NDB ORIENTATION & BEARING INTERCEPTION AND TRACKING











References:


Sollman & Harris, chapter 13 (The NDB unmasked)


Dogan, chapter 6 (ADF Equipment, Orientation and Tracking)


Kershner, chapter 5 (Navigational Aids and Instruments, p. 105-114, LF/MF navigation aids)


FAA Instrument Flying Handbook, chapter VII (Using the Navigation Instruments, Automatic Direction Finder, p. 137-147)


Thom, chapters 12a (The NDB and the ADF), 12b (The Relative Bearing Indicator), 12c (The Radio Magnetic Indicator (RMI) and Rotatable-card ADF)


Jeppesen Sanderson, INSTRUMENT COMMERCIAL MANUAL, chapter 1 (Principles of Instrument Flight) Section C (Instrument Navigation) p. 1/49-55 (ADF facilities, interpreting ADF indicators, radio magnetic indicator)











NDB PRINCIPLES





Several aspects of NDB navigation are unique and they apply to tracking a bearing for en route navigation, to holding, and to NDB approaches – in fact, to all NDB work.





NDBs provide no distance information  (In fact, a very few NDBs have DME transmitters collocated with them, but they are exceedingly rare – although at least one is located on the NC coast, where there is a rare airway defined by NDBs)





The ADF has no warning flag, so you have no immediate indication of a loss of navigation signal.  (Consequently, you must audit the identifier whenever you are relying on an NDB for navigation.  Only by hearing the identifier can you be certain that you are still receiving an adequate navigation signal.)





MOST IMPORTANT:  NDB navigation is only as accurate as your heading information.  (Consequently, you must check your DG setting for precession against your compass frequently.  It is not too often to check it three or four times during an approach.   Your DG is your only source of heading information.)








ORIENTATION – THE FUNDAMENTAL SKILL OF NDB – IN FACT, OF ALL – NAVIGATION





“What’s my bearing to (or from) the beacon?”





All NDB navigation is predicated on this question and this ability, including en route navigation, holds, and approaches.  Even if you seldom fly NDB approaches, this skill will remain useful, as in remaining orientated as you are vectored for an ILS.  (When your bearing to the LOM approaches that of the course, you should be ready to intercept the localizer and when your bearing to the LOM matches the inbound course you are on the localizer.)  





THE INCOMPREHENSIBLE METHOD OF NDB NAVIGATION





Everything else you’ve ever heard or read, in particular, anything having to do with relative bearing.








THE COMPREHENSIBLE METHOD OF NDB NAVIGATION





Mentally transpose the ADF needle to the DG.  The head of the needle (the compass direction on which it would lie if overlaid on the DG) is your bearing to the beacon; the tail of the needle is your bearing from the beacon.   All else derives from this.





THE DANGER OF ROTATING THE HEADING CARD





Some ADFs, including those in the CHFC Warriors, have rotating compass cards.  Some pilots will advocate rotating the card to obtain bearings to or from the beacon.  While it can be an occasionally useful technique, I discourage it as unnecessary at best and dangerous at worst.  In both VOR and NDB navigation, the mistake most often made is to assume that the navigation instrument (OBS or ADF) provides heading information.  Neither does.  Only the DG/compass combination provides heading information.  If you rotate the compass card, you will form the habit of assuming heading information from the ADF – which will work only so long as you keep the compass card rotated to match the DG.  Sooner or later, you will forget to rotate the card and you will assume inaccurate heading information and strike off in the wrong direction.  And even if you don’t make that error, you will grow weary of rotating the card on a busy approach or hold.  And beyond all that, it’s simply unnecessary.








FUNDAMENTAL RULES OF NDB/ADF NAVIGATION





Rule to live by No. 1:	The ADF  points to the NDB.  It’s that simple.





Rule to live by No. 2:	No-wind, the head of the arrow always falls toward the tail of the airplane.





Demonstrate on the board or the simulator that, unless flying perfectly toward the beacon, in which case the head of the needle will remain on the nose, the head of the needle (arrow) will always fall – unless wind is creating a course different from the heading and toward the beacon.





Rule to live by No. 3:	No-wind, the tail of the arrow always rises toward the nose of the airplane.





Demonstrate on the board or on the simulator that, no-wind, this is simply the corollary of rule No. 2.  When flying toward the beacon or away from it, the tail is only the other end of the needle and must rise.  











HOW TO INTERCEPT AND TRACK A BEARING








TO INTERCEPT A BEARING, WHETHER TO OR FROM AN NDB:





The first steps are the same, whether tracking to or from the beacon.





Turn to the heading that parallels the course.





The head of the needle now points to the beacon and the course – and indicates which way you must turn to intercept the course.  (This is true tracking to or from the station.)





TO INTERCEPT AND TRACK TO A BEACON





Turn toward the course far enough to put the head of the needle between the nose of the airplane and the desired bearing.





When the head of the needle (when transposed to the DG) falls to the desired bearing, you are on that bearing.  It’s that simple.





If the head of the needle rises, away from the desired bearing, wind is responsible.  Increase the intercept angle until the head of the needle falls.  If you notice a certain angle at which the head of the needle neither falls nor rises, that is a good reference wind correction.





If the head of the needle falls too rapidly, that is also due to wind, but it doesn’t require any special consideration.  Just reduce the intercept angle.  Be aware, however, that when on the bearing you will need to maintain a wind correction angle.





TO INTERCEPT AND TRACK FROM A BEACON





Turn toward the course (which lies in the same direction as the head of the ADF needle) far enough to place the tail of the needle between the tail of the airplane and the desired course.  Which is to say, so that the desired course lies between the nose of the airplane and the tail of the needle, which will rise.





Demonstrate again how the tail of the needle will always be on the nose of the airplane if you track straight from the beacon in any direction.  Then demonstrate how, if you simply turn to parallel the bearing FROM, the tail of the needle will rise toward the bearing (now on the nose of the airplane) but only asymptotically and thus will never reach it.  You must move the desired bearing away from the nose, toward the tail of the needle, which will then intercept it on its way toward the nose of the airplane.





When the tail of the needle rises to the same position as the desired bearing FROM, you will be on the bearing FROM.  It’s that simple.








TRACKING AN NDB BEARING (as opposed to HOMING to an NDB)





We track an NDB bearing, just as we track a VOR radial, which is to say that we fly that course and if we should deviate from it, we return to it, rather than flying direct to the beacon from our present position.   The latter is called homing and is a common mistake whenever wind is present in NDB navigation.  Homing will take one to the beacon, but it will not maintain a specific course, and will result in a curved path that,  in the extreme, will always approach the beacon from downwind.   “Cleared direct Burlington NDB” means we are cleared to the beacon along a straight line from our present position to the beacon.  We must establish that bearing and maintain – track – it as we approach the beacon. 





Tracking is really a process of re-intercepting until we find a heading that will correct exactly for wind and keep you on course.  You are on course when the ADF needle -- either the head if TO or the tail if FROM --  when superimposed on the DG, points to the course.
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