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LABORATORY TESTS OF VOR SIGNAL INTERFERENCE RATIOS 

SUMMARY 

Tlus report presents the results of 
tests conducted at the Techmcal Develop- 
ment and Evaluatmn Center of the Clv11 
Aeronautics Adnumstratmn to determme the 
Interference between signals of different 
levels from ather VOR or ILS stations 
operatmg on the same or adIacent channels 
These tests also Indicate the actmn of the 
flag alarm I,, different types of receivers 
when the received slgnal 1s subjected to 
Interference from other VOR or ILS 
statmns 

INTRODUCTION 

A ma,or problem ln the establishment 
of adequate very-hrgh-frequency omlurange 
(VOR) and mstrument landmg system (ILS) 
facrlrtles I,, the Unzted States 1s the reductron 
of mterference between them M1*1lllUlll 
Interference 1 s obtamed through careful 
selectmn of frequencies with respect to 
faclhty 1ocatmn In general the greater tlus 
geographical separatmn 1s. the closer their 
Irequencles may be 

The range of a VOR statmn 1s approxl- 
mately proportmnal to the lme-of-sight 
&stance from the statmn The present-day 
trend for scheduled alrlmes 1s to fly at 
higher altitudes. which increases the usable 
range of a VOR faclllty but also increases 
the llkellhood of 1 n t e r f e r e n c e between 
statmns 

The ax-lme types of navlgatmn re- 
ce~vers have an alarm clrcmt which ~111 
cau.se a flag to show on the course devlatmn 
mdxator whenever the VOR or ILS faclllty 
falls, whenever the received signal strength 
1s msufflcvemt for r&able receiver opera- 
tmn. or whenever certam receiver compo- 
nents fall The flag alarm, however, may not 
mdlcate bearmg errors resulting from mter- 
ference by other VOR or IL.5 signals, as ~111 
be shown in this report 

EQUIPMENT AND TESTS 

A series of laboratory tests was con- 
ducted at the Center I,, order to determme 
1 n t e r f e I e n c e ratms under the followmg 
condltmne 

1 Two VOR statmns operatmg on the 
same frequency 

2 Two VOR statmns operating on 
frequencies 100 kllacycles per second (kc) 
apart 

3 Two VOR statmns operating on 
frequencies 200 kc apart 

4 One VOR and one ILS localmer 
operatmg on the same frequency 

5 One VOR and one ILS locallzer 
operating on frequencies 100 kc apart 

6. One VOR and one ILS localmer 
operatrng on frequencies 200 kc apart 

These tests were conducted on the followmg 
types of receivers that were avaIlable at the 
center 

1 Collms Type 51R-2 
2. Bendix Tvue MN-85BA 
3 Alrcraft ‘tiadm Corporation Type 

ARC-15A 
4 Natmnal Aeronautical C o I p o I at 1 on 

NARCO Omnrgator VTR-I 

The followmg general test equpment 
setup and procedure were used durmg these 
tests 

The output of each of two Boonton 
Type 211 signal generators was connected 
through a ax-decibel (db) pad to the Input of 
the receiver bang tested 

Two audm generators, Collms Type 
4799, were used to modulate the signal 
generators with ommrange and ILS au&o 
tones 

The output of both srgnal generators 
was adJusted to 500 mlcrovolts (WV) and fed 
to the ;ecelver bang tested -ihe’ variable 
phase of the desired slgnal (hereafter 
referred to as No 1 slgnal) was set to O”. 
and the bearing selector dlalof theundeslred 
slgnal (hereafter referred to as No. 2 slgnal) 
was adlusted so that It would produce maa- 
mum error III the recerver output This 
error appeared at 257’ and 78” 

The No 1 slgnal level was held can- 
stant, while the No 2 s1 
m direct ratlos above ? 

nal level was varzed 
tdb) and below (-db) 

the No 1 signal The receiver Input ex- 
pressed x, pv, as shown I,, the tabulations, 
IS that voltage which appeared across the 
antenna terrrunals of the receiver being 
tested and 1s equal to one-half the output of 
the test set 

1 TWO VOR STATIONS 
OPERATING ON THE SAME FREQUENCY 

Procedure 
The two test sets were operating as 

two VOR stations and were separated ap- 
proximately 1500 cycles per second (cps) m 
frequency The varmble phase of No 2 signal 
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was normally between 250’ and 265’ for 
nmxu-mm error The flag current 1n the 
Colhns and Bendix receivers was adjusted 
for 220 mlcroamperes (pa) on each of the 
reference and variable channels. The 
ARC-15A and NARCO receivers have no ad- 
justment for flag current Two flag move- 
ment loads were used m the test setup and 
totaled 500 ohms The flag current tabulated 
m Tables I, IV, and V IS the current through 
only one of the lOOO-ohm flag movements. 

ratlo of -17 db, and the NARCO required 
greater than -lb db ratio 

c The mformation given m Table I in&- 
cates that the flag will not be vxsible although 
the errors may be as high as 14’ 1n the 
ARC-15A, as bgh as 8’m the Collms 51R-2, 
and as high as b 6’ in the Ben&x The baas 
for thx statement IS the requirement that 
the flag shall be vrslble when the flag current 
IS 250 ,~a 07 less The low flag current IP 
the ARC-15A with Input of 5pv 1s attributed 
to low sensitivity of the receiver 

Comments 
a The signal Input level of the desired 

slgnal (No I) tid not materially affect the 
bearmg error m the Colhns and Bend= 
lecel”ers. However, in the ARC-15A and 
NARCO receivers the desmed level dldaffect 
the bearmg error at ratios less than -lOdb 

2. TWO VOR STATIONS 
OPERATING ON FREQUENCIES 

100 KC APART 

Procedure 
b. The Bendu and ARC-15A receivers The procedure for tbls test was the 

provided usable bearing mdlcatrons (I’ or same as for Test No I, except that the No 2 
less of error) at mterference ratios of -14 db signal (the undesired slgnal) was tuned 100 kc 
or mole The Col1u-e receiver requred a above the No 1 signal and then 100 kc below 

TABLE I 

EFFECTS CAUSED BY TWO VOR STATIONS ON THE SAME FREQUENCIES 

No 2 Slgnal 
Ratm 

No 1 Slgnal Input Levels 

5oopv 5000 pv 5 PLY 

(decibels) 
Error Flag Current Error Flag Current Error Flag Current 

(degrees) (Pa) (degrees) (t-4 (degrees) (I4 

Collms 51R-2 
- 6.0 
- 95 
-14 0 
-20 0 
-26 0 

Ben&x MN-85BA 
- 60 
- 95 
-14 0 
-20.0 
-26.0 

ARC-15A 
- 60 
- 95 
-14 0 
-20 0 

NARCO VTR-1 
- 60 
- 95 
-14 0 
-20.0 

8.1 260 
43 270 
2.4 275 
0.5 280 
0.0 285 

79 275 
290 
300 
305 
310 

77 280 
3j 
11 
03 

33 
12 

295 
305 
315 
320 

02 
0.0 01 

62 
26 
08 

268 66 286 63 298 
276 2.7 300 25 310 
280 09 306 1.0 316 
285 03 310 02 320 
285 02 310 00 320 

0.0 
00 

97 170 11.0 260 
1.9 200 28 295 
0.2 220 02 320 

14.0 
4.0 
05 
01 

320 
340 
380 
400 

11 7 
41 
13 
0.8 

11 5 
41 
12 
05 

12 2 
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TABLE II 

ERRORS CAUSED BY TWO VOR STATIONS SEPARPTED BY 100 KC 

No 2 SIgnal 
Ratm 

5 P” 

Frequency Frequency 
100 kc 100 kc 

LOWIX 
(decibels) 

Higher 
(degrees) (degrees) 

ARC-15A 
- 60 00 00 
- 95 
-14 0 

NARCO VTR-1 
- 60 00 33 
- 95 00 18 
-14 0 00 03 

Collms 51R-2 
Bendix MN-85BA 

No 1 Input Signal Levels 

500 pv 5000 FLY 

Frequency Frequency Frequency Frequency 
100 kc 100 kc 100 kc 100 kc 
Higher Lower 

(degrees) (degrees) 
Higher Lower 

(degrees) (degrees) 

00 34 00 30 
00 1 16 00 10 
00 00 00 00 

4.8 13 36 13 
21 05 17 06 
08 00 07 00 

No mterference or bearmg error was noted cm ather retel~er 
with Inputs less than t60 db above the desared slgnal level 

It The results are shown in Table II 

Comments 
a The Collins and Bendix receivers did 

not mdxate any errors from an lnterfermg 
slgnal spaced 100 kc away and less than 
60 db above the desired slgnal 

b The ARC-15A was not affected by 
adJacent channel I,, t e r f e r e n c e when the 
lnterfermg slgnal was -9 5 db or more 
below the deared slgnal level 

c The NARCO was not affected by adJa- 
cent channel mterference when the mterfer- 
mg s1gna.l was -13 db or more below the 
desmed signal level 

3. TWO VOR STATIONS 
OPERATING ON FREQUENCIES 

200 KC APART 

Procedure 
The procedure was the same as for 

Test No I except that the No 2 slgnal was 
tuned 200 kc above the No 1 s&v-ml and then 
200 kc below It The results are shown In 
Table LII 

TABLE 1J.l 

ERRORS CAUSED BY TWO VOR STATIONS 
SEPARATED BY 200 KC 

No 1 
Signal Input 

Level 

No. 2 Slgnal Ratm 
for 1” of Error 

Frequency Frequency 
200 kc 200 kc 

Lower 
(decibels) 

NARCO VTR-I 
5 P” 
500 pv 
5000 pv 

Collins 51R-2 
Bend= MN-85BA 

t33 0 t17 c 
t14 0 t24 0 
t17 0 t 85 

No interference or bearmg error was 
noted on ather receiver with rnputs 
less than t80 db above the desmed 
signal level 

ARC-15A 
No mterference or bearmg error was 
notedat mputs less than t20 db above 
desired slgnal levels of 5, 500, and 
5000 p’v. 
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TABLE IV 

EFFECTS CAUSED BY THE SIGNALS OF AN UNDESIRED ILS STATION 
ON THE SAME FREQUENCY AS A VOR STATION 

No 2 No 1 Deslred VOR Slgnal Input Level 
Interfermg ILS 

Signal Level 5 P” 500 pv 5000 pv 
Ratm 

Error Error 
(decibels) (degrees) 

Flag Current 
(I-) 

Flag Current Error 
(degrees) (I-) 

Flag Current 
(degrees) (d 

Collms 51R-2 
- 60 0 32 255 06 280 06 285 
-14 0 00 280 00 310 02 310 

Bender MN-85BA 
- 60 0 24 270 05 285 
-14.0 00 280 02 310 

ARC-15A 
- 6.0 07 210 24 300 
- 95 00 270 09 335 
-14 0 06 385 

NARCO VTR-1 
- 60 3.0 35 40 
- 95 20 25 30 
-14 0 0.7 IO 10 
-20.0 0.3 04 04 

4 ONE VOR AND ONE ILS 
OPERATING ON THE SAME FREQUENCY 

Procedure 
TXVO separate tests were conducted 

under these condltmns m which VOR was 
designated as the desired slgnal and ILS as 
the undesired In the first test the No 1 
slgnal (the desired one) was a standard VOR 
slgnal on 114 9 megacycles (MC) and the 
No 2 an ILS slgnal on 114 9 MC In the sec- 
ond test the No 1 slgnal was a standard ILS 
slgnal on 110 1 Mc and the No 2 a VOR slg- 
nal on approximately the same frequency 
The radm-frequency (rf) differences were 
approxxnately 1500 cps Results are shown 
m Tables IV and V 

Comments 
a An ILS mterfermg slgnal that 1s 6 db 

or mc.re below the desired VOR slgnal &d 
not cause a VOR course error greater than 
0 6’ m the ColIms or Bendix receivers 

b The ARC-15A receiver provided a 
usable VOR bearmg at low slgnal Inputs (5 vv) 
when the mterfermg ILS slgnal was approxl- 
mately -9 5 db or at the higher (5000 pv) 

Input levels of -14 db or more 
c The NARCO receiver provided a usable 

VOR bearmg when the mterfermg ILS signal 
was -14 db or more at all slgnal levels 

d When the VOR was the desired signal 
and the ILS signal was the mterfermg one 
(-6 db), there was no mdlcatmn by the flag 
alarm of any mterference m the Collms and 
Bendix receivers, although the Collms may 
have 0 6” error and Bendix 0 5” 

e A VOR mterfermg srgnal -6 db or 
more below the desired ILS slgnal did not 
cause an on-course error m the Collrns or 
Bendix receivers. although It changed the 
course sensltlvlty by approxunately 1 0” 

f The ARC-ISA receiver mdxated an 
ILS on-course error of approxunately 0 15’ 
when the VOR mterfermg slgnal was -20 db 
below the desired slgnal 

g The US flag alarm m the Collms, 
Bendix. and ARC receivers mdlcated mter- 
ferencewaspresentwhen the VOR mterfermg 
slgnal level was less than -6 db below the 
desired slgnal 

h A heterodyne tone was audible and in- 
creased m volume as the ratm between 
signals was decreased. 
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TABLE V 

EFFECTS CAUSED BY THE SIGNALS OF AN UNDESIRED VOR STATION 
ON THE SAME FREQUENCY AS AN ILS STATION 

No 2 
Interfer- 

lng VOR 5 P" 

No 1 Desired ILS Signal Input Level 

500 pv 5000 pv 
Signal 
Level On- Course Flag On- COUrSe Flag On- Course Flag 
Flat10 Course Sensi- Cur- Course Sens1- Cur- Course Sens1- Cur- 

El-l-al- tlvlty rent Error tlvlty rent Error tlvlty rent 
(decibels) (degrees) (degrees) &a) (degrees) (degrees) (pa) (degrees) (degrees) (pa) 

Collms 51R-2 
-b 00 7 15 215 00 
-14 00 5 85 275 00 

Infmlte 00 5 63 290 00 

Bendm MN-g5BA 
-6 00 8 65 195 00 
-14 00 65 265 00 
-20 00 61 282 00 

Infimte 00 60 285 00 

ARC-15A 
-6 0 23 180 00 
-14 02 215 00 
-20 0 15 230 00 
-26 0 05 235 00 

NARCO VTR-1 
- 6 0 04 0 06 
-95 0 02 0 03 
-14 00 00 

5 ONE VOR AND ONE ILS LOCALIZER 
OPERATING ON FREQUENCIES 

100 KC APART 

Procedure 
The procedure was the same as for 

Test No 4, except that the Interfering signal 
was 100 kc above and below the desired 
signal 

Comments 
When the VOR was the desired signal 

and the ILS the undesired, the Collms and 
Bendut receivers did not indicate any bearmg 
error when the ILS signal level was l’ess 
than tb0 db above that of the VOR The 
ARC-15A and NARCOrecelvers did not mdl- 
cate any bearmg error with ILS signal Input 
levels of less than t20 db abov? the VOR 
signal 

When the ILS was the desmed slgnal 
and the VOR was the undesired, the Collms 
and Bender receivers did not mdlcate any 
on-course error when the VOR signal level 

b 35 250 00 60 265 
- 5 35 310 00 51 325 

5 30 315 00 50 332 

78 217 00 7 15 227 
5 85 290 00 5 36 305 
55 310 00 50 327 
5 25 320 00 50 330 

00 
00 
0 0, 
00 

0 08 
0 04 
0 02 

was less than t60 db above that of the ILS 
The NARCO and ARC-15A receivers did not 
mdlcate any on-course error when the VOR 
slgnal level was less than t6 db above the 
dealred ILS level When the undesired 
VOR signal was greater than t6 db above the 
ILS, the TO-FROM mdxator In the NARCO 
receiver was deflected 

6 ONE VOR AND ONE IL.5 LOCALIZER 
OPERATING ON FREQUENCIES 

200 KC APART 

Procedure 
The procedure was the same as for 

Test No 4, except that the mterfermg signal 
was 200 kc above and below the desired one 

comments 
Any mterfermg slgnal that was less 

than t60 db above the deslredone and spaced 
200 kc above or below the desired channel 
&d not cause any course error when the 
Collins or Bendix receivers were used An 
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mterfermg slgnal of +35 db or less did not 
cause course error when usmg an ARC-15A 
receiver An mterfermg signal of tzb db or 
less did not cause course errors when usmg 
the NARCO receiver 

CONCLUSIONS 

I Fl ag Alarm 
The flag alarm ~111 not mdxate VOR 

bearmg errors caused by a co-channel mter- 
fermg signal that 1s -b db or more below the 
level of the desued signal These errors 
could be as high as 8’ for the Collms. 6 6” 
for Bend=, and 14” for ARC-ISA receivers, 

- respect1ve1y. 

2 VOR Interfered by Another VOR Signal 
The level of an undesued VOR signal 

that 1s on the same frequency channel as the 
deslredone must be -14 db below the desired 
level m order to provide usable bearmg m- 
dlcatmn with 1’ or less of error with ather 
the Bendm or the ARC-15A receivers The 
mterfermg signal must be -17 db for the 
Collms recerver or -16 db for the NARCO 
receiver toproduce 1” of error or less For 
loo-kc separatmn between the two VOR slg- 
nals, no mdlcatmn of errors ~111 be noted on 
the Collms or Ben& receivers when the un- 
desired signal level IS t60 db or less. when 
It 1s -9 5 db or more on the ARC-15A, or 
when It IS -13 db or more on the NARCO re- 
ce1vers For 200-kc separatmn between the 
two VOR slgnals,no mdlcatmn of errors ~111 
be noted on the Collms or Bendu; recezvers 
when the undesired signal level IS t80 db or 

less, when It 1s t20 db or less on the ARC- 
15A. or when It 1s t8 5 db on the NARCO 
receivers 

3 VOR Interfered by ILS Signal 
An ILS mterfermg slgnalwhmh 1s -6 db 

below the VOR sagnal anH on the sane fre- 
quency channel will cause VOR bearmg error 
of approximately 0 6’ in the Collms and 
Bendxx receivers. a 2 4” error in the 
ARC-15A. and 4 0” error in the NARCO 
receivers. 

4 ILS Interfered by VOR Signal 
A VORmterfermg signal which 1s -6 db 

below the ILS signal and on the same fre- 
quency channel ~111 not cause an on-course 
error m the Collms or Bendur receivers but 
decreases the course sensltmty approxl- 
mate1y 20 per cent It Will cause an on- 
course error of about 0 23’ in the ARC-15A 
and of approxunately 0 04’ in the NARCO 
receivers 

5 Desired Signal Input Level 
The bearrig error caused by an mter- 

ferlng slgnalwhose level 1s changed 1x1 direct 
ratm to the desired signal 1s not materially 
affected by any receiver when the desired 
signal level 1s varied from 5 to 5000 ,,LV 

6 Aural Output 
When anv two slenals fILS or VOR) are 

on the same ;hannel,- a heierodyne tone 1s 
audible at all times and mcreases m volume 
as the ratm (db) between the signals 1s 
decreased 

-- 


