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Abstract Although the modern electronic devices are used gsimary direction
indicators for aircrafts, magnetic compasses renmajportant back-up systems on
airplanes. Airports infrastructure must include cakesites which allow an aircraft
check to be performed, and to calibrate onboard pesses. There are certain
requirements towards those sites and the most tantoone is the geomagnetic
declination homogeneity. The present paper dexrfethodology and results of the
geomagnetic survey performed at the Sofia airpoestigating the suitability of the
north deicing pad to be used as a calibrationfeitaircraft compass systems. The
total intensity of the geomagnetic field and geonwig declination were measured
and analyzed. As a result, major magnetic distsriaare delineated and the suitable
for compass calibration area was determined.
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I ntroduction

The use of a magnetic compass as a direction findeurred sometime in the
middle of the 11 century and was recorded in the Chinese literafTine typical Chinese
navigational compass was in the form of a magnmetexle floating in a bowl of water. The
principle function of the compass is to indicate thirection of the North magnetic pole
called “magnetic north”. In navigation, directioos maps are expressed with reference to
geographical or “true north”, the direction towah# Geographical North Pole. Since the
Earth's magnetic poles are near, but are not atahee locations as its geographic poles, a
compass does not point to true north. Magneticinimbn varies both from place to place,
and with the passage of time due to magnetic ctraimgthe Earth's core. Modern (2005)
magnetic pole is located near Ellesmere Islancbithern Canada at 82.7°N 114.4°W and
is moving to the east at about 60 km per year (wwean.gc.ca). Depending on where the
compass is located on the surface of the Eartltatigde between true north and magnetic
north, called magnetic declination can vary widglig. 1).
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True Morth Magnetic North
[geograghic)  (COmpass)

Fig. 1 An example of positive (east) declination whendbmpass is pointing clockwise with respect
to the True North.

The local magnetic declination is given on most spap allow the map to be
oriented with a compass parallel to true northti@mmore, information about temporal and
spatial changes of magnetic declination is givensfrecialized maps of geomagnetic
declination (isogonal maps)..

Fig. 2 Magnetic declination map of Bulgaria for the y2806. Isolines are plotted in 5' interval.
Anomalous zones are hatched

These maps are products provided by geomagnetanddisries all over the world. They
are derived from declination measurements made@inggnetic repeat stations and used
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for scientific research. An example of magneticlidetion map of Bulgaria is given in Fig.
2.

Despite the presence of modern electronic deviasnautics still needs of
magnetic compasses as a primary direction indisator small aircrafts and as very
important back-up devices on larger airplanes. @it infrastructure must include
elements which allow an aircraft check to be penfed, and to calibrate or compensate
onboard compasses (Rasson, 2006). Main task gfrésent research was to determine the
suitability of the north deicing pad of the Sofigpart to be used as a calibration site for
backup compass systems of Airbus 320 and Boeingifplanes.

Standby compass calibration procedure.

There are two types of procedures which can be fmgezhlibration of the aircraft
compass systems. First procedure needs to havapass rose built on the calibration site.
In that case, magnetic azimuth markings paintechdisls every 30 degrees are applied to
the calibration pad so that the aircraft can becipedy oriented along them performing a
“compass swinging procedure”.

If there is no compass rose designed at the ajrportections for the magnetic
influence on the onboard magnetic field sensorslmmone using an alternative swing
procedure. It applies a standby compass calibratieording to the readings of the primary
electronic system of the aircraft (EHSI). During thdjustment procedure the airplane is
turned subsequently to the north, east, south aggt directions and differences between
the magnetic headings of EHSI and the compass ingsdie recorded. Using these results,
adjustment values are calculated and standby camipasorrected using non magnetic
screwdriver. After the calibration procedure a cas® correction card for the standby
magnetic compass has to be prepared turning thiaiaé for each 3theading increment.

Technical requirementsfor compass calibration sites

Requirements for a compass calibration site arecéed with the need to assure
constant values of magnetic declination of the aard assess the impact of potential
disturbants, represented by various objects affgcjeomagnetic field (e.g. manholes,
power poles, sewers, etc.).

The general requirements of the FAA for certifioatiof the compensation pad
area is 180 m distance from large magnetic objsath as buildings, roads and high-
voltage equipment and locating small objects withimdius of 75 m from the center of the
site (Berarducci, 2006).

According to the technical requirements of manufeers of backup compass
systems of the Airbus 320 and Boeing 737, nametbinpass compensation procedure’s
description, the criterion for homogeneity of th@gnetic declination over the site is a
variation within + 2.
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M ethodol ogy

GRID SETUP

North deicing pad of the Sofia airport (Fig. 3) wadmsen as a calibration site on
the base of primary investigations made in 2008e&angular measuring set 70x80 m in
size with distance between points 10m has beereglasing Leica Geosystems Total
Station. Two permanent nearby located objects weed as geographic north azimuth
markers for declination measurements.

Fig. 3. Location of the compass compensation site neawdstward end of runway 1 of the Sofia
airport (circled).

TOTAL FIELD SURVEY

The magnetic field total intensity values were nieed with proton magnetometer
GSM19 in each point of the grid. Four control measents were performed in the center
of the grid throughout measuring day in order tanitay changes in the fieloh situ and to
evaluate apparatus stability. Acquired data wereected for the diurnal geomagnetic field
variation, using data from continuous registratiamsPAG magnetic observatory. Total
intensity variations of the compensation site aveee plotted.

MAGNETIC DECLINATION SURVEY

The measurements of the North direction were pewor with DI-Flux
magnetometer in 9 points of the measuring gridnvspaced within the studied area. The
fluxgate probe was attached to the telescope afranmagnetic theodolite. The theodolite
was centered and leveled over each measuring gdistmeasurements were performed in
the four positions (Jankowski and Sucksdorf, 198@h 3 readings in each position. The
time of each measurement was noted using clockraigcto within one second. In each
point two independent measurements were conductewvd different observers. A non-
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magnetic umbrella was employed to provide shadawhi® instrument in order to maintain
constant temperature during the measurements wBiotritical (due to expansion of
leveling liquid and instrument). After measuremewtsre completed, acquired data were
processed, diurnal geomagnetic field variationsewemoved and declination values were
calculated. Subsequentlymap of the declination values was derived.

Results

VARIATIONS OF THE TOTAL INTENSITY VALUES

Magnetic field total intensity values measured itthe area varies between
46495-48052 nT. That relatively large variatioreival is caused by the presence of nearly
placed objects disturbing the magnetic field in #nea. Main disturbers are the drainage
shafts, located near the east end of the sitegbrutrical facility near the north end. Total
intensity values variation relative to central gdjm 41) is plotted on a map (Fig.4.).
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Fig. 4. Gradient of the total intensity of the geomagn#éld relative to the central point of the
measuring grid.

It is seen on the map that the influence of théudiéng objects decreases rapidly
moving away from them. This is a positive effeceda the small size of the objects.
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Fig. 5. Gradient of the magnetic declination relativere central point of the measuring set without
the effect caused by the shafts placed at thecedsof the pad

VARIATIONS OF THE GEOMAGNETIC DECLINATION VALUES

Optimal number and location of measuring pointalaith declination needs to be
measured was determined according to the resultstaf intensity values examination.
Nine points (marked with red on the scheme of Fig.evenly distributed around the
central point were chosen. This allows us to deitegrthe gradient of the declination in the
four geographic directions. Results from our inigegton showed that declination varies in
the interval 4.26-4.51 Gradient of the declination over the territorytio¢ pad is displayed
in Fig. 5.

Fig. 6. Geomagnetic declination measurements and referaades setup.

REFERENCE MARKS SETUP
According to the results obtained for the variagicof the magnetic field total
intensity values and geomagnetic declination okergad area, position of three reference

110 Bulgarian Geophysical Journal, 2011, Vol. 37



P. Trifonova, M. Metodiev., |. Cholakov, |. Radev: Sofia airport geomagnetic survey

marks was determined and fixed by non-magneticstifily. 6). These marks will be used
as repeat stations for periodic measurements ofgdmmagnetic field components to
quantify the change by means of secular variati@hta update the declination values over
the pad. The three permanent marks (p.14, p.39,ip.Big 7) could be used as a landmark
for aircraft positioning during calibrating proceds.

Conclusions

Results from the present research show that irtbiedgpad area a homogeneous
zone 50x70m in size is present, where magnetid §eddient is negligible (below 2 nT/m).
Maximum deviation of the declination values is 0.28 ) for the whole pad area in case
there is at least 10 m distance from the shafistéatat the east end of the site.

Consequently, the investigated area can be usadasipensation pad for backup
compass system calibration.
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Fig. 7. Scheme of the placed measuring grid, refereno# pwrks and outlined homogeneous zone
suitable for performing compass compensation pnaoeesd

To avoid obstructive influence of the magnetic ulisers located nearby it was
recommended to use the most homogeneous secttbe pad located in the south-western
part. Its position is marked by hatched rectan@e4® m in size on the scheme of Fig. 7.
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T'eoMarHuTHO npoy4BaHe Ha Jeruine Codus

I1. Tpudonora, M. Meroaues, 1. Homnakos, U. Panes

Pe3lome Bbhopekn MIMPOKOTO H3MOJA3BAHE HA CHBPEMEHHHU €IEKTPOHHH Ypeld B
caMoJIeTHATa HaBHUTralWs, MAHUTHATE KOMIACH OCTAaBaT Ba)KHA YacT OT PE3EPBHUTE MM
CHCTeMH 3a CcUrypHOCT. MH@pacTpykTypaTa Ha JjeTHimiata TpsOBa Ja pasmojara Cbe
CTEIUAIHU IUIONA/IKH, TO3BOJSIBALIM J1a ObJe HM3BBpIICHA HACTPOWKAa HAa CAaMOJICTHUTE
komriacu. ChIIECTBYBAT OIPEACICHH W3WCKBAHUS KbM MOJ00CH THI IUIOLIAJKH, U Haii-
B)XHOTO OT TAX € XOMOTEHHOCT Ha MarHWTHAaTa JekiInHanus. Hacrosiara pabora omnucsa
METOJIOJIOTHSTA U PE3yATaTHTE OT TEOMarHUTHO MPOY4BaHe, mpoBeeHo Ha yetuiine Codus
3a U3Clie/IBaHe Ha MPHUTOJHOCTTA Ha CeBepHATa MPOTHBOOOJICICHUTENHA TUIOIIaAKa a Obe
M3MOJI3BaHA 3a KaluOpHpaHe Ha KOMIIACHUTE CHCTEeMHU Ha camojeTd. M3mepeHu u
aHaJIM3UpaHH ca TOJIeMUHATAa HA TOTAJNHHMS WMHTCH3UTET HA TEOMAarHUTHOTO TOJEe W
MarHuTHata JIeKJIWHAIMsA. B pe3ynTar Ha TOBa ca OYEPTAaHH OCHOBHUTE MArHUTHU
CMYTHUTENH B paiioHa Ha IJIOIIAAKATa U € ONpe/esieHa MOAXOAAIIaTa 30Ha 32 U3BbPILIBAHE
Ha KaTuOpaIrMoHH! TPOTICAYPH.
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