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GROUND CALIBRATION OF THE VOR* 

SUMMARY 

This report describes a sunple and accurate method of caltbratmg VOR statmns with a 
portable detector mounted on the edge of the counterpoise A portable detector ,.,as desqned 
specrflcally for thu applrcatmn, but those already I,, Federal Axways serwce may be used. 
after rnlnor modlficatmns. An accurate method of measunng phase was developed us,ng 
exlstmg equu’pment. The ground-cahbratlon method provxdes a means for readily determmmg 
the cahbratmn curve wIthout rnterruptmg the service of the statmn, and It can be used as an 
aId in routme and preventive ma,ntenance. The counterpoxe detector also can be used to 
measure the antenna radlatmn patterns durmg tune-up of the statmn. 

The callbratmn data abtamed from ground checks were confirmed by flight tests. The 
callbratmn curves ,n each case had the same general trends and varzed but little ,n total error 
spread. For example, a total error spread of 2.3’ was measured by ground check, as compared 
to 2 5’ for the ,2-mile theodollte orblt and 3 0’ for the ZO-mile orblt usmg check pants A 
later ground callbratmn had an error spread of I .8”. and a 6-m& theodollte orbit showed an 
error spread of 1.9’. From the data obtamed, It IS concluded that flight mspectmns af VOR 
statmns fo$lowng reparr or replacement of ground-statmn components may be elrm.pated by 
usmg the ground cahbratmn. provided the factlltles were commx.smned orlgmally by the 
standard flight-check procedures and a ccrrespondmg ground callbratmn 

INTRODUCTION 

One of the ma,or problems of the Ofhce of Federal Always 1s the recertlfymg of a VOR 
faclllty after replacement or modiflcatmn of equxpment. When a statmn 1s completely shut 
down. as m cases where ,t 1s on “ground check awatmg flight check.” much outage time is 
accumulated. The mspectmn mvolves the expenditure of maintenance funds and many man- 
hours. An accurate ground-check method should elunmate much of thrs outage time as well as 
the expense of many nonrout,ne fhght mspectmns. Prelumnary work on ground callbratmn 
was conducted at the Toledo, Ohm, VOR durmg June 1952 and was reported m Offrce of Federal 
Auways All-Region Memorandum dated August 13, 1952 Several calzbratron curves were 
taken at a radms of 100 feet and one at 20 mches above the counterpoise edge. 

A method for ground checkmg the VOR has been developed mdependently at the Technical 
Development and Evaluatmn Center of the Cl-1 Aeranautlcs Admunstration, uttllzmg a portable 
detector mounted on the edge of the counterpo,se The first test usmg this method was con- 
ducted xn April 1953 Mountmg the detector on the counterpoise elunmates some of the dzffi- 
cultres encountered ,n usrng a detector at greater dxtances from the VOR antenna The 
rellablllty and accuracy of measurements have been confIrmed by fhght tests 

This report presents the results of the developmental and operatmnal tests of the ground- 
check method which were conducted an the four-lcop antenna system1 at the TDEC VOR site at 
Tllden. IndIana The technrques to be described appear to be applicable to any other type of 
VOR antenna!system. and they have been used successfully on the Federal Telecommumcatmn 
Labor&ores. Inc., Type FTL-ZIA spmmng antenna and the Andrew Alford Type 2602 slotted- 
cylmder VOR antennas Tests also were conducted to determme the feaslblllty of usuq the VOR 
portable field detectors currently used m the regrons 

1 
Sterlmg R Anderson, Hugh F. Gary, and W,llzam L. Wright, “The Four-Loop VOR 

Antenna,” CM Tecbmcal Development Report No 210, June ,953 

*Manuscript received for publlcatmn June 1955 
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DESCRIPTION 

The portable detector developed for ground checkmg the VOR was des,gned tc be small 
and 1,ght In we,ght for ease of handl,ng, rugged and waterproof ,,, constructmn for rel,ablllty, 
and to produce negl,g,ble course d,stort,on when mounted On the edge of a counterpo,se The 
latter requ,rement ,s necessary xf the callbratmn of the statmn 1s to be made w,thout Inter- 
rupt,ng service A photographx v,ew of the portable detector (referred to heremafter as the 
TDEC counterpoise detector), demonstratmg the method of mount,ng, ,s shown ,n F,g 1. 
Internal v,ews of two types of counterpo,se detectors used ,n the tests are shown m F,g. 2 
A germamum dmde ,s used ,n the detector shown as (A) m F,g 2, and a Type 6110 subm,n,ature 
tube ,s used In the detector shown as (B) >n that figure. The detectors were des,gned to use a 
m,n,mum number of components. F,gure 3 shows schematx c,rcu,t d,agrams of the two types 
of detectors. The antenna ,s 15 ,nches ,n over-all length An antenna of th,s length causes 
negl,g,ble course d,stort,on when the detector ,s mounted on the edge of the counterpoise The 
antenna c,rcu,t IS tuned to ,ncrease the detector output to the des,red level. The secondary ,s 
self-resonant at 115 Mc An r-f f,lter el,m,nates the effect of stray p,ckup In the 1,ne con- 
nect,ng the detector to the momtor Each un,t ,s housed ,n an alum,num box 3 ,nches square 
and 2 l/4 ,nches deep. The detector w,th the germamum dmde was used for most of the ground 
checks. and no phase sh,ft was noted m SLX months of operatmn. however, the output var,ed 
with changes ,n temperature. The latter defect of the germamum-dmde model was el,m,nated 
by us,ng a vacuum-tube dmde for the detector. 

A Type CA-2943 portable VOR f,eld detector also was tested This detector was prov,ded 
with toggle switches for Insertmn of nan,nduct,ve resistors ,n ser,es with each antenna element. 
The purpose cf the resistors was to reduce the current flow,ng In the antenna which resulted ,n 
less rerad,at,an and consequently less course d,stort,on. 

F,g. 1 View of TDEC Counterpo,se Detector and Mount,ng 
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Fig. 2 Internal View of CounterpoIse Detectors 

INDICATOR TESTS 

Equipment for measurmg course errors Included a modlfled Type CA-1277 VOR momtor,’ 
a Type CA-1430 reference and variable test generator, and a Type 2559 DuMont osc~llascope 
A ve\v of the mstrument set-up 1s shown m Ftg. 4. The accuracy of measurements wvlth this 
equipment, mcludlng the counterpolse detector, was * 0.2’. The large pedestal m the foreground 
of Fig 4 LS the support for the antenna and pravtdes the means for ralsmg. lowermg, and 
rotatmg the array 

Durmg early experxnents, the comcldence of two “PIPS” from the phase-comparison 
clrcult of the momtor was used for determmmg m-phase condltlons m the momtor. Short leads 
to the osc~llascape were necessary m order to reduce the capacxty m the clrcult and to avazd a 
wldemng of the pips with a consequent loss of sensltlvxty. This method was found Inadequate 
for the desired accuracy. The small amount of hum St111 remalmng In the momtor after lnstal- 
latmn of hum-reducing modlflcatmns caused errors, because the pxps whxh are cozncldent with 
the posltlve-galng zero-crossmgs of the sme waves are very susceptrble to the harmomc 
dlstortmn caused by hum 

The most satisfactory mdmator method tested has been called the “pip-sme” method. The 
pxp from the dlfferentmtmg clrcult of one channel of the momtor IS apphed to the vertxal mput 
of the asc~lloscope, whereas the 30-cps sme wave from the other channel 1s applied to the 
horizontal mput 

A partml block diagram of the VOR momtor. with the oscilloscope connectmns, 1s shown 
,n Fig. 5 The hum xn both channels IS measured. and the sine wave for the horleontal Input of 
the oscllloscape IS taken from the channel wvlth the least hum, because hum 1s more detrimental 
to the sine wave than to the p’p. The channel selected for the sme wave must have the lxmter 
stages disabled to prevent the pip of that channel from appearmg at the vertical rnput of the 
asalloscope. The cambmatmn of the resxstors m the phase-comparison clrcult and the 0.04-mfd 
capacxtor across the vertxal Input termmals of the oscilloscope partially Integrates the slgnal. 

Figure 6 illustrates the manner In which the two signals are combmed In an osc~lloscape. 
The partmlly Integrated wave at D IS applied to the vertrcal deflecttan plates, and the sine wave 

2 R A. Forcxr and C. G. Lynch, “Improvement m VOR Monitor Type CA-1277.” CAA 
TechnIcal Development Report No. 216, August 1955. 
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Fig 3 Schematx Diagram of Dmde Detectors 

at E 1s appled to the horxmntal deflectmn plates The resultmg pattern 1s shown as It appears 
on the osc,,loscope at F. The phase of the voltage taken from the reference channel ,s then 
ad,usted until the vertical partmns of the pattern overlap to form a vertical lme whzch prov,des 
a precxe md~catmn of an m-phase cond~tmn. 

The dashed lmes 1x1 lllustratmns A to D, Fig 6. show the resmltmg waveforms when a 
small 60-cps voltage 1s mtroduced Into the channel from which the pip 1s obtuned As shown at 
D, the p,ps are displaced ,n opposite d,rectmns. The result 1s a slight shift ln the pos,tmn of 
the overlapped portmn of the oscilloscope trace shown at F, but there 1s no mdlcated course 
shift In the case where the hum 1s so phased that It causes unsymmetrical dlstmtmn, the dlsv 
placement 1s still m opposxte dmectmns, but there 1s mcomplete cancellatmn because the dx- 
placements are unequal. Smnlarly, If the borlzontal sxne-wave mput also has 60-cps d~startm,. 
the shzft may increase or decrease, depending on the phase oi the mterfermg voltage. Gener- 
ally, the effect of 60-cps d,stortmn 1s reduced, resultmg I,, only small errors L,I the monitor 
cal,bratmn. The error ,n the momtor callbratmn 1s of no consequence when the sIgna from the 
test generator 1s substituted for the sxgnal from the detector and the bearmg mformatmn read 
from the generator dxal. assummg that the waveforms from the statmn and test generator are 
Ident,cal. Fqure 7 xllustrates patterns of out-of-phase cond~tmns 

A callbratmn curve of a Type CA-1277 mcmtor with de-hum mod,f,catmns3 usmg the p,p- 
sine mdlcatir method 1s shown m Fig 8. A 60-cys voltage equal to 5 per cent of the s~gm.1 
level was InJeCted in the reference channel at the slope detector. The dashed lme shows the 
effect on the callbratmn curve. Figure 9 IS slm~lar to Fig 8 and mdxrtes the effect under 
Identxal cond~tmns when using the double-p,p method. 

F,gure 10 illustrates the momtor cahbratmn error due to hum when usmg the “sine-sme” 
method The sine waves are taken ahead of the lmzters, as shown I,, F,g 5, III the reference 



Fig. 4 View of Measurmg-Eqmpment Installatmn 

and the “anable channels The ommbearmg selector (OBS) was adJusted to provide a stralght- 
line ,ASSaJOUs pattern for an m-phase mdlcator Because of hum. however, the pattern was 
dlstorted mto an elongated figure-of-exght, makmg It very d,ff,cult to determme when the two 
signals were exactly 11, phase The amount of hum 1.1 the morntor reference channel changes 
vnth the OBS settmg, further campllcatmg the tecbmque. The repeatablllty usmg th,s method 
1s not as good as when the pip-sme method 1s used. 

Several advantages of the pip-sme mdxcator method should be pomted out. ShIelded leads 
of any reasonable length can be used wxthout affectrng the callbratmn or senslt,“,ty of the 
measunng equulpment. The m-phase condltmn can be determmed at a glance wrlthout rockrng the 
dml or bracketmg the correct readmg, procedures whrch are necessary vrben usn~g the COIILCI- 
dence of the two p,ps The sensltlvlty can be easily adJusted to su,t the ,nd,“ldual by “arymg 
the horizontal gam of the oscrlloscope Sensltzvltms of one-half mch trace separatmn per 
degree are easily obtamed with the Type 2559 osc,lloscope 

GROUND CALlBRATION PROCEDURE 

A counterpaue detector ,s mounted successavely at 20’ mtervals of azimuth 01, the 
counterpmse edge and 1s connected to one Input of the Type CA-1277 VOR monitor through the 
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Fig 5 Pa&ml Black D,agram of Mon,tor and Oscilloscope Connect,ons 

requred length of RG-5SA/U or K-109 cable The Type CA-1430 reference- and var,ahle-test 
generator IS connected to the other Input of the monitor The oscilloscope ,s connected as 
described prevmusly The course at any azunuth locatmn 1s determrned by adJustlng the 
momtor OBS to overlap the vertxal portmns of the osc,lloscope trace w,th momtor ,nput from 
the counterpcase detector, then swtchmg to the second mput and adjustmg the test generator 
far overlap of the vertxal portmns of the trace The bearrng error ,s determmed by sub- 
tractrng the test-generator d,al readmg from the aa,muth. The counterpo,se detector ,s then 
moved to the next locatmn and the procedure 1s repeated unt,l all ammuths have been checked 
The error for each azrnuth ,s plotted to obtam the complete caltbratmn curve of the statlo”. 

The use of a cal,brated monitor and osc,lloscope w,thout the test generator does not 
prav,de the accuracy or repeatah,l,ty des,red for developmental purposes. Suff,c,ent accuracy 
for ma,ntenance purposes can be obtamed, however, when the complete modlf,cat,on of the 
CA-1277 momtor, as outlmed ,n Techmcal Development Report No. 216. has bee,, mcorporated 
A newly developed mon,tor wh,ch uses c,rcu,ts s,m,lar to those ,n VOR rece,vers has been used 
very successfully for ground cal,byt,ans It has the added advantage of dzrect readab,l,ty 
w,thout the use of an osc,lloscope 

4 R A Forc,er and W. H Klem, “The Development of An Improved VOR/TVOR Mamtor,” 
CAA Techmcal Development Report No 271. June 1955 



7 

Fxg. 6 Craphxal Illustratmn of Waveforms and Resultmg O~c,lloscope Patterns 

0pEmnoN~L CH,~RACTERISTICS OF PORTABLE DETECTORS 

Tests were conducted to determme operatmnal characterrst,cs of ccunterporse-mounted 
detectors, particularly, the effect of detector he,ght above counterpo,se. 180” rotation of the 
detector to determme the electrxal balance, course zndxatmn at var,ous dutances from the 
antenna, and course d,stort,on caused by the detector when mounted on the counterpoise edge 

The he,ght of the detecuor was varxd from 8 to 50 mcbes u,th 1,ttle change in the ,d,- 
rated course except at very low heights. The change ,I, mdxated course plotted agarnst height 
for the TDEC counterpoIse detector and for the mad,f,ed Type CA-2943 VOR portable f,eld 
detector 1s illustrated ,n F,g. 11 Max,mum courss dev,at,ons of only A0 1’ for the Type 
CA-2943 detector and l O 3’ for the TDEC detector for he,ghts over 10 Inches mdrcate that the 
he,ght IS not cr,t,cal The error for the Type CA-2943 detector ,ncreased rapldly below 10 
,nches because the antenna was long (46.5 Inches) and not exactly horux,ntal, one end of the 
antenna bemg nearer the counterpo,se than the other The bearmg error data mcluded ,n thrs 
report were taken with the TDEC cu,,terpo,se detector at a heqht of approximately 34 mches 

The electrxal balance of the detector was checked at the 0’ or‘ north pos,t,on. The 
,nd,cated course was measured, then the detector was rotated 180’ and the course was checked 
agam. If the two readrngs ddfered, they were made to co,nc,de by a sl,ght adJ”stment of the 
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antenna co,1 When the detector was balanced, ,t agreed w,th,” f0 1’ of the course from the 
north f,eld detector 200 feet from the antenna The unbalance measured on the TDEC counter- 
po,se detector var,ed from 0 1’ to 0 5”. depend,“g on the type of clrcu,t used The c,rcults 
show” I,, F,g 3 were the least cnt,cal, and they were eas,ly adJusted for balance The test for 
balance w,th the Type CA-2943 field detector showed no d,ffere”ce ,n the lndrcated course and 
was w,th,” +O lo of the course ,“d,cated at the north f,eld detector 

Both types of detectors were rotated I” the hormontal plane to deterrmne the effect on the 
bearmg. The TDEC counterpmse detector was rotated 20’, and the Type CA-2943 detector 45’. 
to produce an error of 0.25’ Th,s test ,“dlcates that “either detector ,s crrtlcal to small 
angular displacements I” the horumntal plane. 

The pos,t,o”s for the counterpmse momtmgs were deterrmned w,th a theodohte mounted 
a” the DME pedestal. A degree IS approximately 3 7 mches at a rad,us of 17.5 feet. therefore, 
an accuracy of l O l* was easzly obtained. 

To compare the ,“d,cated course of a counterpoise detector wrth that of the north field 
detector, the course was read with a portable detector at dztances of 8 3/4 feet. 17 l/2 feet, 
and 35 feet from the antenna Th,s detector agreed w,th the north fmld detector at these 
distances The phasmg of one sideband was changed w,th respect to the carrier by addmg 
.,ar,ous lengths of 1,“e to s,mulate a faulty adjustment. and the d,sta”ce check was repeated 
The results of this test are ,llustrated I” Fig 12. From these curves It can be see” that a 
portable detector w,ll rece,ve the same ,“format,o” as the north field detector at the various 
distances If the statmn 1s properly adJusted, but ,t may mdxate a larger error than the fwld 
detector If adJuStmS"tS are incorrect 

F,g 8 CA-1277 Monltcr Cal,brat,on Error Us,ng Pip-Sme Ind,cator Method 



Fig. 9 CA-1277 Momtor Callbratmn Error Usmg Pip-Sme Indicator Method 

To measure the course dlstortmn, the detectors were mounted successively at each 20” 
poshon on the counterpoue edge, while the course was recorded at the receiver laboratory 
10 miles from the VOR. The course dlstortmn for both the TDEC counterpoise and the Type 
CA-2943 detectors 1s shown ln F,g 13 The TDEC counterpase detector caused a course dls- 
placement of A0 16’. and the CA-2943 detector (two 50-&m resxstors m series with the antenna), 
+o 3”. The course dlstortmn ,r,,th either of the above detectors 1s qute small, perm,ttmg a 
bearrig error to be measured wIthout mterfermg with the normal operatmn of the statmn The 
VOR portable field detector Type CA-2943, wIthout reslstars 11, the antenna elements, cannot be 
used for counterpoise measurements with the statmn I,, normal operatmn because the courses 
may he displaced as much as 3 5’ at some az,muths 

Tests were conducted to determme the optumm, ad,ustments of the Type CA-2943 
detector for use on the counterpoise edge A VOR receiver and recordmg equipment, mounted 
I* a truck 1500 feet from the VOR, recorded the course dxplacement while the detector was 
carried around the statmn. It was determmed that the course dlstortmn was reduced to +0.2’ 
when the elements were 30 Inches in over-all length, 56-ohm resistors were used ID serves with 
each element, and the height above the counterpc~se edge was 20 mches 



Fig 10 CA-1277 Morutor Callbratmn Usmg Sme-Sme Indicator Method 

VOR CALIBRATION MEASUREMENTS 

Tests to determme the accuracy of ground-check measurements usmg a counterpoxe 
detector Included (I) VOR zntenna rotated usmg the north freld detector at 200 feet, (2) 6-m& 
theodollte-controlled fhght caltbratmn (clockwue and counterclockwse cxcles), (3) 12-m& 
theodollte-controlled cahbratmn cwcle, and (4) 20-m& calrbratmn circle usmg ground-check 
POl”k 

The cahbratmn curve of the statmn by the ground-check method was obtarned by mounttlng 
the counterpoxe detector successively at 20’ mtervals about the counterpoise and determming 

Fig 11 



1 !2 Course Error With Detectors at Varmus Dmtances F 
Antenna With Sldeband No 1 Improperly Phased 

the course at each posltmn These data are shown III Fig. 14 and are compared with data 
obtamed by rotatmg the VOR antenna and usmg the north field detector The curves have the 
same general shape, but they are displaced somewhat from each other The dlfferences m the 
curves are attributed to mechamcal dlfflcultles encountered ,n rotatmg the antenna The curves 
obtamed with a counterpoise detector have prcved to be more consistent than those obtamed by 
rotatmg the VOR antenna The total error spread measured wzth the counterpulse detector was 2 3”. whereas a spread of 2 6” was measured when the antenna was rotated. 

Prelunmary tests were conducted to determme the feaslblllty of uszng a number of flxed 
detectors mounted on the counterpoxe Eqht detectors were used at mtervals of 45”. Lengths 
of RG-50A/U cable from each posltmn connected the detectors to a selector switch to permit a 
quick check of the statmn. The detectors were Dlaced at 45’ mtervals to check the crItIcal 



Fig 14 Comparmon of Callbratmn Curves Taken at North Detector 
by Rotatmg Antenna and at CounterpoIse Edge 

points, that LS, the nulls and maxxnums of the figure-of-eight patterns These measurements 
are also plotted m Fig 14 Fmal balancmg adlustments had not been completed on the de- 
tectors. thts probably accounts for the dsplacement of several pamts from the curves The 
smgle portable detector proved to be a more economxcal method for ground checkmg a VOR, 
and tests with multiple detectors were dlscontmued 
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Fig. 17 Comparison of Caltbration Curves Taken at Counterpoxse Edge and at 20 Mxles 
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A compdrlson of curves obtamed from the ground callbratmn and the 6-. lZ-, and 20-mile 
flight cahbratmns IS shown m Figs 15, 16. and 17 The slmllarlty of the curves, both m shape 
and magmtude. 1s constdered very good The average of the curves for the 6-mile radius 
clockwlse and counterclockwise circles was used ln Fig 15. The two curves are plotted mdl- 
vtdually In Fig 18. The difference 1s due to lag in the recorders and arcraft attitude effect 

A comparison of the curves for the 12- and LO-mile radius circles IS shown m Fig. 19 to 
demonstrate how the effect of sltmg error mcreases with dwtance from the statmn The 
lrregularltxs I” the curves at 70”, for example, were caused by scallopmg from an east-west 
fence located 50 feet south of the antenna The fence LS of wire except for wooden sections 150 
feet east and 100 feet west of the statmn 5 The scallopmg from the fence 1s of such a low 
frequency that it appears on the flight-check recordings as a flxed error From the foregomg 
data, It appears that an accurate callbratmn curve of the statmn. without the effects of sltmg, 
can be obtamed from a ground check only It may be further stated that an accurate callbratmn 
curve can be obtamed bv one man In less than 20 mmutes 

SOME PRACTICAL APPLICATIONS OF COUNTERPOISE DETECTORS 

CounterpoIse detectors can be used t 
8 

measure the antenna radlatmn patterns during 
mltlal tune-up of a four-12op VOR antenna. The transmitter power 1s fed to one sldeband pair. 
and the nulls of the figure-of-eight pattern can be located with a counterpoise detector, usmg a 
low-range mlcroammeter or voltmeter as an mdxator. Thus, the errors m the null locatmns 
are directly determmed. The null locatmns of the other stdeband pax are slmllarly dete.mmed 
After ascertammg that the loops are accurately spaced mechamcally, the nulls may be adlusted 
by small changes m length of the mdlvldual loop feedlmes The relative posltmns of the loops 
and nulls of each sldeband par can then be plotted on polar co-ordmate paper. Usually both 
nulls will move approximately equal amounts toward one loop. This IS an mdlcatmn that the 
feedlme for that loop IS too long, or conversely, the feedlme of the other loop 1s too short. For 
a first approxlmatmn, the feedlme can be shortened by the same number of degrees that each 
null 1s m error. For example. If the nulls of sldeband No. 1 are at 46’ and 224”. each null 1s 
1” m error The feedlme of the southeast loop should be shortened one electrical degree (ap- 
proximately 3/16 inch) and the null posltmns rechecked. From the change 1” null posltmns, the 

5 
S. R Anderson and H. F Keary, “VHF Omnlrange Wave Reflecrmns From Wires,” CAA 

Tecbnxal Development Report No. 126. May 1952 

6 Anderson, Keary, and Wright, op. cit. 



ERRATUM 

replacement of Fig. 21, page 15, CAA Technical Development Report No. 227, “Ground 
alibration of the VOR,” by Robert B. Flint and William L. Wright. 

he above figure replaces Fig. 21, page 15, Technical Development Report No. 227, which wa!: 
rinted in error. 
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addltmnal amount by whxh the lme must be shortened can be estimated When the nulls are 
located properly, a counterpmse detector can be used to cbtaln approxmate checks of sldeband 
balance by measurmg the s,zes of pattern lobes from each sideband pa,=. Because of mecham- 
cal dlfflcultxes encountered m, dupllcatmg the height of the detector at each locatmn. however, 
this method should not be used to make any adJustments The stubbmg of the sldeband Ilnes 
should be adlusted so that the pos,tmns of the voltage m~nmnurns and VSWR’s agree when 
measured at the gonmmeter. U, order that equal loads “111 be presented to the gonmmeter 

Varmus faults may occur ,n ommrange equipment with no apparent change ln meter 
readmgs or in momtor mdlcatmns These faults can cause mmor errors m courses other than 
those bemg momtored. but a permdlc callbratmn check will mdlcate their existence. Some 
examples of defecttve eqmpment, Its effect on the cahbratmn curve, and corrective actmn to be 
taken are dIscussed I,, the followmg paragraphs 

The callbratmn curve shown m Fig. 20 (solld la) was the result of faulty stdeband- 
phasmg In-es. It was found necessary to rephase these lmes permdxally, each change resultmg 
I* a large sh,ft m the callbratmn curve No apparent defects could be found ln the phasmg 
lmes. but they caused different standmg waves to appear at each gonmmeter output. The 
standmg waves also vaned with each settmg of the phasers This effect was elmmnated by 
placmg a smgle phaser ln the carrxer lme and elnmnatmg the s,deband phasers The dashed 
line m Fig. 20 shows the resultmg callbratmn curve. The stablllty of the phasmg between 
carrier and sIdebands has been excellent. with no change noted in the callbratmn curve due to 
rephasmg The phasmg was checked over a permd of tmne, usmg both a counterpoise detector 
and the north field detector located 200 feet distant The difference in the phase= settmgs 
between the two locatmns vaned from 2” to 9” Callbratmn data obtaned at the counterpoise 
wvlth the phaser shIfted 110” showed a ma~mr,un, 0 25’ departure from normal. This mdlcated 
that a four-loop VOR antenna with a smgle phaser can be phased with ather detector with 
negllg,ble effect on the statmn 

Ftg 21 Callbratmn Curves Showrng Effect of Audm Dlstortmn ln Modulator 

The effect of modulator dlstartmn on the callbratmn curve IS illustrated m, Fig 21 In 
this mstance, one of the Type 805 modulator tubes had changed suffmently to place most of 
the load on one tube The gan control bad been advanced well above the normal settmg, 
however, 30 per cent modulatmn at 10 kc was sttll avalable The dashed lme xn Fig 21 shows 
the callbratmn curve obtamed after replacmg the modulator tubes The curves ,n F,gs 14 
through 19 are smmlar in shape to that of Fzg 21, probably because of dxtartmn of lesser 
amounts as the tubes were determratmg. The bearmg error has been reduced to +O 75” as 
shown in Fig 22. as a result of this method of ground cahbratmn and because of correctrve 
measures dxcussed ,n the precedmg paragraphs Fvgure 23 shows the callbratmn curves 
obtamed approxmately six months after the one shown I,, F,g 22. Excellent correlation was 
obtamed between the ground and flight callbratmns. 

CALIBRATION OF A TVOR 

The counterpmse detector was moved to a radius of 50 feet and was used to cahbrate the 
expermental TVOR located at Weir Cook Munmpal Amport, Indmnapolw The method used on 
the TVOR was sm~lar to that used on the Tllden VOR, with the fallowmg exceptmns 

1. The antenna of the detector was extended to an over-all length of 20 mches to pravlde 
add,tmnal sensltmty. 
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Fig 22 Fmal Callbratmn Curve of Four-Loop Array Wtth Polarizer 
“smg Counterpo,se-Detector Method 

2 Aelmuth lacatmns were marked by stakes located every 20’ on the 50-foot-rad,us c,rcle 
3 The detector was mounted on a 12-foot alummum pole, 2 feet above the counterpo,se level 
4 The pole was held vertically at each posltmn by observmg an attached spwt le-~1 

The calibratmn curve of Fig 24 (s&d lme) disclosed a spread of 6 1” The shape of the 
curve mdlcates displaced nulls as the ma,or cause of the errors The loops and connectmg 
lmes were adlusted for mare accurate null locatmns, and the sldeband and carrier lmes were 
rematched The dashed lme of Fq 24 1s the cahbratmn curve of the statmn after the above 
ad]ustments were completed It has a total error spread of 2 0’ 

The solld cnrve of Fq 25, also wulth a spread of 6.1’. was obtamed durmg the adJustment 
of the TVOR, and It shows the effect of sldeband unbalance The lmes had not been rematched 
after the null adpxstment, and the VSWR was 1 27 on sldeband pa,= No 1 and 1 1 on sxdeband 
par No 2 Rematchmg the sideband lmes produced the curve mdlcated by the dashed lme of 
Fig 25 This callbratmn curve, wltb a spread of 2 0”. 1s the same curve shown by the dashed 
lme of F1.g 24 

Fq 23 Caltbratmn Curves of Four-Loop Array After 6 Months of 
contln”ous operatmn 
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Fig 24 Cal,bratmn Curves Showmg Effect of Displaced Flgure-of-Eight Nulls 



CONCLUSIONS 

It 1s concluded that 

1 Relwble bearmg mformatmn can be obtamed at the counterpmse edge, by use of a 
smtable detector 

2 Mountmg the detector on the counterpoxse edge 1s e&rely practxal. both from an 
economical and a mechamcal newpant 

3 A method for callhratmg a TVOR on the ground has been described 
4 The ground caltbratmn can serve as a valuable aId m the routme mamtenance of the 

VOR. Cahbratmn curves obtamed before and after mamtenance ~111 mdxatc. the effects of any 
read,ustments or component replacements 

5 Usmg the techmque described 1x1 this report, an accurate callbratmn curve can be 
obtamed by one man m less than 20 *mutes 

6 The callbratmn of the statmn can be obtamed wltbout mterruptmg normal operatmn 
7 A VOR can be recertlfzed an the basis of a ground calzbratmn, provided there have been 

no shng changes 
8 Acceptance of the ground-check method described in this report ~111 ehminate many 

nonroutme flight rspectmns 
9 The VOR portable field detectors. now used by Reglonal mamtenance personnel, can be 

used on the com,terpo,se If they are provided with antenna res,stors and a smtable I. -untmg 
10 This method of cahbratmn makes it possible to adJust a VOR faclllty to much closer 

tolerances than has heretofore been possible Accurac~s of +O 75” have been achmved wlthaut 
dlfflculty w,th the four-loop antenna array and polarleer 

11 The counterpox= detector 1s a very valuable aId in the mlttal tunrng and phasmg of the 
VOR 


