
Counterpoise-Mounted 
VOR Monitor Detector  Units 

BY 
Willlam 1 Wright 

and 

John Turk 

Electronlcs  Divlsion 

TECHNICAL  DEVELOPMENT  REPORT NO. 337 

6 d  I, J 
, r B  

CIVIL AERONAUTICS ADMINISTRATION 
TECHNICAL  DEVELOPMENT  CENTER 

INDIANAPOLIS. INDIANA 

April 1958 



U. S. DEPARTMENT OF COMMERCE 
Sinclair Weeks. Secretary 

CIVIL AERONAUTICS  ADbUNISTRATION 
James T. Pyle, Adrmnistrator 
D. M. Stuart,  Director,  Technical  Development  Center 

TABLE O F  CONTENTS 

SUMMARY 
INTRODUCTION 

. 1  

DESCRIPTION 
1 

RERADLATION FROM MONITOR DETECTOR UNITS AND VEHICLES 
1 ... . 4  

Page . . . . .  . . .  .................... . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . .  . . . . .  . . . .  
. . . . . . . . . . . . . .  

DETECTOR UNIT HEIGHT 
ELECTRICAL BALANCE . .  4 

EFFECTOFWEATHER . . . . . . .  . . . . . . . . . . . . . . .  4 
4 

DETECTOR UNIT OUTPUT . . . . . . . . . . . . .  . . . .  
VOR STATION ADJUSTMENTS 

5 . . . . . .  . . . . . . . .  . . .  I 
. . . . . . . .  . . . . . . . . . . . . . .  ..... 

CONCLUSIONS .... . . . . . . . . .  . . . . . . . . . . . . . . .  . I  

necessarily  represent CAA policy in all  respects. 
This is a technical dormatlon report  and  does  not 



COUNTERPOISE-MOUNTED VOR MONITOR DETECTOR UNITS* 

SUMMARY 

A monrtor  detector  umt  for mounting on the  edge of the  counterpoise of a VHF 
o m r a n g e   h a s   b e e n  eevaloped at  the C~vil   Aeronautlcs  Adrmnistration  Techcal Development 
Center The momtor  detector unit was  daslgned  to  meet  certain  requirements which a r e  
consldered  necessary  for  relxable  operahon,  namely  (1)  rerahatlon  from  the  detector ante- 
shall not cause  more  than  plus or nunus 0 2' error  in VHF o m r a g e  bearings.  (2)  the  de- 
tector  shall  be  completely  waatherproof  and  operate  satlsfactorlly  over  a  temperature  range 
of nunus 20' F to  plus 150' F , (3 )  vehcular  reflections  shall  have a negligible  effect  on 
courne   dormat ion   f rom the  detector.  and (4) the  detector shall be  satlsfactory  for  uee In 
maklng  phaslng  and  modulatlon  adJustments to the  VHF  ommrange.  Adhlhonal  modrficatlons 
found necessary  after productaon models of the  detector u t  failed to operate  satlsfactorlly 
are  clscussed. 

INTRODUCTION 

The  development of a successful method for  ground  calrbrahon of the VHF ormurange 
(V0R)l  prompted  the  Office of Air Navrgatlon Facilities to request  the  development of a sin- 

unlt would replace the  present  system  utlhzmg ha0 Type  CA-1278 VOR fleld  detectors  The 
gle  momtor  detector m t  for permanent rnountlng on the edge of the  counterpolse.  The  smgle 

posslbihty of using a modrhed Type CA-1278 VOR fleld  detector  unlt  was  to be mnveshgated. 

a t  magnetlc  north 200 feet  from  the VOR and a second  detector  located 200 feet  south of the 
The present VOR momtormg  system  has one  Type  CA-1278 VOR fleld  detector  located 

VOR but offset 10' from  the 180' positlon.  The  detector  umte a r e  mounted on poles at corn- 
terpolse  helght  The  detected  signals  are  transrmtted to the  monrtor  through RG-22lU coar- 
la1  cable  burled  underground. The south VOR field  detector 1s otfset  from  the 180' poeltlon 
in order  that a changa in the  dxection of rotation of the  flgure-of-elght  eldeband  pattern  can 
be detected T h s  change  can be detected  equally  well wlth a  single  detector at azlmuths of 
90' or 270' The othmr functlons of the two standard VOR field  detectors  are  performed 
equally  well by a  elngle  detector on the  edge of the  counterpoise. 

showed that M e  locatlon  was  Imprachcal The bearlng  errors  caused by reflectlons  from 

detector uu t  must  be  less  than 90' In over-all  length d reflectlona  were to  be  kept  to a 
such a  large  deteFtor  unit  were  excessive  Further  teats  showed that the  antenna of the 

neghglble  value 
This  report  descrlbes  the  most  satlsfactory  detector m t  of several  models  developed 

specifically for mountmg on the edge of the  counterpome  Further  lmprovements  necessary 
in  productlon  models of the  detector unit a r e  mcluded 

Tests wlth a  Type CA-1278 VOR field  detector mounted on the  edge of the  counterpolse 

DESCRIPTION 

The most  sahefactory type of m O N t O r  detector u t  developed  employed a dipole 

fabrlcatlng  the  elements of RG17IU coaxlal  cable  from  whch  the  Vinyhte  covermg  and 
antenna  approdmately 13  inches 1 ~ .  over-all  length The antenna  was  made  molstureproof by 

of Luclte  blocks  A  plastic  cover  over  the  entire  assembly  provlded  protection  from  snow 
sheldmg had  been  removed The elements  were  attached  to the detector  bousmg  by  means 

*Manuscript  subrmtted  for  pubhcatlon  January 1958 

'Robert B. Flint and  Wllllam L Wnght, "Ground Calhrahon of the VOR." 
CAA Technical  Deyelopment  Report No. 227, October 1955. 



FIg 1 Counterpolse-Mounted  Detector  Umt  wlth  Dlpole  Antenna 

Flgure 1 shows  the  detector unit mounted on the  edge of the  counterpolse  Flgure 2 1s a 
close-up  view of the  detector A schemabc  &agram of the  detector  unlt 1s shown m F l g  3 
Electrlcal  balance of the  antenna 1s maintamed by the  use of a spht-stator  condenser  across 
the  antenna  Inductance  and  use of a full-wave rectifier In the  secondary  cxrcult  The  first  de- 
tector umtB tested,  usmg a half-wave  rectifier. exkubrted conslderable  unbalance  and msta- 
blkty  The  ra&o-frequency (r - f )  colla  were wound on grooved  Luclte  forms  to  mlrumze 
temperature  effects 

Voltage 1s apphed  to a balancmg  potentlometer  through a serles  reslstor  from  the  regulated 
A cxrcut  for balancmg  out  the  ode detector  emsslon  current 1s shown In F l g  4. 

F l g  2 Internal Vlew of Dlpole  Detector Unlt 
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Fig  3 Dlpole  Detector  Clrclut Showrng Full-Wave  Connected  Secondary 

d-c Bource In  the  Type CA-1277 momtor The  balanclng  voltage is introduced at  the detector 
slde of the  Input  attenuator  through a eer les   res ls tor  This clrclut prevents  attenuakon of the 
slgnal  voltage f rom the  detector  and  provldes  complete  cancellabon of the &ode  ermssion 
current 

50000  OHMS POTENTIOMETER 

Flg 4 Schematlc  Diagram of Circmt for Balanclng Out Enuselon  Current From 
Detector  Diode  in  the Type CA-1277 VOR Momtor 
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RERADIATION FROM MONITOR DETECTOR UNITS AND VEHICLES 

The  rerahated  energy  from a momtor  antenna  mounted on the  edge of the VOR 
counterpolse  wlll caume bearlng  errors. often referred to as  course  scallopmg, at some  azl- 
muths M-mum courBe scallopmg  occurs  at  radials 45' and  135'from  the  ra&al on wluch 
the  antenna  1s  mounted. For  example.  an  antenna  at 90' mll cause  manmum scalloplng at  
45'.  135'.  225.. and 315. The  magrutude of the  reradrated  energy  depends on the  length of the 
antenna  and  the  amount of energy  coupled  Into  the  dlode  load.  It  was  deterrmned by experl- 
ment  that  an  antenna 45' or k E E  in length when efflclently  coupled  to  a  load would cause  less 
than  plus or nunus 0 2' course  scallopmg. It also  was noted  durlng  tests  that, when a half- 
wave  antenna  was  Inducbvely  coupled  to a tuned secondary  clrcult.  the  Course  scallopmg  In- 
creased as the  secondary  was  detuned  The  &pole  antenna,  because of Its  small  &mensrons. 
was  tuned  and  coupled  to  an  untuned  secondary,  In  order to obtaln  adequate  detector output. 
Detunlng of the  antenna  caused  the  course Bcalloprng to decrease Thrs character is tx  of the 
short dlpole  antenna  makes I t  unhkely that course  scallopmg wll l  be encountered  because of 
Improper tumng of the detector 

current   as  the  detector  unlt  was  moved  through  the 0' to 180. sector  around  the  counterpoise 
The  recordmgs  were  made wlth a COlhnE  51RZ VOR recelver  located 500 feet  from  the VOR 
at 90' azlmuth The mamum course  scalloplng  due  to  the  detector Unit was  less than  plus or 
nunus 0 1' 

than  plus or nunus 0 25' A course  alarm  never  has  been  observed on t h ~ s  VOR momtor 
because of velucles m the VlClNty of the VOR 

The course  scalloplng  was  deterrmned by recorhng the  course  devlahon  In&cator 

Energy  reflected  from  vehlcles  near  the VOR cause  momtor  course  devlabons of less 

ELECTRICAL BALANCE 

The electrlcal  balance of the  detector unlt becomes  qmte  crltlcal  as  the  antenna 1s 

movmg the antenna cod  toward one  antenna element or the  other The  electrlcal balance warn 
shortened In the first  models emplopng  a half-wave recbfler,  the detector  was balanced by 

checked by obsernng the  bearlng on the  momtor with  the detector In normal  poslhon  and 
agam  mth the  detector  rotated 180. In the  horlzontal  plane The true bearxng was rmdway be- 
tween  the two observakons,  and  the  detector  was  adJusted  untll this bearmg  was obtamed. The 
hfficulty In  obtauung  electrical  balance m the detector  umt  was  solved by changlng the  sec- 
ondary  circult  from  a  half-wave to a  full-wave  rectlfler Of the several  detector  models 
tested wlth  the  full-wave c l rcu t .  the  electrlcal  unbalance  &d  not  exceed  plus or  m u 8  0 1' 

DETECTOR UNIT HEIGHT 

observlng the mhcated  course and detector  umt output as  the helght  was  vaned  There  was 
The ophmum  helght  for  a counterpolse  momtor  detector umt  was  deternuned by 

no C O U r E B  shift  for herghts of 15 to 40 Inches wlth  the mounbng  support  malntalned  ln  a  ver- 
tical posltlon Below a  helght of 20 Inches.  however,  the  detector  umt  output  dropped  raprdly 
All tests  descrlbed 1n thls report  were  made  wlth  a  detector  umt 20 Inches  above  the 
counterpolse 

EFFECT  OF WEATHER 

The flrst   detector unlt  tested  was  eqmpped  wlth  an  antenna  made of small-hameter 
brass  rods  supported by small  feed-through  msulators  The  presence of molsture on the m- 

&d  not remedy thrs characterlstlc To ehnunate  the  effect of molsture on the  antenna, It was 
sulators  caused  the  detector  output  to  change  Varlous sizes and  shapes of antenna  elements 

necessary  to use completely  waterproof  elements  It  also  was  necessary to  add  a  plastlc 
cover  over  the  entlre  detector uut to prevent snow from accuxnulatlng on the  detector  Wet 
snow. In par txular ,  when  allowed  to  accumulate on the  detector  umt  cause@  a  large  change In 
the output 

facllltles  The  common  complamt  was  varlabons In detector output Tests of the  productlon 
models of the  detector  lnhcated  that  the output vaned  wlth temperature  Flgure 5A 
Illustrates  the  varlatlon  m  detector output of one of the flrst  producbon  models  for a 100' F. 

Early  produchon  modele of the  detector umt performed  unsatlsfactorlly  at RegIonal 
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Fig. 5 Vanahon  in  Detector U N t  Output  wlth Temperature 

change  in  temperature  The  variaaon  m output was  greatly  reduced  m later produchon 
models by mounqng  the r-f coils  rlgldly  and  coabng  them w ~ t h  cement  The  results of a test  
of the  mobfled  produchon  model  are shown in Flg 5B. Further  tents showed that wmdmg  the 
r-f coils on grooved  Luclte forms  reduced the  effect of temperature  to a negligible  value a s  

1n dry 1ce to reduce  the  temperature The detector unit vas placed on the  edge of the  counter- 
shown in  Flg. 5C. The temperature  tests  were conducted by paclung  the entire  detector d t  

poise.  and  the  detector  output  wae  recorded a s  the  temperature  rncreased  to  the  ambient 
level. The detector urut then  was  placed in a  heated  enclonure  and  the  temperature  rased 

as the  temperature  returned to normal 
Then the detector  wut was  placed on the  edge of the  countarpojae  and  the  output  was  recorded 

caused  by wind on the  detector urut Vibratlons  from  mnd  prevloudy had resulted 1n r a p d  
Win&ng the r-f Coils on grooved forms  also  greatly  reducad  vlbration of the  turns 

fluctuations zp the  course 

DETECTOR UNIT OUTPUT 

The YOR monitor  requires  an  Input of 1 volt  d-c  and 0 3 volt  a-c of the vanable and 
-raference  audio  signal  from  the  detector uPlt These  voltages are  measured  across  the lnput 
attenuator.  The output of the  detector urut an the Input was  varred is shorn  m Fig 6. The 
output of the  detector uut was  varied by changlng  the r-f m n g  The  curves m Flg 6 apply 
for  a  half-wave or full-wave  connected 6AL5 diode  rectlfler The  output of the detector  wut 
can be adpeted to the  desired  level by varylng  the  coupkng  between  the  secondary  and  prlmary 
r-f coils. The monitor vnll opera te   sa tdac tor l ly  with  the  detector  output ranpng from 1 to 5 
volts d-c. 

40 per  cent of full  scale by adpstmg  the input  attenuator  The  curves of Flg.  7 show the var- 
latlon 1n the  variable  and  reference  output  levels as the  monrtor Input attenuator 1s adpsted 
for 40 per  cent of full-scale  for  varlous  d-c  output  levels of the detector u t  Figures 6 and 7 

The standard practace 1s to  set  the field lntenaity  mbcator of the VOR monltor  to  read 
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Fig. 6 Varlable  and  Reference Signal Voltages at Momtor Input  Attenuator 
a. D-C Output of Detector Unit  is Varied 

show that the  variable  and  reference srgnal voltages a r e  approxlmately 30 per  cent of the d-c 
level  at  a  d-c  detector output of 1 volt.  and 21 per  cent at a  d-c  detector  output of 5 volts. 

FIg 7 Varaation 1n Varlable  and  Reference  Output  Levels a n  Monitor Input 
Attenuator is AdJusted for Constant  Input  Lave1 
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VOR STATION ADJUSTMENTS 

Measurements of the  varlable  phase  modulation  level  and phase relations  between 
sidebands  and  carrier  using the counterpolme detector d t s  have  proved  entirely watisfactory. 
The differences 1n these  measurements with the detector urut at 0. or 90. a r e  nagligible. 
whereas  a U e r e n c e  1p the  phaser  position of 5 dinsions  (approximately  57  was  noted  whsn 

bratlon  curves  obtained with  the r-f phaser 10 divisions  above  and bel- the correct  poeition 
using the Type CA-1278 VOR fleld  detector  located 200 feet  north of the VOR. VOR cali- 

the  goniometer  loads  presented by the VOR antenna  sideband lnputs are  equal.  The only affect 
indxated  neghgible  changes  in the VOR calibration  curves However. ths  is true only  when 

on  the VOR operation by the r-f phaser being 5 to 10 &visions from the correct  position 1s a 
slight  decrease in the  variable  phase  modulation  level. 

On occasions,  the  sideband  lines may be  udntentlonally  interchanged when changing 
godomatars   or  d n g  station  adpstments  This d l  cause the  rotatlon of the figurm-of- 

dormat ion   ins tead  of 9O'azlmuth information  to  the  monitor,  causlng it to a la rm The  sidgle 
might pattern to reverse.  A  srngle  detector urut  located at 90' azunuth  will grve 270'azhuth 

field  detector m t s   a r e  located 200 feet south  and  north of the VOR. 
dmtector d t  performs  this  functlon as well as the  present  momtor  system  in which the VOR 

GONG LUSIONS 

equivalent  to a VOR bearing  error  less  than  plus  or  minus 0.2? (2)  completely  weatherproof 
1 A monitor  detector  unit i m  described, which meets  the  requirements  (1)  reradiatlon 

construction,  and operating matisfactorily from  minus 20. F. to plus 150' F.; and (3 )  negligible 
d f e c t  on course  informahon  dus  to  vehicular  reflections 

2  A  single  dipole  detactor  unit of the type described  in th ls  report,  mounted op the  edge of 
the counterpoise at 90' azimuth  (or 270. azunuth),  will  provide  sutficisrrt  information  for 
monitoring  the VOR adequately. 

umt a s  with  tho  present VOR field  dstectoru  located ZOO feet from the VOR antema. 
3. Station  adJustments  can  be  made as  accurately with the counterpoise-mounted  detector 


