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VOR FLIGHT CALIBHATIOi WITH C45 AIRCRAFT 

SUMMARY 

Flight callbratmn tests of VHF omnl- 
ranges revealed the fact that results obtamed 
mdlfferenttypes of alrcraftwere not in entlre 
agreement The two most common alrcraft 
mthe use for cahbratmg ommranges are the 
Beechcraft C45 and the Douglas C47 It w3.i 
observed that the results abtalned u, the 
BeechcraftC45 produced anerror curve which 
mdlcateda greaterover-allerror when com- 
pared with the results obtamed I* a Douglas 
c47 

This report deals with a problem en- 
countered in the Beechcraft C45, m carrymg 
out a prec,smn measurement technique de- 
velopedfor a spec,fx phase of the ommrange 
flight testmg program 

Attempts to imp r eve the callbratmn 
.character,stlcs oi a C45 were unsuccessful 

until the fxed long wire 3105 kc antenna was 
removed After this antenna was removed, a 
dipole antenna placed on exther the wmg tip 
or on top of the fuse 1 a g e above the pllot’s 
compartment, produced callbratmn r e s ul t s 
substantmlly the same as those obtaned in a 
c47 

The fmal recommendat,ons for antenna 
lnstallatmn on a Beechcraft C45 mclude, (1) 
a dipole antenna on top of the fuselage over 
the p&t’s compartment. (2) a V-109 antenna 
on top of the fuselage over the leadmg edge 
of the cabm entrance door, and (3) a trallmg 
wire antenna, If desued, to be Installed as 
far aft as possible 

INTRODUC rION 

The technique of callbratlng an onxrn- 
range statmn has been in the process of de- 
velopmentbyenguers ofTechnIcal Develop- 
mentfor a number of years This procedure 
was p ub 11 s h e d as TechnIcal Development 
Report No 69, entitled, “Fllght Callbratmn 
of VHF Omnuange System” 

Brxily, the methodof caltbratlng a VOR 
canslsts of recordmg the movement of the 
course-devmt,on lndlcator ,n an alrcraft as 
ItcIrcles the ommrange statmn at any radius 
from 7 to 15mlles The ommbearmg selector 
1s advanced I* 10” steps to keep the course- 

devmtlon mdxcator on scale, and to present 
(at center scale) the mdlcatedmagnetlc bearmg 
from the StatIon This mdlcated beanng 1s 
c o m p a r e d with magnetic bearing from the 
statmn,as measuredby a theodollte operated 
on the ground at the ommrange statmn This 
processproducesa series of exactdliferences 
betweenmdlcatedand magnetx bearings. and 
these are obtalned through the 360’ around a 
range statIon These differences are plotted 
as a callbratmn or measured error curve 

Followng the development of the VOR 
flight cahbratlon procedure, each of the CAA 
regions senta fllghtmspectmn wrplane, pilot 
and radm eng,neer to the Experimental Statmn 
atIndmnapol,s, Indmna, for a iamllmr,zatmn 
course and demonstratlonof VOR callbratlon 
Returnmg to their regmns, a VOR flight call- 
bratlan program was set I,, operatmn Two 
types of axplanes have been used in the flight 
callbratlon program They are the C45 
BPechcraft and the Douglas C47 Later, re- 
ports were received that the callbratmn of a 
VOR statmn ln two dliferent types of alrcraft 
produced two ent,relydlfferent error curves 
In order to verify or dxprove this clam, a 
thorough uwestlgatmn of the p rob 1 em was 
mstlaated 

EQUIPMENT 

Receiver 
Inorder to elm,mate as many varmbles 

as possible in this lnvestlgatlon, a complete 
ARC-15 omn~range receiver lnstallatlon was 
set up in a portable case This umt could be 
transported from aIrcraft to axrcraft during 
a series of flight tests and was completely 
self contamed, with the exceptvan of power 
source, antenna, and recordmg equpment The 
use of this portable un,t elurnnated the call- 
bratmn differences which arise due to the 
lndivldual characterlstlcs of dlf f e rent re- 
celvers, co”rse selectors, etc 

Aircraft 
Flight checks were made in the C45 

Beechcraft and the C47 Douglas The flights 
IT, d~f f e r en t axplanes were made in rapld 
succession One serves of tests uwolvmg the 
two airplanes was completed as quickly as 
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passlble, always I,, the same day, generally 
In four to 51.x hours This Increased control 
of the number of variables mtbe mvestlgation 

Antennas 
Two separate C47 anplanes were used 

in these flqht checks and m each case the 
antenna usedwas the V antenna located on the 
top of the vertical stablllzer 0 n urplane 
NC-182 this 1s a type V-109 antenna On air- 
plane NC-112 the antenna 1s a coaxml V an- 
tenna. 

Sync e the n,vestqat,on was the out- 
growth 01 nun, e r o us mdlvxdual reports of 
exaggerated error curves produced by call- 
bratmg n, a C45, it was assumed the reports 
were well founded. and new antennas were 
constructedlmmedlately to compare with the 
ex,stmg V antennas ,n the standard mstallatmn 

The Ideal antenna for receptmn of omnl- 
range mformatxr, would be a dipole ,n free 
space properly orwnted with respect to the 
range statmn In an attempt to reach this 
Ideal co n d, t 1 on two special antennas were 
constructed These antennas are of the dl- 
pole type The elements are constructed of 
three-e,ghts mch tub,ng and are one-half 
wavelengthat the mxd-frequency of the omn,- 
range band This balanced antenna IS fed to 
an unbalanced transmlssmn lme by means of 
a quarter wave balun sectmn mounted in the 
la-mchpedestal One of these dipole antennas 
was mounted on the left wmg tip 01 the Beech- 
craIt, N-4, and the other mounted on a stand- 
ard pedestal 50 that ,t could be mterchanged 
vnth the hatch V antenna, normally mounted 
on the Beechcraft dnectly over the pIlot’s 
compartment This posltxon an the Beech- 
craftcorresponds to the posltmnof the escape 
hatch on many axplanes mcludmg the C47 
For the sake of smxplxlty, we shall refer to 
the pos,tmnontop of the fuselage and directly 
over the p&t and co-pllot posltmns as the 
hatch posltmn Thus, by referrmg to a Hatch 
V antenna, bath type and locatmn of antenna 
are denoted 

A prelmunarv flqht check with the dl- 
pole antenna proved that pushmg and pullmg 
dxd not exceed l/2’ when the antenna was 
orIented as much as 60’ from a tangential 
posltvanwlth respectto the ommrange Fig 1 
1s a view of the wmg tip dipole antenna 

FLIGHT CHECKS AT INDIANAPOLIS 

Usmg the equipment described,, the 

first series of IlIghts consisted of four call- 
bratmn circles around the Indlanapolls omzu- 
range The f 1 r s t two were made with the 
wmg tip dip ale and the hatch dipole ,n the 
BeechcraftC45. Uponlandmgafter tlusflqht, 
the rece~vmg equipment was transferred to a 
Douglas C47 and one callbratmn circle made 
“sing a tall v antenna While this fllght was 
in progress, the hatch dipole on the C45 was 
r em o Y e d and the V antenna mstalled ,n Its 
place At the conclusion 01 the flqht ,n the 
C47, the recelvlngequlpmentwas transferred 
back to the C45 and the fourth and fmal call- 
bratmn circle was made usmg the C45 hatch 
v antenna These flvghts covered a 3-hour 
perrod 

From previous expenence, ,t was be- 
lxved that the f,xed long wire 3105 kc antenna 
wa 5 partially responsible f o I erratx call- 
bratvan results in the Beechcraft The 3105 kc 
antenna consists of two w,res ,n a V shape 
extendmg f ram the omn~rece~vmg antenna, 
mounted an the hatch of the alrcraft directly 
over the pIlot’s head, and extendmg to the top 
of each vertical stablllzer This antenna was 
removed for this series of flught tests The 
callbratmn condltmns and results obtamed 
are tabulated as follows 

3105-kc Long Wire Antenna Removed 
From Beechcraft 

Type of 
AIrcraft 

Over-all Error 
Recorded 

Antenna (degrees) 

c45 Wq t1p Dipole 3 l/2 
c45 Hatch Dxpole 2 3/4 
c45 Hatch V 4 
c47 Tall V 3 

The callbrat,on results plotted ,n the form 01 
error curves are presented I” various com- 
bmatmns, I” Figs 2, 3, 4, and 5. 

FLIGHT CHECKS AT KANSAS CITY 

The results of the flight checks at 
Ind,anapolls mdxated that the maxxnum dll- 
ference recorded I* two types of planes m 
cel,bratmg anomnirange, occurs at the rough 
pomts on the error curve In callbratmg an 
ommrange which has 1,ttle error and a fairly 
smooth error curve, small differences exist 
between the results abtamed I,, a C45 Beech- 
craft and a Douglas C47 



F,g 1 Wmg TIP Dipole Antenna 

AdvIce was recexved that callbratmn 
flights on the Kansas City ommrange would 
produce results more comparable to those 
expenenced in the Regmns The Beechcraft, 
N-4, with Its callbratmg equipment, was flown 
to Kansas City where seven cahbratmn circles 
were flown F 11 g h t s were made with and 
wlthout the 3105 kc long wire antenna The 
callbratmn condltmns and results obtamed at 
Kansas City are tabulated as follows 

3105-k= Long Wme Antenna Removed 
From Beechcraft 

Over-all Error 
Type of Recorded 
Ancraft Antenna (degrees) 

c45 Wmg Tip Dipole 4 3/4 
c45 Hatch Dxpole 3 3/4 
c45 Hatch V 6 
c47 Tall V 4 l/4 



ERROR CURVE KANsAS CITY OMNIRANGE 
COMBINED TRANSMITTER AND RECEIVER ERROR 

COMPARISON OF VARIOUS ANTENNAS ON C45 AND C47 AIRCRAFT 
FEBRUARY 8, 1949 

7 M,le Circle CCW 
1500 Ft Above Ground 

Fig 6 Error Curve C45 Wmg Tip Dipole versus C45 Hatch V, Kansas City VOR 

4 



Flp. 7 Error Curve C47 Tall V versus C45 Hatch Dipole, Kansas City VOR 

,60 
AIIYUT” FRDY ITlTlOW 

Fig 9 Error Curve C45 Hatch Dipole, 3105-kc Antenna On versus C45 Hatch Dipole, 
3105-k= Antenna 011, Kansas City VOR 
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ERROR CURVE SOUTH OMNIRANGE 
COMBINFD TRANSMITTER AND RECEIVER ERROR 

COMPARISON OF VARIOUj ANTENNAS ON C45 AND C47 TYPE AIRCRAFT 
N-4 = C45 TYPE AIRCRAFT NC-182 = C47 TYPE AIRCRAFT 

JANUARY 31, 1949 

6 Mile Circle CCW 
1500 Ft Above Ground 

ARC-15 Receiver 

Fig 2 Error Curve N-4 Wmg Tip Dqmle versus N-4 Hatch D,pole, Indmmpol~s VOR 

Fig 3 Err 

VOR 

Fug 5 Error Curve N-4 Hatch V versus N-4 Hatch Dxpole, Indmnapolls VOR 
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3105-kc Long Wire Antenna Installed 
On Beechcraft 

Type of 
AIrcraft 

Over-all Error 
Recorded 

Antenna (degrees) 

c45 Wmg tip dipole b 

c45 Hatch dxpole 5 l/4 
c45 Hatch V 5 l/4 

The callbratlon results plotted in the form of 
error curves are presented in various com- 
bmatlons in Figs 6, 7, 8, and 9 

On each of the callbratmg circles, checks 
were made to determme the extent of normal 
scallopmg, propellermodulat,on, and attitude 
effect To c he c k far propeller modulation, 
the engmr rpm was vaned in 50-rpm steps, 
from 1750 to 2000 in the Beechcraft, and 
from 1950 to 2300 rpm n, the Douglas Attl- 
tude effect was checked by rockmg the wmgs 
up and down to at least a 40 D bank, whllr con- 
tmumg the c 1 r c 1 e around the statxon. The 
maxunum deflectron of the course-dev,at,on 
mdxator 1smeasuredin degrees, and the re- 
sults are tabulated herem 

3105-k= Long Wire A ,tenna Installed 
On Beechcralt 

Course-D~vmtlon Indl- 
cator Vanatmn-(degree\) 

Type of Propeller Scal- Attitude 
Alrcraft Antenna Modulatmnlopmg Check 

c45 Wmg t1p 2 l/2 1 0 
dlpole 

c45 Hatch 0 1 0 
dipole 

c45 Hatch V 3 1 l/2 3 

DATA ANALYSIS 

Examlnatxon of the da+a obtamed at 
lndmnapol>s and Kansas City reveals several 
nnportant facts 

(I) The u,c of a hatch V antenna on a 
C45 Beechcraft ~111 I~C r P a 5 e tht over-all 
cal,brat,on error of in ornn~rangr by an 
averageof 2’ whencomparedwth the results 
obtamed by a C47 usmg a tall V antenna 

(2) All atttmpts to m,prove the call- 

bratloo characterlstxcs of a C4j were un- 
successful until the fmed long wire 3105 kc 
antenna was remo\ed 

(3) After the removal of the 3105 kc 
longwre antenna, a dipole antenna placed on 
the wmg tips or hatch of o C45 produced call- 
bratIon results substantmlly the same as 
those obtanwd in a C47 

(4) The hatch dipole on a C45 1s some- 
what superxor to a wmg tip d,pole The dlf- 
ference ,s small but the slightly mfermr re- 
suits combmed with the work m\olved in re- 
mforcmg the wmg tip recommrnds the use of 
the hatch dipole 

FURTHER INVESTIGATION 

Analysis of these facts reveals that the 
solution of the callbratmn problem in a C45 
1~s in the removal of the 3105 kc flxed long 
wire antenna, and the mstallatmn of a VHF 
d,pole antenna This mxnedmtely brmgs forth 
two new problems 

(1) The dipole antenna cannot be used 
whenflymg a radmlommrange course SXLCCS 
normal flight procedure IS to check an orrnn- 
range for proper orlentatlon with respect to 
magnet,cnorthandthenproceedwlth the call- 
bratmn arcle, It 1s apparent that two orno,- 
range antennas are requred 

(2) The long wire low frequency antenna 
should not be r em o v e d from a C45 wlthout 
offermg a substitute Many patrol pllots fly 
over sparsely settled areas and removal of 
this antenna would constitute the loss of their 
most valuable radio ud ,n cae.e of distress 

The Beechcraft, N-4, was returned to 
Indmnapolxs where a V antenna was Installed 
on top of the fuselage u,,medmtely over the 
cabm entrance door With the dipole antenna 
I,, the forward hatch posltmn and the V an- 
tenna on the i-ear fuselage posltmn, more flight 
checks were made about the In d 1 a na p o 1 I s 
ommrange. A photograph of N-4 with this an- 
tenna mstallat~on 1s shown m, FIE 10 

In order to solve the low Irequency an- 
tenna problem, the Beechcraft. N-105, was 
flown to Indmnapol~s for flight tests This 
alrcraft IS equipped with a low frequency 
trallmgwre antenna. Flight tests were con- 
ducted with this antenna in the extended and 
reeled in posItIons Results of these tests 
mdxate, that a trallmg w,re antenna does not 
affect the callbratlon results lo a Beechcraft 
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Fig 12 C45 Beechcraft N-105 Full View Recommended Antenna lnstallatxon 

It IS recommended however, that this antenna 
be reeled ,n durmg the theodollte callbratmn 
flqht A proper mstallatlan 01 this type 15 
shown in Fq. 11 

CONCLUSIONS 

The following recommendatmns are 
made ior antenna mstollatlon on a Beechcraft 
C45 to be used I” flrght testmg an ommrange 

(1) Ad,pole antenna should be mstalled 
on top of the fuselage over the pllot’s com- 
partment, parallel to the lomgtudrnal ax,s of 
the plane This antenna IS to be used only on 
the callbratmn IlIght around the omnxrange 
‘atatlon 

(2) A V-109 recelvmg antenna should 
be mstalled on top of the fuselage over the 
leadmgedge of the cablnentrance door This 
antenna 1s to be used in flymg radmls and 

(3) The 3105 kc fmedantenna should be 
removed If a 3105 kc antenna 1s requred, a 
tra111ng vare, reel-m antenna should be ln- 
stalled as far aft as possible Cal,brat,on 
shouldbe done w,th antenna reeled in MaXl- 
mum exposed antenna in reeled-u, posltmn 
should not exceed e,ght feet 

(4) Beechcraft C45 alrcraft should be 
operatedwth the engmcs mdm,tmg 2000 rpm 
when checkmg a statmn for magnetic north 
orlentatlon and when flymg a theodollte call- 
bratmn circle 

AC45alrcraftwlthantenna mstallatmns 
made in accordance with the recommendatmns 
of this rrport 1s shown in Fig I2 

It should be empha~ned that omn~range 
navqatmn in a Beechcrait C45 1s en t 1 r e 1 y 
satlslactory The sp~cml antrnnas deacnbed 
m this report are wcessary in the specm- 
llzed case of ommrange IlIght testmg 


