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PRELIMINARY  TESTS O F  A PRECISION VHF OMNIRANGE* 

SUMMARY 

of a new preclslon VHF ommrange In whch  ommbearmg  mnformbon 1s produced by radiating, 
in  effect, a rotatmg  10-lobe  radio-frequency  sldeband  pattern 1n contrast  to  the  rotating  2-lobe 
pattern of a conventlonal  omnirange  Theorebcally, a 5 to 1 Improvement IS possible  in 
bearing  accuracy and a substantla1  reductlon of course  scallopmg  caused  by  reflechng  obJects 
can  be  effected 

was  plus  or  mlnus 0 35". The mammum  course  scallopmg  caused by reflectlons  from a horl-  
CAA Technlcal  Development  Center,  Indlanapohs,  Indiana  The  measured  bearing  accuracy 

wlth a conventlonal  4-loop  omnlrange  at  the  same  site  Later,  measurements of course  scal-  
zontal  wire 200 feet  in  length  and 30 feet  hlgb  was 30 6 per  cent of the  scalloping  associated 

loplng  caused by reflections  from  groups of trees  were  made at a decommlssloned  flve-loop 
ommrange  site  at  Dayton, Ohlo,  uslng  the  same  experimental  equlpment  The  maamum 
course  scalloplng  at t t u s  slte  was  the  same for both  antenna  systems,  however.  the  azimuthal 
a r e a  of scallopmg on the  preclslon  omnlrange  was only 27  4 per  cent of the   a rea  of scalloping 
on  the  5-loop  omrurange On radial  flights, a reductlon  in  course  bends  varying  from 2 to 1 
to 6 to 1 was  measured  on  the  preclslon  ommrange  Polarlzatlon  errors  measured  in  fllght 
were  negllglble 

Ths  report   presents   the  theory  and  resul ts  of the  preliminary  development  and  testlng 

An experlmental  model of the  preclslon  ommrange.  using 21 loops,  was  Installed  at  the 

INTRODUCTION 

Flndlng  suitable  omnlrange sites sometimes IS a dlfficult  problem  because  buildmgs. 
wires.   fences,   trees,   and s o  forth  reflect  the  electromagnehc  waves  radxated  from  the o m m -  

course  scalloplng,  course  roughness,  course  bends,  and  in  special  cases,  flxed  errors 
range to cause  various  bearlng  errors.   termed  "slt lng  errors."  These  errors  appear  as 

mise  between  the  Ideal  slte  and  that  whch  may be available  Accorhngly,  many VOR sites 
Speciflcatlons  for  sltmg  the VOR (VHF  omnlrange)  have  been  establlshed  which  are a compro- 

inherent  excellence of the VOR antenna  and  assoclated  equpment. 
a r e  far from  Ideal  and,  occaslonally,  sltlng errors are  introduced,  notwlthstandmg  the 

In the  rotating  pattern)  should  possess  certam  advantages ~n reducing  sltmg  errors  The 
mulhlohe  omnlrange,  however,  possesses  arnbigultles  that  must  be  resolved by some  other 
means 

(TDC)  in 1954,  and a theorehcal  study  was  started In July 1955  Wlth the  obJechve of deter-  
minmg  the  reduchon of slbng  error  posslble  from a mulhlobe  omnxrange  as  well  as  deter- 
minmg  the  inherent  bearlng  accuracy, a precisLon  omnlrange  was  designed  and  blult.  Tests 
were  begun In 1956 at  thls  Center  The  results  were so encouragmg  that  arrangements  were 
made  with  the CAA Flrst  Reglonal  Offlce of A r  Navlgabon  Facilltles  to  test  the precision 
ommrange  at  a wooded s l te   near  Dayton,  Ohlo  Thls  slte  prevlouely  was  found  wholly  unac- 
ceptable  as a Regional VOR facility  The  tests  at  the  Dayton, Ohio, site  were  conducted  during 
September  and  October, 1957 

preclslon  ommrange and dlscusses  the  results of tests  conducted  at  Indlanapohs,  Indiana,  and 
Dayton, Ohlo, which were  concerned  prlmarlly  wlth  scalloplng  and  sihng  effects  Methods of 

are  posslble 
resolving  the  inherent  ambiguity of bearings  were  not  Investigated.  although  several  solubons 

It  has  been known for  a number of years  that  a multllobe  ommrange  (more  than two lobes 

The idea  for a preclslon  ommrange  was  concelved at the T e c h c a l  Development  Center 

Thls  report  descrlhes  the  theory  and  the  prelimnary  development of the  experlmental 

*Manuscript submitted for  publicahon May  1958 
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1 Horlzontal  Plane  Patterns of the  Sldeband  Radlahons  (Approxlmate) 

THEORY 

General 

alternate 10 loops r a h a t e  a s m  5 9 pattern  The  horizontal  plane  patterns of the  20-loop 
(8.56 feet) m ra&us  Ten of the  loops,  spaced 36" apart,  radxate a cos 5 9 pattern  and  the 

r a h a t o r s   a r e  shown in Flg 1 The  outputs of a conventlonal VOR gonlometer  feed  sldeband 
energy  to  the 2 sets  of 10 loops Tlus may be  expressed  mathematlcally 

e l  = gomometer No 1 output  voltage = E s m  p t C O B  w t 

e = gonlometer No 2 output  voltage = E sin p t s1n w t 

Assume 20 loops,  equally  spaced  on  the  clrcumference of a circle 1 wavelength 

m (1) 

(2) 2 m 

where 

Em = constant  voltage 

- p = radxo frequency (that l a ,  115 Mc) 
2 H  

- w = audlo  frequency  (that 1s. 30 cps) 
271 

t = tlme 

The  voltage e drives  the  set of 10 loops  produclng  the  cos 5 Q horizontal plane  pattern  and, 

therefore. the slgnal  radxated at azlmuth 9 1s 

F1 = E sin p t cos w t cos 5 $ 

1 

m ( 3) 
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Flg 2 Electrlcal  Phase  Angle  Versus  the  Azlmuth  Angle 
for  the  20-Loop  and 4 - h o p  Omroranges 

and  the  signal at azimuth p ra&ated by the 10 loops  producing  pattern sln 5 p when 
energized by e  becomes 2 

F = E s m  p t sin w t sm 5 p. 2 m  (4) 

The total  signal  received  In  direchon p is 

F = F  + F  = E  s i n p t c o s ( w t - 5 9 )  

Equatlon ( 5 )  represents a sldeband  slgnal  contalmng  an  audo  frequency-whose  phase 

angle  varies as the  azlmuth  angle  multlphed  by 5 The  phase  angle  5 p I S  measured In the 

muth  from  the  conventional VOR A  study of Fig 2 shows that  any  given  electrical  phase 
aircraf t  receiver. Amblgulties  in  the 5 9 dormation  can  be  resolved by observlng  the  am- 

phase  angle 1s assoclated  wlth  azlmuth  angles 36'.  108". 180°, 252'. and 324' The  slope of 
angle of the  preclsion  system  corresponds  to 5 azimuth  angles  For  example, 180" electrlcal 

the curves  for  the  precision  ommrange i s  f lve  t lmes  as   great  as the  slope of the  curve  for 
the  convenhonal VOR Thls  accounts  for  the  greater  preclslon of the  new  omnlrange 

Derlvatlon of the  Horlzontal Plane Fleld  Patterns 

a z m u t h  of 1' vnll result  m a  change  In  electrical  phase  angle of 5". To accompllsh  thls, i t  
is requred   tha t  a horlzontal  plane  pattern  that  follows a s1n 5 p o r  cos 5 p function  be  pro- 

makcally  Flgure 3 shows a plan mew of two antennas,  A  and B, at p l ,  r. and ( P I  + 180'), r. 
duced a s  shown ~n F l g  1 An antenna  array  producing  such  a  pattern  was  dscovered  mathe- 

respechvely  The  currents l ~ 1  the  antennas a r e  of equal  amphtude,  but  the  phase  angles  are 
reversed.  The s u m  of the  fields  ra&ated by the two antennas  in  a  dnectlon p a t  a grea t  
&stance R may  be  expressed  as 

1 2 m  (5) 

W 

2 r  

So far, i t  has  been  shown  that  a  precision  ommrange is posslble  where a change of 

E = l e  e 
+ J O ~  -J [m - Kr cos ( 9  - p l j  

+ l e  e 3 -JOl -J [m f Kr COS (9  - 9,) 

where 
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M LWP PRECISION OMNIRANGE 

w.YmYI "-,- m-..= =c.7" -. Tc-., 
F l g  3 A Plan Vlew  Showlng Two Antennas of the  Preclslon  Ommrange 

A = wavelengtb 

U1= r-f phase  angle of antenna  currents. 

By trlgonometry 

E = 2 e-JKR  cos a1 + Kr cos (Q - Q1) I (7 )  

In the  followmg,  the  term 2 e -IKR 1s omltted  smce ~t 1s constant  with  azlmuth A number of 
p a n s  of antennas  may  be  added  to  the flrst palr ,  all located on one  circle of r a h u s  r w ~ t h  the 
resultmg  expresslon 

The  20-loop ar ray   t es ted   a t  t l u s  Center  canslsted of two groups, of 10 loops  each,  arranged 
m a  clrcle of 8 56 feet  ra&us  The s m  5 Q loops  were  posltloned at mvervals of 36'. w h l e  
the  cos 5 Q loops  were positioned mdway  between  the s m  5 p loops a s  shown  on F l g  4 

Equatlon (8) m t h  Q = a = a = t90°, a = a = -90'. K = 360", p1= l a " ,  Q, = 54". 
1 3 5  2 4  

Q = 90'. Q = l26q  and Q5 = 162'becomes 

E = { + sin [360" cos (Q - 18") ] - sin [360" cos (Q - 544 

3 4 

3 
t s1n b 6 0 "  cos (Q - 90")] - sln  cos (Q - 1 2 P )  1 
t sm  b60"  cos  (Q - 162")J 
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Flg 4 A Plan Vlew Showmg  the  Locatlon of the  Antennas on the 2X 
Dlameter  Clrcle 

Equatmn (9)  IS worked  out  for 0 "  to 18"  azmluth  and a comparlson 1s made  wlth  the  values of 
s1n 5 0 m Table I and F l g  5. Flgure 5 represents  one-half of the  dashed  lobe of F l g  1 whlch 

of the two patterns shown  on Flg 1 The  slgnlficance of the  close  agreement  between  the 
extends  from 0" to 36" Because of symmetry, Flg 5 may  be thought to  represent all par ts  

deslred  fleld  pattern  and  the  10-element  array  field  pattern  means  that small bearmg  e r rors  
may  be  expected to result  In practice. where a 5 to 1 correspondence  behveen electrical 
degrees  and azimuthal degrees 1s assumed 

Course  Scalloplug 
The  course  scallopmg to  be  expected on the  preclslon  ormurange  may  be  derived In 

omnirange  transmlttlng  antenna, R 1s a reflectmg  object  whlch 16 assumed  to  have a non- 
the  same  way a8 for  a c o n v e n ~ o n a l l  VOR Flgure 6 shows  the situation where T is   the  

dmeckonal  pattern of ra&atlon,  and P IW the  omrurange  recelver m an   a l rc raf t   a t   an   az lmuth  
of 9 from  the  omnlrange  The  dlrect  wave from an  omnlrange  wlth n equal  sectors of 360 
electrical   degrees  each  may  be  expressed  as 

and  the  wave  from  the  reflecbng  obJect  located at 0 = 90' 1s 

A e  El = 
-J(Krl f 8 )  

[l t cos (W t - 90" n) 
=1 1 

where 

A = electrlc  f leld  lntenslty  at  the a i rc raf t  of the  wave  travelmg  along I. &vided by the 

electrlc  fleld intensity at the a r c r a f t  of the  wave  traveling along r 

8 = phase  change of the r-f electrlc  fleld  mtenslty  due  to  refleckon 

1 

0 

CAA Techrucal  Development  Report No 126, May 1952, Flg. 6 
IS R Anderson  and H F Keary, "VHF O m r a n g e  Wave Reflecbons  from  Wires," 
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TABLE I 

A COMPARISON BETWEEN DESIRED FIELD STRENGTH, 
COLUMN ( 1 ) .  A N D  COLUMN (2), THE  FIELD  STRENGTH 

FROM EQUATION (9)  

(degrees)  
0 

0 
2 

4 

6 

8 

10 

12 

14 

16 
18 

0 

.1736 

3420 

5000 

6428 

7660 

8660 

9397 

9848 

1 0000 

0 

1757 

.3433 

499  3 
.6401 

7636 

8668 

9377 

9852 

1 0000 

Flg  5 A Comparlson  Between  The  Deslred  Horlzontal Plane Pattern  and  the 
Ten-Element  Theoretlcal Array Pattern 
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Flg 6 A Plan View  Showlng the  Omnlrange  Transnutter. 
Reflechng  Object,   and  Arcraft  

The  reflected  and  dmect  waves  combine at point P 

E = Eo + El 

Equahon  (12)  may  be  expressed  as a c a r r l e r  wlth - sidebands correctly  phased  wlth  the 

modulahon  frequency  becomes 
carrier  In  order  to  produce  an  ampktude  modulated  wave.  The  phase  angle of the 

0 

2 n  

B = tan 
cos 5 a m  n p + A  sm (90'n)  cos [ K ( r l  - ro) + 8 + 51 
cos 5 c o s n  ql + A  cos  (90%)  cos  [K(rl  - ro) + 8 + 51 I 

where 

A sin K (rl  - r ) + 8 
5 = - tan-'[ 0 

1 + A  c o s   [ K ( r l  - r o ) + S ]  I 
The  error  in  the  phase  angle B 1s the  amount It h f fe rs   f rom  the   va lue  of B unth  no 
reflection  present If A = 0 m equatlon  (13),  then 

B = n p  (15) 

Bearlng  error   expressed In electrlcal   degrees,   caused  by  the  reflectlng  obJect  (course 
scallopmg), 1s 

,s2, = B - no = tan 
-1 C 0 6 ~ B l n n ~ + A S l n ( ~ 0 " n ) c o S [ K ( r 1 - r 0 ) t 8 + ~ ]  

C O B  5 cos n 6 + A C O B  (90% ) COS [K(rl - lo) t 8 + ( ]  

When equahon  (16) 1s to express   e r ror  m terms  of degrees of azlmuth  rather  than  electrlcal 
degrees,  the  electrlcal  degreee  must  be  dlvlded by n 

Wlth the  con&tlons. cos 5 =i 1, A 0 1, and n = 1, equahon (16) becomes 

i 1- n o  (16)  

A2 = t a n -  -q l+ 
1 

1 
A COS [ ~ ( ' i  - r ~ )  + 8 + 5 1 

cos ql - o  
When n = 5 

A cos [K('1 - + 8 + 5 
5 5  c o s  5 ql 



Flg 7 Course  Scallopmg  Caused by One Reflectmg  Ob~ect  Versus  Azlmuth 

When n = 10 

- 
"10 - ik tan-1 {cos 10 9 - A cos  [K(rl  - ro) t t r ]  s m  10 9 

Equations  (17). ( l e ) ,  and  (19)  each  have a te rm,  cos [K(r l -  ro)t 8 + (1 whlch var ies   f rom a 

plus 1 to a mmus 1 mth  alrcraft   mobon  Smce  approxlmate manmum plus  and  mlnus  bearlng 
e r ro r s   a r e   des l r ed ,  t h ~ s  term  may  be  replaced with  plus or   mmus 1 Also,  equabons  (17). 
( l e ) ,  and  (19)  may be simpllfled  to  the  followmg  forms 

(20) 

= -tan-'  ( sin + *+, 5 5  
1 cos 5 

K ) 

Flgure 7 shows  plots of equations (20).  (21), and ( 2 2 )  for one quadrant It will  be  noted  that 
In the  approumate  sector 70" to 90', the  scallopmg or bearmg  error  caused  by  the  reflector 

In tests  comparing  the  1-pan  system  and  the  5-palr  system.  little  Improvement  was  noted 
to a 1-palr  type  omrurange 1s reduced only llttle by replacing it wlth a 5-palr  type  omrurange 

However,  slnce  the  IO-palr  system  places a null   at  9 = 72'. a s  shown m F l g  7. a marked 
Improvement  can  be  expected  by  replacing  the  5-palr  system  wlth  the  10-palr  system  where 
the  reflecting  ohJect 1s of such a kmd  as  to make  the  scalloping  In  this  sector  important 

with  the  conventlonal VOR, a one-palr  system,  in  order  to  show  the  amount of lmprovement 
theoretlcally  possible  from  the two precision omruranges  under  study  Referrmg  to  Flg 8 ,  
In  the  sector  from  approxlmately 80' to 90". httle  lmprovement  is  obtamed  from  the  5-palr 
system  over  the  1-palr  system The figure  makes  clear  that  in  thls  sector, a 10-palr 
system 1s conslderably  more  effectlve m reducmg  scalloping 

Flgure 8 contains  the  data of Flg 7,  presented  in  terms of the  scalloplng  associated 



9 

Flg 8 

4, aZIYUTH IN DEGREES 
m /lm" 
IOU r n , % , " *  Y 

/",I ./., 
ReductLon In  Course  Scalloplng  Effected by the  Precislon  Omrurange 
Compared  wlth a Convenhonal VOR 

EQUIPMENT  DESCRIPTION AND CALIBRATION 

The expenmental   preclslon VOR conslsted of COnVentlOMl  VOR equlpment.  but  wlth 
the  conventlonal  4-loop  antenna  and  transmlsslon  llnes  replaced  with a single  carrier  loop 
and 20 sldeband  loops  and  aseoclated r-f lines  The 20 sideband  loops  were  mounted on the 
counterpolse on a clrcle  having a ra&us of 8 56 feet  and at Intervals of 18". or 32 16 Inches 
between  centers  The No 1 loop  was  located  at 351'. the N o  2 loop a t  9', and 80 forth. 
Loops  Nos. 1 and 2 were  connected  for  clockwlse  rotation, Nos 3 and 4 for  counterclockwlse 
rotation,  and so on for  each  palr  of loops.  The  loops  were  connected  to  the VOR gonlom- 
eter  outputs  as  I l lustrated In F ig  9 The  goruometer  speed  was 1,800 r p m ,   a s  In a conven- 
tlonal VOR. Junctlon  boxes  shown m F l g s  10A and  10B were  used  for  paralleling  the  ten 
r-f lines of each  sldeband  group 

Fig  11  The  loops  were  protected  from  weather by covers  fabrlcated  from  polyethylene 

a d p s t m g  the  preclslon VOR was  slmllar to that  used for  adjustmg a conventlonal VOR 
sheeting  The  counterpolse  was 10 feet  hlgh  and 35 feet  In  dlameter  The  procedure  for 

a t  a ra&us of 200 feet  from  the  statlon, at 4" azlmuth  Intervals (20 electrlcal   degrees) 
Measurmg  equpment  Included a Type  CA-1277 VOR monltor. a Type  CA-1430 VOR re fe r -  
ence  and  varlable  test  generator,  and a Type 2559 DuMont oscllloscope A plot of the  ground 
calibrabon of the  preclslon VOR 1s shown  In F l g  1 2  The  maximum  bearing  error  was  plus 
or  mlnus 0.35'. 

The  lnstallatlon of the  preclelon VOR at   the   north  range  s i te   a t  TDC 1s shown  In 

The  ground  callbratlon  measurements2  were  made w t h  a VOR monltor  fleld  detector 

FLIGHT TESTS 

Fllght tests were  conducted  at  lndlanapobs to determlne  the  amount of course 
scalloping as compared  to  the  scalloplng  measured  prevlously  on a conventlonal VOR a t  the 
same  s i te  

were  used  for  recordmg In fhght  the  course  devlatlon  mdlcator  (CDI)  current  The  Inhcator 
clrcuit  of the  preclslon VOR recelver  was  adJusted for one-flfth  normal  course  senslbvlty 
so that  the  recordmg of the CDI curren t  would  show  the same  course  devlahon  in  degrees 

A Colllns  Type  51R3  navlgauon  recelver  and  an  Esterllne-Angus  graphlc  recorder 

T e c h c a l  Development  Report No 227,  October  1955 
'Robert B Flmt and  Wllllam L Wrlght,  "Ground  Cahbratxon of the VOR," CAA 
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GONIOMETER FOR P U N  VIEW __- NOTE YE FIG 4 

-, =aD_ m". 

Fig 9 Diagram  Illustrating  Method of Excltmg  the  20-Loop  Antennas 
of the  Preclslon VOR 

of azimuth  as would  be  recorded  normally  on a conventlonal VOR The  omnlbearmg  selector 

luhon of the  standard OBS resolver  Thus,  the  flight  engineer  used  the  same  procedure  for 
(OBS) was  mohfled  to  Include a second  resolver  unlt   whch  rotated 5 revoluhons  for 1 revo- 

recordmg  the  preclslon VOR as for  the  convenhonal VOR 
Course  scalloping  was  determmed by recordmg  the CDI current  at   an  alt l tude of 1,000 

feet  above  ground at a &stance of 15 mlles  from  the VOR A plot of the  course  scalloplng 
caused by a horizontal N o  6 copper  wire. 200 feet  long,  suspended  between  30-foot  masts  at 

previously  with a four-loop VOR The  maamum  course  scal loping  f rom the  4-loop VOR 
a dlstance of 177 feet   f rom  the VOR, 1s shown  In Fig 13. This  test  simulated  tests  made 

was  plus  or  minus 2.45' compared to  plus or  mlnus 0 75' for  the  precision VOR A 
comparlson of the  scalloping  areas  shows a I9  to 1 reduction  for  the  precision  ommrange 

the  counterpolse.  Course  scalloplng  was  measured  on  the  4-loop VOR, then on the  precislon 
VOR. as  the  aircraft   clrcled  the  station  at  a radius of  20 m d e s   a t  1.000 feet  above  ground A 

data  also are plotted m polar  coordmates  in F i g  15  The  prlncipal  reflecting  obJects  are 
comparlson of the  course  scalloplng  for  the two antenna  systems IS shown  In Flg 14. These 

compared  to  plus  or  minus 0 85" on the  preclslon VOR A comparison of the  scalloplng 
shown In Fig 15 The manmum  course  scalloping on the  4-loop VOR was  plus  or  mmus 1 5' 

areas  shows a 10 to 1 reductlon  for  the  precision  omnirange 

lnstallatmn of the  preclslon VOR at the  site of a decommlssloned  five-loop  ommrange at 
Dayton, Ohlo The  five-loop VOR at this  site  had  been  plagued wlth course scallop1,lg and 
bendmg  in  excess of the  allowable  Lmits  due  to  trees  The  Installahon of the  precislon VOR 
at the  Dayton, Ohio. VOR IS shown m Fig  16 This  counterpolse 1s 30 feet hlgh  and 35 feet  
In *ameter A map of the  slte 1s shown  in  Flg 17, and  an  aerial  vlew IS shown in  F l g  18 

feet  south of the VOR. Conslderable  course  scallopmg  also  was  caused  by  the small woods 
The maumum course  scalloping  was  caused  by  the wooded section,  shown  in  Flg.  16, 825 

1,500 feet  northwest of the VOR Flgure 19 1s a view of the woods to  the  northwest of the 
sl te 

obtamed  durmg  fllghts at a 20-mile  rahus  for  the  precision VOR and  the  5-loop VOR a r e  
shown m Flg  20 The rnaxunum course  scallopmg  from  both VOWS was  plus  or  minus 2.3'. 
The  scalloping  area  for  the  5-loop VOR was 3 65 t imes   as   l a rge   as   the   a rea   for  the  preclslon 

well  to  the  dlrectlon of the wooded sectors  
VOR It w ~ l l  be observed  that  the  course  scallopmg  for  the  preclslon VOR 1s confined falrly 

mlles  from  the VOR Recordmgs of the CDI current  for both  the precision and  five-loop VOR's 

from  the  original  recordmgs, so that 8 feet of the  orlglnal  recordmg IS compressed  into 1 
a r e  shown in  Figs 2 1 ,  22,  23, and 2 4  These  recordmgs  were  mechanlcally  re-recorded 

foot  For  each  palr  of rahal  recordmgs,  the  course  devlatlon  was  conslderably  less  for  the 

null   in  the  verhcal  plane  rahahon  pattern at 9 5 mlles  from  the  station  for both systems. 
preclslon VOR than for  the  frve-loop VOR A large  error   general ly   occurred  a t   the   f i rs t  

Sltmg  tests  were  made  wlth both a four-loop VOR and the  precision VOR mounted  on 

On cornplehon of the  fhght  tests at Indlanapohs. it was  decided to make a temporary 

Po la r   dag rams  of the  course  scalloping  plotted  from  the  recordmgs of the  CDl  current 

Rahal   f l lghts   were  made  a t  an altitude of 6.000 feet  above  ground  and to &stances of  40 

3 Anderson  and  Keary, op. clt  , pp 16-17. 
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Flg 10A Junchon Boxes for Paralleling R-F L n e s  

Flg 10B Inside  View of Junctlon Boxes  for Paralleling R - F  Lines 
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wc,*..m iml" ,I., ".n,l-I. 
F l g  1 1  Precision VOR Installatlon at TDC 

Radlal  recordlngs of the  precls lon VOR were  comparatlvely  free of large   course  
devlatlons  at  dlstances  beyond 12 mlles   from  the  stahon.   whlle   the  radlal   recordlngs  from 

Polarlzatlon  error on the  precisLon VOR durlng  radlal  fllghts  was  negllglble 
the 5-loop VOR show  large excursions of the  course deviation lndlcator  at  all  distances 
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F I ~  12 Ground  Calibration of the   Prec l s ion  VOR 
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Flg  13 Polar  Plot  of  Course  Scalloping  wlth  a  Horlzontal  Wlre  as the 
Reflectlng  Object 

AZIMUTH IN DEGREES .nrili 

F1g 14 Rectangular  Plot of Course  Scallopmg  for  the TDC Installatlon 
nlno_*rjmO 
.m 

of the Four-Loop VOR and the Precls lon VOR 

F l g  15 Polar  Plot of Course  Scalloping for the TDC Installatlon of the 
Four-Loop VOR and the  Precls lon VOR 
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Flg 16 Preclslon VOR Installatlon  at Dayton, Ohlo 

Fag 17 M a p  of Dayton, Ohlo, VOR Site 
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Flg 18 Aerlal  Vlew of Dayton, Ohlo, VOR Slte 

F l g  19 Vlew of the Woods Northwest of the  Dayton, Ohlo, VOR 
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Flg  20 Plot of Course  Scallopmg  from  Measurements  at  the 
Dayton,  Ohio, VOR 
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21  Course  Dlsplacement  Measured  on 260' Radlal  Flights on the 
5-LOop VOR and Precls lon VOR 
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Flg  22 Course  Dlsplacement  Measured  on 150' Radral Fllghts  on the 
5-LOop VOR and Prec ls lon VOR 
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Flg 2 3  Course  Dlsplacement  Measured on 130' Radal Fkghts  on the 
-*,- 

~ - L O O ~  VOR and   Rec i s ion  VOR 

CONCLUSIONS 

The  reeults of flight  teats show that  the  preclslon  ommrange  wlll  provlde  bearlng 
mnformahon  with markedly  less  scalloping  and  mhng  errors  than 1s posslble w t h  a  conven- 
Uonal omrurange  Ground  tests of the  precialon  omnlrange  demonstrated  that  accurate 
bearlng mnformahon  1s an  Inherent  characterlatlc of the  mulhlobe VOR. 

Measurements of s l t lng  errors  show  that  the m a m u m  scalloping  amphtude  when 
compared to that of  a  convenhonal VOR was  reduced  approximately 70  per  cent  when  the  re- 
flectlng  obJect  was a horlzontal  wlre  and  75 per cent  when  the  reflecting  object  was  a  hangar 
A conalderable  lmprovement 1s evident  when  comparlng  scalloplng  areas of the  preclslon 

mately 19 to 1 for  a horizontal  wlre, 10 to 1 for  hangars  and  verbcal  towers,   and  3 65 to  1 
VOR with a convenhonal VOR The  scalloping  areas  were  reduced by a  factor of appro=- 

for  groups of large  t rees  

a factor  varymg  between 2 to 1 and  6  to 1 with all types of reflectmg  obJects 

development. 

u h l u l n g  40 sldeband  elements  compared  wlth  the  preclslon VOR with 20 sldeband  elements 
The  preclslon  omrurange  prlnclple  is  apphcable  to  radatlng  elements  other  than  loops 

Ramal  fhghts  showed an improvement  with  respect  to  course  bends  and  scalloping  by 

The  lnberent  amblgluty of bearmgs  can  be  resolved  but  wlll  reqrure  further 

Theory  predcts  a  marked  improvement  in  course  scalloplng for a precision VOR 
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F z g  24 Course  Dlsplacement  Measured  on  180'Radlal  Fhghts on the 
5-Loop VOR and Precision VOR 


