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AN OMNIRANGE RECEIVER TEST SYSTEM 

SUMh4ARY 

This report describes a system for 
testmg the cahbratlon accuracy of alrcraft 
VOR recelvmg equipment either ,n flight or 
on the ground Standard ommtest signals 
havmg a simulated bearmg of 0” FROM or 
180’ TO the stat,on are transmitted in all 
dlrectmns The accuracy of these bearmgs 
1s * 0 25” To ut~llae these standard trans- 
m,ss1ons the pilot compares the known 
bearmg of the sxnulated signal w,th the 
settmg of the omnlbearmg selector of the 
air-borne eqwpment when the devlatlon 
mdlcator 1s centered 

INTRODUCTION 

As a result of a suggestIon by the 
Aircraft Radio Equipment Commxttee of 
AeronautIcal Radm. Inc , ,n Apr,l 1949, 
the development of an operatmnal callbra- 
tmn check of VOR receivers was mlt,ated 
at the Clvll A e r on au t 1 c s Adrmmstratmn 
TechnlcalDevelopment andEvaluatmnCenter, 
Indmnapolls, IndIana Itwas consIdered 
advl s able by the Comnnttee to provide a 
rapld, accurate check of equipment that the 
pilot rmght use, either while m flight or 
before take-off, wlthout reqlurmg the 
services of atechnlclanand extens,ve 
laboratory equipment The system de- 
scribed I= this report has a high degree of 
accuracy, 1s easy to use. and has shown 
excellent +elxab,llty 

THEORY OF OPERATION 

In the VOR system a 30-cps signal. 
the phase of which 1s made to vary with 
azimuth, 1s compared with a reference 
slgnal (also 30 cps) of constant phase at all 
bearmgs. Zero-phase dzfference occurs at 
magnetic north 

The basic concept of the amnltest 
system differs from the ommrange in that 
the two 30-cps signals are fixed in phase 
with respect to each other, and ne,ther 
slgnal var,es ,n phase w,th azimuth This 
means that the mdlcat,ons of the a,r-borne 
recelvmg equipment ~111 be the same at all 
relative bearmgs between the alrcraft and 
the ground station, and the accuracy of 
callbratmn of this recelvmg equ,pment can 
be checked by simply tun,ng to this 
transmlssmn 

The plan was to adlust the two 30-cps 
signals to be exactly ln phase with each other, 
so that receivers desIgned to g,ve TO bear- 
mg ,ndlcat,ons would read 180’ on the omnl- 
bearmg ,nd I c ator. and those receivers 
deslgned to read FROM bearmgs would read 
0” when tuned to the ommtest transmlssmn 

In t hl s development a standard VOR 
gonlometer LS employed to prowde the 
modulatmn frequencies for a Type TUQ 
VHF transnntter 

Fig 1 IS a blockdlagram of the system 
The 9 96-kc FM signal generated by the 
tone wheel of the gonmmeter 1s fed to the 
modulator sectmn of the transmitter, and 
the modulated rf energy 1s sent directly to 
the Input clrcult of a Type CA-1292 modula- 
tmn elxmnator. Two outputs are provided 
from the elxnlnator, one of these consists 
of modulated rf e ne r g y which 1s lfed to a 
,unctlon of the lsolatmn bridge. and the 
other 1s demodulated rf energywhxhis 
taken directly to the gonmmeter one out- 
put of the gonmmeter 1s connected to a 
dummy load. whtle the other output 1s con- 
nected to a J”,,Ct,OIl of the bridge opposite 
the one to which modulated rf energy 1s fed 
The antenna 1s connected to one of the re- 
mamlng J”lCtlOnS of the bridge, wh,le the 
;b”,zo s 1 t e side 1s termmated ln a dummy 

The antenna first used >n these tests 
was a horxzontally potarmed CAA VOR-type 
loop, but a CAA Type 1350 arcularly polar- 
lzed antennawas later substltutedwlth some- 
what better distance range 

Fig 2 shows the method of connectmg 
the 9 96-kc sIgna from the tone wheel of 
the gonmmeter to the aud,a system of the 
transrmtter Feedmg this signal at a stage 
other than the voice Input was necessitated 
by clippers and filters I,, the speech ampll- 
flers of this partxular transnntter Modula- 
tlon levels for both the 9 96-kc FM slg,-,al 
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and the 30-cps slgnal from the gomometer 
were set at 30 per cent Since this 1s the 
standard ommrange modulatmn percentage, 
the ommtest signals can also be used to test 
receiver devlatmn senslt,vlty Fig 3 shows 
the complete equpment 

In addltmn to the system finally selec- 
ted, several other methods of modulatmg 
the transmitter with the 30-cps signal were 
tested The gonmmeter modulatmn of rf 
output proved supermr because It elumnated 
the problem of phase mstablllty with plate 
clrcult tuning 

TEST RESULTS 

To deterrmne the accuracy and rella- 
blllty of the ormutest system under varymg 
condltlons of temperature. humldlty, and 
11ne -v&age fluctuations, t e s t 5 covermg a 
period of appraxlmately one year were con- 
ducted Durmg this pe I, od the simulated 
course provided by the equpment was com- 
pared dally with signals from a Collms Type 
479-s nav1gatmn rece,ver test set Maxumlm 
devlatmns did not exceed f 0.25’ under any 
condltmns encountered durmg the tests. nor 
dzd tube substltutmn or changes ,n plate 
loading and antenna couplmg adversely affect 
the accuracy of the standard slgnal 

Flight t e s t s showed that the service 
range of the equpment 1s approximately 
equwalent to that of a conventxonal ommrange 
Voice modulatmnfrom the control tower was 



3 

Fig 3 Experrnental Ommtest Equipment 
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provided sunultaneously with the test slgnal 
and proved to be of excellent quality The 
voice level was adlusted to produce 40 per 
cent modulation of the carrier 

As a result of the tests conducted at 
lndlanapolls, experunental ins t a 11 at xon s 
were made at the Mumclpal Alrport, Kansas 
City, MO , Mdway Alrport. ChIcago, Ill , 
and La Guardla Auport, New York. N Y 
The momtormg equipment at these locatmns 
was adJusted to prowde an alarm and auto- 
matlc shutdown In the event of a tours e 
shift of + 1’ After a year of experunental 
operatmn. very favorable r e p o r t s on the 
accuracy and usefulness of the system have 
been received 

CONCLUSIONS 

It 1s concluded that a satisfactory 
omnltest system h avlng a high degree of 
accuracy and rellablllty. and which 1s 
simple to use. has been developed 

The gonmmeter method of provldmg 
mod ul a t I o n s for an ommtest slgnal was 
found to be the most desirable, among 
several methods tested, because of Its 
stablhty and accuracy 

Sxnultaneous voice modulatmn of 40 
per cent IS avalable If desued, smce the 
total percentage of modulatmn required for 
the ommtest sIgna does not exceed 60 per 
cent 


