast equlpment, malntaln their own traffic separation 

*Manuscript submltted for publlcatlon March 1954 

1 S R Anderson and T S Wonnell. “The Development and Testing of the Terrnlnal VHF 
On-mrange,‘~ CAA Technical Development Report No 225, April 1954 



F,g 1 Carrwr-Operated Relay Clrcult for Type RUR Receiver 

PRINCIPLE OF OPERATION 

Basically. the automatic-rebroadcast system canslsts of clrcultry whxh connects the 
audm outputs of three receivers to the speech ampllfxr of the TVOR transmitter Obvmusly, 
the employment of some prmrlty-receiver operatmn clrcult was reqmred to assure that the 
first receiver energized by an r-f signal locks out the other receivers until the r-f slgnal 1s 
removed Thx prevents simultaneous rebroadcasts and consequent ,ammmg 

The automatic rebroadcast af ax/ground commumcatmns over the TVOR 1s controlled 
by the actxon of carrier-operated relays III the receivers Each receiver mcorporates a four- 
pole, double-throw, carrxr-operated relay This relay operatmn 1s as follows No 1 pole 
activates and deactivates the recexver audm output, No 2 pole disables and restores the control 
b,as c,rcu,t of the No 2 receiver. No 3 pole dxables and restores the control bias clrcult of 
the No 3 receiver, and No 4 pole disables and restores the TVOR ldentlficatmn and also 
charges an automatx-acknowledgment-circuit capaator Thxs clrcult 1s descr,bed 11, d&all 
later in this report 

RECEIVER MODIFICATIONS 

It ,.,as desxred that the system wuould be capable of rebroadcastmg messages received on 
any one of three frequencies, namely, 122 5 MC, 126 7 MC, and 3023 5 kc Two VHF and one 
HF rece,vers were obtalned for this purpose 

The VHF receivers are CAA Type RUR flxed-tuned receivers deslgned for aeronautIca 
ground-statmn receptmn of amplitude-modulated radm-telephone signals and operated on a 
smgle preset crystal-controlled channel in the band 118 Mc to 136 Mc The receivers employ 
a double-canversmn superheterodyne clrcult and are equipped with automatic n~lse llmlter. 
delayed and amplified automatx volume control, and carrxr-operated squelch clrcults The 
rece,vers are contamed in a smgle enclosed vertical chassxs umt with door panel for mountmg 
III a standard lq-mch rack cabmet 

The HF receiver used 1s a CAA Type RHZ fxed-tuned, smgle-frequency. ground-statmn 
rece,ver des,gned for the receptmn of radm-telephone signals from alrcraft operatmg on a 
frequency to wh,ch the receiver has been pretuned ,n the range from 1,600 to 10,000 kc It 
employs ten tubes III a superheterodyne clrclut with a crystal-controlled high-frequency 
conversion oscillator Automatlc val- control, carrier-operated n~lse suppressmn, and a 
peak-nase lmnter are mcorporated 

In order to keep receiver modlflcatlons to a minimum, It was decided to retam the 
carrmr-operated relay c,rcu,try as used in the VHF Type RUR recexvers The basic diagram 
of this clrcult 15 shown in Fig 1 When the receiver 1s turned off, contlnulty exists between 
relay cantacts Sl and SZ When the receiver 1s turned on and the antenna 1s disconnected, Vl 
conducts and the plate current energlees Kl, estabhshmg contmuxty between relay contacts SZ 
and S3 When the antenna 1s connected to the receiver and the receiver 1s in normal operatmg 
candltmn, an r-f carr,er causes an automatx volume control (AVC) voltage change which 
b,ases Vl to cut off and thus to de-energize the relay and estabhsh contmulty between relay 
contacts Sl and S2 Therefore, the modlficatmn on the Type RUR receivers consists of 
replacmg the normal carrwr-operated relay Kl with a four-pole, double-throw relay 

Modlficatlon requirements for the HF Type RHZ rece,ver are more extensive than for the 
RUR rece,vers and Include the mstallatmn of a relay current control tube and a four-pole, 



double-throw relay After the receivers were modlfzed, sensxtxvlty curves were plotted 
Figure 2 shows the Input slgnal. In mxrovolts, required to actuate the carrier-operated relay 
of the two types of recezvers wulth varymg settmgs of the receiver sensltlvlty control 

The retentmn of the carrier-operated relay system of the Type RUR receivers, although 
greatly slmpllfymg the receiver modlflcatmn problem, Introduced a new problem As mdzcated 
m Fig 1, the relay Kl has the swultch contacts In the same posltmn when the receiver IS turned 
off as when the receiver IS turned on and energized by an r-f carrier Therefore, It follows 
that, because of the prmrlty system of mterconnectmn, a receiver hxgh-voltage power failure 
would disable the entlre rebroadcast system This 1s prevented by mstallmg, m conJunctmn 
with each receiver, a second four-pole. double-throw relay, and by energlemg the relay field 
co11 by the receiver-plate power supply The relay-switch contacts are connected to the 
carrier-operated relay so that a power failure of one receiver results m the failure of 
rebroadcast on one frequency only For further protectmn, the voltage to the field co11 of the 
second four-pole double-throw relay must pass through the contacts of a relay, the field co11 
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Fig 4 Autamatlc-Rebroadcast Equipment Installatmn 

of which 1s in series with the filament of the trmde control tube This prevents a burn-out of 
a control-tube filament from dlsabhng the entlre rebroadcast system Flgure 3 shows the 
receiver modlflcatmns and relay mterconnectmns of the automatic-rebroadcast system, and 
Fig 4 1s a view of the experImenta mstallatmn 

AUTOMATIC ACKNOWLEDGMENT CIRCUIT 

Upon the completmn of the modlflcatlan and the mterconnectmn of the three receivers, 
the equipment was mstalled at a TDEC experImenta VOR faclllty The prellmmary tests 
conducted on the automatlc-rebroadcast system lmmedmtely revealed the necessity for 
lncludmg some type of acknowledgment xnformatlon 

It became obvmus durmg the early tests that a pllot was unable to hear his own re- 
broadcast durmg the time of his transmxsmn If the arcraft was eqmpped with two or more 
receivers, the pllot was unable to dlstmgulsh between rebroadcast and transmitter side tone 
On the other hand, m a small arcraft equipped with a transceiver-type radxo, the receiver was 
de-energzed durmg the period of transrmssmn, as a result. the pIlot could never be certain 
that his transmlsslon had actuated the automatic rebroadcast equipment unless he received a 
reply from another arcraft as a direct result of transmlsslon 

A solutmn to this problem was found m the mclusmn, m the automatic rebroadcast 
eqmpment. of clrcmtry which causes a 400-cps tone slgnal of three-second duratmn at the 
conclusion of each transmlssmn which actuates any one of the three receiver carrier-operated 
relays The acknowledgment clrcult. which consists of two smgle-pole, double-throw relays 
and accompanymg components, 1s shown In Fig 5 

When any one receiver 1s actuated by an ax/ground radm transmlsslon, the fourth set of 
double-pole, smgle-throw contacts on the carrier-operated relay completes a clrcult and 
energlees relay Kg whxch breaks contacts A-C and makes contacts A-B Thx charges con- 
denser Cl Upon completmn of the radm transmlssmn, the receiver carrxer-operated relay 
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Fig 5 Automatic-Acknowledgment Clrcult 

de-energlees relay K9, which opens contacts A-B and closes contacts A-C This places the 
charged condenser Cl across the field co11 of relay K8 The discharge of condenser Cl through 
the KS relay field ~011 energizes the relay for a period of three seconds, breakmg contacts D-E 
and makIng contacts D-F whxh complete the czrcult from the 400-cps generator to the TVOR 
speech amplifier At the end of three seconds. the condenser Cl 1s discharged to the pomt 
where the relay sprmg returns Its contacts to the normal nonenergmed posltmn The system 1s 
then ready for the next rebroadcast 

The acknowledgment clrcult 1s so deslgned that the three-second acknowledgment slgnal 
1s not mandatory at the completmn of each transmxslon If recexvers are energlaed In rapld 
successmn. condenser Cl has no opportumty to dlschargr through the relay field co11 Kg 
Furthermore, the 400-cps acknowledgment tone may be mterrupted while bemg transmItted at 
any moment durmg the normal three-second permd of time In actual operation, the acknow- 
ledgment slgnal IS a nonmandatory dewce slgnalmg the pllot that his transmlssmn has actuated 
one of the recexver carrer-operated relays at the TVOR 

The selectmn of the 400-cps acknowledgment tone was based on the results of tests 
conducted to determme what audio frequency would provide a dlstmctlve acknowledgement slg- 
nal It was orlgmally Intended, m the Interest of economy, to use the lO20-cps TVOR ldentlfz- 
catmn oscillator as a source of acknowledgement sIgna The automatic rebroadcast equipment 
was placed m operatmn usmg the same 1020-cps audm oscillator for acknowledgement and 
xdentlflcatmn The operatmn of this eqmpment was observed for a trial permd This arrange- 
ment proved to be very unsatisfactory and had sounded as If the keymg motor had stuck 
momentarily after each rebroadcast No clear and dlstmct acknowledgement slgnal was evident 
After this trml permd, a Hewlett-Packard audm oscillator was mtraduced as a source of 
acknowledgement sIgnal, the frequency bemg varwd above and below the IOZO-cps ldentlflcatlon 
slgnal It was determmed that the most dlstrnctlve acknowledgement tone was a signal with a 
frequency of approximately 400 cps A 400-cps osallator was deslgned and mstalled 

LABORATORY TESTS 

Relay Tests 
The sensltlve relays which are employed m the automatic rebroadcast system for carrier 

operation control are Potter and Brumfleld lO.OOO-ohm. Type MN 17 DM, four-pole, double- 
throw relays The mstallatmn and prellmmary check of relay operatmn revealed very satxs- 
factory operatmn electrically A teat set-up was then constructed to detect electncal or 
mechamcal failure of the relays For this test, three r-f generators were turned on and off m 



Fig 6 Automatic-Rebroadcast-System Momtor 

sequence to energize m turn each of the receiver carrier-operated relays A lOOO-cps audio 
oscillator and modulator was common to each r-f generator, and a second audm oscillator 
simulated the TVOR Identlflcatlon slgnal The receiver audm outputs were paralleled. rectlfled. 
and connected to an Esterlme-Angus recorder The mdlvldual audm-output levels of the three 
receivers were adjusted to three easily ldentlflable levels of output on the recorder By thw. 
method, the recorded pattern of a full day’s operatmn could be accurately exammed m a few 
mmutes This test was contmued durmg workmg hours m the laboratory for a permd of 51x 
weeks Durmg this time, there were approximately 100,000 operatmns of each of the three 
relays durmg which time no mechamcal or electrIca failure occurred 

Momtor Tests 
With the mstallatmn of the automatic rebroadcast equipment m an experimental TVOR 

faclllty at TDEC. a momtormg device was constructed and mstalled m a laboratory approm- 
mately 2000 feet from the TVOR Figure 6 1s a semIblock dmgram of this momtormg 
equipment 

In operatmn, the four receivers are tuned to the three guarded commumcatlons frequencies 
and to the TVOR frequency The rectlfmd audio from two receIvera actuates relays which 
energize the left and-rIghi markmg pens of a recorder The rectlfxd audm of the other two 
receivers 1s connected wwlth reversed polarity to the center recordmg pen Thus, audm output 
from one receiver causes the pen to move to the left, and audm output from the other receiver 
causes the pen to move to the right In this manner, four recordmg operations were obtamed 
with the use of one recorder With this momtormg eqmpment. It was possible to obtam a 
permanent record of transmlssmns on the rebroadcast guarded frequencies and then to check 
to see If a recorded rebroadcast was obtamed from the TVOR This momtormg eqmpment was 
operated for a period of two months and provided valuable InformatIon as to the relmblllty of 
the automatic rebroadcast system 

THE HF-STATIC PROBLEM 

The mcluszon of the prereqmsxte that the frequency of 3023 5 kc must be guarded m the 
automatic-rebroadcast system presents a serious problem concernmg the effect of atmospheric 
and precxpltatmn static Preclpltatmn statx at times produces very high level r-f signals 
Such signals actuate the 3023 5-kc carrier-operated relay contmuously for a penod of time 



which may last for many minutes Because of the prmrlty operatmn of the receivers, when 
preapdatmn stat,c energmes the 3023 5-kc rece,ver the two VHF receivers are locked out of 
the system Thus. ,n effect, preclpltatlon static effects a breakdown of the entlre automatic 
rebroadcast system 

The solutmn to the static problem conslsted of mstalllng a second high-frequency 
receiver which xncorporates a carrier-operated relay This second receiver IS tuned to an 
adJacent channel and has the curler-operated relay connected to the first high-frequency 
receiver as shown ,n Fig 3, so that static received by the No 2 HF rece,ver disables the No 1 
HF receiver This prevents static in the No 1 HF receiver from dlsabllng the two VHF 
reCelYe*S Under condlt,ons of prec,p,tatlon statx, the two VHF receivers are free to operate 
in the normal manner but the 3023 5-kc channel remains r,operatlve until the static condltmn 
subsldes 

The static-SuppressIon receiver mstalled 1s a Type RCK receiver which 1s tunable over 
the 200- to 400-kc band and also from 1 3 to 30 Mc u, four bands The modlflcatmn of this 
receiver Included the mstallatmn af a relay current-control tube and a relay The r-f Input to 
the static-suppressIon receiver required to energize the curler-operated relay 1s shown I,, 
Fig 2 The settmg of the sens,tlvlty control on this receiver was estabhshed expenmentally 
To date, r,n two ~ccasl~ns the effect of preapxtatmn stat,c has been observed, and a sens,tlvlty 
contra1 settmg of posxtmn eight (55~microvolt Input) was requxed in each case to energize the 
carrier-operated relay 

RECEIVING ANTENNAS 

Two recelvlng antennas are requued for the automatic-rebroadcast equpment, one for 
the HF rece,vers and another for the VHF receivers Special conslderatlon must be given to 
the effect of recelvlng antennas on TVOR performance It 1s well known that ob,ects which 
contam horleontal members and which are ln the mm,ed~ate vlcxuty of the TVOR produce 
course errors and scalloping in an amount dependent upon their szr,e and their distance from 
the TVOR This fact dictates the use of a rlgld vert,cal VHF antenna 

In a previous mvest~gatmn, the effect af vertical conductors I,, close proxmlty to a TVOR 
was studled One test conslsted of mounting an adJustable alummum mast on a truck and drlvmg 
around the TVOR with the mast approxunately ten feet from the counterpoise edge The height 
of the mast ~a.5 vaned durmg these tests from 26 to 16 feet TVOR azimuth recorded at this 
txne showed no effect resultmg from the placement or hevght of the mast 

A second test was conducted to determine the proper locatmn of a two-stack coaual 
commumcatlons antenna at a TVOR site This antenna extended ten feet above the counterpmse. 
and tests canducted by movmg the antenna around the counterpoise at a distance of 17 feet from 
the TVOR antenna revealed that no bearmg errors resulted However, a slight increase 11, 
TVOR polarlmatuxn err07 was measured Thu error was removed by moving the antenna to a 
point 60 feet tram the TVOR antenna Theoretlcal computatmns revealed that a vertical 
radiator two Inches in diameter and 25 feet high located 60 feet from the TVOR antenna would 
produce 0 063’ course scalloping in a TVOR 

The requred use of vertical recelvlng antennas 1s entirely compatible with the polarl- 
zatran characterlstxs of arcraft VHF transrmttmg antennas All alrcraft VHF transmitters 
use a vertical antenna or an antenna which produces a vertically polarized radlatmn component 
The VHF recelvlng antenna used in the expenmental automatic-rebroadcast lnstallatlon at 
TDEC consists of a three-stack coaxial vertical antenna located 60 feet from the TVOR 

The HF antenna may be either horizontal or vertical A long horlzantal w,re has no effect 
on TVOR performance If the w,re extends radially from the TVOR antenna However, such an 
antenna would constitute a hazard on an auport Therefore, a vert,cal antenna conslstlng of a 
standard ZO-foot nylon-guyed whip antenna and a CAA Type 1294 matchmg uut located 60 feet 
from the TVOR antenna was used 

FLIGHT TEST5 

Flight tests were conducted on the automatic-rebroadcast equipment in order to determine 
the maximum distance an alrcraft could be from the TVOR and obtam an automat,c rebroadcast 
The first test was a distance-range check of the two VHF frequenws, 122 5 Mc and 126 1 Mc 
The two Type RUR receivers at the VOR were connected in ser,es to a three-stack coax,al 
vertical antenna which was tuned to 122 8 Mc Two airborne transmitters were used. a Collms 
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17L2 with approximately 6-watt output and an AIrcraft’ Radm Corporatmn T-11 with 
approxmnately l-watt output fed Into a quarter-wave vertical antenna One transrmtter 1s 
representative of an alrlxne type. and the other 1s representative of a light-plane type 

The flight test consIsted of flying 1,000 feet above ground on a radial away from the VOR 
and pressmg the microphone button every 10 seconds The mlcrophone button was held down 
approxunately 2 seconds and then released The 400-cps acknowledgment-sIgna reply provided 
the mformatmn that rebroadcast had been accomplished, and this procedure was continued on 
the outbound radial until the acknowledgment was no longer received The flight test was then 
repeated on the same radial headed toward the station 

A sxnllar flight test was conducted on 3023 5 kc The airborne 3023 5-kc transmitter 
conslsted of a light-plane General Electric ASIB transceiver with approxunately lo-watt aut- 
put and connected to a fIxed. long-wire, Inchned antenna The flight-test procedure was 
ldentlcal to that used during the VHF tests The results of these fhght tests are shown In 
Table I 

TYPe 
Transmitter 

Colhns 17L2 

Collins 17L2 

ARC T-11 

ARC T-11 (repeat data) 

GE ASlB 

TABLE I 

Automatic Rebroadcast Distance Range 

Distance Range 
Power Frequency Headed Headed 
output To Statlon From Statxon 
(watts) (nnles) (nnles) 

61 122 5Mc 40 8 40 6 

57 126 7Mc 34 4 33 1 

08 122 5Mc 31 0 30 1 

08 122 5Mc 30 0 29 6 

10 0 3023 5kc 10 1 10 7 

OBSERVATIONS AND COMMENTS 

The automatic-rebroadcast equipment has been Installed at an experImenta TVOR faclllty 
and has been operated approxxnately mne months Durmg this time, a contuuous observatmn 
of the rebroadcast operatmn has been conducted during workmg hours Several pertinent 
observatmns are noted 

1 It has been observed that many arcraft transrrnssvans have poor voice quahty Un- 
doubtedly this comes as no surprzse to a control-tower operator, but It IS an important factor 
when pllots begln setting up their own traffic separatmn Heretofore, they have listened to 
control towers and range statIons which have good speech quality 

2 The speech modulatmn of arcraft transrmtters seems to vary from values of over 100 
per cent to less than 10 per cent This great range In percentage of modulatxon makes It 
necessary to use m the TVOR a high quality, constant-level speech ampllfvzr smular to that 
used at VOR facllltles 

3 The automatic acknowledgment clrcult provides pilots with a very convement method of 
checking their transmitters for output A momentary press of the microphone button, followed 
by the acknowledgment tone reply, gxves the pilot mnmedlate assurance of transmitter carrier 
output 

4 The modlflcatlon and lnterconnectlon of exlstlng avallable receivers for use in the re- 
broadcast system IS relatively simple One nnnor precaution should be observed, that 1s to 
pravlde for arc suppressmn at the relay contacts assoczated wxth the acknowledgment clrcultry 
Arcing generates nase and eventually ~111 produce contact failure Any mxse generated by a 
relay enters the r-f sectIon of the receivers, re-energlaes the carrier-operated relays, and. 
In effect, sets up a feedback-type operation of the relays 
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CONCLUSIONS 

The TVOR automatic-rebroadcast system described In this report 1s a straightforward 
and simple modlficatmn and mterconnectmn of standard CAA-type commumcatmns receivers 
These receivers guard speclfled commumcatmn frequencxs and rebroadcast signals received 
on those frequencies from the TVOR 

The operatmnal experience gamed m nme months of operatmn of an experimental m- 
stallatmn mdlcates that the proposed applxatlon of such equpment as a means whereby pllots 
may set up their own traffic separation is enttlrely feasible The relmblllty of the eqwpment 
IS comparable to that of the commumcatums receivers employed, and it proved to be excellent 
durmg tests conducted at TDEC The use of this system would be equally applicable m 
conJunctmn with a TVOR, VOR. or control tower where the control tower does not operate 24 
hours a day 

The VHF recelvmg antenna should be located not less than 60 feet from the TVOR antenna 
and should be of the vertically polarized type 

It 1s strongly recommended that the guardmg of 3023 5 kc be deleted from the automatic 
broadcast system for two mayor reasons First. the major’ty of alrcraft equpped with VOR 
equipment also have VHF transmitters Second, the guarding of a high-frequency channel 
requres the mstallatmn of addltuxnal equlpment to prevent the InterruptIon of rebroadcast 
service durmg condltmns of preclpltatlon static 


