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INTRODUCTION
kAR ook

This text is written in the light of assuming that the reader,
- (vho will undoubtedly be a qualified pilot) possesses some knowledge
of the basic fundamentals of ADF and VOR. '

. It is also assumed that the reader will be familiar with the
. i physical layout of ADF and VOR airborn instrumentation,- and familiar
. With the basic terminology associated with ADF and VOR, '

For simplicity of explaﬁation_of the various functions of ADF and
: VOR, the writar has Implied that these radio navigation alds are free
; from 'indication error', and free from taid limitation'.

It is, however, stressed that this is not in fact correct,.

ADF and VOR are subject to many and varied 'indication errors!
and 'aid limitations', all of waich must be treated with respect.

Information concerning 'aid limitations' and 'indication srrors?,
may be obtained from the appropriate D.C.A. publicatlons, which -
: are available on request from the D.C.A.

Many text books are available on the subjects of AD¥ and VOR
radio navigation, however, most appear to concentrata cn thse
theoretical aspects of operation, consequently providing only Ilimited
information concerning the practical application and assoclated '
inflight pilot interpretation of these radio navigation aidsf

It 1s not the intention of the writer to cover every aspect of
practical inflight application of ADF and VOR, There are many
refinements of IFR usage, that can only be understood and appreciated
during actual inflight training.

It is rather the intentgon of the writer to provide meaningful
anl ugsful Information in rénpoct of 'pilot interpretation'! and
‘actual application' of these radio navigation alds in an area that
: appears- to have been previously neglected.
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ADF (Automatic Direction Finding)

VOR (Visual Omni Range)

'Practical Applicafion ﬁnd Inflight Pilot Interpretation!
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FOREWORD
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An ironic situation is évolving where iﬁcreasing numbers of
.costly ADF and VOR installations are becoming evident in modern VFR
light alrcraft.

It is obv1ous that the capital outlay and associated maintenance
costs of these installations contribute significantly to the overall
operating cost of modern light aircraft.

It is, ‘at this point, where the irony becomes apparent. Many
pilots are virtually 'sponsoring' the very existence of equipment - -
* that they cannot effectively use,

The situation becomes more ironic, when one considers the fact
that modern technology is producing 'VFR only' equipment, exhibiting
standards of accuracy and reliability previously considered improbabl
Modern technology will no doubt continue to produce such equipment
With further improvements in accuracy and relizbility. This equipment
will undoubtedly find its wéy into modern VFR light aircraft in

Vincreasing quantities. i

The resuliant ‘ironic gap' between 'instrument capability and
'pilot capability! must surely widen, unless a concerted effort is
made by pilots to obtain more knowledge of the 'practlcal applicatior
of tnege radic navigation aids.

This publication is dirpcted towards assisting pilots in this
category to obtain a betterjkgéwledge of 'practical application'! of
ADF and VOR in an endeavour to alleviate this situation that now exis

There are, to-day, many pilots ésPiring to class 4 and higher
instrument ratings, and the information contained herein is also
directed towards assisting |pilots in thié:category to obtain an
insight into:the operational use and undé}standing of ADF and {¥OR.
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ADF and VOR, each provlide three main functions which may be
Separated as follovise.

C(1) Orientation (ii) Track Interceptlon (111) Track Haintenance.

Orientation may be defined simply as:- Determlning the position
and heading of the aircraft, relative to the ground station, and

consequently to any radial or inbound track of that ground station.

i radlals, le., 001 - 360, radi
" hub of a wheel.

Track Interception: To intercept a pre-aetermined radial by
choice or by requirement, fo# the purpose of tracking inbound to,
or outbound from, a ground station along this radial.

Track Maintenance: To maintain a track to or from a ground

- station along a radiai, compénsating for drift as necessarye.

To facilitate a clear understanding of ADF and VOR ground
stations, think in terms of Ehe§e ground stations having 360
ting out like the spokes from the

‘ -An aircraft may track

360 | . ‘f outbound along a radial, or may

- ‘ track inbound along a radial. -
315 045 ' An aircraft may track 090

l - outbound along the 090 radial, or

- 270 090 may track 270 inbound along the
090 radial.

. Each radial has its own
225. 135 reciprocal inbound track, 180

180 ‘ degrees removed,. .
Examples: 090/270 4%0/220 197/017.

The term 'radial'y, 1is not as frequentlygassociated with ADF as it
is with VOR, but it is quite necessary with certain ADF procedures.
It is however, expedient in the initial stages of ADF familiarisation
at least, to think in terms of ADF ground statilons as having 360'
radials,

In order to obtain the ful; and proper benefits offered by ADF

kand VOR, the pilot must at all times, maintain a complete 'mental

: pleturet, The foundation o;xthls 'mental:picture' is the compass

, Tose, (centre and radials, like the hub and spokes of a wheel) with
éthe aireraft _appropriately bositioned on a radial, or inbound track,

|

!
1

| and with the appropriate heading. ’
'Flying the radio range?,is not simply a matter of flylng by

i numbers, even when flying IFR in IMC.



. The abllity of a pilot to quickly and efficiently form and
3'§ °  maintain this mental picture, is the singularly most important Le
‘ aspect of all, and forms the basic foundation of all instrument
fiying and assoclated use of radio navigation aids.
. It 1s impossible to overfstresé this very important point, for
A the moment the pilot loses this mental picture, he becomes instantly
lost. : .
For the pilot aspiring to class % or higher instrument rating,
% it will be necessary to obtain a full and complete underutanding of
orientation techniques. ‘ :
C For the VFR pilot who w1éhes only to 'upgrade his ability to
*use the ADF and VOR radio navigation aids, it will not be essential
to obtain a complete understanding of orientation techniques, nor
certain 'close in' track interception procedhres. However, the degreig,
of ability to make correct and full use of these aids, will be ds
‘directly proportionate to the pilot's understanding of orientation.
It is therefore strongly recommended that a bilot in this category,
strive to obtain a cbmprehensive insight into all aspects of
~orientaticn. P A o .

It may be noted at this point, that'gl} inflight calculations
associated with orientation,'tfack interception and track al
maintenance, must be conducted using mental arithmetical processes Ol
only. There is simply insufficient time available for a pilot to
become involved in written éalculations, and at the same time, .
'fly the aircraft' within the required close tolerances, T

It 1s therefore essential that 'short cut' methods be employed '
for simplification of the various mathematical problems encountered, d
- and as a result, many such technidues have evolved over recent §earsf‘

The writer has selectedEfor'explanation5 those technigues Ct
) considered most appropriate [to the situation involved. Bt
ORIENTATION....,... ADF.

The ADF ground station is referred to as a 'Non Directional
Beacon'y ( NDB ). '
The ADF indicator, which is installed in the aircraft instrument
: panel, comprises a compass rose dial with a centre pivoted indicator
needle, - | ' ' - ‘
The ADF indicator provides the pilot with information concerningj
- the direction of the NDB, to of from the aircraft, relative to the
fore/aft axis of the aircraft. To establish the actual direction of
the aircraft to or from the¢NDB, the ADF indicator reading must be
: :é related to the compass heading of the aircraft.
" ‘ One technique employed to simplify this task of relating the
two readings, (ADF/Hdg.) in order to:!placelithe alrcraft on a radia
or on an inbound track in your mental picture, is described as
follows,

;f‘,?: %
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Tumegin s s ADP indicator dial as suck, o/ ling Tour quadranss
labelledevecesoe | ‘
360 . l
‘or
wntly
ng, :
 of - l
;0 .
sial 180

Ry :  The angular deflection of the ADF indicator needle right or left
.legre¢ of the 360 datum when in the top half, and right or left of the 180
‘ _datum when in the bottom half, is the only angle required to be found.

;% Examples:-  ADF . ADF ADF -
A T 020 = (+20)  130°= (-50) 280 = (-80)
‘ 350 = (-10] 220 = (+40) . 170 = (-10)

" Having found the 'plus' or 'minus' factor by the method described
.above, this factor is then aﬁplied direct to the compass heading to
obtain a 'line' through the NDB from the aircraft.

1S5

ies

, If the ADF needle is in the bottom half, the answer derived will™
‘ be a bearing 'from', or in other words, the aircraft is 'on that ~
- " radial’, o ' ,
red o If the ADF indicator needle 1is in the top half, then the answer

d, derived will be a bearing 'Egj,'or in other words; the aircraft is

'on that inbound track'. This bearing 'to', may then be if required,
converted to its reciprocal Lo:obtain the radlal on which the aircraft
‘. 18 located. o

are
earsS.

Example: (a)

Hag. 140 " ADF 010 (+10 factor)
therefore... 140 + 10 = 150

The ADF needle is positioned in the top half,
so |the answer of 150 1s a 'bearing to'.

: By \converting this 'bearing to' of 150 to
it's reeiprocal of 330, we thén have the information necessary to

rning

. : . 0
the Torm our mental picture, , 33
n of
be Subjective mental
picture. :

090, 180
e 7
radial

, - - Objective mental
360 270 plcture.
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wr instantly, which one of the

One such technique employed for simplification of this task of
-elther subtracting, or adding 180, 1s described as follows.
3 Imagine the compass rose divided in two, by a line passing through
north to south.

360 The eastern half having a " 420 factor "

at

The western half %aving a" -20 factor "

+20 :
When required to convert a track/radial

which}is positioned in the western half to its
reciprooal, -~ -think in terms of its reciprocal
180 being positioned in the eastern half, and as a
‘ result incurring a " +20 factor “.
‘We apply this +20 factor to the last two figures of the original
tr “k/radial, which allows us to calculate with ease, the last two
figures of the reciprocal, and commonsense dictates the first figure.

|
|
f

Ekample:- To convert 310 radial to its reciprocal.

310 + 20 = 230

310 A knowledge of the commonsense

plécement of radials/tracks, dictate
that the only answer available
"ending in 20 more than 10, is 130,

Commonsense tells us that it
-could not be 030, 230, nor 330.

" To facilitate commonsente placement of radials/tracks, a
knowledge of the compass rose is essential, Learn to recognise
ffour quadrants contains the radials and

i tracks concerned. N.E. (360-090) S.E. (090-180) S.W. (180-270)
| N, (270-360).
‘ A radial positioned in the S.W. quadrant 235, -~ will have 1its
reciprocal positioned diagonally opposite in the N.E. quadrant, and,
bearing in mind that the aAswer wlll end in 20 more than 35, - and
at the same time be positioneé in the N.E. quadrant, then the only
avallable answer would be 055. :

When converting a radial/track which is situated in the eastern
‘half to its reciprocal, thinP in terms of its reciprocal being

| positioned in the western half, and as a result, incurring a -20

factor., The same principle of converting applies, except that a -20

¢

factor is used in lien of a +20 factor,




Example: - To convert 145 radial to its reciprocal.

145 - 20 = 225
Picture the 145 radial in the S.E. quadrant, and consequently
the reciprocal in the diagonally opposite N.W. quadrant.
a .

. o 'The obvious answer is 325,

t...’*

On page 3, example (a)i we saw a situation which demonstrated
the necessity for a pilot %o be able quickly to convert reciprocals.

A 'bearing to', which Las obtained from relating the two readi~
of ADF and compass, was converted to its reciprocal and pictured as
a radial, B —

1

1
|

TRACK INTERCEPTION..... ADF.

Track interceptions may be placed into the following four

categories.A )
(i) Outbound to Outbound.

The interception of an outbound track,yfrom a position where thi
aircraft is presently heading outbound; ie. from a position where tI
ground station is ! behind' an abeam line through the aircraft,

(ii) Qutbound to¢ Inbound. '

- The 1nterception of aﬁ inbound track, from a position where the
aircraft 1is presently heading outbound; le. from a position where .
ground station is 'behind! an abeam line through the aircraft.

~ (iii) Inbound to Inbound. . :

The interception of ah inbound track, from a position where the
aircraft is presently heading inbound; ie. from a positlon where th
ground station is 'ahead'| of an abeam line through the aircraft.

(iv) Inbound to Ouﬁbound, .

The intarception of ah.outbouna.track, from a position where the

alrcraft 1s presently hedﬁing inbound; ie. from a position where th

ground statlion is 'shead' of an abeam line through the alrcraft.
|

|
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If given the task of intercepting @ certain track, it would be
only logical to assume that one must know where one is, before
attempting to fly towards the required track,

By orientating the aircrafit to the ground station, we accomplish
this requirement. ;

OUTBOUND TRACK INTERCEPTION...... ADF.

The relative location of ‘theitrack required is. calculated by
orientating the aircraft to the NDB. i

(1) Which radial am I on ? |

(i1) Which radial do I require ?

(1ii) what is the heading of the aircraft ?

A mental picture is formed, and the aircraft is flown towards the
Tequired radial at a predetermined intercept angle. ( The selection
0f an intercept angle, and the pilot interpretation of the ADF
indicator needle deflection, at the point of track intercept, are
fully described and i1llustrated in the follow1ng excercises on ADF
h interception.)

o3
e

1
!

n

Example 1. The follow1ng information is displayed to the
pilot of an alrcraft flying approx. 3 miles from the NDB,
- . Hdg. 115 ~ ADF 140 -
Excercise:- |

To intercept an outbound track of 160.

Step 1. Which radial am I on ?

Which radial do |I require ?

ADF 140 = (-40), Hdg. 115

e therefore..... = 115 = 40 = 075,

dal The needle is positioned in the bottom half, so the answer derived
‘}s 3\'bearing from'y, ie. the aircraft 1s positioned on the 075 radial,
"~ Wil _ a heading of 115.

o3 ; A mental picture is now formed, based on the information obtained
shifrom orientating the aircraft to the NDB. '

1e

075

1€

(Hdg. 115)
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Example 1. continued........

The aircraft is then furned onto a heading to intercept the 16C
radial, (outbound track). 4

The angle selected for intercept will vary dependant on the
combined effects of the follow1ng factors.

(1) Wind Velocity: = L
If a strong westerly wind was apparent, a larger intercept ang]
would be selected than inenil’wind conditions.

(ii) Proximity to the NDB. '
Close to the NDB... small angle because of danger of overshooti
. Further from the NDB{.. larger angle to expedite intercept.

(iii) Proximity of tﬂe aircraft to the'required radial.
Close..s small angle 'because of danger of overshooting.
Further away... larger angle to expedite intercept.

The ability to select the optimum angle for intercept, is
obtained only with practice and experience.

For the purpose of thls example, an Intercept angle of 30 deg.
has been selected. It can be seen that in order to intercept the 1
radial outbound from the. aircraft's present position, a heading
'greater' than 160 is requlred. The heading for this intercept is’
therefore 190. < j ‘

The angle of intercept, is always the angle measured between,
(1) Heading....(ii) Track Required. ’

With the assistance of the accompanying sketch on page 9 over
leaf, ‘we will follow® thlS intercept, step by step from;the point
at which the aircraft is orientated to the NDB, until the intercerg

has been attained.

i
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5 (e) : approXe e (e)
. , ! ‘ o
! P

-

075
(a)’/’,/////,/”/ (a)

b ' : i
~ZSQJ) - approxe —————>» (b?

(d)

(e)
160

At point (a), ADF 140 Hdg. 115. _" .
- ADF 140 = (-40), therefore 115 - 4O = 075 (bearing from) -

At point (b)ees After ta#ing up a heéding of'190 in order to

oting intercept the 160 radial by 30 deg., the ADF will read 'somevhere

e
-5

v

. ‘abean',

At point (c)eeehs the aircraft progresses towards the intercept
.of the 160 radial, the ADF needle will progessively move down.

At point (d)eeoAt this moment the ADF reads 150, ( 30 deg,

.deflection) and the intercept has been attained.

To Prove: Hdg. 190 ADF 150 = (-30), therefore 190-30 = 160,
Thé needle is in the bottom half, so therefore the answer derived

160 iS a bearing from, ie. the alrcraft is 'on' the 160 radial.

At point (e)... Having attained the intercept at (d),; the aircraft
.heading was decreased by 30 deg., from 190 to 160, and as a result of
;this turn, the ADF needle (which always points to the station) increas
?by the same amount, (30 deg.t from 150 to 180, - '
| In actual pratice, the turn onto 160 track at (d) would be
%commenced Just prior to atta&ning the intercept; so as to avoid
;overshooting the radial., The amount of 'lead in', 1is determined after
assesainv the llkely effects of any known wind, the angle being used,
'and the proximity of the aircraft to the NDB.-

Good Judgement of this lead in technique 18 acquired with experienc

—— -
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Outbound Track Interception... ADF ‘ example 2,

Problem:- To intercept an outbound track which 1s situated on
the 'other side' of the NDB.

Excercise:~ To intercebﬁ an outbound track of 2i5. *

The aircraft is flying épprox, 4 miles from the NDB, and the
following information is displayed to the pilot.
| Hdg. 330 . _ADF 230

]

The aircraft is orient ated in the normal MANNET e 00 o

Which radial am I on ? ADF 230 =(+50), therefore 330 + 50 02¢
Which radial do I require ? = 215, ’ )

A mental picture is now formed, based on the information obtalned

' from orientating the aircraft to the NDB.

After forming this mental picture, it will be immedlately apparen
that the 'required radial' is on the 'other side' of the NDB,

020

( a/c hdg. 330 )
( ADF 230 )

215




Hdgo ADF
330 (1) ¢

215 (i1)

215 (iii)
~"1.85 (1iv)
185 (v)

j 25 | | 215 (vi) \L /‘
; .. : - | ) ' ,
5 Interpret the ADF needle in terms of 'deflection angle'

|

After forming this mental plcture, the next step is to turn the
’aircraft onto a heading the jsame as required track, confirming youx
fmen’cal picture by noting the ADF indicator needle deflection left cf
the 360 datum, and ahedd of |the 'abeam! datum of 270. (refer to
sketeh, aireraft position (1ii). :

As the aircraft passes abeam the NDB, ‘the ADF will indicate
11270, ( refer to sketch, airéraft position (ii1).

. At this point, the aircraft is turned left onto the pre-determine

intercept heading. For thisLexample, an intercept angle of 30 deg.
has been sslected, which will of course, result in an intercept
heading of 185, . f

As the aircraft pvogresses towards tho 215 radial, the ADF
,ndicator needle willKQJOWﬂy move down, (always pointing to the
stafion) and at position (v), will read 210, (30 deg. deflection fron
gy

the 180 datum) indicating that the intercept has been attained.

To Prove:- Hdg. 185 ADF 210 = (+30), therefore 185 + 30 = 215,

At this point, the aircraft is turned right through 30 deg. from
an intercept hdg. of 185 to 215, The 'ADF needle will move anticlockw
;by the same amount cof 30 deg., from 210 to 180. (refer a/c position -

‘
'




t In practice, the turn onto 215 would be commenced just prior to
attaining the intercept, to avold ozershooting the track during the
turn,

The ability of a pllot to intercept an outbound track which 1is
situated on the 'other sid¢' of the yDB, is often beneficial in
circumstances where the NDB-1is situated at, or in close proximity

* to the aerodrome of departuro.;

This next example will demonstrate a typlcal situation vwhere this

- ability may be applied.
Example 3. '

Excercises:- An IFR departﬁre cn runway 22, with a requirement
to intercept an outbound track: from the NDB of 065, without flying
over the NDB.

065
Runway ' 22
Cross wind 1eg» - 130
(a to b) 065

Intercept heading 025

| . b
_ The aircraft has taken off from funway 22 and initiates 2 normal
- " left hand circuit pattern, by commencing a turn onto 130 degrees 1?

at 500 ft. A.G.L. (above ground level)

At position (a), the aircraft has attained 1500 ft. A.G.L., and
1s 'clear! of the circuit,
| At this point the aircraﬂt 1s turned onto a heading of 065 to
parallel track, and the pilot confirms his mental 'picture by noting
the ADF needle belng positioned 'ahead of the abeam datum', and to
the left of the 360 datum, f%’A

The heading of 065 is maintained until 'abeam'- the NDB, s
'(position b) at which point the aircraft is turned left to intercept
the required outbound track ff 065.'

g

Assuming an intercept angle of 40O degrees has been selected, then
the Intercept will be attainedﬂwhen the ADF reads 220,

To Prove:- Hdg. 025 ADE 220 = (+4%0) therefore, 025 + 40 = 065.

' In 2 situation such as iust described, it would be more common
‘ procedure to fly direct to }he NDB when 'clear' of the aergdrome

g ' circuit, (above 1500 fts A.G.L.). In some circimstances however, this
: may be precluded by some other procedural requirement at the time.

PSS

]
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When orientating the aircraft to the NDB, we do not always think
s is ¢ |in terms of radial to radial relationship when forming our mental
Picture., When conducting an ihbound track intércept from an

‘t iy 4 'Inbound heading situation', we form our mental picture in respect
. ' |of inbound track to inbound track relationship.

1 this Pilot interpretation of the ADF indicator needle when conducting
' inbound track intercepts, is masically the same as previously
described in the excercises o@ ADF outbound track interception. The
Baln difference being that the deflection angle as indicated by the
mt ADFy is measured from the 3éd datum in lieu of the 180 datum.

Whereas for outbound track interception,. the intercept angle is
more simply 'guesstimated', the inbound intercept angle must be
caleulated. By presenting a Jratical excercise, the necessity to
calculate an inbound interceﬂt angle,.rathef than simply just chooss

L, one, is demonstrated. J
" Problem:- To intercept an inbound track of 300, when the

aircraft is’ positioned . 'somewhere south' of the 300 inbound track.
(Inbound to Inbound 51tuation.) _ . 2\

' Hdg. 00 . ADF 315 = ( 45 ) _
You may orientate the aircraft to the inbound track of 355, by
reference to the ADF and compass, and form your mental plcture,

Ls)

E ?rmgl'g(which will be correct procedure in itself) but it will provide no
' Suarantee that you can guess the correct heading to take up to
. Antercept the required inbound track of 300,
and . As an example, you may eiect to intercept the required inbound
| track of 300 using an intercept angle of 30 degrees, and so take up
.o a heading of 330. (30 degrees greater than required track.)
f“~~"“';ing. You could be forgiven for’ assumlng ‘this to be the logical thing

;%0 lto do. l

' ) The accompanying sketch i1llustrates quite clearly that this

4 s inbound intercept will never|occur, and that the aircraft will pass
- rcept | by the wrong side of the NDB,

At aircraft position (1) "

' “m%mi.dm
’ADF 315 = (J—}-S)
065.
therefore, 040 - 45 = 355 TO,
aon 3
T « Intercept heading, 330,
, thi%
‘ 1Qe i ‘

120/300

~~
|

N
'd

175/355  150/330




The fallure of this intercept to-chur, was caused simply
because we did not realise that the angular displacement betwesn
the radial that the aircraft was positioned on, and the radial requlred
exceeded the 30 deg. intercept angle that we elected to use.

Refer .back to sketch on page 13, andassess that the angul&r
displacement between these twd radials is 55 deg.

- We now realise that in order to succesfully intercept an inbound
track, the mngle of intercept must be greater than the angular
displacement of the two radials concerned. . 5

We could, i1f we wanted toy calculate the displacement by mental
arithmetic, and then concl deithat our intercept angle must be greater
than this angle of displacement. With VOR inbound intercepts, this is
actually the method used, but the fact that the ADF needle always
points to the station, enables us to 'short cut'! this requirement,
This technique is described in the following excercise,.

Using the correct technique, we will conduct step by step, an
intercept of the 300 inbound track from the aircraft position (1) .

on the 3)5 inbound track. (175 radial)
-

|
|
|

120/300

At aircraft position (i) (1)
Hig. 40 .
ADF 315 = (5 175/355

- Step 1. - _ . . i
. —— ~ - . . ) . R |
Which inbéund track am I on P ‘
Which inbound track do I require ?

Which basic direction of flight is required to intercept ?

Which way is the most expedient turn from present heading, to this 4
: basic direction.? |

Which slide of the nose to position the NDB when on intercept heading?]
(learn the above sequence, and firmly commilt it to memory) ]
-

Which inbound track am I on ? = 355
Wnich inbound track do I require ? = 300
¢ (now form mental picturs)

which basic direction of flight is required to intercept ? = Northerl,
Which way 1s the most expedient turn to this direction ? = Left.
Which side to position the NDB, when on intercept headingt? Left.

The ‘information obtained from the first two questions, enables a
mental picture to be formed, and subsequently from this mental pilctury
the remaining questions are answered. -
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Es . -
ADF
n
requilr
(1)
r.
bound
(i1)

(1)

Position (1) - Rdg. 040
Position (ii) Hdg. 025
Position (iii)Hdg. 025
Position (iv) Hdg. 300

Step 2.
' Whilst maintaining this
left towards a northerly dir
~Shows a deflection of approx
left of the nose). Roll out
. Now bearing in mind that
3between heading and track re

;Z%\(ii)

15
ADF

(111)

275

1207300

(iv)

/
N
175/355

ADF 315

ADF 330

ADF 275

ADF 360

mental picture, comence a turn to the
ection of f£light until the ADF needles
o 30 deg. left of the 360 datum. (NDB is™
of this turn and hold heading. .
the angle of intercept is measured
quired, we nots this difference. Our

:heading would be say 025, and track required is 300, Therefore our

'§intercept angle is 85 degree

At position (ii), the Aﬂ
of the 360 datum, and as thé
track, the ADF needle will p
a point 85 deg. left of the

At this point, position
required inbound track of 30

Now turn the aircraft 16

this
the same amount (85 deg.) fr

aading Thie intercept angle as
ory) Pub was necessary because of
the two radials concerned.
This technique of allowi
alrcraft on the intercepiyhe
'30 deg. left of the datum; a

rther
Ioccurring at a 'reasonable'

i.

Jﬁfto ’
yles a
pletu

Se

¥ will show a deflection of 30 deg. left
aircraft flies towards the 300 inbound
rogessively drop back, until 1t reaches
360 datum.

(111), the aircraft has intercepted the
0.

£t through 85 deg., and the heading will

decrease from 025 to 300, and the ADF needle will move clockwise by

om, ;275 to 360,

'calculated', was rather a large angle,

the large angular displacement batween
) .

ng the ADF needle to 'position' the

ading by displacing the needle aprrox.

1so résults in the track intercept

‘distance from the NDB.
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A refinement of this large intercept angle of 85 deg., would in
practice be necessary to avoid 6vefshooting the track. The probabilit;
of overshooting the track with such a large turn of 85 deg. required,
i fwould be imminent, unless the alrcraft wasisome distance from the

NDB, o
w In fact, if the aircraft did overshoot %he track during the turn,
: the track could of course be re-intercepted.:It 1is however, far bette
technique to 'stay in front! of the situation; and take the necessary
action to prevent the overshoot from occurlng. This is accomplished
by progressively reducing the angle of intercept as the alrcraft
approaches the required track, Thils .technique is described as
follows, :

' . ! After the aircraft has been s
| | | positioned by the ADF needls
| ‘ - - displacement, and flies towards the
\ : kY . 1300 inbound track on a heading of
(b)l%' 1é0/350 025, the ADF needle will progressiv
: drop back until at position (a), tf
A ‘ ADF indieator needle will show a
> (a) deflection left of the 360 datum
' " of approx. 60 deg., ( remember that
S S - - a deflection of 85 deg. would s
A .\ ; - . indicate track intercept). At this
j _ ' - " point (a), the aircraft is turned
S I >2?K< | ~ left until the ADF needle indicates

approx. 30 deg. deflection left of

. the datum. The alrcraft 1s rolled .
out of the turn at this moment, and
the heading noted.

This turn and resultant new heading, has reduced the angle of
intercept from 85 deg. to 55 deg.s ( new hdg. 355.... track required1
300, therefore angle of intercept = 55 deg).

If the aircraft was in iclose proximity to the NDB, this angle of
55 deg. would be still too [large, particularly if the aircraft was
flying in conditions of S.W. wind, when a further reduction of this
intercept angle would certalnly be necessary. _

At position (b), the ADF #ndicator will show a deflection of
approx. 45 deg., ( remember that on this existing heading of 355, a
deflection of 55 deg. would indicate track intercept).

. At this point the aireraft is again turned left until the ADF
; needle comes up from 45 deg. deflection, to approx. 30 deg. deflecti
: left of datum. At this poiﬁt we note new h@ading, ~and subsequently
calculate a new intercept angle.
This turn will result in the new heading being 340, in which cas
i the nev intercept angle becomes 40 deg. This 40 deg. intercept angle
! be further reduced if considered necessary, by again turning the

|
| ailrcraft left as the ADF needle approaches %40 deg. deflection,

|

- 175/355 -

L~

#

l.



iin The foregoing is a description of basic tedhnique only. The
spilitidctual angles involved, and the frequency of heading change etc.,
1iredﬁwill vary. dependant on the combined effects of many. circumstances.

A full appreciation and understanding of the techniques. invélved,
;can only be obtained with practical inflight tralnlng and experience,
turn,
bette

ae

It may be recalled that during these excercises, repeated.
‘reference was made to, ' a turn through a certain number of dégrees,
iresulting in exactly the same ADF needle movement', This however,
1s not strictly correct. {

As an example; When turning ‘the alrcraft 'towards' the NDB, from
60 degrees ADF deflection to 30 degrees ADF deflection, the aircraft
wlll turn through slightly more than 30 degrees, due to the distance

3ssary
shed ]
.

|
!

xtravelled during the turn. W
iconverse applies.

This ‘difference will var
¥DB, and would be noticeable
Tressiv -

Awa), th.- This aspect however, is

~ ; a consequence on pilot interpr
b however, advisable to be awa
L . tha tholding pattern entries, clo
- intercepts requiring a turn

is the
:rof

2

é'

ﬁhis
rned

Can be quite important, part

hen turnlng ‘away'! from the NDB, the

y with proximity of the aircraft to the
only when very close to the NDB,

quite academic! and has little

etation of the ADF and compass. It is

re of this aspect when conducting IFR

se in procedure turns, and track
Ytowards' the NDB, This consideration

lecularly in conditions of strong wind,

Lcates

t of R
TRACK MATINTENANCE 4o o0e..

.o ADF,

1led

55 and In conditions of absolut

‘Pequire only the maintenance
;ff ‘wind conditions very rarely
~Mred alvays apparent. Proper inte
-inovertheless enable a pilot

le of to or from a NDB, compensati
1as ‘

shis

|
t
l

QUTBOUND TRACK MAINTENAN

ely nil wind, maintaining a track would
of a constant heading. However, nil
exist, and as a result, drift is almost
rpretation of the ADF indicator, will
to actually maintain a prescribed track,
ng for drift as necessarye.

CEs " To maintain an 'outbound! track

;by reference to an ADF ! bac

i
i

»

| At the point of intercep
7 a %takes up a heading the same

iADF indicator needle will bé

)F e
Th
Lectic 1he hdading is then held

k bearing'.

ting an outbound track, the aireraft
as required track, and consequently the
positioned on the 180 datum.

constant until any track deviation

1y | becomes apparent. If the air
’ | become apperent- by the subse

1 needle, either right or left
1 cast

1ngle'
3

craft does encounter drift, it will
quent movement of the ADF indicator
of the 180 datum,
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Example 1.
An aireraft has successfully intercepted an outbound track of

positioned on the 180 datuu,

After flying for some few minutes, the ADF indicator reads 175,
(5 degrees deflection). This.reading indlcates to the pilot that
the aircraft has drifted to port of required track,

Hdg. 065 ADF 175 = (~5)  therefore, 065 - 5 = 060.
| .

A?w%f:”/ 065

|
|

. ’ 065, and takes up a heading of 065, with the ADF needle subsequently
|

AD®

'Mental picture‘ -

The actual amount of drift is unknown at this stage, but
corrective measures are now employed, and the aircraft.is turned
right, to re-intercept the required outbound track of 065,

 The angle selected for
- re-intercept, will be depsndant
on the combined effects of the
followlng three factors.

(1) Proximity of the aircraft to the station.
(11) Proximity of aircraft to required track.
(iii) KTOWH wind ccnditions,

Bearing in mind this combined effect, ah angle of say 45 degrees
: is selected. The aircraft is turned right tOWards the required
'i track, from a heading of 065, onto an intercept heading of 110o
As the aircraft turns r{ghy through 45 degrees, the ADF indicator
needle will move up anticlo,kwise by approx. 45 degrees, from 175
i to 130. (The ADF bearing of{ 130, 1s Interpreted only as a ! deflectio
angle! of 50 degrees.) -
s As the aircraft flles towards the 065 outbound track, the ADF
il 5 needle will progressivelyfmbove down from a deflection of 50 degrees,
1 to a deflection of 45 degrees. Bemembering that the angle of intercer
is always measured between heading and track required, the
re-interéept will be attaiwed when. the ADF deflection reaches %5
\ degrees.
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After successful re-interception of the 065 outbound track, the

{ aircraft is turned left from the intercept heading of 110 to 070.

f (port drift has been recognised, and an allowance of 5 deg. is ‘made,)
At this point, the aircraft heading wldl be 070, and the ADF

nsedle will indicate 175, :

Hdg., 070 ADF 175 = (—5),%fherefora 070 - § = 065,

‘/>965 o lADF'

i
i

(hdg. 070)

Mental picture |
| .
The néw heading of 070 is held constant, and the 175 'mark! on

_ the ADF dilal now becomes the 'new reference datum' for moting any
further track deviation. It méy be that too much, or, too little

] has been allowed for drift compcnsation. If either too much, or i
too 1ittle has been allowed, then this will be apparent from the | _;
subsequent movement of the ADF needle elther side of the 175 datum,

-  ‘ . If insufficient allovanca has been made, then the aircraft will
again drift to port of required track. If this does oceur, it will
be apparent from the subsequent movement of the ADF needle to the
right of the 175 datum, towards 170.

“Assuming this to be the case; when this further ADF needle movement
is ‘3nfirmed, the aircraft is again turned to the right to re- 1ntercept
required track in the same manner as before,

_ When track has been successfully re-intercepted again, an allOWance
i of 10 deg. is made for drift compensation. The aircraft would then
.| take up a heading of 075, and| the ADF needle would indicate 170.

Hdg. 075 ADF 170 = (-10), therefore 075 - 10 = 065,

065 ADF

(Hdg. 075)

The new heading of 075 1s§held constant,land the 170 'mark® on -
the ADF dial, now bacomes thd new reference datum for noting any
further track deviation.
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If the allowance of 10 degrees 1s 'too much', then the aircraft
willl 'fly through' the track with the'subsequent indication of the
ADF needle moving to the left of the 170 datum.

| ADF
ghdg. 075)

To Piove:A' ; .
Hdg. 075 ADF 173 = (-7) - therefore, 075 - 7 = 068,
. . |

'
{

In practice, it may be ﬁecessary to re-intercept required track

two or three times in order to 'peg down the drift'.

. , o _ A
A further refinement ofﬁthis technique in known wind conditions,

is to take up an initial heeding allowing for 'planned! drift,
immediately after initial track interception. -

Referring again to thegexample under discussiony- if the
planned‘ drift was 12 degrees porty, then the initial heading would
be 077, and the ADF reference datum would be 168. The pilot would
then monitor the 168 datum, noting any movement of the ADF needle
right or left from this datum. '

If the ADF needle moved to the right of 168, it would indicate _
to the pilot that the aircraft had drifted to port of required
track, (065) and that the Lllowance of 12 degrees was not su¢ficient

If the ADF needle moved to the left of 168, it would indicate
to the pllot that the aircraft had 'flown through'! the required
track, (065) and that the allowance of 12 degrees was 'too nuch!.

With practice and experience, these re-~intercepts are conducted

gqulckly and without fuss,fbefore allowing the aircraft to deviate

'far from track.
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x 3
! TRACK MAINTENANCE........  ADF,
§ - _ . )
- To maintain an 'inbound' track to a NDB, by reference to an
o ADF 'front bearingt. 3

To maintain an inbound track, the same'techhique as decribed in
‘Toutbound' track maintenance is employed, except that the 360
datum is used in lieu of the 180 datum.

Example 1. J

An aircraft tracking inbouna, with a flight planned track of
090 to the NDB, has just come J?tb*p‘zaued coverage of the NDB,
and the pilot has just tuned this NDB.

The pilot had earlier established the existance of 5 degrees
port drift, and had subsequently been maintaining a heading of 095.

After tuning the NDB, the ADF indicator needle diuplays a

I ding of 005, ' |
1

: l
‘%——+— 090 inbound track

L J . ,
‘Hdg. 095 ~ ADF 005 (+5) therefore, 095 + 5 = 100 (TO0).,

We have now established that this aircraft is 'located' on the
100 inbound track, when in fag% it should be 'located' on the

090 inbound track. = |

|
100 inbound track. j
|

-
e S
| - =X
—~—
adi
-~
-—
—

090 inbound track.

Objective mental plcture.

(Hdz. 095)
(ADF  005)

v

= Subjective mental picture.

-—
O""-'—-—
o
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We will now board the aircraft and take
control,

I Tugn the ailrcraft right, .towards the
| required inbound track of 090 until the ADF
- f - needle is deflected by approx. 30 deg. left
! of the 360 datumj;(maintain that mental picture)
= We note that the new heading is 130,
4 consequently our intercept angle is 40 deg.
!
!
!
[
i

AS we fly towards the 090 inbound track,

the ADF needle will commence to move down
from 30 deg. deflection, towards 40 deg.
J deflection. The aircraft is 'some distance!

from the NDB, so lead in will not be required .
: - and wk wait until the ADF needle indicates
(hdg.095)(ADF 005) . 4O deg. deflection. At this point, the
: - intercept has been attained.

1
100 090

Now bearing in mind that 5 deg. allowance for drift was found t
‘be insufficient, we elect td"try' 10 deg., so after successfully
re-intercepting the 090 inbound track, we turn the aircraft left,
from the intercept heading of 130, to 100. The ADF needle will move
clockwise during this turn by the same amount, from 320 -
(40 deg. deflesction) to 350, ‘
- This new heading of 100{15 held constant, and the 350 mark on
the ADF dial, now becomes the new reference datum for noting any
further track deviation.: 3

It may of course be necessary to re- intercept the required track

two or three times in orderrto !'peg down' the actual drift being
- encountered. |

! . o

* When conducting a VFR flight, it will at times when tracking
inbound, be unnecessary to actually re-intercept flight planned
track, and so would be more expedient to track direct from the presen
1off track' position to the NDB. '

If this were to be the case in the circumstances just encountered
then we would 'set out to daintain' an inbound track of 100, rather
than re-intercept the fllght planned track of 090 inbound.

We would realise as beﬁore, that the aircraft was encountering
‘more than! 5 deg. drift, %o may elect to 'try 10 deg.! - in which
case We would take up a heading of 110. ( Track required 100 + 10
deg, "drift allowance = Hdg, 110) .

A% before, we would hold heading constant, and monitor the new_
ADF reference datum of 350, noting any further track deviation.

|
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If the aircraft did in fact deviate from track, say further to
port, then this would be apparent by the ADF needle moving: to the
right of the 350 datum, to say 355, The aircraft would then be
positioned on the 105 imbound tracke. ’

v —— ...

5 Hdz. 110 ADF 355+ (-5) therefore, 110 - 5 = 105 (T0).

We would then realise that the alrcraft
i\ was encountering more than the ‘'amended?
10 degrees'allowance, and so we would 'try!
‘\ 15 deorees,- in which case we would take )
‘ ‘o  up a heading of 120. (Track required 105 +
» - ' 15 degrees drift allowance = Hdg. 120.)

\ \ | As before1 we would hold heading
A _ constant and monitor the new ADF reference
T datuh of 345. (15 degrees deflection.)

A further simplification of 'VFR inbound

' 195‘ \ , track maintenance'! is described as follows.
ibo \ \. ; On first ‘sontact with the 'inboun@
\ A NDB', position the ADF indicator needie on -
\ the 360 datum, noting any movement of the -
090 ADF needle from this datim..

- ' ' If the ADF needle moves from this datum,
' ' turn the aircraft to position [the nose on the 'upwind side of the.
NDB', by displacing the ADF needle to the appropriate side of the

360 datum,- by an amount equal to guesstimated drift. Hold this new
heading constant, and monitor ithe new ADF reference datum, noting any
" rvther track deviation. o
D - Ififurther,track deviatio% 1s apparent, simply amend the drift
1 allowance by amending the ADF needle displacement.

Ify on first contact with the 'inbound NDB', the approx. drift is
known, the need to first position the ADF needle on the 360 datum
1s negated. Just turn the aircraft to position the nose on the
'upwind side of the NDB',~ hold heading constant and monitor the
new ADF reference datum. ¢

Get that mental picture going, and keep it going, or POOF !




GENERAL Sm{MA.RY. o800 e ADF‘

Orientation and track interception, really forms the foundation
and backbone of all radio navigation. -

If a pilot is competent in this field, he will obviously be
; competent at radio navigation,- full stop.
! i ' One can become competent in this field of orientation and track

i - interception, if one attacks the problem in a logical manner.

‘ In the initial stages of iéarninﬂ something strange and
complex, it is invariably of great benefit to adopt ay- 'set pattern .
of events! attitude,
N As one gains experience ahd becomes more familiar with 'events?',
‘ this regimental approach towards the problem tends to diminish to
the extent where ~ 'things seem to happen more naturally!'.

To assist the pilot in tﬁe initial stages of learning, the
following ‘sequence of events‘ is tabulated. It 1s strongly
" recommended that these ‘sequénces' be learned, and committed to
memory . |

I To orientate an aircraft to a NDB and form a mental picture,

three factors are required,

- | (1) The radial that the Fircraft is on.
' (ii) The radial require;.'
(1ii) The aircraft heading.
. or, . J . .
(1) The inbound track that the aircraft is on.
(ii) The inbound track %equired.
(iii) The aircraft head-ng.

Track Ihterception; kADF)

Outbound to Outbound, and Inbound to Outbound.

(1) Which radial am I on ?
(ii) Which radial do I(require ?
(1i1) Form mental picture, bearing in mind the aircraft hezding.

(iv) What heading to iAtercept ?
; (v) Which way is the most expedient turn onto intercept heading
| (vi) Turn onto intercept heading.

st e sememya¥




OBS set track 315

(a) TO window
(b) TO window
(c) TO window

(d) FROM  window

OBS set track 336

(a) T0 window
(b) FROM .  window
(¢) FROM . window

3 , - 156

OBS set track 046
(a) TO window
(b) FROM window

An aircraft tracking O46
" inbound (a) with OBS set track
O4t6 and overflying the OMNI,
would show a TO window whilst
tracking inbound, and the

N .
226 S indication would change

automatically to FROM, as the
aircraft passed over the Omni,.

R VS



Track Interception:  (ADF) Continueds ... .
Outbound to Inbound.

(i) Which radial am I on °~ .
(ii) Which radial do I require ? et
(1i1) Form mental picture, bearing in mind the aircrdft heading.

; (iv) Which basic direction of flight required to intercept ?
i . (v) Which way is the most expedient turn to this basle direction ?
(vi) Which side of the nose to position the NDB when on intercespt
heading ? . :
(vii) Turn towards the basic direction of flight required, and
position the ADF needle deflection as required.

Inbound to Inbound.

(i) vhich inbound track am I on ?
(ii) Which inbound track do I require ?
(1ii) Form mental plcture,| bearing in mind the aircraft heading.

(iv) Which basic direction of flight required to intercept ?
(v) Which'wéy is the most expedient turn to this basic direction ?
(vi) Which side of the nose to position the NDB when on intercept
heading ? | |
' (vii) Turn towards the basic<direction of flight required, and
B , - position ADF needle deflection as required.

-

-~

When conducting inbound intercepts, it 1s only necessary to
displace the ADF needle by approx. 30 degrees. It will be found:
beneficial to 'roll out of the turn' onto an intercept headlng at

ie point resulting in éither‘of‘the following.

(i) A heading to the nearest 10 degrees,- for simplification
of raading tha dlirectional gyro, and subaaquont accurate intercopt
heading maintenance, )

(i1i) A heading that will provide for an intercept angle (and
subsequent ADF deflection) being a multiple of 10, In example:-
If track required was 173, then an intercept heading ending in 3,
would provide for an intercept aﬁgle beling a multiple of 10,
subsequently presenting an 'easier to rezd! ADF deflection.
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Track Intercept Angle = angular difference between. ...

(1) Heading and (ii) Track required. '

The actual track that the aircraft flies while on the intercept
~ heading, has no consequence to the actual intercept. The aircraft
may drift right or left of the 'intercept track', but this will
only effect the distance at which the intercept will be made along
the required tracke.

It will be necessary, particularly for the aspiring IFR pilot,
to practice the mental arithmetical problems essoclated with
reciprocal calculatiOus, and nhc ADY plus and minus factor
applications, until a high sbendard of proficiency is obtained.

When tracking inbound close to a NDB, such as in an IFR holding
pattern, or when on final approach during a NDB approach, the
'need! to displace the ADFAne%dle by 30 degrees for re-interception
of track, is somewhat refined} In fact most times the change in
heading for re-interception i% gquite small, as any deviation from
track must be realised and ac%ed upon immediately it becomes

+ apparent,;- with subsequently bnly a 'small! needle displacement

|
belng necessarye. |

! -

The refinements of this JSPect of 'close in' 'close tolerance!
- - ADF track maintenance, can be learned only with inilight training

and experience, f
|
}

When tracking outbound fﬂom a NDB, the ADF indications become
progressively less sen31tive; less accurate, and consequently
less reliable because of the combined effects of the following two
reasons.
(2) i1 The increasing éistance from the transmitter. ;
- 11 The increasing ﬁateral displacement of the diverging ‘
radials. N

When tracking inbound to a NDB, the converse applies. There 1s
a progressive increase in sensitivity, accuracy and reliability of
the ADF indications because of sthe combined effects of the following
two reasons.
(b) 1 The decreasing [distance from the transmitter.
i1 The decreasing |lateral displacement of converglng radiels

. ! .
e o ok b o ok ok R R oo R R R
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PART 2, VOR (Visual Omni Range) -

The VOR is a VHF radio navigation ald, providing accurate track
guldance for aircraft,. i -

The airborn VOR indicator and radio rebeiver, interpret a two -
phased, VHF line of sight transmission from a ground station
commonly referred to as an 'Omni'.

Inflight pilot interpret;tion of the VOR indicator, 1is generally
considered to be easler than with ADF. However there are many aspects
of VOR operation that require a concise knowledge of funddmental
principles if effective boenefits are to be obtained from the use of
this particular navigation aid.

- Many pilots expcrience difficulties assoclated with the
interpretation of the VOR indicator needle in respect of tleft! or
'right' indications, and, confusion regarding the related TO -~ FROM

windaw Indications. s

: +t is therefore essentiai that -a knowledge of the basic
fundpmentals of VOR be obtained before proceeding with practical -
application of this radio naﬁigation aid.

A typical VOR indicator %s {1lustrated below.

f The OBS knob enables the pilot
 to: (1) Orientate the aircraft to
the Omni, by rotating the OBS
compass rose scale, until the
indicator needle is centred, and
subsequently read direct from the
.0BS window, the bearing TO, or the
bearing FROM the Omni. (It is
jow posslble to centre the needle by
rotation of the OBS on two
settings, subsequently obtaining
either a bearing TO, or a bearing
FROM the Omni. Example:-
| 240 FROM or 060 TO.)

If when orientating the aircraft to the Omni, a bearing TO is
displayed after centering the ngedle, and it would be more convenlent
. to display a FROM window, then-one simply rotatas the OBS scale '
through 180 degrees. (156 TOL... rotate OBS through 180 degrees and

obtain a display of 336 FROM,)
‘ (11) The OBS knob enables the pilot to rotata the OBS ‘compass
rose scale, and set a required track in the !0BS window'.

- The indicator needle is hinged from the top, and moves across the
scale from centre to 10 d:zgrees each side of centre, The outer edge
of the inner target circle ropresenting 2 degrees, and each subsequent
dot a further 2 degrees, with the outer edgo of the scale representing
10 degrces deflection.

Omni bearing
< selector knob., |

{ fo
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The VOR indlcator needle will provide information concerning the
actual displacement of the alrcraft from the 0BS set track, but only
when the aircraft is within a 10 degree sector elther side of that
0BS set track. :

*Repeated reference will be made throughout this section on VOR,
of the term '0BS set track!, or more simply, 'set track!. This term
can be simply defined as; the track required to be flown.

The track set by the OES, may be an inbound track or an outbound
track., | :

If the pllot of an aireraft, which was positioned east of the Omni,
was required to "track to the Omni via the 090 radial", he might
psrhaps orientate the aircrafﬁ in terms of radlal to radial
relationship, but, having doné so, would set 270 in the OBS  window
by rotating the 0BS5S knob, andjwould subsequently interpret the VOR
indications in respect of the;OBS set track of 270,

]

The basic principle of function of the TO - FROM windows, can be
best described by reference to the accompanying sketches. For
‘simplification, the function of the indicator needle will be
completely ignored; in fact, for practical purposes it can be
considered quite seperately from the function of the TO - FROM windows,

, 360 | "An aircraft with 090 OBS set ’
- o f track, will always show a FROM window
l

when east of the NS lihe,

, //’N\\\ ' irrespective of the heading of the
270 ’/// 090

\\‘ ailrecraft, and, subsequently will

' W -always show a TO window when west of
j the N/S line, irrespective of the
o heading of the aircrafte.

o

An aireraft will always show a FROM window when situated within a:
90 degree sector each side of an OBS set outbound track, (radial)
irrespective of the heading of the aircraft, and subsequently will
always show a TO window when positioned ‘across the border! in the
other half of the compass rose.,

Examples illustrating this principle:-

Each of the aircraft in each sketchy have the same OBS set tLack.
' 300
(b) FROM window j

OBS set track 300
(b)‘ill
(c) TO window

v (a) FROM window
(d) T0 window a '( i;f\ ’%f’—*ﬂ(c)
a




OBS set track 315

(a) TO window
(b) TO window
(e¢) TO window

(d) FROM  window

i
5
i

0BS set track 336

(a) TO window
(b) FROM V.winddw
(¢) FROM . window

_ o | - 156

OBS set track O46
(a) TO: window
(b) FROM window -

An aircraft tracking O46

" inbound (a) with OBS set track

O46 and overflying the OMNI,

would show a TO window whilst

~  tracking inbound, and the

226 "¢ indication would change
automatically to FROM, as the
aircraft passed over the Omni., -

|
|
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Unlike the ADF indicator needle, the VOR indicator needle does
not point to the station, nor does it consequently have any affinity
with the heading of the aircraft. . -

The VOR indicator needle shows ¢énly the angular displacement
of the aircraft from 'set track', when the aircraft is located

© within a sector 10 degrees either side of that set track. If the
alrcraft 1is further removed than 10 degrees from set track, then ths
needle will indicate full scale "deflection.

If all the alrcraft in the sketch below, were to have 090 set
in the OBS window, the VOR 1ndications to each pllot in each aircraft
would be identical.

S
4i]

'( needle is indicating 8 deg. diSplacemeﬁt?
in relation to 'set track',)

We now realisé, that it would be catastrophiec to interpret the
VOR indicator needle in termsiof set track belng right or left of
‘ths alreraft heading. {

The function and interpreﬁation of the VOR indicator needls 1s
described in the following ezgercises, but first, ve learn one very
important rule concerning the! interpretation of the left/right
deflectlons of this indicator| needle.

'This rule applies without| exception,  whether intercepting an
inbound track, whether interchting an outbound track, or even when
making minor adjustments to heading to rejoin and maintain any
0BS set track, irrespective of yhe heading and position of the
alrcraft in relation to the Omni.

Needle Left: J
, A heading less than OBS set and displayed track, is required
i to intercept OBS set and dis?layed track.

Needle Right: |

| .
_ A heading greater than O%S set and displayed track, 1s required
{ to intercept OBS set and diS?layed track.
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ore expedlent to explain the various

functions and applications of VOR, by graphicallyApre%gnting examples
of inflight useage. Some of these examples will have to be rather
‘academic' in order that a full appreciation of this radio
?navigation aid be obtained.

OUTBOUND TRACK INTERCEPLTON..... VOR.

YTy

Example (1)a You are,pilotlng an airéraft 'somewhere!
within 5 miles of the Omni, and you are required to intercept an
outbound track of 090, from an unknown position,

Step 1. (a) which radial
(b) which radial

am I on ?
do I require ?

Rotate the 0BS untll the 1nd1cator needle is centred, then read
direct from THE OBS window a bearlng, noting wnether a TO, or a
FROM window. If after centerlng the indicator needle, the indication
is a £0, then calculate the r801pr00a1 for the answer to (a), or,

windowe.

" a mental pilcture formed,-
For the purpose of this etcercise, we W111 assume a heaﬁing of
220, and a VOR indication of 230 TO.
Our mental picture would qe thus,..ooeoees

just simply read from the rec1procal scale in the top reciprocal

!

I

From the foregoing, the ai&craft is orientated to the Omni and

| Step 2.
| 4 (a) Set the reguired track
0) | with the 0BS. (090)

(b) Note the VOR indications

Interpret thé needle defl

Needle right.... thereforg

and displayed track of 090, m
(Now bearing in mind the
to required track and station

and confirm what you
would expect to see,
ie. full scale needle
deflection right, and
a F0M window.

ection as; |

heading required to intercept OBS set
ust be greater than 090.

combined effects of aircraft proxi mlty

» and known wind conditions, an intercept

anglle is selected, - we will assume an intercept angle of 50 degrees,

which will result in an inter
(¢) Turn the aircraft le
(It is pertinent to notse
is showing full scale deflect
‘from a heading of 220, to the

cept heading~of 140.)

ft from a heading of 220 to 140,

that, even though the VOR. indicator needle
lon right, the aircraft is turned left
intercept heading of 140, in order to

intercept the O0BS set and dig

played track of 090 FROM.)
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090

The VOR indicator needle will remain at full scale deflection
right, until the aircraft reachss the 080 radial, ( 10 deg. full

scale deflection) at which pqinﬁ, the indicator needle will commence

to move in towards centre. _
When the indicator needle is centred, the intercept has been
attained and the aircraft is turned left from the intercept heading

.of 140, to that of required track, 090.

The'gggg_at which the indicator needle moves in towards centre,
(after the aircraft has reacﬂed the 080 radial) provides the pliot
with an indication of how fa 't the aircraft is tclosing' on the set
track.This information subsequently provides the opportunity to
'adjust! this rate of closure, by minor alterations to heading.

Example (ii). Hdg. 042 "VOR 355 TO0. (after centening needle)

Problem: To intercept dn,outbound track of 038,

Step 1. which radial am I on ? = 175 .
which radial do I require ? = 038

(now form your mental picturs)

038

the 90 degree qdadrants of the

Now you may, or may not realise
~ at this stage, that you are 'outside!

required outbound track of 038, that
you are 'about to set'! with the (I3,
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Stop 2.  (a) Set the required track of 038 with the OES,
( The needle wlll indicate full scale deflection left, and the
autdmatic appearance of the TO window, will confilrm that you are

. outslide the 90 degree quadrants of the required outbound track of

038, 1e. Macross the border"....s in the TO sector.)

(b) Take up a heading to parallel the required
outbound track, (038) and maintain this heading until the TO window
automatically changes to a FROM window. The FROM window will appear
as the alrcraft passes through the 128 radial. '

038

N.B. After setting the required
track of 038 with the OBS, the
indicator needle will be
positioned at full scale

. deflection left, before and
after passing the 128 radial,

. and will only commence to move
in towards centre, as the
alrcraft passes throuzh the
o4+8 raial, (10 deg. to go). "’

175
(¢) Immediately the TO window changes to a FROM window,

turn the aircraft onto a heading less than that of set track, le.
less than 038. You may decide Pn'é 30 degree intercept angle, in which
case you would turn the alrcraft left, from a heading of 038 to GOB,

The VOR indication will remain stztic until the aircraft flies
within a 10 degree sector elther side of OBS sebt track. In other
wd%ds, the indicator needle will remain at full scale deflection left,
un#il the alrcraft reaches tha 048 radial, at which%point 2t will

|

commence to move in towards centre. »
The rate at which the nee&le moves in towards centre, will

indicate to the pllot, the rate at which the aircraft is ‘closing!
on the set track of 038. 1
i

S
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INBOUND TRACK INTERCEPTION....... VOR.

The earlier excercises on ADF track interception, revealed that-
inbound track interception angles had to be 'calculated', rather n
 than 'gueestimated‘ ' |
o, With MF, this vas simply accomplished by displacing the ADF
. ‘iﬁAlcator heedle to one side of the 360 datum, by an amount r
3 aﬁﬁﬁopriate to the occasiom. ( In our excercises we elected to use
30 Hegree displacement). ' |
. There is also a requirement to 'calculate' an inbound intercept
angle when conducting VOR inbound track intercepts. The requirement
is for the same reason, but because the VOR indicator needle does
not 'point to the station', as does the ADF indicator needle, the
same technique camnot be used,:
The technique used to calculate an inbound track intercept angle,
and subsequently epply it to obtain an inbound intercept heading
when using VOR, is described as follows.

) (1) Orientate the aircraft to the tpresent inbound track position..-

. by centering the needle. . '

(ii) Calculate the angular displacement between 'present inbound
" track pe position', and, 'required inbound track'y and at the same time
~ form your mental picture. | :
' (1i1) To this angular diSplacement, a constant 30 degree factor
- is added, - and this sum total‘ (angle of intercept) is then 'applied!
-to the required inbound track to obtain an intercept heading. The
right or left needle diSplacement after setting the required track,
will determine, (and confirm your mental plcture) whether 'this angle!
1s either subtracted from, or added to the track required.

l

Example 1.,  Hdg. 095 VOR 170 FROM, (after centering needle) -
Problem: To intercept aﬂ inbound track of 315 from an .
unknown position. (The aircraﬂt is flying within 5 miles of the Omni.)

Step 1. which inbound track am I on ? = 350
which inbound track do I require ? = 315

A mental picture is now formed, noting at the same tlme, the
angular displacement of 35 degreés between these two inbound tracks,

To this displacement figufe, add the constant factor of 30
degrees, and derive the answej of 65 degrees, . S

5
I ¥

] -
35 degrees angular displacement.

350 TO 315 TO !




.

35 degrees anguler displacement.

315 TO
350 TO

Step 2, (a) Set the required track with the 0BS., (315)

(b) Note the VOR indicatione, and confirm what you
'dould expect to see, ie. full scale needle deflection right, and a TO
Jindnw...a.., needle right = intercept heading must be greater than
set ead displayed track of 315, ie, greater by the amount just
calculated 315 + 65 = 020.

(c) Turn the aircraft 1eft from a headlng of 09), onto
the intercept heading of 020. i '

The VOR indicator needle will remain at full scale deflection
lright, until the aircraft reaches the 325 Inbound track, (10 deg. to ge
- ‘ bt which point the needle will commence to move in towards centre.

‘ Bearing in mind that an intercept angle of 65 degrees, is quite
large, it will be necessary tq progressively reduce this angle, using
the rate of needle movement as an indication of the rate of closure
of the aircraft to the required inbound track of 315.

- Te needle movement will of course only occur when the a? tcrafL
comes within 10 degrees of set tracke.

The tart! of judging the rate of closure by observation of the
rate of needle movement, is obtained only with inflight practice

and experienceo i

This last excercise has highlighted the necessity for the
aspiring IFR pilot, to cohtain! an,ability to orientate an aircraft to
a ground station, in terms of 'inbound track‘ to 'ie%ound track!
relationship. f : -

As mentioned earlier, it is essential to obtaln a real knowledge
of the layout of the compass ros e,.in terms of being able to

Yinstantly plcture' the location of: all radlals and Iinbound tracks.

i
[
|
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This next example of an inbound track interception, is given in
circumstances that would be highly Improbable in practice, but has
been chosen so that the wvalidity and consistency of fundamental VOR
rules can be confirmed, and again demonstrated, despite how peculiar
the situation may be. ‘

Example 2. . : : .

Problem: To intercept an inbound track of O40, at least 3
miles from the Omni, from a position where the aircraft is positioned
'across the bordsr' in the north east sectors

The following information is displayed to the pilot.
Hdg. 310 VOR 260 TO. (after centoring the needle)

( It is sometimes a matter of personal preference whether the
alrcraft is orientated on the basls of radial to radial relationship,
or whether on the basis of inbound track to inbound track relatlonohip,
This excercise could be successfully conducted using either method,
however we will use the 'inbound track relationship! to orientate _
the aircraft and form our mental picture.) , Col

Step 1. (a) which inbound track am I on ? = 260
(b) which inbound track do I require ? = 040

. A mental picture is pow formed, and it 1s immediately apparent
that an intercept of the o+0 inbound track cannot be undertaken from f
'this side of the border!'. We therefore conclude that the alrcraft
will first have to be positioned in the 'TO! Sector of the requlred
inbound track. (040) ! -

]

260 TO

y

o040 TO

Step 2. (a) Set required track with OBS. (040)

(b) Note the VOR indications, ard confirm your mental
plcture; ie. full scale needle deflection left, and the appearance

@f the FROM window. ( The FROM window is confirming your mental
pilcture of the aircraft being “located within a 90 degree sector either
side of O4+0 FROM.)




37

Step 2. cont...ss (¢) Tulia up & heading to parallel the
reciprocal of the required inbound track of 040, (left turn is the
most expedient, - oanto 220, and.leave the required track -set in the ™
0BS window,) ' '

260 TO
. \ i ’
| A - L 130 radial/310 TO
{ - 7 \ H
A0 ’
0 7,7\ L/
’ /’ \ \?(
/ A *
/ \s; M [
030 TO ;
\ }

005 10

. As the aircraft tracks 220,‘(approx.) 'station passage' will bs
evidenced by the FROM window chdnging tc a TO window, as the aircraft
'crosses the border® over the 130 radial, (310 inbound track).

(d) Maintain heading for approx. 2 minutes after station passage,
nd orientate the aircraft to thé Omni in order to calculate an
intercept angle, In example, the;aircraft is orientated to the 005
inbound track by rotating the 0BS, and obtaining a 005 TO indication.
We can now 'update' our mental picture, noting the angular
displacement between 005 inbound and C40 inbound, as being 35 degzrsas.
This displacement angle of 35 degrees, is then added to the
. constant factor of 30 degrees, and the answer of 65 degrees is derived.
‘; (o) 8at roquired track (040) b§ the ORS, and confirm the
anticipated VOR indications of: EO#O TO -~ #3411l scale needle deflection
left....needle left = intercept heading recuired, must be less than
set” and displayed track; therefore, intersspt heading = o04+0 ~ 65 = 335,
(f) Turn the airecraft :c':i.gh’c?i‘:mr1 a heading of 220, to-the @
intercepgﬁheading of%335. (The ihdicatﬂr needle will of codtse remain ¥
~at full scale left, until the aijrcraft :saches the 030 inbdund track,
at which point it will ccvmence to move towards centre, and from this
point, the rate of closu .. can bé controlled by reference to the rate
of needle movement, ) G '
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OUTBOUND TRACK MAINTENANCE..... VOR.
1
Once established on track immediately after interception, the

aircraft heading is held constant, and if drift is encountered, it.
will be evident by the movement of the indicator needle, either right
or left of centre.

Example 1. An aircraft' has departed an aerodrome, and has
successfully intercepted the required outbound track of 125.

125

Approx. three minutes aftér ihterqepting track and setting
heading, the VOR indicator needle has moved to 2 dots displacement,
(% degrees right). (refer to sketch below, aireraft position b.)

ﬁThis indication is interpreted by the
pildt in the same manner as previously
described; ie. Needle right = intercept
heading required 1s greater than set track.
(Port drift is being encountered.)

The aircraft is turned right by an |
appﬁopriate’amount for re-intercept. As the
aircraft closes on set track, the needle

. will commence to move in towards centre.

Successful re-interception of track will be indicated by the
needle returning to centre, at w?ich point the aircraft is turned
left towards track, but makes an allowance of 10 degrees for port
drift encountered, and would therefore take up a heading of 135,
(aircraft position c.) ' '

125
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@ S - 125
)
- If the actual drift was 10 degrees, then the aircraft would
maintain track with a heading of 135, and the VOR indicator needle
would remain centred. (d) and (e).
- If any further drift was encountered, then this would be apparent
by the mcvement of the ipdicator needle from centre. If this was the -
- case, then the track would be re-lntercepted, and a further allowance
made. The new heading would beiheld constant, and the VOR indicator

needle monitored for any further track deviation.

The VOR indicator needle will not provide the pilot with
information concerning the actual amount of drift being 'laid off!,
but will simply indicate whether or not track is being maintained.

' The actual amount of drift being“enceuntered, can be determined
in the difference between heading and track, whilst maintaining the
VOR indicator needle centred. ’
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INBOUND TRACK MAINTENANCE.... VOR.

There is virtually no basic difference in pilot interpretation
of the VOR when conducting intound or outbound track maintenance.
Simply, - needle left = intercept heading required, is less than
set track, and of course convérsely with needle right.

Bearing in mind that the VOR indicator needle has a full scale
deflection of 10 degrees either side of centre, and assuming that
inbound track maintenance can be confined to within a sector 10
degrees either side of set tréck, then the pilot knows at a glance
the displacement of the aircraft from set track. This subsequently
negates the necessity to 'oriéntate' the aircraft and calculate

an inteicept angle.

The pilot will nevertheless interpret the 'needle left =
heading to intercept is 1ess?, but will normally only require
relatively minor changes in_heading to re-intercept set track.

As discussed in the section on ADF inbound track maintenance,
it will at times, when conducting a VFR flight, be unnecessary to
re-intercept flight planned inbound track from an 'off track!
position. It will in many'éiﬁcumstances, be more éxpedient to simply
track direct to the Omni from the 'off track' position. '

The same principle applies with VOR as it does with ADF; that
isye locate the aireraft to 'present inbound track', and set out to
maintain this inbound track. | ._4

"Example.... An aircraft which has been tracking inbound towards
the destination aerodrome, comes within range of the Omni which is
situated at the destination aerodrome, and consequently the pilot
tunes the VCR.,

The flight planned 1nbound track is 250, but the pilot 'locates!

the aircraft on an inbound tpack of 240 by simply rotating the OES v

until the needle is centred with a TO windowa.

The pilot at this stage,fis unsure of the existing wind conditions
so elects to take up a heading the same as track, (240). At this
point, the VOR indication would bs 'needleAcentre', and a display-
of 1240 TO'. : |

After maintaining this heading for 10 minutes, the VOR needle
indicates 2 dots right. Conclusion... = Port drift, ie. the aircraft
has drifted to port of the requifel inbound track of 240, and is
now located on the 2t inbound track. ( 2 dots = 4 degrees )

(Draw thls situnation in jourumlnd without resorting to pen and paper.)

Now rather than re-inter@é@t the inbound track of 240, the pilot
'sets out'! to maintain an inbound track of 2Wt. ( By rotating the

0BS window from 240 to 244,‘%he indicator needle will be 'brought

back! to centre, - or if you like, - simply centre the needle and
read 24+ in the OBS window.)
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The pilot has now established the existence of port drift,
and makes due allowance by taking up a heading of 250, (allowing
6 degrees port drift compensation, ie. set track 244+ - heading 250.)

If the 'guesstimated' allowance of 6 degrees was corfect, then

.. the aircraft would track direct to the Omni on an inbound *track of
(244 with a heading of 250, 3

If however the drift allowance was 1ncorrect, then the resultant
track deviation would becoume 1mmedlafely apparent to the pilot
by the subsequent deviation of the indicator needle.

If this did occur, then once again the needle would be centred
by rotating the 0BS, and the pilot again, would 'set out' to
maintain this displayed track, with his 'amended guesstimate! of
drift compensation.

GENERAL SUMMARY.......  VOR.

In the'summary on ADF, weiconcluded that,~ if a pilot was
competent at orientation and #rack‘interception, he was 'on top of
radio navigation'. o J '

- The same loglc of course applieg with VOR,

If one is desirous of ‘ge+t1ng on top of VOR!, then one must
become compefent at oripntatlon and track 1nterpeptlon using 7
- "To assist in this regard, ‘the following 'segusnce c¢@ ev "

1s tabulated. As ‘mentioned pr@vioualy,— learn these sequans <! _ud
commit them to MemoTy « E
| |

To gsientate an aireraft to an Omni and form a mental piciure,
three factors are required.

(1) The radial that the aircraft'is on.
(ii) The radial required.§
(iii) The aircraft heading.
0T,
(i) The inbound track thdt the aireraft is on.
(ii) The inbound track requlpnd.
(iii) The aircraft r-ading.
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Track Interception: (VOR5

Outbound t¢ Outbound, and libound to Ov tbound.

v (i) Which radial am I on ?i T "
(i1) Whichiradial do I requir:s %
(11i) Form mental picture. ' B

e

1v) Set required track with the OBS,

(v) What heading to intercept ?

(vi) Which way is the most expedient turn onto intercept heading. ?
(vil) Turn onto intercept heading.

i

Outbound to Inbound. -

(1) Which radial am I on ?
- (1i) Which radial do I require ?

(1ii) Form mental picture, noting angular displacement
' between the two radials concerned.

(iv) Set required track with the OBS.
A(v) CaWCulate intercept angle,- then intercept headlng.

- (vi) Which way 1is the most expedlent turn onto intercept heading ?
(vii) Turn onto intercept h@ading. : . '

_ Inbound to Inbound.

(1) Which inbound track am I on ?

(1i) Which inbound track do I require ? \

(1ii) Form mental picture, notlng angular displacement
between the two inbound tracks coneerned.

(iv) Set the required track with the OBS,

(v) Calculate intercept angle,- then intercept heading.

(vi) Which way is the most etpedient turn onto intercept heading ?
(vii) Turn onto intercept heading.

' The VOR provides for more accurate track maintenance than does
ADF, and consequently the VOR indicator is more 'sensitive'. This
1s particularly noticeable when tracking inbound close to the Onni,
as the lateral displacement betwaen the'converging radials is
progressively reduced. “ 4

, The VOR cay, in many ways,~ﬁe considered a more 'refined! radio
w navigation aid%than ADF., The VOR will providetonly limited benefit
: to a pilot, unless he is prepared to 'learn té6 use the aid!, and
. subsequently use it for track maintenance, rather than track
guldance,

i
*#*$*$**##*J**********#
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