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SUMMARY 

Tzl~s report presents  the  results o f  t e s t s  conducted at   the  CAA Technical 
Development Center to deterrmne the accuracy of ground callbration of a VOR fac i l i ty  
when using a Hazeltlne monitor and f i e l d  detector. A simple circuit  modification 
was developed t o  lmprove the performance o f  the mnl to r .  Comparative tes t s  made 
with  other  types of monitors and detectors show that  ground calibratlon curves are  
slightly different for every monitor and. detector combination. 

conducted on the  Hazeltine Type CA-1575 VOR monitor t o  deterrmne its accuracy when 
used for ground calibratlon of a VOR. Also, it was requested that  the Technical 
Development Center (TIE) determine the  effect on the monitor when it i s  operated 
with the  Hazeltine  field  detector !type  CA-1575/2 and a portable  detector, 
Type  CA-2943. 

The CAA Office of A i r  Mavlgation Facil i t ies requested tha t   t es t s  be 

curve of a VOR that i s  independent of errors caused by monxtors or  navigation  re- 
ceivers. It is,  therefore, lmposslble t o  determine exactly what inaccuracy i s   t o  
be charged t o  a particular monitor. The approach to   t h i s  problem was 

A t  the  present time, there is no method of establishmg a calibration 

mtroduced into  the monitor. I n  the  laboratory,  these  sources of error were ex- 
1. To conduct laboratory  tests in  which known sources of error can be 

ermned  one a t  a time and i n  amounts that could be  measured and described. 

2. To conduct f ie ld   t es t s  i n  which other  types of monitors axe subjected t o  
the same conditions  as  the monltor m question. Although th i s  does not  provide an 
exact measure  of accuracy, it does provide a means of  comparing  ground callbration 
curves  obtained with varlous monitors on the  bearing  information radiated from a 
VOR . 

monitor: Hoff'mau monitor, Type CA-1277,  Memco monitor, Type CA-1485, a monitor 
developed by TDG1; and a modlfied vermon of the  Hazeltlne momtor. 

The following monitors vere  selected  for camparison w i ~  the  Hazeltine 

In  additlon  to  the  f ield  tests conducted with  the  tu0  detectors  as 
requested by the  Office of Air Navigation Facilities, a third detector a l s o  was 

$. A. Forcier and W. H. Klem, "The  Development of an Improved VOR/TVOR 
Monitor," CAA Technical Development Report No. 271, June 1955. 
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used. 11; was a %ye 6A-2041 fleld  detector modlfied t o  reduce some  of the 
maccurmles that rqay be introduced into a monitor by the  detector. 

%s%5 2 ,  - d e  using each of the  three  detectors with each of the four 
monltors iescru. ir-ve. Tests were conducted t o   d e t e d n e   t h e  error-producing 
characterxstxs oi the  Hazeltine Ty-pe CA-1575/2 field  detector as compared to   the 
portable Type CA-29t3 fleld  detector and the modified CA-2041 field  detector. 
Also, data were collected on effects of improper physical  dignruent of the 
detector  dlpole with respect t o  the VOR antenna system. 

TESTS 

Laboratory  Tests. 

crirmnate  agamst unwanted a m 0  signals.  Controlled  levels of normally unwanted 
lt 1s used t o  obtain a ground calibration of a VOR station is i ts  ab i l i ty   to  dis-  

audio signals were introduced a t   t he  monitor lhput along n t h  a normal VOR sig- 
nal. The phase of the  Interfering signal was adjusted to  result   in  the  greatest  
error i n  the monitor. Table I shows the results of t h i s   t e s t  conducted nth the 
Hoffman, Hazeltme, TDC, and Memco &tors. The measured percentages of lmr- 
frequency signals obtained at  the  detector  operating at a VOR station and 

per second (cps) and 75 cps, are not l ikely  to  be generated a t  a VOR fac i l i ty  
consldered t o  be normal are shown i n  Table I also. The frequencies, 45 cycles 

and, therefore, need not be expected t o  cause VOR calibration  errors. 

One of the  factors which affect  the accuracy of any VOR monitor when 

WLE I 

AUDIO -CE TESTS 

Frequency 
of 

Interfering 
simal 

(CPS) 

Variation at Monitor  Degrees with  Level of 
Interferjng  Signal 10 Per Cent  of  30-cps Signal Level 

Hof fban Hazeltine TM: 
(deg. 1 (deg. 1 (deg,) (de@;. 1 

or - t or - + or - * or - 
uemco 

0 
5.5 

0.1 
0 
0.6 
0 
0.4 
0 

5.8 
5 -0 
0.15 
0.1 
0.05 
0 
0 
0 

Relative 
Levels 

Measured a t  
T i l d p  VOR 
(per  cent) 

100 
0 
4.0 
0 

0.4 
0-5 
0 

0.6 

subcerrler is shown in  Fig. 1 for  four  different  types of montors. For these 
tests,   the 9.96-kc subcarrier was amplitude-mdulated with a variable-phase, 
30-cps signal. This smulates  the type of modulation that  occurs i n  a VOR fleM 
detector when operating a t  a low radio-frequency (r-f) level. Using the  Hazeltine 

The error caused when 30-cps amplitude mdulation  mcurs on the 9.96-kc 
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. momtor, a large reduction in this type of error was obtained when a multivibrator 
circuit, develop-4 by the  Hazeltine Company, replaced the  llrmter  circuit  in  the 
9.96-kc mplif"~ -L mannel. 

A sImplr and slightly more effective modification was made to   the  
Hazeltme monitor ?or the  reduction of error caused by 30-cps amplitude modu- 
la t ion on the 9.96-kc subcarrler. This mdification  consisted primarily of using 
a  9.96-kc  band-pass f l l t e r  similar t o   t h a t  used in  the  Collms  navigation  re- 

the 9.96-kc amplifier, but la te r   t es t s  showed that  better  results could be obtained 
ceiver. The f i l t e r   f i r s t  was used a t  TDC i n  the gr id  clrcuit  of an early stage of 

whqn t he   f i l t e r  was used m parallel  with Items R-3090 of the  limiter  stage V-3OWA 
as shown in Fig. 2. In  addition to   the  f i l ter ,   the   lead  to  Item C-3040 was re- 
moved from pm 8 (cathode) of V-314OA & connected t o  pin 1 of  V-3050A. P i n  8 
(ca thde)  of V - 3 O b A  was grounded. The  Improvement obtained  with th i s  
mdiflcatlon i s  shown i n  Fig. 1. 

TDC monitors, respectlvely, when subjected t o  changes Fn temgerature and humidity. 
The t e s t s  on the  Hazeltine unit were made with  the added multivibrator  circuit. 

Field  Tests. 

modified CAA portable  fleld  detector, Type  CA-2943, and a modified Type  CA-2041 
Ground calibrations were made using  a  Hazeltine field detector, Type CA-1575/2, a 

r e s i s to r   i n  each antenna  element. The  Type  CA-2041 field  detector was modlfied 
field  detector. The  Type  CA-2943 field  detector w a s  modified t o  include a 51-ohm 

matic diagram of the improved detector  circult i s  shown i n  Fig. 5. All detectors 
t o  mclude  longer  antenna  elements and 80. unproved detector  circuit The sche- 

were tuned t o  resonance at   the  start of each tes t .  The adJustable Faraday shield 
in  the  portable  field  detector Type CA-2943 was used rn cer tain  tes ts   to  provlde 
low detector  levels. 

Figures 3 and 4 show the  results of t e s t s  made on the  Hazeltine and 

Most of the   f ie ld   tes ts  were conducted a t   t he  Tilden  experimental VOR. 

signal f r o m  a Type  CA-1430 t e s t  generator for  the  detector  signal, sirmlar to   the  
Each calibration curve was obtained by substituting a phase standard 

method described in CAA M O P  IV-B-3-3, Par. 8.4.15, entitled "Standard Ground 
Check Procedure." All calibrations were made with a reference  signal from the 
tone wheel fed  dlrectly  to  the  reference channel of the monltor  over a conductor 
rather than by w a y  of r-f radiation and demodulatlon. An exceptmn was  made,  how- 
ever, when data  for  Fig. 9 were obtained by the normal process of demodulating and 
using the 9.96-kc subcarrier  thus obtained for a reference s i g n a l .  

input  signal combinations. Tne No. 1 switch position connected the  varlable 
A switching arrangement was provided a t  each monitor t o  permit three 

signal from the  detector, and the  reference signal from the tone wheel, t o   t he  
respective  variable and reference channels of the monitor. The No. 2 positlon 
connected both  reference and variable  slgnals from the  detector  to  the n o m  
morutor Input,  while the No. 3 position connected both  signals from the phase 
standard  generator to   the momtor. 

Figure 6 shows a comparison of callbration curves for  the North 
expermental VOR obtained nth the TDC monitor using the  Hazeltme and Type 
CA-2943 portable  field  detectors. For these  tests, each field  detector was 
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Should there be rmsalu&rmen%  betweew Grre electrical  center of the  detector  dipole 
rotated 1800 i n  the  horlzontd  plane  at each test  posltfun on %he counterpoise. 

two error curves 1s appasent a t  all azimuths. However, the  dlfferences between 
and the  physical  axis atswat wheh 1% rotates, a uniform afference between the 

bration curve error i s  due to verhcal  polarfzatlcn. Exarmnation of the dif-  
these curves vary consrdera%W> at$ azimua%a indicating  that  sme of the  call-  

ference between these  curves wHJ. disclose tat the CA-2943 portable  field 
detector produced error c w e s  that  differ from one another by only 0.3O while 
the curve5 produced by the  Hazeltlne  detector  differ by 0.6~. The greater slmi- 
l a r l t y  of the curves  taken xL+& the Type  CA-2943 field  detector i s  attributed t o  
the  greater dxpole length, which provrdes a greater  ratio of horizontally  polarized 
to  vertically  polarized s1gm.l. 

?%e effects of ncisaligmuent between the  electrical  center of the  dspole 
and a physical  axis  atout wheh the  dlpole may be rotated 1s a fixed  error  that 
i s  the sane at all azmtlns, plus some error  derived f ~ o m  the  vel-tlcally  polarized 
component and proportional to its  intensity at any given azhuth. Curves A and 
B of Figo 7 &ow b w  simflas smz& e w e s   c a  be when the  dlpole is  symnetrlcally 
balanced, both mechanically and electrically. Data for  curves C and D were  ob- 
tained  with  the same detector, but mta one of %he &pole  elements  shortened 
2 7/8 inches t o  cause a displacement of the electrical  center from the  supporting 
mast. The large fixed difference of approxMateQ 1' *om. tlae average of curves 
A and B is  endent. Also, some charges 1~ the shape  of the curves are  believed 
t o  be caused by vertically  polamzed pickup. 

mnltor  when the  detector anzenna is not perpendicular t o  the  statlon radial 
passing t h o u &  the  center of the  &pole. From "these data, x t  w i l l  be noted that 
t h e  modifled detector  mth long  dipole elements IC more susceptible t o  th i s  type 
of misalignment. However, under no& calibration  conditions, even the long 
dipole rmsalignment dl1 not cause an error  greater than 0.05°0 

The carves m Fig, 8 &ow the  effect on the  bearing  mdicated by the 

Three calibration  ernes are presented in  Fig. 9 showing tbe  variations 

tained by taking  the  reference s ~ g n a l  dlrectly from the  station tone wheel  by 
caused by thee  different  conbtlons sf monltcr and VOR operatron. G e e  A was ob- 

ne1  dxseomected Prom the  detector input but wlth the  reference signal mdulatmg 
shielded  cable t o  the reference channel of the monitor, wit>h the  reference chan- 

the  transmtter.  The condltions  for curve B were t he  same except that no refer- 
ence signal was radiated. Cuwe G was obtained when both statlon and mnltor 
were operating  normlly. 

North VOR when the  Eazeltine monitor TJrpe CA-1575 was operating  with  the multi- 
vibrator  circuit and the Type CA-2943 portable  field  detector.  Calibration Curve 
A was obtamed when the fleld detector was adausted fer a maximum direct-current 

was adJusted t o  provide a d-c output of 0.5 volt.  Cave C was obtained under the 
(a-c) output, which was 300 volts @ m e  B was obtained vben the  field detector 

same conditions  as  for curve B except that a 500-mcmfarad [mfd) capacltor was 
connected across  the  field strelsgth meter. The displacement, of curve B was 
caused mainly by the  inductive  reactance of the  field  strength meter shifting 
the phase o f  the 30-cps variable s~@Psl when the monltor input  attenuator was 

Flgure 10 shows a cornpapison of calibratlon curves  obtained at   the  
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changed, Tbs indicates a mismatch in impedances  between the  detector and 
monitor. The use of a 500-mfd capacltor connected across  the f ie ld  strength 
meter partially corrected  the  error caused by the meter. 

normal Hazeltine Type CA-1575 monitor by the TDC circuit  modificatlon. The 
The data  presented in Fig. 11 demnstrate  tbe improvement  made in  the 

me CA-2943 portable  field  detector,  operating at a low output level, was used 
t o  furnish a signal to   the  monitor in this   tes t   s ince It was known t o  cause 
some aql i tude  modulatlon on the 9.96-kc subearrier. Curve A is a calibration 
c w e  obtamed from the unmodified Hazeltme Type CA-1575 monltor, while curve B 
w a s  obtamed f r o m  the same morutor but with the TD6 modifications. For th i s  
tes t ,   the  modification  consisted of the   f i l t e r  change in the  reference channel, 
as  described in a previous paragraph, and the 500-mfd capacitor in parallel with 
the  field  strength meter. A calibration curve, curve C, a l s o  waa obtained with 
a Hoffman  !Pype CA-1277 monitor for comparison purposes. The  Hoffman monitor 
was operated frcmn the same detector and under the same condAtions as the 
Hazeltine. It is apparent fram the curves that a VOR ground calibration made 
with an unmodified Hazeltine monitor would be quite  different from one made with 
the TDC-modified Hazeltine or Hoffban monitors 

A 12-mile theodolite-controlled  flight check was d e  on the  Tilden 

made a t   the  counterpoise edge. It was desired t o  determine which monitor pro- 
experimental VOR. Immediately af ter   the   f l lght ,  a series of ground checks was 

duced calibration  data that agreed most closelr with the flight check. Also, 

i n  different  calibration  data from the same monitor, checks were  made with d i f -  
since it had been noted  prevlously  that  the use of different  detectors  resulted 

the  field  detectors,  Hazeltme Type  CA-1575/2, portable Type  CA-2943,  and laodi- 
ferent  detectors. A comparison of the  data obtained frm four monitors when using 

fied Qpe CA-2041, are shown in Figs. 12, 13, and 14. The flight-check  data  also 
axe 6BoM on each of the  three  figures. For  easy comparison of the  effect of 
detectors on the  calibration,  the same information is regrouped so that each 
figure  contains  the  data from a smgle monitor o b t u e d  with  the  three  different 
detectors,  including  the  flight-check  data,  Figures 15, 16, 17, and 18 show the 
data obtain& from the  Hazeltine, Memo, Hoffmm, and TDC monitors, respectively. 
Bone of these ground checks shows close  correlation with the  f l ight check, nor do 
any two of the monitors show  caplrplete agreement xith one another. The discrep- 

belleved t o  be due t o  several  reflecting  objects in the   mediate   vicini ty  of the 
ancies between the  flight  calibration curve and the ground cdibrat ion curves are 

Tilden VOR and, possibly, t o  measurement e m r s  involving  the si- generator 
and receiver. 

DISCUSSION 

siguals, they do not provide the &me calibration data. Fuptherraore, the s i w s  
It is apparent that when different monitors are  supplied vith identical 

from different  detectors  applied t o  the sanre monitor provide different  calibration 
data. There i s  insufficient Information available  to determine which combination 
of monitor and detector provides the most accurate  Calibration curve. I n  order t o  
resolve the differences  obtained between  ground-check data using  various  ntonitor~ 
and detectors and the  flight-check data, additional  tests must be conducted at a 
s i te   f ree  of reflecting  objects. 
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coNcLusIoNs 

It i s  concluded that: 

1. The error caused by 30-cps amplitude modulation on the 9.96-kc subcarrier 
in the Hazeltine monitor can  be reduced greatly by two simgle circuit  changes, and 
the  addition of a 9.96-kc f i l t e r  unit, or by the use of a multivlbrator  circult. 
The 9.96-kc f i l t e r  modification is superior t o  the  miltivibrator  circnit because 
of its inherent  simplicity. 

meter in the Hazeltine  &tor will reduce the error c w e d  by the  inductive 
reactance of t h e  meter. 

2. The addition of a 500-mfa capacitor connected across the field  strength 

3. The calibration data obtained with the 9.96-kc reference simd fed 
directly FKnn the  tone wheel t o  the mnitor  are more accurate  than when the redi- 
ated reference signal is used because they eliminate errors due to 30-cps 
amplitude modulation on the  subcarrler. 

4. The gmwd calibration curve of a VOR will vary approxhately  plus or 
minus 0.70, depend- upon the type of monitor a ~ d  detector used. 

5. m e  flight calibration curve will  not agree coqpletely with the ground 
calibration curve due to   s i t ing  and measurement errors. 
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FIG. 2 SCHEMATIC  OF  TDC  MODIFICATION TO CA-1575 HAZELTINE MONITOR 
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FIG. 3 ERROR  CURVES FOR ENVIRONMENTAL  TEST O F  CA-1575 HAZELTINE  MONITOR 
WITH  MULTIVIBRATOR  ADDED 
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FIG 4 ERROR CURVES FOR ENVIRONMENTAL  TEST O F  TDC  MONITOR 
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FIG. 5 SCHEMATIC DIAGRAM OF  FIELD  DETECTOR CA-2041 (MODIFIED) 
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FlCl 6 COMPARISON O F  CALIBRATION  CURVES  FOR  NORTH VOR USING TDC  MONITOR 
WITH CA-2943  REGIONAL  PORTABLE  AND  CA-157512  HAZELTINE  FIELD 
DETECTORS 
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FIG 7 COMPARISON OF  CALIBRATION  CURVES  MADE  FOR  TILDES VOR WII'H TDC 
MONITOR  AND  CA-2041  MODIFIED  FIELD  DETECTOR TO SHOW E F F E C T  OF 
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FIG. 9 COMPARISON OF CALIBRATION  CURVES  FOR TTLDEN VOR TAKEN WTTH T n C  
MONITOR  AND  CA-2041  MODIFIED  FIELD  DETECTOR  WITH  THREE  DWFERENT 
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FIG 10 COMPARISON O F  CALIBRATION  CURVES  FOR  NORTH VOR TAKEN  WITH  CA-1575 
HAZELTINE  MONITOR  (WITH  MULTIVIBRATOR  ADDED) AND CA-2943  REGIONAL 
PORTABLE  DETECTOR DURING  TWO DETECTOR  SENSITIVITY  SETTINGS AND 
THE  ADDITION OF CAPACITY  IN  PARALLEL  WITH  THE FIELD STRENGTH  METER 
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FIG 1 1  COMPARISON OF CALIBRATION  CURVES  FOR  NORTH  RANGE VOR TAKEN  BY 

HAZELTINE  AND HOFFlvVLN MONITORS 
GROUND CHECK WITH CA-2943  REGIONAL  PORTABLE  DETECTOR  AND WITH 
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FIG  12  COMPARISON O F  CALIBRATION  CURVES  FOR  TILDEN VOR TAKEN BY GROUND 

AND BY FLIGHT  CHECK 
CHECKS USING CA-157512  HAZELTINE  FIELD  DETECTOR WITH FOUR  MONITORS 
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FIG. 13 COMPARISON O F  CALIBRATION  CURVES  FOR  TILDEN VOR  TAKEN BY GROUND 

MONITORS  AND BY FLIGHT  CHECK 
CHECKS USING CA-2943  REGIONAL  PORTABLE  FIELD  DETECTOR  WITH  FOUR 



FIG 14 COMPARISON OF  CALIBRATION  CURVES FOR TILDEN VOR TAKEN B Y  GROUND 

AND BY FLIGHT  CHECK 
CHECKS USING CA-2041  MODIFIED  FIELD  DETECTOR WITH FOUR  MONITORS 
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FIG  15  COMPARISON OF CALIBRATION  CURVES  FOR  TILDEN VOR TAKEN B Y  GROUND 

AND BY FLIGHT  CHECK  (WITH  MULTIVIBRATOR  ADDED TO MONITOR) 
CHECKS USING CA-1575  HAZELTINE  MONITOR  WITH  THREE  FIELD  DETECTORS 
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FIG. 16 COMPARISON O F  CALIBRATION  CURVES FOR TILDEN  VOR  TAKEN BY GROUND 

AND BY FLIGHT  CHECK 
CHECKS USING CA-1485  MEMCO  MONITOR  WITH  THREE  FIELD  DETECTORS 



FIG 17 COMPARISON O F  CALIBRATION  CURVES  FOR  TILDEN VOR TAKEN BY GROUND 
CHECKS USING CA-I211 WOFFMAN MONITOR  WITH  THREE  FIELD  DETECTORS 
AND B Y  FLIGHT  CHECK 
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FIG 18  COMPARISON O F  CALIBRATION  CURVES  FOR  TILDEN VOR TAKEN E Y  GROUND 
CIIECKS USING TDC  MONITOR  WITH THREE  FIELD  DETECTORS AND E Y  FLIGHT 
CHECK 


