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VOR

VHF Omni-directional Radio Range, popularly known as VOR, is a short range
navigation aid operating in the VHF band of the radio spectrum. It is practically free from
static and night effect therefore is a reliable navigational aid by day and night. It provides
bearing information in form of radials (QDR) and QDMs (magnetic bearings to the
station) throughout 360" of the ground transmitter.

Operating principle of VOR is bearing by phase comparison.

GROUND EQUIPMENT

TRANSMITTER. Out of 160 individual frequencies available between 108.0 and
117.95 MHz, ground beacon transmits two horizontally polarized separate radio signals
on any one channel. One is Frequency Modulated signal at 30 Hz (shown in the figure
by dotted curve) and is called the reference signal. Its phase is same in all directions at
any instant. The second signal (shown as solid curve), is known as variable signal. It is
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produced by transmissions from a rotating loop at 30 rotations per second along with a
non-directional transmitter. By virtue of rotation, a combined signal transmission at 30 Hz
Amplitude Modulated is radiated. The transmission is such arranged that the phase
difference between two signals in direction of magnetic north is zero and in all other
directions equals the value of the radial. At the airborne receiver both signals are
received and their phase difference, which corresponds to magnetic direction from the
VOR station, is displayed on different indicators appropriately as magnetic bearing to or
from the VOR station.

STATION INDENTIFICATION. A Morse code amplitude modulated signal

comprising normally three letters is transmitted every ten seconds for positive
identification of the VOR by aircrew. Some VORs carry voice transmission also for
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automatic terminal information service (ATIS) and identification. Limited voice
communication one way facility by ground control may also be available in event of
communication failure on normal VHF. During maintenance a test signal or no
identification may be received. Pilots using VOR must always positively identify the
station before use and continue to monitor the same.

CONE OF CONFUSION. Ground transmitters radiate signals in elevation 60° to
80° above horizon. A gap over head in
the form of an inverted cone is left with o
no or weak radiation. Flying through this
region causes confusion in indications in
the airborne equipment. Passing through
this zone the indications flick rapidly. To
determine  precisely the overhead
position is difficult but positive and stable
indication thereafter confirm passage of skm N/ 60°to 80°
the station.

.....
..........................

MONITORING. A monitor unit near the transmitter on ground is located within
area of radiation of the VOR transmitter. The monitor continuously compares the
received signal with specified parameters. In event of any of the following, the monitor
switches off the VOR transmitter or withholds the identification and navigation signal
transmission.

(a) Received bearing is in error by more than 1°
(b) Either of the signals - reference or variable fall below 15% in strength
(c) Monitor itself fails.

A standby transmitter is provided to takeover in case of malfunction, but it takes
some time to stabilize its transmission. Therefore, it is emphasized that pilots must listen
for identification of the code for sake of safety.

AIRBORNE EQUPMENT

CONTROL UNIT. Various
types of control units are in use but
with basic function of selection of VHF
frequency for the VOR. Units with
provision to select a standby frequency
for immediate changeover to another
station through a toggle switch are
available. Some units have common
selection panel and controls for the
VHF communication and VOR. Two of
these control units that are quite
common are shown here.
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INDICATORS. Many types of VOR cockpit displays are in use, however all are
similar in operation and interpretation. Typical display is usually referred to as a VOR
indicator or Omni Bearing Indicator (OBI). Using the Omni bearing selector (OBS), a
small knob, the pilot selects the radial (From) or track to (QDM) the VOR station. This
selection may be indicated by rotation of the card against index marks and/or by
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counters displaying three digits as shown in the left diagram below. On other
instruments, as shown on the right a pair of two triangles may move by turning OBS
against a fixed 360° dial. A TO/ FROM indicator and Course Deviation Indicator (CDI) also

ROTATING

CARD TO/FROM

INDICATOR

...........

COURSE
OMNI DEVIATION
BEARING %) INDICATOR
SELECTOR

form part of this display as illustrated in the figure. The CDI vertical bar moves to the left
or right vertically over a dial. Sometimes it is pivoted on top and swings to the left or right
for indication. Normally there are five dots on either side of the centre mark. As a caution
about failure of equipment, no reception or malfunction and while equipment is off a red
(or red and white) flag may appear.

RMI. Another indicator where information on
VOR bearings is available is Radio Magnetic Indicator
(RMI), which has been discussed in notes on ADF.
Against the index on top, a rotating dial displays the
magnetic heading being flown. The pointer(s) always
indicate magnetic bearing to the NDB or VOR. Based
on number of ADF and VOR receivers available on
board, selection can be made for indication of specific
combination of ADF and VOR. The indicator shown on
here can display information from one ADF and one
VOR (on any of the two pointers), or two ADFs or two
VORs.

’///Tl:\

/

INTERPRETATION OF VOR DISPLAYS

CDI. The track selected by OBS controls the display of the CDI and TO/ FROM
indicators in conjunction with helicopter’s line of position in respect to VOR station. Note
that VOR cockpit display is not heading sensitive. VOR indication in all three helicopters
on different headings as shown in the figure is the same. OBS has been selected to the
inbound track of 240.

v
FROM

OBS 045 OBS225 | =
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The CDI bar shows how far (angular error) helicopter position is from the
selected track. Maximum scale defection corresponds to 10° or
more, and each dot
represents 2°  of

% difference. On some
080° M indicators first dot
a_»—

" may be indicated by
Ot a circle in the centre.

A point to remember is if aircraft maintains position on a radial

G (or track), the VOR indication does not change with alteration in
heading. In the figure the OBS selection is 045 and 225, but as the two helicopter
positions are on radial 234 the indications in both cases is 4.5 dots (representing 9°) Fly
Left with To and From displayed respectively.

FINDING DISTANCE OFF TRACK. When distance from the station is known (by
DME or a position line) CDI dots indication can be used to determine nm off the required
track using 6 o n e i mle. f in theé exanple above it is known that 4.5 dots deflection
to left is at 45 nm from the station, distance off track would be from expression:

Deg = (Short side x 60)/ Long Side
or 9°= (Off Dist x 60) / 45
or Off Dist = (9 x 45)/60 =7 nm

DETERMINING CDI DEFLECTION and TO FROM INDICAITION. As shown in
the figure, with station at the centre there are four sectors combining TO/ FROM and
CDI indications of Fly Left \

and Fly Right. The sectors " N\ TO
are decided by the track '2.00 x FIY LEFT 2402
selected by the OBS. No B OBS

reliable indication of TO/
FROM is available within
+10° to the either side of the
perpendicular to OBS track.
A step by step method to

visualize the VOR indication FROM
is; FLY LEFT

(a) braw the OBS 2 :
direction (240 in 3 Y
figure) through the FROM \ 2 X
station and mark FLY RIGHT L
direction of the track :
with (double) arrow.

(b) Through the station draw a perpendicular and £10° radials on either side.

(c) Label 160° sector with track leading to VOR as TO and the other 160° as FROM.

(d) Label 180° sector to the left of OBS (track) as FLY RIGHT and the other 180°
sector to FLY LEFT.

(e) Mark position of helicopter as the radial or track based on available information.

(f) Interpret the indication in terms of TO or FROM and CDI Fly Left or Fly Right and
number of dots, when within 10° or less from OBS.

skm
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ORIENTAION USING CDI. To determine the radial of the helicopter in flight the

pilot should

(a) rotate the OBS till CDI becomes central and
(b) note the To/ From flag indication.

In the figure CDI is
centralizes while OBS
reading is 225 and To/From
indication is From.

Hence, radial is 225
and track to the VOR is 045.
CDI would also be
centralized with OBS at 045
but TO indication.

Therefore, it may be
noted that if the indication is
From, OBS reading is the

On Radial 225 0OBS 225 .

radial else reciprocal of OBS is the radial.

USING TWO NAVAIDS TO FIX POSITION. Position (radio-fix) of helicopter in
flight can be determined by intersection of two or more radio bearings. It must be
remembered that for the fix to be reliable the two lines of positions must intersect at least
at an angle of 45° and ideal angle is 90°. In absence of two VHF Nav systems onboard,
quick retuning to second VOR station can be made. The figure here shows three
different combinations of position fixing using two navaids.

The Rotary Wing Society of India
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TRACKING TO VOR STATION

On the OBI select the required track (not radial) with the OBS for display as a
command or ‘what to do’ instrument. Orientate i
earlier section and fly a suitable intercept heading.
The complete procedure is explained in notes on ADF/ NDB. In the illustrated
figure here the desired track 070 has been selected, while helicopter is on heading 080.
The indicator shows TO and Fly Left two dots [§}]. The helicopter turns left to steer 060

< . )
° 070t 060 @‘ 0BS | 070 |
m ‘ HDG(M]W@‘

TRACKINGIN

and intercept the required track at 10° angle [@). Gradually the CDI bar moves to the
centre indicating interception of the radial. Approaching the radial, heading is changed to
say 070 [@). The helicopter after a while is found to be to the left of track, CDI showing
1.5 dots fly right due wind effect [@). A turn towards right, on 100 to intercept the desired
track to 30° is made following CDI indication [i§]. Once back on track, with CDI central
heading is now again changed to left, say 075 allowing for expected 5° P drift [[§]. The
drift needs to be determined by trial and error with any preflight calculations to start with
if available. Desired track of 070 is maintained by flying heading 075, CDI remaining in
the centre and TO indication throughout [§@).

TRACKING FROM VOR STATION

In the figure below helicopter on heading of 265 is required to track out on radial
280 after intercepting the radial from present position. First the OBS is selected on the
radial (required track) 280tomak e t he di splay as a command or
as was done in the case for tracking in.

On selection of the OBS at 280, CDI shows Full Scale Fly Left and FROM the
VOR [§}]. Helicopter turns from 265 to heading 250 to intercept required radial at 30°
angle. Gradually the CDI bar gets active and starts moving towards the centre [@). As

| 280 | (280 |

(280 |
= ® o @m®
o -' R
o8BS | 070 | WEB‘ 25 ED‘

w y

TRACKINGOUT
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required radial is approached on heading 250 the CDI bar is almost central [§)]. A turn to
right on heading 280 is made and direction maintained [@). After some time deflection of
the CDI bar to the left, indicating helicopter position right of the required track is
observed [@). To correct the track error and follow the CDI indication the 20° change in
heading to the left on 260 is made. Just approaching the radial is indicated by the CDI
bar again at the centre [{§). A turn to the right on heading 276, giving an allowance for
drift of 4° S is made by trial and error and use of any preflight calculations to keep the
helicopter on track [{@).

RANGE and ACCURACY

RANGE. Enroute VORs transmitting with a power out put of about 200 Watt may
be received at ranges around 200nm. Terminal VORs (TVOR) generally radiating at 50
watt have for less range. VOR transmissions being VHF, height of receiver and
transmitter decide the expected range, which is given by expression;

Distance (nm) = 1.25 (a4Tx + &Rx)
Where Tx and Rx are respective height of transmitter and receiver in feet.

Line of sight range of a transmitter located at sea level and helicopter at 5,000
feet would be about 88 nm and that at 10,000 feet about 125 nm. DOC (Declared
Operational Coverage) is generally less than these figures.

ACCURACY. Transmission accuracy is less than + 3° but with all errors
combined including airborne equipment will be within £ 5°

TYPES OF VOR STATIONS

Doppler VOR. DVOR has reduced site error and is based on Doppler principle
for signal emission. The variable signal is frequency modulated and reference signal is
amplitude modulated — just opposite of conventional VOR. No change in the airborne
equipment is required as radiation on ground is made to rotate in the opposite direction.

Test VOR (VOT). Transmitter installed for testing the airborne equipment during
pre-flight checks. On tuning the frequency and centralizing CDI the reading should be
within £4° of 000° FROM or 180° TO, anywhere on the aerodrome. This is not to be
used for any navigational information.

TVOR. Terminal VOR are low powered transmitters usually located at major
aerodromes for arrival and departure navigation.

BVOR. Weather Broadcast VOR transmits in voice weather information of
selected aerodromes in between the identification signals.

VORTAC. A co-located VOR and TACAN (military navaid combing bearing and
distance information compatible to civil DME), that can be used by civil aircraft as
VOR/DME combination.

DB VORTAC. A weather broadcasting Doppler VOR co-located with a TACAN.

PVOR. A precision VOR.
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ERRORS AND LIMITATIONS

BEACON ALIGNMENT or GROUND STATION ERROR. Signal accuracy can
be affected by error in the generation of the signal and alignment of 360 radial with local
magnetic north. Regular calibration of ground equipment and alignment of signals are
carried out with changes in local variation.

SITE ERRORS. Physical obstacles, terrain, even over grown grass around the
transmitter site affect directional propagation of VOR signals. The sites around
transmitters are maintained and accuracies monitored to limit error within £+ 1°.

PROPAGATION ERROR. Signals arriving at helicopter can be distorted by
spurious signals that have been reflected by uneven terrain or obstructions during
propagation. Mixed signals received at airborne equipment cause error in display. When
this causes oscillations in indications it is called scalloping.

AIRBORNE EQUIPEMENT ERROR. Manufacturing inaccuracies and
imperfections in the airborne equipment produce small differences between the detected
bearing and its display on the instrument. The equipment should be periodically checked
and error contained within + 2°.

PILOTAGE ERROR. Although this is not an equipment or system error, while
calculating the total accuracy of VOR signal the difficulty of holding the radial by pilot is
also taken in account.

Total effect all factors causing errors is combined and called Aggregate Error of

the VOR. Although a variable value, generally it is taken to be + 5°, which is acceptable
for IFR and non-precision approaches.
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SUMMARY

VOR. Short range VHF navigation aid, practically free from static and night effect,
providing continuous magnetic bearings

Principle. Bearing byphaseconparison.Phase difference between t@@ Hz
modulatedsignals, amplitude modulatediable sigaad frequency modulated
reference siffnaild at airborne receiver corresponds to magnetic bieanmg
ground transmitter.

Frequency 108.0 to 117.95 MHElp to 111.95 Mhzven first decimdtequency
channelsnlyfor VOR, odd for ILS localizer.

Transmission. IdentificatioftireelettersMorse Code AM sign&overadgdevation
60°. Overhead- cone of confusianMonitoring controls transmission/
identfication and switchover to standby transmitter.

Control Unit. Mostly combined with VHF Com and standby frequency selection.

Indications. OBI 8 comprising TO/From indicator, OBS and CDI bar. RMI always
shows bearingstation (QDM). Indication alem HSI,and MFD etc.
CDI deflectidfach dot 2 full scale: 1 or more.
To/ From sectdéthint 80 of selected track/ radial respectively.

Intercepting Track/ Radial. Heading to intercept calculated basedvbather
tracking out or inpresent radiaand final track/radial andoton present
heading.Interception anglef 3¢, 45° or 60° may be used depending on
distance to go. Double the track error method has advantage (dfstiameg
to intercept antime (distance)n final track/ radiadre &ways equal

Rangeand Accuracy Line of sighRangeDistance (nm)=1.28Tx + &Rx )
Where Tx and Rx are respective height of transmitter and receiver in feet
Accuracyransmission less than = 3° Overall £ 5°.

VOR Types Doppler Lesser site errors. Conventional airborne equipment
compatibleVOT: Ground Test VOR. Indican 180+ 4° To (or 360+ 4°
From) TVOR: Low powered for arrival/ departuB)/OR Weather broadcast.
VORTAC. Co-located VOR and TACANPVOR Precision VOR.

Errors. Beacon alignment, site, propagatiohprne equipment and piig.
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QUESITIONS: VOR

In flight, while on heading 233 (M), pilot manually aligns CDI to centre and then OBS
reading is 240 with To/From indication as TO. If the indication remains steady, the
helicopter is on;

(a) Radial 240

(b) Track 240 with 7° port drift

(c) Radial 240 with 7° starboard drift
(d) Radial 060.

ATC instructs to track in on the radial 260 while you are on radial 230. You will set the
OBS to

(&) 260 and fly 200.
(b) 080 and fly 020
(c) 260 and fly 320
(d) 080 and fly 140

RMI indication for VOR is 125. With 5° S drift to track out an radial 305 pilot should steer
magnetic heading;

(a) 300
(b) 130
(c) 120
(d) 310

ADF bearing is 315 while helicopter is flying on heading 340. If expected drift is 5°P, to
track in directly to a co-located VOR, pilot should select on the OBS;

(8 315 and fly 320
(b) 295 and fly 290
(c) 115 and fly 120
(d) 295 and fly 300

Helicopter flying at 3600 feet would receive VOR bearings from station located at
elevation of 400 feet, approximately to range of;

(@ 72 nm
(b) 80 nm
(c) 100 nm
(d) 116 nm

On instructions to track in bound on the radial 040, suitable heading to fly with allowance
for 10°S drift, assuming helicopter is on track, would be;

(&) 210
(b) 030
(c) 050
(d) 040

Cockpit indication of VOR, bearing in mind all sources of error, should be considered to
be accurate within;

(@ +1°
(b) £5°
(c) £3°
(d) z10°
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8. Two dot deviationofthe CDI on t he VOR display i dedréesates disp
from the selected track.

(a) 2°
(b) 1°
(c) 5°
(d) 4°

9. Hel i copter at 30 nm observes 3 dot fly right indi
selected OBS track.

(& 3nm
(b) 12 nm
(¢) 1.5nm
(d) 6 nm.

10. A VOT is tuned on ground at parking stand to test airborne equipment. The OBS is
turned manually and i f CDI gets central showing T
equipment is serviceable.

(&) 359
(b) 182
(c) 003
(d) 175.

11. Confirmation of passage over VOR station during navigation is considered as;

(a) the first movement of the CDI when the helicopters enters the cone of confusion
(b) To/From turning into a blank indication

(c) the first positive and complete reversal of the TO/ FROM indication

(d) Simultaneous indication of both TO and From.

12. VOR operates between frequencies:

(a) 108.0 to 117.95 MHz
(b) 108.0 to 111.95 MHz
(c) 112.0 to 117.95 MHz.

13. On tuning and identification of a VOR station, code (dah, di, di, di, dit, dah that is
T,E,S,T) is heard. It means VOR,;
(a) can be used for testing airborne equipment only
(b) Morse code identification under test
(c) is operating normal and may be used
(d) under maintenance and may not be used for navigation.

14. Using a VOT during ground pre-flight check, to confirm serviceability of equipment the
RMI will:
(a) indicate between 176 and 184
(b) indicate between 356 and 004
(c) notindicate any specific bearing
(d) will indicate magnetic bearing from VOR to helicopter position.

15. In helicopter Course Deviation Indicator (CDI) bar swinging up to + 5° may be noticed.
This could be due to:

(a) flying over rough sea

(b) flying at a distance affected by sky-waves

(c) modulation phenomenon associated with helicopter rotor speeds
(d) unserviceability of the ground station.
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16. Using a Doppler VOR in comparison to a conventional one;
(a) special circuit in receiver equipment is required to be switched on
(b) no different airborne equipment is required
(c) additional antenna capable of measuring Doppler frequency is required
(d) improves the bearing accuracy manifold.

17. Full scale deflection of CDI bar shows the position is;
(a) outside radiation area
(b) 2.5° off the selection on OBS
(c) in the cone of confusion
(d) 10° or more from the track selected on the OBS.

18. Correct information of TO/ FROM is not available in sector
(a) £ 10° on either side of the perpendicular to selected track on OBS on both sides
(b) £ 20° on either side of the perpendicular to selected track on OBS on both sides
(c) of 20 ° to 40° formed by the cone of confusion at the transmitter
(d) £ 70° on either side of the selected track on OBS and on both sides of the
station.

19. To obtain reliable radio fix from two VORSs the
(a) stations should be located on either side of the track
(b) stations should be located on only to one side of the track
(c) bearings should cut at an angle of 45° to 90°.
(d) bearings should be steady and positive indication of either TO or FROM.

20. Time required for confirmation of passage over a VOR station and duration OFF flag may
appear would depend on:
(a) speed of helicopter
(b) altitude of helicopter
(c) both (a) and (b)
(d) only cone of confusion

21. Flying abeam a VOR station, in a duration of 6 minutes CDI deflectionfrom* 3 Dot FIl vy
Left’ to ‘3 Dot FIly Ri’gsheedis 80 kts, apprexienatesdestdnce | f hel i co
to the station is:
(@) 80 nm
(b) 40 nm
(c) 60 nm
(d) 48 nm

22. ATVOR is a VOR ground station which
(a) transmits at such power to provide medium ranges
(b) test VOR used for testing and calibration of airborne equipment
(c) terminal VOR transmitting terminal information useful for approach and landing
(d) twin VOR installation with conventional and Doppler transmitters co-located.

23. Having flown over a VOR station, the pilot selects the desired radial and maintains a
heading expected to keep him the helicopter on track. A steady two dots deflection of the
CDl is noticed when few miles away from the station. The helicopter is:

(a) flying parallel to the required track

(b) converging on to the required track

(c) diverging from the required track

(d) maintaining a steady off track distance.

The Rotary Wing Society of India Notes by: Gp Capt SK Manocha (Retd) skmanocha@rediffmail.com



43

24. Mostly the control unit in the cockpit which is used for selecting and identifying VOR is a
combined unit with;

(a) ADF

(b) VHF Communication
(c) HF Communication
(d) Area Navigation

25. In event of malfunction like OBS stuck or unavailability of Omni Bearing Indicator, the
VOR information;

(a) is not available for navigation

(b) is still available at ADF indicator

(c) can be obtained at RMI for relative bearings only

(d) can still be obtained as correct bearings to and from the VOR.

26. A VOR ground transmitter should transmit the signals to an accuracy within plus or
minus;

(&) 1.0°
(b) 05°
(c) 25°
(d) 5.0°

27. With RMI indicating 340 to the VOR, while OBS is selected on 075 and CDI showing
“Thr ee Do t,she Fol Fromindigation will be;

(& TO
(b) FROM
(c) none.

28. OBS selected on 070 and the CDI is centered with TO flag indicated on the OBI, the
helicopter is on the;

(a) track

(b) radial 250

(c) radial 070

(d) reciprocal track.

29. Correct factors affecting range of a VOR are:

(a) Station elevation, transmission power, night effect
(b) Transmission power, coastal effect, scalloping

(c) Flight altitude, station elevation, transmission power
(d) Sky waves, station elevation, flight altitude.

30. Accuracy of VOR bearings obtained in flight is affected by;
(a) Site error, night effect, beacon alignment
(b) Propagation error, airborne equipment error, night effect

(c) Airborne equipment error, coastal refraction, piloting error
(d) Beacon alignment, propagation error, site error.
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ANSWERS: VOR

Question | Option | Question | Option
1 o 21 b
2 b 22 a
3 a 23 c
4 d 24 b
5 C 25 d
6 a 26 a
7 b 27 C
8 d 28 b
9 a 29 C

10 b 30 d
11 C
12 a
13 d
14 a
15 c
16 b
17 d
18 a
19 C
20 C
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