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MIL-STD-765A

COMPASS SWINGING, AIRCRAFT, GENERAL REQUIREMENTS FOR
1. SCOFPE
1.1 Purpoge. This standard provides genersl requirements governing the swinging
of compasses in aircraft compensation and calibration. It pertains specifically to
acourate swinging of compsssew in all fighter, bomber, carge, or helicopter type
aircraft utilising a standard iagnetic compess.
1.2 Claspificgtion. Methods of éwinglng compasses outlined hersin are as follows:

Moethod I - Ground swinging
Method 'II - Air swinging

2. REFERENCED DOCUMENTS

2.1 The issues of the following documents, in effect on date of invitation for bids,
form a part of this standard to the extent specified hersin:

SPECIFICATIONS

Military
MIL-C-7762 Compasses, Installation of
MIL-C-26524 Calibration Set, Magnetic Compass, Type MC-1
STANDARDS
Military
AN5823 Card-Compass Correction
PUBLICATIONS
Navy Department Oceanogra; £
H.0. 211 Dead Reckoning Altitude and Asimuth Teble
H.0. 214 Tables of Computed Altitude and Azimuth
H.O. 21€ Astronomical Navigation Tables

3. DEFINITIONS
(Not applicable)
L. GENERAL REQUIREMENTS

4.1 Method I - ground swinging. Compass swinging may be accomplished on the ground
by any one of the six following procedurse:

e o e
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I(a) Compass rose

I1(b) =ighting compass

I(c) Magnetic method,using transit

I(d) Transit method

I(e) Eiectrical method, using type MC-1
magnetic compass calibrator eet

I{f) Comparison swinging

The aireraft communication and electrical systems shall be in operaticn during each
of these entire procedures.

L.1.1 Meth:d I(a) - compass rose procedure.

4.1.1,1 Compass swinging base. The compass swinging base (compass rose) shall
consist cf 2 level circular area, having a smooth surface of sufficient strength to
support the weight of the aircraft without cracking or forming depvessions under the
wheels. Nc —agnetic materials shail be used in the construction of the compass rose.
NFP y, The direction of the hzorizental component of the earth's magnetic field, measured at
70 D,\*—* ,° any point within a space between 2 and 6 feet above the surface of the base, and ex-
iy cow\{’ 27 tending over an area 25C feet in radius from the center of the base, shall not differ
W bty more Jthaz 0.2 degree from the direction measured at any other point within this
W space. The Zdirection and unifermity of the earth's field shall be determined by a
licensed surveyor prior to the use of the area for compass swinging, and annually
thereafter and also after any magnetic material, such as bulldings, railroad tracks,
direct—current power lines, etc., are installed within 200 yards of the rose. The
date of observation and change in direction of the magnetic meridian, if any, shall
be durably and legibly marked on the surface of the rose,

4.1.1.2 VMeans for aligning aircraft. The compasa rose shall be provided with the
following means for alignment of alrcraft.

4.1.1.2.1 2adial lines for use with plumb bobs. The compass rose shall be provided
with a series of 2L radial lines, either painted on or inlald in the surface, extend-
ing toward magnetic directions every 15 degrees beginning with magnetlc north. Each
line shall be clearly labeled to indicate the direction along which it lies, The mag-
netic.direction of each.of the lines shall agree with the corresponding merkings of the
line within 1/2 degree. If any line is more than 1/2 detree off, it shall be relaid or
repainted. Accuracy of direction of the radial lines shall be checked by a licensed
surveyor. In addition to the radial lines, the compass roae shall be provided with
two circular lines, either painted on or inlaid in the surface. One circular line
shall have a radius of 50 feet and the other shall have a radius of 85 feet.

4.1.1.2.2 Zadial bar for use as wheel chock. If this method is used, the compass
rose shall te provided in addition to the radial lines, with a rigid nonmagnetic bar
which pivots about the center of the rose and can be locked in each of 24 positions

15 degrees apart, including magnetic north. Each position of the bar shall be clearly
marked in order to indicate the magnetic heading of an aircraft whose wheels rest
against the bar. The surface of the bar against which the wheels of the aircraft are
to rest shalil be so beveled that a flat or approximately flat surface shall be exposed
to the wheeis. The magnetic direction of the bar in each position shall differ by
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90 degrees from the corresponding maricing of the rose within 1/2 degree. If any
position of the bar is more than 1/2 degree off, the locked position shall be relo-

cated.

4.1.1.3 Methods of aligning aircraft.

4.1.1.3.1 MWM-. Two plumb bobs shall be hung from points
on the centerline of the aircraft, one near the nose, and the other near the tail.
The aircraft shall be placed on the desired magnetic heading a way that the
tips of the plumb bobs hang sither directly over the sppropriste lims om the ¢ ~ 1

rose or on the same side of the line at equal perpendioular distsmces from it.

differences between the perpendicular distances of the tips of the bobs from the line 2
shall not exceed 1/2 inch for esch 15-foot separation of the bobs. If a wind is

blowing, care shall be taken to shield the plumb bobs and thelr cords from the wind,

4.1.1.3.2 Compass rose with radial bar. If the radial bar-type of rose is used, the

bar shall be locked in the deaired position and the sircraft shall be aligned by
pushing the wheels againat the bar. Cars shall bs taken that both tires are correctly
inflated, that both wheels actually touch the bar, and that neither wheel is pressed
against the bar so tightly as to dent the tire. Landing gear alignment shall be
checked by using plumb bobs as deacribed above for alignment with the sorresponding
radial line in the first position. If any error in alignment is revealed, suitabie
allowance shall be made in all subsequent swing positions for that aircraft.

“.1.2 Method I(b) - sighting compass method.

4.1.2,1 Sighting compass. The sighting compass shall consist of a compass approved
for this application to which has been attached a suitable sighting device. The sight-
ing compass shall be calibrated by means of a compass test stand or other suitable
“apparatus_in_such manmer that magnetic bearinge taken with it will be accurate to the
nearest 1/2 degres. The friction error shall not exceed 1 degree.

4.1,2.2 Check for local variations in masnetic field. The direction of the horizontal
component of the magnetic field should be constant to within the tolerances specified
in 4.1.1.1. The swinging area shall be checked annually for compliance with the above
requirement by a licensed surveyor. In the event the area does not conform to the
above requirement, the reason shall be dstermined and corrected or a new position
located.

4.1.2.3 Method of determining magnetic heading of aircraft. The aircraft shall be
placed in position on the swinging area. The sighting compass shall be placed in

such poaition that a sight may be taken along a fore-and-aft reference line of the
aircraft. In no fore-and-aft line is available, a lateral (athwartship) reference
line shall be used. The sighting compass s%all be at least 150 feet away from the
aircraft, or far enough away to be undisturbed by any magnetic effects of the aircraft.
Sights may be taken from in front of or behind, or from either side of the aircraft,
depending on which provides the most accurate sight. Readings obtained from lateral
sights shall be corrected by adding or aubtracting 90 degrees, dépending on the direc-
tion in which the sight is token. Readings obtained by an observer standing (sighting)
from in front of or behind the aircraft shall be corrected by adding or subtracting
180 degrees, depending cn the direction from which sights are tzken, unless the cam-
Pase has been remagnetized to read directly the heading of the aircraft when sighting
on it from the front, 3
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4.1.3 Method I(c) - Magnetic method, using transit. An aircraft heading can be
determined by means of surveyor/'s transit such as Eugene Dietzgen Company No. 63340,
or equivalent, to accuracies of 0.25 degree.

4.1.3.1 Practical requirements of precision glround swinging. The practical require-
mente of precision ground swinging of compass systems are as follows: -

(a) A compass swinging area consisting of a smooth surface of sufficient
size and strength to support the weight of the aircraft without
cracking or forming depressions under the wheels, and to permit twrn-
ing the airccaft through 360 degress. Ths area must bs fres of all
magnetic materials, and must be located away from power lines, build-
ings, and cther aircraft in order that the direction of the earth's
magnetic field is imown and is constant throughout the area to within
0.2 of 1 degree.

(b) An object such as a radio antenna, water tower, or mountain peak which
is visible through a transit from the selected area and which is not
closer to the area than 6 "land miles".

{(¢) A surveyor's transit

iz heading of the air

o facilitate accurate determination of the magnet-
rafé

4.1.3.2 Transit location. The transit mounted on its tripod shall be so located
that its optical axis is on the centerline {longitudinal axis) of the airecraft at
least 150 feet in front of the aircraft. This position shall be of the same magnetic
quality as that of the immediate vicinity of the aircraft, or the difference between

the two shall be fixed and known.

4.1.3.2.1 From the fore end of the aircraft the.surveyor shall sight two or more
visible projections of the aircraft which have been determined from the aireraft
manufacturer's drawings to be located on the longlitudinal axis. These projections,
i.e., antennae, rivet line, tail skid, nose wheel, etc.,, shall be located, one near
the fore and the other near the aft end of the aircraft. (The vertical stabilizer
cross hair of the transit shall be made to coincide with two projections on the longi-
tudinal axis by moving the transit by trial and error until the desired condition
exists when the transit bubbles indicate level.) The magnetic needle shall then be
freed and allowed to come to rest. This needle can be read to 1/10 of 1 degree. In
north latitude the pointer end with the balance weight is the south end of the needle.
The magnetic heading is then dstermined from the reading of the scuth end of the

pointer and the following formulae:

(a) Jif the south end of the pointer is in the northeast quadrant,
the magnetic heading of the aircraft is the pointer reading.

(b) If the south end of the pointer is in the socutheast quadrant,
the magnetic heading of the aircraft is 180 degrees minus the
pointer reading.
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of the aircraft. The formulae or definition for dewviation
is D=(CH) - (MH) or Deviation = Indicated Compass Heading
(CH) minus Actual Heading of aircraft (MH). If the indicator
compass heading is beyond or greater than the astual airoraft
heading (MH) the deviation is plus (+). If the indicated
compass heading is less or smaller than the actual aircraft
heading (MH) the deviation is minus (-).

4.1.3.3 Alternate tramsit location. If it is impossible to align from the fore end
of the aircraft, the aft end may be used. In this case, the north-seeking end of

the pointer is read and the formulae are changed to read as follows:

(a) If the north end of thepointer is in the northeast quadrant, the
magnetic heading of the airecraft is the pointer reading.

(b) If the north end of the pointer is in the southeast quadrant, the
magnetic heading of the airoraft is 160 degree minus the pointer

reading.

{c) If the north end of the pointer is in the southwest quadrant, the
magnetic heading of the aircraft is the pointer reading plus 180
degre”o

{d) If the north end of the pointer is in the northwest quadrant, the
magnetic heading of the aircraft is 360 degrees minus the pointer

reading.

4-1.3.4  Tranait sounting. The transit is then mounted rigidly on the airoraft

with the "A" index set and locked on the outside asimuth acale at the number equiva-
lent +o the predetermined magnetic heading of the aircraft. The transit shall them
be leveled, sighted on the distant object, and locked by means of the lower clamp
screw and the lower clamp tangent screw. The aircraft may now be turned in azimith
and the magnetic heading of the aircraft determined on each heading by sighting on
the distant object after leveling the transit and then reading the outside asimuth
scale opposite the "A" index. This is accomplished by leveling the lower claxp acraw
locked through the use of the vernier plate clamp screw, and the vernier plate clamp

tangent screw.
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4.1.3.5 Time interval. On each new heading that is established for the aircraft
(during the swinging procedure) the following msthods shall be used to determine if
the compass system is synchronigzed with the magnetic heading:

(a) If the aircraft is being swung without the engines operating,
the synchronisation of the system to the magnetic heading can :
be determined by observing the position of the sync needle.
The heading of the compass system should be read five minutes
after the sync position. <

(b) If the aircraft is being swung with the engines operating, the
synchronization of the system to the magnetic heading can be
determined by the same method as that for the engines not opera-
ting, provided the syne needle does not oscillate more than 1/16
inch on boih sides of the sync position. If the needle oscillates
more than this amount the following procedure shall be used:

(1) If the sync needle hits one stop harder than the other or
spends more time on one side of the sync position than the
other, the system is not synchronized. When the needle
appears to oscillate symmetrically about the sync position,
the heading of the compass system should be observed and
recorded, and after an elapesed time of 5 minutes the heading
shall be recorded again. If this recorded he differs
from the previous recorded heading by more than 1/2 degree,
at least 5 minutes more shall be allowed for the system to
synchronise. This shall be repeated until the difference
between the last recorded reading and the previous recorded )
reading does not exceed 1/2 degree. This reading can be
assumed to be the magnetic heading of the ccmpass aystem.

(c) If the compass system does not have a sync needle, a time interval
of at least 5 minutes should be allowed to elapse befors reading the
aagnetic heading.

4.1.3.6 Compass signal. In conducting this swing, the compase signal (electrical)

is of prire importance when considering accurate swinging procedure or compensation.
The visual indication of the compass system need not be of this accuracy and will, if
necessary, utilise a compass correction card (see section 7).

4.1.4 Method I(d) - transit method, Transit method of heading determination on the
sun (independsnt of magnetic influences) may be accomplished by the following proced-
ure:

(a) Park 1;1me on heading close to heading intended to fly. .

{(b) Tarn tangant leveling screws equal and opposite directions for
transit leveling. i
(¢) Idne up transit on nose and rear radio antenna or tail-wheel hub.
6
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(d) Continue moving, leveling, and sighting the transit until transit
is level and aligned on fore-and-aft axes of aircraft.

(e) Iloosen bottom plate or lower fast motion, and azimuth scale fast
motion on the transit and set 180 degrees opposite lubber line of
the inside scale.

(£) Lock the azimuth fast motion and adjust to exactly 180 degrees with
agimuth slow motion.

(g) Resight on nose of aircraft with lower fast motion unlocked.

(n) Lock lower fast motion scales and make final sighting adjustment
with lower siow motion.

(1) Do not touch either of the lower motion knobs hereafter. The
instrument is in alignment with the fore-and-aft axes of the aircraft
and pointed at aircraft.

{J) Lloosen the azimuth fast motion and the telescope elevation fast motion,

(k) Make initial adjustment in such manner that the cross hairs of the
scope appear tangent to the left edge of the sun and lock both fast
motions. Flace filter on telescope and adjust azimuth with azimuth
slow motion.

(1) Read and record time and indicated relative bearing.

(m) Keep filter over end of telescope while on sun tc prevent burning
cross hair.

(n) With the cross hair appearing on the left edge of the sun in the field
of the scope, subtract 0,25 degree from the relative bearing reading.
Wren on the right side, add 0.25 degree to the indicated relative bearing

reading.

(0) True heading may then be determined by computing true azimuth for the
time of the observation and applying the formala TH=TA+RS.

b.1.5 Method I(e) - electrical method, using type MC-1 magnetic compass calibrator
set. Any aircraft compass system utilizing a remote compass iransmitter type C-2,
C=3, DI-173/AJN, DT-198/AJN, or the electrical equivalent, can be swung electrically,
using the type MC-1 magnetic compass calibrator set conforming to MII~C-26524 without
the necessity of rotating the aircraft.

4.1.5.1 Practical requirements of electrical swinging. The practical requirements

of electrical swinging are:
(a) An area consisting of a smooth surface of sufficient size and strength
to support ths weight of the aircraft without cracking or forming
depression. It should be such that the aircraft can be towed in and

7
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(v)

(c)

aligned to magnetic north with as little trouble as possible,
A straight-in approach is recommended. When the aircraft is

‘parked on the north line, the area in alO-foot radius circle

beneath the transmitter location should have a uniform magnetic
direction within 0.1 degree at a height of 5 fest.

An object such as a radio antenna, water tower, or mountain peak
which ie visible with the naked eye from the selected area and
which is not closer to the arsa than 1/2 "land mils.®

A magnetic compass calibrator set, type MC-1, or equivalent.

4:1.5.2 Procedure for electrical compass a%‘. The procedures for electrical
compass swinging using the magnetic compass calibrator set, type MC-1, or equivalent,
are as follows:

(a)

()

(c)

(q)

(e)

(£)

(s)
(n)

Set up the turntable over the spot where the femote compass
transmitter will be located when the eircraft is positioned
on the "north" line.

Remove the remote compass transmitter from the aireraft and mount
the transmitter on the turntable.

Determine the alignment of the transmitter to magnetic north and
ite eloctrigal calibration to the ambient magnetic field.

Mount the necessary optical alignment equipment to the remote

compass transmitter and align the telescope to some suitable )

target 1/2 mile or more away.

Tow the aircraft into position on the north line and measure the
displacement relative to the line per the plumb bob method specified
1!! h.lnloBclo

Compute the optical alignment correction, insert into the optical
alignment scope, and replace the compass transmitter in the aircraft
sighting on the same target as used in 4.1.5.2(d).

With the tranamitter fastened dowm, reconnect the leads.

Using the appropriste adapter cables, connect the compass
calibrator set into the compass system. The aircraft magnetic
headings are set in which the heading selector of the control
console and the errors are recorded as the difference between
the indicated heading and that set in with the heading selector.

4.1.6 Method I‘f) comparison swinging. Any aircraft which has had its remte
compass system swung electrically by Method I(e), may have its standby compass swung
against the calibrated system utilising any area sufficiently large to rotate the
airoraft. Rumvays or taxiways may be utilised, provided the area is free from mag-
netic disturbances.
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4.2 Method II - air swinging. Compass swinging may be accomplished in flight by
either of the three following procedures:

II{a) Celestial bearings
II(b) Terrestrial bearings
II{c) Comparison bearings

4.2.1 Method II(a) - celestial begrings. Air swinging by celestial bearings may be
accamplished by use of an astrocompess.

h.2.1.2 m%?y_m The merk II utrooa-pue shall be readable and accu-
rate to with 2 degrees. The indirect sighting astrocompass, the precise astro- ~
compass, and the periscopic sextant when used as a heading device shall be readable

and accurate tc 1/4 degree, or less. Mountings for the preceding instrument shall

be installed in the aircraft with the fore-and-aft line of the mountings pu'lllel to

the fore-and-aft axis within 1/4 degree, or less.

4.2.1.1,1 Alignment of astrocompass mount in aireraft. The aircraft shall be placed
on a known true heading on the ground, and the astrocompass shall be leveled and set
on the sun or on a distant object whose true bearing is known. If the bearing, as
found by the astrocompass, does not agree with the known bearing, the mounting shall
be rotated by an amount sufficient to correct the error and reclamped,

4.2.1.1.2 Local hour le (IHA) vs enwich civil time (GCT).

4.2.1.1.2.2 Graph of LHA vs. GCT. Tho following procedure shall be carried out in
advance before an air swing is made. A celestial body shall be chosen whose altitude
will be less than L5 degrees during the time and at the place of the swing, With the
aid of the air almanac or by other suitable msthods, a graph shall be plotted of local
‘hour angles against Greenwich civil time for the latitude and longitude of the point
at which the center of the selected flying area and for the period of time during
winich the air swing is to be carried out. The flying area shall be a circular region
of radius not exceeding 1C miles.

4.2.1.1.2.2 Method of aligning aircraft. The swings shall be carried out in smooth
air, Vieibility shall be such that the aircraft can be located with roapoct to the
ground at all times. The aircraft shall be flown by automatic g reterence

te a direstionel gyro over tke srea previously selected while the s ght.s

teing taken. With the aircraft on the desired heading, the average reading of the
compass for a 20— to 30-second period shall be estimated. At the same time, the astro-
compass ahall be read. The local hour angles set into the astrocompass shall be deter-
nined from the graph of local hour angles against Greenwich civil time in conjunction
with a watch keeping Greenwich civil time. The true heading indicated by the astro-
compass shall be ccnverted to magnetic headings by applying the local variation, which
mg be taken from the latest local air map corrected for the date, or from any suit-
able source.

4.2.1.1.3 Azimuth vs. tims.

4.2.1.1.3.1 GCraph of azimuth vs. tims. The following procedure shall be carried out
in advance bafore an air swing is made. A celestial body shall be chosen whose alti-
tude wlll b= less than 45 degrees at the time and place of the swing. A graph shall

9
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be plotted or a table constructed showing the azimuth of the selectcd celestial body
against time at the center of the selected flying area for the period of time during
which the air swing is to be carried out, The values of agimuth for a mmber of
points on the graph or the values of azimuth contained in the table may be determined
by the method of Navy Department Oceanographic Office publications H.O. No. 211,

H.0. No. 214, or H.0. No. 218, the assumad position being the latituds and longitude
of the center of the selected flying area, or by any other suitable accurate method.
The flying area shall be a circular region of radius not exceeding 10 "land miles."

" 4,2.1,1,3.2 Method of aligning aircraft. Air swings shall be carried out in smooth
air. Visivility shall be such that the aircraft can be located with respect to
referance ¢ a directional gyro over the area previously selected while sights are
being taker.. With the aircraft onthe desired heading, the average reading of the
compass for a 20- to 30-second periocd shall be estimated. At the same time, the astro-
compass shall be read. The azimuth set into the astrocompass shall be determined from
the graph for tabls of azimuth against tims. The true headings indicated by the astro-
compass sha_l be converted to magnetic headings by applying the local variation, which
may be takern from the local air imap corrected for the date, or from any other suitable
source.

4.2.2 Method II(b) - terrestrial bearings.

4.2,2,1 Irift sight. A drift sight, a type which provides a reticle containing
parallel grid lines, shall be used. The drift sight shall be installed in such a way
that the grid lines are parallel to the fore-and-aft axis of the aircraft when the
instrument is adjusted for zero drift.

4.2.2.1 Alignment of drift sight. A string shall be stretched under the drift sight
parallel tc the fore-and-aft axis of the airoraft. If the alignment is correct, the 4
grid lines will be parallel to the string when the instrument is adjusted for zero

drift. If “he grid lines are not parallel to the string, the drift sight shall be

realigned.

4.2,2.1.2 Method of aligning aircraft. Air swings shall be carried ocut in smooth
air., Visibility shall be such that the landmark is not obscured by clouds or haze
at any tims during the swing. A sultabls referencs landmark shall be used such as
a straight railroad, highway, or pipeline whose magnetic direction is known. The
aircraft shal) be flown by an automatic pilot or by reference to a directional gyro
over the reference landmark and a line of the drift sight shall be aligned parallel
to the landmark. The average of the compass readings for a 20— to 30-second period
shall be es>imated. The aircraft shall be on a straight level course during this
time. T..e magnetic heading shall be determined by subtracting the bearing of the
landmark relative to the aircraft from the magnetic direction of the landmark.

4L.2.3 Method II(c) - co ison bear « Alir swings may be accomplished on compass
systems which cannot be swung: electirically, by comparing readings against those ob-
tained from an electrically swung and compensated system.

4.3 Prelirinary precautions. Prior to the swinging procedure, the following pre-
catuions shall be observed.

i0
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4.3.1 Position etic equip.ent I .ircraft. All magnetic equipment in the air-
craft shall be secured in the positica < :cupled in normal flight. All controls and
levers shall be placed in their normsl positien.

4.3.2 Magnetic material carried by personnel. All observers who either read or are
near the compasses during swinging shall possess no magnetic materials on their

persons. These may include tools, pocket knives, mechanical pencils, metal wrist
watch bracelets, eyeglasses with magnetic frames, officer's cips, badges, shop
btuttons, and head sets.

4.3.3 Nonmagnetic screwdriver. A nonmagnetic screwdriver shall be used for adjust-
ing all magnetic crmpensators.

L.3.4 Other magnetic and nonmagnetic parts or equipment. Any jack, 1ift, hoist, or
dolly which is used to lift the tail of the aircraft to a level flight position shall
be made entirely of nonmagnetic material. If any magnetic parts are used, the appara-
tus shall be tested for its effect on the compase by being moved about the compass in
a circle whose radius is equal to the normal distance between it and the compass.

The changes in compass reading due to such movement shall not exceed 1/4 degree.

4,3,5 Removal of magnetic objects. Any magnetic objects, such as trucks, automo-
biles, railroad rolling stock, or other aircraft, shall be removed from the swinging

area to a point at which they will have no magnetic effect on the compass.

4.3.6 Check for serviceability. Prior to swinging, the compass system shall be

observed to be cperating properly. Reference shall be made to the Compass System's

Operation and Service Instruction Handbook or Technical Manual (T.0.) for detailed
) “instructions on how to check for prpper operation.

b., Swinging of production aircraft. Swinging of production aircraft shall be
governed by the following considerations.

4.h.1l Difference of deviation between air swing and ground swing. If in the tests
conducted in compliance with MIL-C-7762 on any one of the first few aircraft of any
model, differences in deviation on any heading in excess of 2 degrees are found be-
tween the alr swing and the ground swing performed with tail up and the engine run-
aing, a report of the differences shall be made to the procuring activity for the
necessary action to be taken.

bebp.2 ference of deviation due to attit «» If the ground swing of any one of
the first few alrcraft of any model tested in compliance with MIL-C-7762, differences
in deviation of 1 degree or more are found between the tail-up and tail-down positions
of the aircraft on any one heading, a report of the differences shall be made to the
procuring activity for the neceasary action to be taken.

4.4.3 Difference of deviation due to equipment operation. If in the ground s of
any one of the first few aircraft of any model tested in compliance with MIL-C-7762,

the operation of the engines or any electrical or other equipment which is normally
operated in flight are observed to produce deviations of 1 degree or more in the
compass, a report of the differences shall be made to the procuring activity for the
necessary action to be taken.

1n
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L.5 Swinging of compasses having magnetic compensgtors. Detalled information
concerning the following items shall te determined from the applicable manual con-
cerning the specific compass being swung:

(a) The type compass transmitter, flux valve or detector,
magnetic asimuth used

(b) The location of the B and C compensators, method of gero
setting, and means of adjustment

(c) Additional types of compensators employed and method of
ad justment

(d) Slaving rate of the system

(e) Swinging procedure details

(1) Ground swinging
(2) Air ewinging

4.5.1 GCround swings. If engines are not running, the compass and remote compass
transmitters, flux valve or detector, magnetic azimuth, shall be tapped lightly

before reading.

4.5.1.1 Compass rose method. The aircraft shall be swung on a compass rose as
follows.

L:5:%, 1.1 e one cycle arror which 1s caused by the magnetised components of the
aircraft structure shall be removed or ast to null effect by the proper adjustment
o the magnst compensator which is mowitsd on the top of the detector.

i.53.2,1,2 Thesircraft shall be placed on a south magnetic heading by the most suit-
azle method and the compass reading notsd, the compass deviation on the south head-
ing shall be determined.

4.5:1.1,3 The aircraft shall bte placed on a weast magnetic heading and the compass
reading noted. The deviation on the west'heading shall de determined,

4.5.1.1.4 The adrcraft shall be placed on a no>th magnetic heading and the compass
rsading noted. The deviation =n the ncrth hsading shall be determined and the co-
efficient "C" computed. With the aircraft etill on the north heading, the north-
south compensstor shall te adjusted as to cause the compass reading to changs by an
amount equal in magnetic and in algebralic sign to the coefficient "C", If the one
¢ycle error compansator were removed in accordance with 4.5.1.1.1, the N-S compensa-
or shall be adjusted cn the North heading after the procedure of 4.5.1.1.5 has been
completed. If the compensator is of the universal type, adjustment shall be made

by turning the N-S compensator screw.

4.5.1,1.5 The sircraft shall be placed on an east magnetic heading and the compass
reading noted. The deviation an the eas* heading shall be determined and the co-
efficient "B” camputed. With the aircraft s5t¢ill on the east heading, the east-west
compensator shall be so adjlusted as %0 cause the compass reading to change by an

12
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amount equal in magnitude and in algebraic sign to the coefficient "B". If the
single cycle error compensator were remsved in =ccordance with 4.5.1.1.1, the com-
pensator shall be attached at this time and -he .ast-West coppensator shall be
adjusted by the appropriate means. The airpianc shall then be placed back on the
North magnetic heading and the North-South comp- nsator adjusted by the appromriate
means. Magnetic compensators shall te adjusted by turning the E-W compensator screw.

4.5.1.1.6 UWhile the aircraft is still on the east heading, the coefficient "A"
shall be computed. Panel-mounted compasses shall be compgnsated for coefficient "AV
if its magnitude exneeds 1 degree, Horizontal-mounted compass transmitters shall be
compensated for coefficient "A" if its magnitude exceeds 1/2 degree. For panel-
mounted compasses, compensation shall be accomplished by realigning the instrument
panel or by turning the face of the compass relative to the plane of the instrument
panel by means of washers or spacers. For magnetic compgps transmitters, compensa-
tion of coefficient "A" shall be accomplished by loosening the mounting screws and
rotating the transmitters by the required amcunt. Adjustmepnt shall be such as to
change the cm:pus reading by an amount equal in magnituds and in algebraic sign to
coefficient "A", .

4.5.1.1.7 If the compass system has a transmission error compensator, the appro-
priate Handbook of Operation and Service Instructions or Technical Manual (1.0)
shall be consulted on the method of making the compensation.

4.5.1.1.8 Swinging for calibration. After compensation, 4be aircraft shall be swung
for residual deviations on the number of headings specifigd in the Cperation and
Service Instruction Handbook or Technical Manual (T.0.), snd the compass reidings
recorded on a compass correction card. The correction cawrd shall be mounted on the
instrument panel near the compass or remote compass indicator.

bhobel.2 Siggt.;._gg c%a method, Aircraft with compasses having magnetic compensa-
tors s e swung with a sighting compass as follows.
4.5.1.2.1 The procedure described above for swinging compeseee with magnetic compen-

sators by the compass rose method shall apply, except that the alignment on the
desired megnetic heading should be as follows:

(a) Five degrees for compass systems having only means to adjust
for "A®, "B", and "C" coefficlents.

(b) One degree for compass systems having some type of deviation
compensator in addition to the "A™, "B", gnd "C",

4.5.1.2.2 Swinging for calibration. After compensation, the aircraft shall be
swung for residual deviations on the number of headings specified in the Operation
and Service Imstruction Handbook, or Technical Manual (T.0,), approxdimately 45 degrees
apart. The alignment shall be within 3 degrees on each heading. The:.compass reading,
corresponding to the exact heading in each case, shall be recorded on the compass
correction card, it being assumed that the deviation on the exact heading is the same
as that on the actual approximate heading. For example, if the compass reading is

031 degrees on a magnetic heading of 029 degrees, the figure 032 should be entered on
the card opposite a 30-degree heasding.

13

e o R A RO RN,



PR T LSBT 2

MIL~STD-765A

4.5.2 Air swings. The aircraft shall be swung in the air as follows.

4.5.2.1 BSetting to null effect. The compensator shall be set to null sffect, as
specified for swinging by the compass rose method {see 4.5.1.1.1).

4.5.2,1,1 The aircraft shall be {lown successively on compass headings of approxi-
mately 090, 180, 270, and Q00 degrees (within 5 degrees) and the corresponding
magnetic headings shall be determined by any of the methods specified herein for

air swings.

4.5.2,1.2 The aircraft shall be landed and coefficients A", "B", and "C" shall be
computed.

4.5.2.1.3 The aircraft shall be aligned on an approximately north magnetic heading
and the compensator adjusted to compensate the coefficient "C", as described for the
compass rose method (see 4.5.1.1.4). The aligrment of the aircraft, which shall be
within 5 degrees, may be accomplished either by means of a compass rose or sighting
compass, or by reference ic ‘he aircraft's compass itself, after making due allowance
for the magnetic deviatlon. It is assumed that the deviation on the ground is sub-
stantially the same as that in the air. For exampie, if the deviation on the north
is +3 degrees, the compass reading on a north magnetic heading is 003 degrees. There-
fore, tre aircraft wiil Ye placed on a compase heading of approximately 003 degrees.

4.5.2.2.4 By one of the methods described above, the aircraft shall be aligned on
an approxizately east magnetic heading and the compensator adjusted to compensate the
coefficient "B", as described for the ccmpass rose method (mee 4.5.1.1.5).

L.5.2.2.5 If necessary, as determined by the conditions stated under compass rose
method {see 4.5.1.1.6), ccefficient "A" shall be compensated.

k.5.2.1.6 Swinging for za_ibration. The aircraft shall be swung for residual
deviaiicns Iin the air on the number of headings specified in the Cperation and
Service Instruction Handscox or Technical Manual (T.0.), approximately L5 degrees
apart. The corresponding magnetic headings shall te dstermined by any of the methods
apecified for air swings. The compass readinge and doviations shall be entered on
the compess correctlon cerd.

5. DETAIL REQUIREMENTS
{Nc+ applicabls}
6. ITEAMFITS UF CAICUIATING COEFFICIENTS

6.1 Compasses having magnetic compensators. Examples of calculating coefficients

for compasses having magnetic compensators are as follows.

6.1.1 Compass rose method. It will be assumed that the compass to be swung is of
the horizontal-mounted type.
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6.1.1.1 Deviations with compensat>: s¢:_tc null effect:
Magnetic heading Co s resii 3 _gviation
180 1 g 35

2 i
270 276 %
000 0063 +3
090 090 0

Coefficient "Cv: C = 3 [+63 = (<43)] = 3 (+11) = +54 degrees.

With the aircraft on north magnetic hezding (compass indication 0063 degrees), so
adjust the N-S compensator that the corpass will read OOl degree.

Coefficient "B": B = Q[o - (+6)]=- 3 (~6) = -3 degreea.

With the aircraft on east magnetic heading {compass indication 090 degrees), so
adjust E-W compensator that the compass will read 093 degrees.

Coefficient "A": A = £[+6§ 40 +(-Ld +(+6))] =} (+8) = +2 degrees.

With the aircraft still on east magnetic heading, so realign compass that it wiil
read 091 degrees.

6.1.2 Smt.&g compass method. It will be assumed again that the compass to be
swung is of the horizontal-mounted type.

6.1.2.1 Deviations with compensator set to null effect:

etic hea Compass reading  Deviation
178 182 +,
mn 2674 -33
357 355 22
086 089 +3

Coefficient "ch: € = [ -2 ~(+4)]= 3 (~6) = -3 degrees.

With the aircraft on a magnetic heading of 357 degrees (conpnss indicating 355
degrees), so adjust the N-S compensator that the compass will read 358 degrees.

Coefficient "B": B =3[ 43 ~(-33)]= 3 (+63) = +3% degrees.

With the aircraft on a magnetic heading of 086 degrees {compass indicating 089), so
adjust the E-W compensator that the compass will read 086 degrees.

Coetficient "An: A = A[(-2 +{+3) + (+4)_J+(-38) = 1 (423) = 43/8 degree.

Since coefficient "A" is less than one (disregarding algebrain sign), no compensation |
is necessary. If coefficient "A" is greater than one (again disrsgsrding sign), the :
compass basé should be rotated relativs o the longitudinal axis of the alrcrafl by

an amount and direction corresponding to the magnitude and algebraic esign of coeffi-

cient "AV,
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7. PROCEDURE FOR FILLING QUT STANDARD AwCE23 CGHPASS CORRECTION CARD
7.1 E tion of « The following section 11lustrates the
Frocedure out the compass oorreg¢tion card, con-

Jorming to AN5823, when en aircraft compass 1s swung #nd compénsated.

In the example berein 1tiauaundthntthe!daﬁumhuod'h
dchniuthenpouchudiuaofmdrerm. The steps to de taken are
described in their proper sequenes .

7.2 Procedaure,

} T.2.1 R.ooﬁrd.i_.%i of data. Suppose ths indicatiom of the suinging compess
1s 087 degrees and that of the aircraft compass 050 degrees. Bnter the
former in its proper space in the first colum of the card labeled ®Actual
Head (M)" and the latter besids it in the second colwm labeled ®"Aircrsft

Cosp.® as shown below.
. ’ 2 |
{
,r Compensating Residunal [ Compass [I
Suing Swing L
lar peme Bys
Actual [Ad>craft | Actumd A!.:-era.ﬂ'.E &o n;{suq- To Fly|Steer
Head (M)| Comp. |Dov'n. [Head(M)| Comp. ' |5
A | 180
¥ 000 Il 8 - 19€ ]
g 130 210
NE
26 08 pve —| &5 225
B 090 7 M e ____,__gb
SE 135 .1 255
§ 180 ) 20
11,205 285
Sw 225 11 320 300
¥ 2w T
A — 1% 33
W 31
Xy 315 _ : 1 ;
———-u-—_—-————-——--——————h—-——v-—‘- ——————— ~
— -l (1) L _(2) k2)(3) {3} {4

If ewinging compass used ahead of alrcrafs, add or
subtract 180 degrees
Coof C=N-S=( )-() =

2 2
CoofB:ES( () =

2 2
Coef A = N+E+SH =( I () ) =

[ &

N i T p———

ot
)

[+
¢

S’
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Repeat this procedure on the other three cardinal headings, South, West, and
Jorth in that order. When the first two colizns are completed, the card will then

appear thus:
Compensating swing Residual swing == ?..-.._‘_—_Co?pis: _
Actual Aircraft hctual Steer|To fly|Steer
head (M) | comp. Devin. ! head (M | 180
N 000 005 { oal 195
NE OL5 20
E 090 087 090 225
SE 135 240
S 180 176 1803 255
SW 225 270
W 270 265 273 285
MW 315 300
(1) (2) (2)-(1)| (3) @) 315
I swinging compass used ahead of aircraft, add or 330
subtract 180 degrees
coag o 2 FS L= 2
oe =z 7
_EW_(O-0)
Coef B = 2 2 =
Coef A = ﬂzsm = 0 )Z( )+

7.2.2 Computations. Subtract compass reading of the aircraft (as read from the
aircraft compass) from the magnetic heading of the aircraft. This difference and its
At the bottom of this column,
for reference purposes, is indicated the subtraction to be performed to obtain the
entries, i.e., (colum (1) minus column (2)). The step just described is illustrated

aign are entered in the column titled "Aircraft Dev'n”.

in the next tablas.

17
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3 ‘ - —
Cospensating Eo;idnl | Compass i
ine || Swung: Byt
Actusl [Adycraft detoal o
Head ()| Comp. [Dev'n.iEead (M)] Comp. | - h&g_
¥ 0o | o005 | om | L i 19
5t 055 e 228
B 0% | o087 | og0 | o I e 20
188 135 \ It 255
3 180 | 116 | sk | w5 o1 | awof
< —1] 105 285
£y 225 1| 120 300
¥ 20 | 265 | 213 | 8 138 ns|
| 150 330
i W ol ! 16 ms
b 4 _
N 1.l @ @ o ()|
hf Mna.n&)ca-pu: used ahead of alraraft, add or i
sabtract 1C0 degrees '.:
Coef C = N=S = - &= ;
=z LLZLL f
c«ra=;_:g=(2ogz= ;
Coaf A = N+E+SWI = Wy ) 34 ) = ‘
: 1

Using these differeonces, calculats coefficlients A, B, and C as shown
in the next table. Note that ali edditions and subtraction are algebraie:
that i3, H+) =+, () =4, (+) =, ) = -,

L
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| B
Compensating Residual Compas
Suing Swing { g
{'Smgt —eee BB
Aotual [Alroraft Aotnal |atrerary) |TO '_lll“'“' Fly|Steer
Hoad (M)) Comp. | Dev'ne|Head (M} Comp. X
¥ 000 005 001 | -h 15 95 )
. 20
NE OLS 1 S 2.25
T 090 087 0% | +3 i & T 2lo
5 135 Nl =5 |
8 1% 176 100k | & . 1].99.% - 4 210
2120 2 —fws | T Tas|
s | _i{ 120 300
W 270 |- 265 213 | 8 ]' _1;§ | __} 38
o 120 pE. W
NV 315 ~ ; 165 ks
-———-—-———-—----———-—--4L- —----—'—-.J
Q) | (2 )N (3) 1 (B ,

If svinging eonpn;; used ahead of aircraft, add or
subtract 180 degrees

Coef C = N~§ = (-b)=(+43) = -h%
z

c«ra=g_—g=g;2:g+azs.z:.
2 2

Coof A = N4EASH = (-h)«+3)*(+1é-)+(+a) = 42%

] b

7.2.3 Cospensation. Compensate the campass as cutlined in section k,
using the above coelllclents. The compass must now be swng for residual
errors. The reaidual errors result {rom otner causes than those which give
rise to coeflicients A, B, and C. No provision is mads to eliminate those
causes of the residual errors. The card will appear as the next table after
dats from the residual suing is entered thereon.
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) |
Compen Resfdual Compass ||
S‘:d.-::an‘ Swing |
S | pwangs By:
Actasl] AMreratt Actual [Mreraft |[To My|Steer|® Fiy[Steer
Head Comp. {Dev'n. Hoad (X)]| Cemp. L ——11':;
¥ 000 | 005 oL | -k | oom | om |, 15 195"
30 210
L L. -) oo 10 " RALBES |
Boo | o | o0 ! v3 loss |ow | |
ST 135 136 By 255 '
e0o | 16| 1wt ol o ! s ] i
: ) 105 285 {
5w 225 222 25 -2 =
w 20 | 265 | 213 | +8 | 215 | 216 JWS|am | 5| ||
W 315 nr | 06 ..ii_. -gig..___ i
r—————'—--—#————---l--—--——-’ ---------- :
! P @ @ & ] w7
. If swinging compass wused shead of aircraft, add or |
subtract 180 degrees |
Cosf C = B-§ = (~is)=(+d) = 4 ,
e , Y I l
Coot B = E-W = (+3)=(+B) = -2 | h
2 4 2 | ?\l
Coo A = Neuriteit = (-W}e{e3)e+iT(+0) = w2l | |
{ & . 4 i |

™hs remaining blank column labeled *"Steer,” is f£illad in with data
obtained from the residnal suing. The entries for the ®Steer™ colum, for
any particular heading, is obtained by subtrecting oclumm 3 from column i
and adding tho result algebraically to the corresponding heading in the column
labeled "To Fly." The following examples illustrate the method to be used.
If the aircraft coapass was observed to read Oli) degrees whils on an sctual
Bagnetic heading of OLO degrees during the residual suing, as indicated by
columns  and 3, then the correction to be applied to the 4S5-degres heading
in the sompass card "To Fly® column will be given by aubtracting OLO degrees
from O3 degrees to arrive at s ¢.rrection of +003 degrees. Adding this
correction algebraically to the u5=isgree heading under the "To Fly”™ columm
vill result in a heading of OLB degrses to be entered opposiie in the "Steer®

column.
2V
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If the aircraft compass was cbserved to read 134 degrees wiile on an actusl
magnetic heading of 136 degrees during the residve. swing as indicated by colums 4
and 3, then the correction to be applied to the 135-degree heading in the "To fly"
colum will be given by again subtracting column 3 from column 4 to arrive at a
correction of (-2) degrees. Adding this correction algebraically to the 135-degree
heading in the "To fly" colum will resuit in a heading of 133 degrees to be entered
opposite in the "Steer" colum. '

Compensating swing Residual swing Swange — - = By Compass
Letual |Aiveraft Actual Aircrafi {iTo fiv|fieer|Tc flyv|Steer
read (M) | comp. Dev'n. lheed (M) | comp, il W 13584 I 3160 1179
N 000 Go5 o -4 0023 001 35 15 1 is5 |196
NE 045 40 043 30 |32 | 220 1212
E 09 ce7 I o5 +3 095 09 (45 g8 zzs izos
SE 135 ! 136 15, ] € 12 i |aue:
5180 | 176 1803 +hd 185 184 75 | 75% | 2z5 |257
W 225 222 225 90 | B9 | 270 {271
w 270 265 273 +8 275 276 105 {1034 | 285 |285%
}NW 315 317 316 120 1118 | 300 |2993
; (1) (2) (2)-(2)| (3) (%) 135 |133 | 315 |3u
If swinging compass used ghead of aircraft, add or 150 |8 330 |328%
subtract 1B0 degrees
165 |163% 345 3433

EW  (+3)-(+48)
Coef B = - = S T = =24

N4E+5HW I ) \4J+ \+I+| + .'.8
Coef A = : o K 314\ 43)+(+8) = +2-7/8

The columns labeled "To fly" and “"Steer" indicate the course the pilct shouid
"Steer"” in order "To fly" a desired magnetic heading, or vice versa. For example: If
the pilot wished "to fly" a magnetic heading of OL5 degrees, he should "Steer" a heading
of Qi8 degrees, or by the same token, if he is steering a heading of 133 degreec, then
he is making a good magnetic heading of 135 degrees.

a
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Coples of specifications, standards, drawings, and publications required by
suppliers in connectiom with epecific procurement functions should be obtained from
the procuring activity or as directed by the contracting officer.
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26 July 197¥
MILITARY STANDARD
COMPASS SWINGING, AIRCRAFT, GENERAL REQUIREMENTS FOR
TO ALL HOLDERS OF MIL-SID-T65A.
1. THE FOLLOWING PAGES OF MIL-STD-765A HAVE BEEN

REVISED AND SUPERSEDE THE
PAGES LISTED:

NEW PAGE DAIE SUPERSEDED PAGE DATE
11 i1 § January 1967
114 111 4 January 1967
iv iv 4 January 1967
1 1 4 January 1967
2 2 § January 1967
3 3 4 January 1967
y y 4 January 1967
T 7 4 January 1967
b b 4 January 1967
10 10 4 January 1967

2. THE FOLLOWING Mtw PAGES ARE TO BE INSERTED AS LISTED:
NEW PAGE

v
vl
1a
2a

3a
4a
8a

3. KETAIN THIS NOTICE PAGE AND INSERT BEFORE ThE TABLE OF CONTENTS.

4, Holders of MIL-STD-T65A will verify that page changes and additions
indicated above have been entered. The notice page will be retained as a check
sheet. This issuance, together with appended pages, is a separate publication.
Each notice is to be retained by stocking points until the Military Standard is
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1. SCOPE

1.1 Purpose. This atandard provides general requirements governing the
swinging of compasses in aircraft compensation and calibration. It pertains
specifically to accurate swinging of compasses in all fighter, bomber, cargo,
or helicopter type aircraft utilizing a standard magnetic compaas.

1.2 Classification. Methods of swinging compasses outlined herein are as
follows:

Method I - Ground swinging
Method 1I - Air swinging
2. REFERENCED DOCUMENTS

2.1 - The issues of the following documents, in effect on
date of invitation for bids, form a part of this standard to the extent
specified herein:

SPECIFICATIONS
MILITARY
MIL-C~7762 Compasses, Installation Of
MIL-T~9145 Transmitter, hemote Compass, bombing, Navigational
Computer, Type C-3
MIL-T-19576 Transmitter, Remote Compass, Thin-wing, Type ML=1
(Unstabilized)
MIL-T-25193 Transmitter, Kemote Compass, Type C-2 (Unstabilized)
MIL-D=-26503 Detector, Magnetic Azimuth, and Compensator, Detector,
Magnetic Azimuth
MIL-C-2b6524 Calibrator Set, Magnetic Compass, Type A/E37T-10
MIL-D-38134 Detector, Magnetic Azimuth DSU-4/A, High Temperature
STANDARDS
MILITARY
ANSYH23 Card-Compass Correction
PUBLICATIONS

NAVAIR 17-15CAA-45 Calibratour 3et, Magnetic Compass, Type MC-2

Supersedes page | of 4 Januury 'Yu?
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NAYY DEPARTMENT OCEANOGRAPHIC OFFICE

H.0. 211 Dead Reckoning Altitude -and Azimuth Table
H.0. 2W4§ Tables of Computed Altifude and Azimuth.
H.0. 218 Astronomical Navigational Tables

(Copies of specifications, standards, drawings and publications required by
contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)
3. DEFINITIONS (Not applicable)
4. GENERAL REQUIREMENTS

4.1 Mathod 1 - ground swinging. Compass swinging may be accomplished on the
ground by any one of the six following procedures:

1a
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- I{(a) Compass rose
¢ I(b) Sighting compass
I(c) Magnetic method, using tranasit
I(a) 'l‘rﬁaif method

I(e) Electrical method: Any aircraft compass system utilizing a remote
tranmitter, detector or calibrator set specified below may be swung
electrically without the necesasity of rotating the aircraft.

1. 7Type C-2 Remote Compass Transmitter conforming to MIL-T=25193.

2. Type C-3 Remote Compass Transmitter conforming to MIL-T-9145,

3. Type ML-~! Remote Compass Transmitter conforming to MIL-T-19576.

4, Type DT309/AJN, DT310/AJN Magnetic Azimuth Detector, CN10T2/AJN
Magnetic Azimuth Compensator conforming to MIL-D-26503.

5. Type DSU-4i/A Magnetic Azimuth Detector conforming to MIL-D-38134.

6. Type DSU-4A/A Detector Magnetic Azimuth High Temperature
conforming to Sperry Rand Corporation Part Number 4017284 or
equal.

7. Type A/E3TT-10 (Previous Type MC-1/MC-1 Modified) Magnetic
Compass Calibrator Set conforuing to MIL-C-26524.

6. Type MC-2 Calibrator Set conforming to Sperry Rand Corporation
Part Number 259 2050-5 or equal.

NOTE: Other electrical calibration sets and detectors which have been
Government approved may be used.

1(f) Comparison swinging

1lhe aircraft communication and electrical systems shall be in operation during
each of these entire procedures.’

4.1.1 Method I(a) -~ compass rose procedure

4.1.1.1 Compass swineing base. The compass swinging base (compass rose) shall
consist of a level circular area, having a smooth surface of sufficient
strength to support the weight of the aircraft without c¢racking or forming
depressions under the wheels. No magnetic materials shall be used in the
construction of the compass rose. The direction of the horizontal component of
the Earth's magnetic field (magnetic declination) measured at any point within
a space between 2 and 6 feet above the surface of the compass rose, and
extanding over the required area of the compass rose, shall not differ by more
than 0.2 degree from the direction measured at any other point within this
area. The direction and uniformity of the Earth's field shall be determined by
a licensed surveyor prior to the use of the area for compass swinging. The
swinging area shall be checked annually thereafter for compliance with the
above requirement and also after any magnetic materjal, such as buildings,
railroad tracks, direct-current powerlines, etc., are installed within 200
yards of the swinging area. These periodic checks will be performed by a
licensed surveyor or when use of certified compass callbrator equipment is
permitted, a trained/qualified specialist may be specified as the operator.

Supersedes page 2 of 4 January 1967
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The date of observation and the mean magnetic declination of the area, as
determined from the survey, shall be durably and legibly marked on the surface
of the rose. Copies of the survey with all declination readings shall be
retained by the custodian of the compass rose for a minimum of 2 years. A copy
of each annusl survey shall be forwarded to the sognizant h‘ahsr ccamand as
designated.

4.1.1.2 Means for aligning aircraft. The compass rose shall be pmlded with
the following means for alignment of aircraft:

§,1.1,2,1 hﬂm_nnn_mr_uu_uuh_nlnm- The compass rose shall be

- provided with a series of 2§ radial lines, either painted on or inlaid in the
surface, extending toward magnetic directions every 15 degrees beginning with
magnetic North. Each line shall be clearly labeled to indicate the direction
along which it lies. The magnetic direction of each of the lines shall agree
with the correaponding markings of the line within 1/2 degree. I1f any line is
more than 1/2 degm off, it shall be relaid or repainted. Accuracy of

PFIT VoYY ¥ ITN he wmeddad Y0wmac abad atbhantsad hea o T1dasmacnd mssesaceam

Sireci-dvi Ul Iullﬂ raudial 14083 BIIHJ.J. UB COUUATUY Uy 4 44i0WHOTV DUl YOFWE or 'ﬁ’hvu
use of oertified compass calibrator equipment is permitted, a trained/qualified
specialist may be specified as the operator. In addition to the radial lines,
the compass rose shall be provided with two circular lines, either painted on
or inlaid in the surface. One circular line shall have a radius of 50 feet and
the other shall have a radius of 85 feet.

4.1.1.2.2 Radial dbar for use as wheel chock. If this method is used, the
compass rose shall be provided in addition to the radial lines, with a rigid
non-magnetic bar which pivots about the ceanter of the rose and can be locked in
each of 2U poaitions 15 degrees apart, inoluding magnetio North. Each positien
of the bar shall be clearly marked in order to indicate the magnetic heading of
an aircraft whose wheels rest against the bar. 7Tne surface of the bar against
which the wheels of the aircraft are to rest shall be so beveled that a flat or
approximately flat surface shall be exposed to the wheels. The magnetic
direction of the bar in each position shall differ by
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90 *1/2 degrees from the corresponding marking of the rose. If any position of ’ s
the bar is more than 1/2 degree off, the looked position shall be relocated. T
8.1.1.3 Mothods of aligning airaraft.

4.1.1.3.1 Compasa rose with radial lines. Two plumb bobs shall be hung from
points on the centerline of the airoraft, one near the nose, and the other near
the tail. The airoraft shall be placed on the desired magnetic heading in such
a way that the tips of the plumb bobs hang either directly over the appropriate
line on the compass rose or on the same side of the line at equal perpendicular
distances from it. The differences between the perpendicular distances of the
tips of the bobs from the line shall not exceed 1/2 inch for each 15-foot
separation of the bobs. 1f a wind is blowing, care shall be taken to shield
the plumb bobs and their cords from the wind.

§.1.1.3.2 Compass rose with radial bar. Ir the radial bar-type of rose is
used, the bar shall be locked in the desired position and the aircraft shall be
aligned by pushing the wheels against the bar. Care shall be taken that both
tires are correctly inflated, that both wheels actually touch the bar, and that
neither wheel is pressed against the bar so tightly as to dent the tire.
lLanding gear alignment shall be cheoked by using plumb bobs as described above
for aligmment with the corresponding radial line in the first position. 1If any
error in alignment is revealed, suitable allowance shall be made in all
subsequent swing positions for that aircraft.

4.1.2 Method I(b) - sighting compass method.

4.1.2,1 Sighting compass. The sighting compass shall consist of a campass
approved for this application to which has been attached a suitable sighting
device. The sighting compass shall be calibrated by means of a compass test
atand or other suitable apparatus in such manner that magnetic bearings taken
with it will be accurate to the nearest 1/2 degree. The friction error shall
not exceed 1 degree.

4.1.2.2 Check for local variations ip magnetic field. The direction of the
horizontal component of the magnetic field should be constant to within the
tolerances specified in 4.1.1.1. 7The direction and uniformity of the Earth's
field shall be determined by a licensed surveyor prior to the use of the area
for compass swinging. The swinging area shall be checked annually thereafter
for compliance with the above requirement and also after any magnetic material,
such as bulldings, railroad tracks, direct-current powerlines, etc., are
installed within 200 yards of the swinging area. These periodic checks will be
performed by a licensed surveyor or when use of a certified compass calibrator
equipment is permitted, a trained/qualified specialist may be specified as the
operator. In the event the area does not conform to the above requirement, the
reason shall be determined and corrected or a new position located.

4.1.2.3 pethod of devermining magnetic heading of airgraft. The aircrart
shall be placed in position on the swinging area. The sighting compass shall
be placed in such position that a sight may be taken along a fore-and-aft
reference line of the aircraft. If no fore-and-aft line is available, a

Supersedes page 3 of 4 January 1967
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lateral (athwartship) reference line shall be used. The sighting compass shall
be at least 150 feet away from the aircraft, or far enough away to be
undisturbed by any magnetic effects of the aircraft. Sights may be taken from
in front of or behind, or froé either side of the aircraft, depending on which
provides the most accurate sight. Readings obtained from lateral sights shall
be correated by adding or subtracting 90 degrees, depending on the direction in
which the eight is taken. Readings obtained by an observer standing in front
of the aircraft shall be corrected by adding or subtracting 180 degrees, unless
the campass has been remagnetized to read directly the heading of the airoraft
when sighting on it from the front.
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8.1.3 Method I(o) - Magnetic method, using transit. An aircraft heading can
be determined by means of surveyor's transit such as Eugene Diet.zsen Company
No. 6334C, or equivalent, to acouraciea of 0.25 degree

4.1.3.t Practical reguiregents of preatsion ground awinging. The practical
requiresents qr preoision ground swinging of compass systems are as follows:

a. A compass swinging area consisting of a sacoth surface of sufficient size
and strength to support the weight of the aircraft without cracking or forming
depressions under the wheela, and to permit turning the airoraft through 360
degrees. The area must be free of all magnetic materials, and must be located
away from power lines, buildings, and other aircraft in order that the
direction of the Earth'a magnetic field is known and is constant throughout the
area to within 0.2 of 1 dégree. The direction and uniformity of the Earth's
field shall be determined by a licensed surveyor prior to the use of the area
for compass swinging. The swinging area shall be checked annually thereafter
for compliance with the above requirement and also after any magnetic material,
such as buildings, railroad tracks, direct-current powerlines, ete., are
installed within 200 yards of the swinging area. These periodic checks will be
performed by a licensed surveyor or when use of a certified compass calibrator
equipment 1s permitted, a trained/qualified specialist may be specified as the
operator.

b. An object such as a radio antenna, water tower, or mountain peak which is
visible through a transit from the selected area and which is not closer to the
area than 6 land-miles.

¢. A surveyor's transit to facilitate accurate determination of the magnetic
heading of the aircraft.

4.1.3.2 Iransit location. 7The transit mounted on its tripod shall be so
located that its optical axis is on the centerline (longitudinal axis) of the
aircraft at least 150 feet in front of the aircraft. This position shall be of
the same magnetic qQuality as that of the immediate vicinity of the aircraft, or
the difference between the two shall be fixed and known.

4.1.3.2.1 From the fore end of the aireraft the surveyor shall sight two or
more visible projections of the aircraft which have been determined from the
aircraft manufacturer's drawings, to be located on the longitudinal axis.

These projections, i. e., antennae, rivet line, tail) skid, nose wheel, etc.,
shall be located, one near the fore and the other near the aft end of the
aircraft. (The vertical stabilizer cross hair of the transit shall be made to
coincide with two projections on the longitudinal axis by moving the transit oy
trial and error until the desired condition exists when the transit bubbles
indicate level.) The magnetic needle shall then be freed and allowed to come
to rest.

Supersedes page 4 of 4 January 1967
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This needle can be read to 1/10 of 1 degree. In north latitude the pointer end
with the balance weight is the south end of the needle. The magnetic heading
is then determined from the reading of the south end of the pointer and the
foliowing formuiae.

a. If the south end of the pointer is in the northeast quadrant, the
sagnetic heading of the aircraft is the pointer reading.

b. If the south end of the pointer is in ihe scutheast quadrant, the
magnetic heading of the aircraft is 180 degrees minus the pointer
reading.

4a
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d. Continue moving, leveling, and sighting the transit until transit is level
and aligned on fore-and-aft axes of aircraft.

e. Loosen bottom plate or lower fast motion, and azimuth scale fast motion on
the transit and set 150 degrees opposite lubber line of the inside scale.

f. Lock the azimuth fast motion and adjust to exactly'1h0 degrees with azimuth
slow motion. ’

8. hesight on nose of aircraft with lower fast motion unlocked.

h. Lock lower fast motion scales and make final sighting adjustment with lower
Slow motion.

1. Lo not touch either of the lower motion knoos hereafter. 1ne instrument is
in alignment with the fore-and-aft axes of the aircraft and pointed at
aircraft.

J.  Loosen the azimuth fast motion and the telescope elevation fast motion.

k. Make tnitial adjustment in such manner that the cross hairs of the scope
appear tangent to the left edge of the Sun and lock both fast motions. Place
filter on telescope and adjust azimuth with azimuth slow a@otion.

l. Read and record time and indicated relative bearing.

m. Keep filter over end of telescope while on Lun to prevent burning cross
hair.

n. With the cross hair appearing on the left edge of the Sun in the field of
the scope, subtract 0.25 degree from the relative bearing reading. When on the
right side, add 0.25 degree to the indicated relative ocaring reading.

0. True heading may then be determined by computing true azimuth for the time
of the observation and applying the formula TH:TA+KB.

4.1.5 Method l1(e) electrical methad. Any airecraft compass system utilizing
the inatruments specified in 4.1 or equal may be swung electrically, without
the necessity of rotating the aircraft.

4.1.5.1 practical requirements of electrical swinging. The practical
requirements of electrical awinging are:

a. An area consisting of a smooth surface of sufficient size and strength to
support the weight of the aircraft without cracking or forming depression. It
should be sush that the aircraft can be towed in and aligned to magnetic Mhorth
with as little trouole as possivle. A straight-in approach is recommended.
1he area

Supersedes page 7 of 4 January 1yo?
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shall be magnetically surveyed and the megnetic North line marked in accordancs
with the appropriate operation and service instruction manual pertineant to the
type of calibrator set being used; i. e., BAVAIR-17-15CAA-A5, T.0. SN3-3-7-1,
et cetera.

b. 4An object such as a radio antenna, water tower, or mountain peak which is
visible with the naked eye from the selected area nnd whioh is not ocloser to
the area than 1/2 land mile.

c. A Type A/E3TT-10 magnetic compass calibrator set conforming to MIL-C-26524
or Type MC-2 calibrator set conforming to Sperry Rand Corporation Part No. 259
2080-5, or equal, or approved equivalents.

4.1.5.2 Erogedures for elactrieal qompasa awinging. The typical procedures
for electrical compass swinging using a type A/E3TI-10 magnetio compass
calibrator set conforming to MIL-C-26524 or a Type MC-2 calibrator set
conforming to Sperry Rand Corporation Part No. 259 2080-5, or equal, or
approved equivalent are as follows. These procedures may be modified to
conform to the special requirements as determined by the exact type of compass
calibrator set being used.

a. Set up the turntable over the spot where the remote compasa transmitter
will be located when the aircraft is positioned on the north line.

b. Remove the remote compass transmitter from the aircraft and mount the
transmitter on the turatable.

c. Determine the alignment of the transmitter to magnetic North and its
electrical calibration to the ambient magnetic field.

d. Mount the necessary optical ﬂigment equipment to the remote compass
transmitter and align the telescope to some suitable target 1/2 mile or zZore
away.

e. Tow the aircraft into position on the north line and measure the
displacement relative to the linc per the plumb bob method spescified ia
4.1.1.3.1.

f. Compute the optical alignment correction, insert into the optical alignment
scope, and replace the compass transmitter in the aircraft sighting on the same
target as used in 4.1.5.2(4d).

g.- With the transmitter fastened down, reconnect the leads.

h. Using the appropriate adapter cables, connect the compass calibrator set
into the compass system. The aircraft magnetic headings are set in which the
heading selector of the control console and the errors are recorded as the
difference between the indicated heading and that set in with the heading
selector.

Supersedes page 8 of 4 January 1967
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§.1.6 Method X(f) - comparison awinging. Any aircraft which has had its
remote compass system swung electrically by Method 1(e), may have its standby
compass swung against the calibrated syatea utilizing any area sufficiently
large to rotate the aircraft. Runways or taxiways may be utilized, provided
the area is free from magnetic disturbances.

8a
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be plotted or a table constructed showing the azimuth of the selected celestial
body against the time at the center of the selected flying area for the period
of time during which the air swing is to be carried out. The values of azimuth
for a number of points on the graph or the values of azimuth contained in the
table may de determined by the method of Navy Departaent Oceanographic Office
publications h. 0. No. 211, H. O, No. 214, or H. O, No. 218, the assumed
position being the latitude and longitude of the center of the selected flying
area, or by any other suitable accurate method. The flying area shall be a
circular region of radius not exceeding 10 land miles.

4.2.1.1.3.2 Method of aligning aircraft. Air swings shall be carried out in
smcoth air. Visibility shall be such that the aircraft can be located with
respect to reference to a directional gyro over the area previously selected
while aights are being taken. With the aircraft on the desired heading, the
average reading of the compass for a 20- to 30-second perjod shall be
estimated. At the same time, the astrocompass shall be read. The azimuth set
into the astrocompass shall be determinea from the graph for tablc of azimuth
against time. The true headings indicated by the astrocompass shall be
converted to magnetic headings by applying the local variation, which may be
taken from the local air map corrected for the date, or from any other suitable
source,

4.2.2 pMethod I1{(p) - terrestrial bearings.

4.2.2.7 Dprift sight. A drift sight, a type which provides a reticle
containing parallel grid lines, shall be used. 1lhe drift sight shall be
installed in such a way that the grid lines are¢ parallel to the fore-ana-aft
axis of the aircraft when the instrument is adjusted for zero drift.

4.2.2.1.1 Aligoment of drift sight. A string snall be stretched under the
drift sight parallel to the fore-and-aft axis of the aircraft. 1f the
alignment is correct, the grid lines will be parallel to the string when the
instrument is adjusted for zero drift. 1f the grid lines are not parallel to
the string, the drift sight shall be realigned.

4.2.2.1.2 pmethod of aligninz aircraft. Air swings stall be carried out in
smooth air. Visibility shall be such that the landamark is not obscured by
clouds or haze at any time during the swing. A suitable reference land.ark
shall be used such as a straight railroad, highway, <r pipeline wrose magnetic
direction is known. 1Ine aircratt 'shall be flown by an automatic pilot or by
reference to a dircctional gyro over the reference landmarx and a line of the
drift sight snall be aligned parallel to the landmark. The average of tne
compass readings for a 20- to 30-second period shall b~ estimated. The
aircraft shall be on a straight level course during this time. The aagnetic
heading shall pe determined by subtracting the bearing of the landmark relative
to the aircraft from the magnetic direction of the landmark.

4.2.3. - i . Air swings may be accomplished on
compass systems which cannot be swung electrically, by comparing readings
against those obtained from an electrically swung and compensated system or
against those votained from an inertial navigation systenm.

4.3 Prelimipery precautions. Frior to the suinging.procedure. the following

precautions vhall be observed
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