
FLIGHT CALIBRATION 

OF VHF OMNIRANGE SYSTEM 

BY 

Thomas S Wonnell 

Radm Development Dwmm 

Techmcal Development Report No 69 

CIVIL AERONAUTIGS ADMINISTRATION 

TECHNICAL DEVELOPMENT 

INDIANAPOLIS, INDIANA 

June 1949 

1373 



SUh4tvlARY. . 
INTRODUCTION , , 
PROCEDURE. . 
CONCLUSIONS 

TABLEOFCONTENTS 

. . 

I . 

. . 

. . 

Page 
1 
1 
1 
6 



Mmuscnpt recemed, July 1947 



FLIGHT CALIBRATION OF VHF OMNIRANGE SYSTEM 

SUMMARY 

This report descrlbesamrthod of 
ascerta~nmg the accuracy of an ommrange 
system by means of flight callbratlon. 

In the p r o c e s s a series of exact dlf- 
ferences between lnd 1 c a ted and magnetic 
bearmgs 1s obtamed through the 360’ around 
a I‘ an g e statmn, and these differences are 
plotted as a callbratmn or measured error 
Curve. 

The process described 1s equally appll- 
cable to low or very high frequency omm- 
range systems. 

INTRODUCTION 

T he techmque of callbratmg an on,“,- 
range station has been 11, the process of 
development by e n g 1 n e e r s of the Office of 
Technxal Development for a number of years. 
andtheprocedure tobedescrlbed here repre- 
sents the most straightforward and prec,se 
method yet devised. 

PROCEDURE 

The actual function of callbratmn con- 
slsts of recordmgthemovement of the course 
devlatmn mdmator ,n an arplane as ,t circles 
the omnlrange statmn at any radius from 7 
to 15 Irules The ommbearr,g selector 1s 
advanced in 10” steps to keep the course 
dewatmn mdxator on scale and to present, 
at center scale, the lndlcatedmagnetx bearmg 
from the omnlstatmn. This mdlcated bearmg 
IS compared with magnetic bearmg from the 
station as measured by a theodollte operated 
on the ground at the ommrange station. 

A. Theodollte Operatmn 

The mstrument used to m e a s u r e the 
magnehc bearmg ofthe arplane 1s a standard 
Weather Bureau theodollte. 

The theodollte IS located about 15 feet 
beneath the antenna counterpoise and directly 
below the antenna array. The mstrument ,s 
orientated durmg the prelunmary set-up pro- 
cedure so that the zero point 1s al,gned with 
a prevmusly surveyed magnet,c north pomt. 

Very careful attention must be given to this 
orzg,nal placement of the theodollte. 

The operatmn of the theodollte consists 
01 trackmg an auplane whxh 1s clrclmg the 
range. Once the proper aznnuth and elevatmn 
of the earplane are located. the nxstrument 1s 
advanced 5’ ahead of the plane, and the oper- 
ator waits untal the plane enters and travels 
acrossthefieldof v1s.10” to the center cross- 
hair posItIon. At this pant. the operator 
presses a control button whrch automatically 
marks the recording mthe arcraft. The 
theodollte 1s advanced another 5’ and the 
operator waits for the plane to enter the field 
of v,slon agam. repeatlng the process in 5’ 
steps through 360”. 

The prerequwte on the part of the air- 
plane p 11 o t for satisfactory trackmg by the 
theodollte operator 16 that he fly the plane at 
a constant altitude and mamtam a constant 
r a d 1 us throughout the circle. The altitude 
controlls no problem but mamtamlng a flxed 
radius requires the constant attention of the 
pllot. A varxatmn in circle radius calls for 
a change m theodolate elevatmn which must 
be antxrpated anda correction made as 
changes &re notzced. Ii ser,ous varmtmns u, 
radius are noted, aura 1 rnstructmns to the 
pllotwll enable hrn to remedy the sxtuatmn 

Constant communxcatmn with the plane 
durmg callbratmn 1s an absolute necessity. 
Transmlssmn from the ground 1s made over 
the voice E hanne 1 of the omnlrange whrle 
transmlssmns from the plane are received 
“la VHF channels. 

The control button which the theodollte 
operator presses as the plane crosses each 
5’magnetxpomt actuates an audm ampllfler 
clrcutat the range statlonwhlchwlllmodulate 
the voice channel w,th 1020 cps tone s,gnal. 

B Recording 

The callbratmn recordmg which con- 
tams all the data of the entire flight 1s made 
m an arrplane as It c 1 r c 1 e s the VHF omnl- 
range statmn. The followng equpment 1s 
requred ,n the arcraft- 

1 VHF omn~rece~ver 
2. DC ampllfler 
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3. Markmg ampllfler 
4. Graphic recordmg mstrument 

A b 1 o c k diagram of this equlpment 1s 
shown III Fig 1 

Fig I Recordmg and Markmg Equipment 

The direct voltage across the devlatmn 
mdzcator 1s ampllfwd and used to produce a 
permanent record of the devlatmn mdxator 
movements. A marker pen at the edge of the 
recordmg 1s o p e r a t e d by a tone amphfler 
whenever the theodollte operator presses the 
1020 cps tone control button. 

A block diagram of the automatic marker 
1s shown II? Fig. 2 

F,g 2 Automatic Marker Equipment 

On take-off for an actual r e c o r d xn g 
fl+tthe airplane shouldflrstbe flowndlrectly 
over the range statmn whxh 1s to be call- 
brated, m order to avo,d co nf u s 1 on of the 
ground crew as to ldentlflcation of the proper 
plane. This ~111 enable the theodollte operator 
to start tracking the plane and also allow him 
to d 1 r e c t the plane as to the proper circle 
radxus This ~111 be go ye r n e d largely by 
condltmns such as haze, rn~st. smoke , and 
low scud. 

One operator ,s required in the alrcraft. 
HIS duties durmg the flight are to adJust the 
gam of the dc ampllfxr to provide approxl- 
mately three-quarters of full scale deflectmn 
on the recordmg paper for a 10’ varlatmn of 
the bearmg selector, to advance the omm- 
bearmg selector in 10” steps either clockvase 
or counterclockwise as prevmusly a g r e e d 

upon. and to note on the recordmg the setting of 
the bearmg selector and the magnetic bearmgs 
as reported by the theodollte operator. 

As the plane turns off the sadlal flight 
over the statmn to start the circle (we shall 
assume a counterclockwise circle). the oper- 
ator ,n the plane de c r e a se s the bearmg 
selector 10”. As the plane proceeds around 
the circle, the devlatmn mdlcator ~111 swing 
from full right mdlcatmn to full left mdxation. 
Sometime before the devlatlanlndlcator 
reaches full left de flee tlon, the bearmg 
selector is decreased 10’ more. This must 
be done at a time when the c h a n g e ~111 not 
cause the mdlcator to read off-scale or fall 
to cross the center posItIon. A little trial 
and error on the f 1 r s t and second pomts IS 
usually sufficient practice This procedure 
IS then repeated through 360’. 

Durmg the flight around the statlo”. the 
automatic marker ~111 mark the edge of the 
recordmg each trme the theodollte operator 
presses his control switch. At the same txne, 
he ~111 call out the bearm of the next pant 
to be marked. 

C. lnterpretatmn of Recordmg 

The mterpretatmn of the recordmg 1s 
explalned with reference to the sample 
recordmg shown m Fig. 3. 

The various pomts of slgnlflcance are 
ldentlfled with capital letters and an arrow 
mdlcates the exact pomt under conslderatmn. 

The lme across the top of the recordmg. 
wulth the permdx deflectmn, contams the III- 
formatmn as to the exact magnetx bearmg 
of the airplane with respect to the range 
statmn The leadmg edge of the deflectmn 1s 
the point to be considered. At pant A, the 
plane had a magnetw bearmg of 190’ from 
the omnistatmn. at paint D, 185’, pomtF, 
180’. etc. This lme and the se deflectmns 
constrtute the callbratmn base lme. 

The ommbearmg selector settangs are 
shownat the lowerpartof the trace and 1” this 
sample are 190’, 180’ and 170”. 

Startmg our mterpretatmnof the sample 
recordmg from the left, It IS seen that with 
an ommbearmg selector setting of 190’. at 
the pomt B which IS center scale, the plane 
has an mdlcated bearmg of 190’ Point B 1s 
extended to the same relative posxtmn on the 
base lme w h 1 c h we ~111 call pomt C The 
airplane actually had a magnetic bearmg of 
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Fig. 3 Sample Recording 

190” from the range station at point A as re- 

ported by the theodolite operator, and not at 

point C as indicated; the r e f o r e , the range 

system is in error. The extent of this error 

is c a 1 c u 1 a t e d by simple proportion. The 
distance AD equals 5”, therefore, the error 

in degrees equals the fractional distance that 

AC is of the total 5” distance AD, or in this 

case 1.8’. Since the indicated bearing of 190” 

was recorded after the actual magnetic bearing 

of 190”. the error is negative. The errors 

for the indic-ltedbearings of 180’ and 170’ on 

the sample are figured in a like manner. 
A simple mechanical device may be 

used to speed the read in g of error from a 

calibration recording. This instrument is 
known commercially as a proportional com- 

puter or more commonly as a ratio divider. 

The proportional computer in use at the 

Experimental Station is a unit manufactured 

by the KLB Instrument Company of San 

Antonio, Texas and illustrated in Fig. 4B. A 

ratio divider whichmay easily be constructed 

to do the same job is shown in Fig. 4A. A 

Fig. 4A Ratio Divider Fig. 4B Prcportional Computer 
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Fig 6 Measured Error Curve 

pwce of transparent plastx materlal, such 
as luclte. IS lmed so as to produce ten equally 
proportional 11nes. This device 1s placed on 
the recordmg I” such a manner that the two 
outslde lines touch two ad, a cent magnet,= 
bearing marks o” tbe base line. If these 
bearings are 10” apart, the ratm dlvlder 
measures the space betweentheman 1’ steps. 
lf the bearmgs are 5’ apart, one-half degree 
steps are posltmned. Smce the center scale 
posltmn or mdlcated bearmg 1s extended to 
the same relatrve pos,tmn on the base 11”e 
for e a c h ommbearmg selector settmg, the 
ratm dlvlder enables the operator to read the 
error directly I” degrees. 

If two persons are avallable I” the plane 
durmg the callbratmn flight, one of them can 
plotthe results of the callbratmn and have the 
error curve at hand a few mmutes after the 
completion of the crrcle. Tbls makes It pos- 
slble to report results to the ground crew and 
conduct further tests while I” the air rather 
than to land and conduct these tests some- 
time I” the future when different condltxx,s 
might possibly ex,st. 

Fig. 5 1s a reproduction of a ty p I c a 1 
VHF ommrange system callbratmn recordmg. 
Fig. 6 IS the measured error curve plotted 
from the data cantalned I” Fig. 5. From this 
error curve, It can be see” that the receiver 
ommbearmg s e 1 e c to r should be moved 3’ 
counterclockwise to place It at the average 
error posltmn A diagram (arlglnally pre- 
paredbyenglneers oftheThirdReg,o”al 
OIfxe) which presents, in condensed form. 
the mterpretatmnof fllghtcallbratmn record- 

mgs and showng the corrective actIon nec- 
essary at the ommrange statIon. 1s shown I,, 
Fig 7 

CONCLUSIONS 

The ommrange Caleb ratlo n method 
described has been I” use for some time at 
theCIvIl AeronautlcsAdmI”1stratlon. 
Experimental Statlon at Indmnapol,s, Indw,a, 
and has provided an excellent method of de- 
termmmg the over-all a cc u r a c y of such a 
range system 

The advantages of this type of callbratmn 
over prevmus methods are speedandaccuracy 

The time required for a callbratmn 1s 
relatively short since a fl,ght may be com- 
pleted in approximately an hour. mcludmg a 
second circle about the s ta tl o n to prov,de 
overlappmg pomts as a” addItIona check 

Accuracy~s muchimprovedover earl,== 
methods because the human element 1s 
largelyellmmated Error curves taken from 
s”ccess~ve cl r c 1 e s flow” about the statlo,, 
usually comclde wthmplus or minus one-half 
degree 

Valldlty of such te s t s IS hzgh since a 
fl,ght callbratvxa approaches the conditmns 
under which the system 1s actually used 

Insucha callbratlonit should be pointed 
out that the error curve thus der,ved shows 
theover-allerroroftheentlresystem and not 
merely that of the range statmn Before the 
callbratmn 15 undertaken, the recclver error 
mustbe d?termmed by suItable tests and th,s 
taken Into cons,deratlon when calculatmg Ih? 
error of the rang? station 




