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COMPASS SWINGING, AIRCRAFT, GENERAL REQUIREMENTS FOR

1.1 Purpose. This standard provides general requirements governing the

D a2 = 2ennadd acmemanmanddon and aatdthwadd am Té mamdaldne anand Planlle &
01 COompadses .I.[l SiITIEL LV CURYOIIDAVAVII GIl VO avdiViie 4V PO VELD DpUVALLVGLLYy WU

Method I - Ground swinging
Method 11 - Air swinging

2. REFERENCED DOCUMENTS

1 The :.ssues of the following docu-nta in effect on date of invitation for bids,
ard hs v spocift

.
Py A S P -
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SPECIFICATIONS
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—e

MIL-C-7762 Compasses, Installation of
MIL-C-2652 Calibration Set, Magnetic Compass, Type MC-1

STANDARDS

AN5823 Card-Compass Correction

Navy Department Oceanographic Off

H.0. 211 Dead Reckoning Altitude and Asimuth Tagble
H.O0. 214 Tables of Computed Altitude and Azimuth
H.O0. 21€ Astronomical Mavigation Tables

3. DEFINITIONS

Y AV o A _ _

4.1 Method 1 - ground swinging. Compass swinging may be accomplished on the ground
{ the six following procedures:

LV . T ENORAT TR,
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(a) compass rose

(b) Z:ighting compass

(¢) Magnetic method,using transit

(d) Transit method

{e) =iectrical method, using type MC-1
magnetic compass calibrator set

(r) -ompa.rlson swinging

= et

The air¢raft communication and electrical systems shall be in operation during each
of these entire procedures.

I Yotk T o) ~ ~e
L.i.i Metlsd 1.8, ~ Compass ICtse ol

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 derressions under the
wheels. Nc magnetic materials shall be used in the construction of the compass rose.
The directisn of the horizcntal component of the earth's magnetic field, measured at
any point wizhin a space tetween 2 and 6 feet above the surface of the base, and ex-
tending over an area 25C Jeet in radius from the center of the base, shall not differ
by more tham 0.2 degree from the dlrection measured at any other point within this
space. The "1rectlo'~ and unifcrmity of the earth's field shall be determined by a
licensed surveyor prior to the use of the area for compass swinging, and annua.l]y
thereafter and also after any magnetic material, such as buildings, railroad tracks,

direct—current power lines, etc., are installed within 200 yards of the rose. The

date of obs=rvation and change in direction of the magnet.:.c meridian, if any, shall
be durably and legibly marked on the surface of the rose.

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

4.1.1.2.1 2adial lines for use with plumb bebs. The compass rose shall be provided
with a series of 2L radial lines, either painted on or inlaid in the aurface, extend-
ing toward magnetic directicns every 15 degrees beginning with magnetic 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 desree off, it shall be relaid or
repainted. Accuracy of direction of the radial lines shall be checked by a licensed
surveyor. In additicn 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 feat.

VvaiSe P -1

4.1.1.2.2 Zadial bar for use as wheel chock. If this method is used, the compass
rose shall te prov1ded 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 deyees apa.rt mcludmg magnetic north. Each position of the bar shall be clearly
marked in order to indicate the magnetic heading of an alrcraft whoss wheels rest
against the bar. The 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 whee.s., The magnetic direction of the bar in each position shall differ by
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90 degrees from the corresponding mrld.ng of tho rose within 1/2 degree. If any

posruon of the bar is more than uc degree uu., the locksd ‘pun.n.u.n.uu shall be relo-
cated.
4.1.1.3 Methods of aligning aircraft.

4.1.1.3.1 Comnass rose with radisl lines. 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 a:lrcrart shall be placed on the desired magnetic heading in such a way that the

oy . thae =V habhe heame addhaw A‘*M"' avan $tha anmwmard adta Tdma Aan +ha savmaaa
vipo Ul VUG PAVEN VVVD UGIHYE TAVWITE ULLATWULAJ VITE VIV G VML ABRVE AT Ve VLD vieapao o

rose or on the same side of the lins at equal perpendicular distances from it. The
differences between the perpendicular distances of the tipe of the bobs from the line
shall not exceed 1/2 inch for each 15-foot separation of the bobs. If a wind is
blowing, care shall be taken to shield the plumb bobs and their 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 desired position and the aircraft shall be aligned by
pushing tha wheals againat the bar. Cara shall ba taken that both tires are correctly
inflated, that both wheels actually touch the bar, and that neither wheel is pressed
aga.'mst the bar 80 tight]y as to dont t.he tire. Landing gear a.ugnment shall be

iy Y ) - ebhmnen Poen Ve mmmnamd PRSPPI Regs T R

. asd
CHWKW 0] us.uxg p.Lumn DOUB as QCSLI -uvu aviove 10T ALl KIWICLIV 'Lbll vuv CULITO PUIULLILK

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 conggs method.

4.1.2.1 Sighting compass. The sighting compass shall consist of a compass approved
for this application to which has been aitached a suitable sighting device. The sight-
inp compass shall be calibratad by means of a compass tesat stand or othar suitable

: appe.ratu.s in such mammer that msgnetic 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 in 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. 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 determined and corrected or a new position
located.

. er g magneti ire T shall be
;)laced 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—a.ft retorence line of the

Lsmmsma P Tew e S S A Y seead VAl o TV ad aena - emande o fad e B e e
a3ICT d.l Ve .Lll 7o Lure—ulu-d& L il9 Lb avdliauvlire, a -LH\'UI oL \u\auwa.rb:uu.p} reieorence

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 subtracting 90 degrees, dépending on the direc-
tion in which the sight is taken. 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 on the direction from which sights are taken, unless

+4h oA
=~ LRTpavvTvoy LUlpTiiaal the aareciion Iircn 1T vanTuiy UNiessS wig cam=-

pass has been mmgneuzed to .read directly the heading of the aircraft when sighting
on it from the front,

2
2
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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. 6334C,
or equivalent, to accuracies of 0.25 degree.

4.1.3.1 Practical requirements of precision ground swinging. The practical requlre—
ments 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 turn-

Lo b ndwwa cafe bhwasiah 24N Adamwana Mo swmos wmiad ha Puaa ~f 211
.I..lls wiiT &Jddviead v blllvwl AT uu&; A-A-1-1r] AU G4 OO UMDV VO 4AVY Vi Gl

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 vlleJ.e nnrougn a brans.u, lwm bue SBJ»QC"GU area anu ml.LC" La ﬂob
closer to the area than 6 "land miles'.

(c) A urveyor's transit to facilitate accurate determination of the magnet-
4 ire +

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 aircraft 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.

b
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 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

->rVe )y WiViaLiTT - SRS R[22 SE¥es; 25 -< Ll 92T X0

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 projectiona on the longi-
tudinal axis by moving the transit by trial a.nu error until the desired condition
exists whea 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.

T 44n handims is than datarminad from the %anﬂﬁna AP #ha nnn#h .ﬂd n' +ha
Pl mv‘cv;b feaUling is iaen GQevermaned Irom UL <ing ¢i Lne

pointer and the following formulae:

(a) .f 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 southeast quadrant,
the magnetic heading of ths aircraft is 180C GegTress minus uwie

pointer reading.

-~
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If tha south and of tha nainter ia in the northwaest quadrant,

(CH) minus Actual Heading of aircraft (MH). If the indicator
Arnmenan hoaddnse 4o hasmand Aw swacndan ¢dhan dha andical adwmawmadd
DW‘HD $IOBALLL | - U"\m Vi v VOL WAL WD GvVVUARL Al VitA Vv

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 transit 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:

(2)

o~
(=3
~—r

(a)

If the north end of thepointer is in the northeast quadrant, the
magnetic heading of the aircraft is the pointer reading.

aounthasat ausdrant.. the

T RTsiTwe ¥ Ywwrae wmeV § Ve

magne'ci: h ding ; the airer -i' 80 aegroe minus the pointer

oy
&
o
2
3
o
»
"$
be
»
e
~]
!'0-

magnetic heading of the :'ircr;ft-;s the poin ;; reading plus 180
degrees.

If the north end of the pointer is in the southwest gquadrant; the

If the north end of the pointer is in the northwest gquadrant, the
magnetic heading of the aircraft is 360 degrees minus the pointer

reading.

4.1.3.4 Transit mounting. The transit is then mounted rigidly on the aircraft

with the "A" index set and locked on the outside asimuth scale at the number equiva-
lent o the predetermined magnetic heading of the aircraft. The transit shall then

be levaled si

ghted on the distant chiast 2nd lanlkad hv masna aAf +na Tawvaw clams
&G A0CASQ Oy LGANS C1 UiiC LOWST

AVITSATU ) CLARIVOU Vil WV RaSvaiiv Vvgeuvu,

screw and the

lower clamp tangent screw. The aircraft may now be turned in azimmuth

and the magnetzc head:mg of the aircraft determined on each haading by sighting on

b Ad ok aend

POy .

the distant object after leveling the transit and then reading the outside azimuth
scale opposite the "A" index. This is accomnlished by leveling the lower clamp mcraw

locked through the use of the vernier plate clamp acrw, and the vernier platc 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 znd.ngmg procedure) the follmdng methods shall be used to determine if
*

B
wis

Amaena o

compass systam is synchronissd with the magnetic ueaung‘

(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.

”~~
o’
Nuee?

If the aircraft is hn{nr swune with the engines omneratinz. the

with the engines operating, the
synchronization of the s system to the magnetic hea can be
determined bry the same method as that for the enginee not opera-

_____ LYWA YA

u.ux;, pz.v;uw the sync nieedle does not oscillate more than 1/10
inch on boch sides of the sync position. If the needle oscillates

more than this amount the to]lowing 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 aynchronized. When the needle
appears to oscillate symmetrically about the sync position,

the hnnﬂ(n.g of the commass 3?5‘\;“ should bs chasarvsd and

recorded, and after an elapsed time of 5 minutes the heading
shall be recorded again. If this recorded heading differs
from the previous recorded heading by more than 1/2 degree,
at least 5 mim!.*.-ee more shall be allowed for the systam to
synchronize. This shall be repeated until the difference
between the last rocordod resdi.ng and the prcvious recorded

reauuzg does not exceed L[‘ uegreu. mu reuu.ng can be
assumed to be the magnetic heading of the compass syatem.

--------- =< —y = v——2

(c) If the compess systqn does not hav

(]
Tasa: =taeatd Lo N _.
U.I. Bt -Lw‘\" 7 nu.uuuu 8N0WLQ 080 alt

magnetic heading.

a sync needle, a time interval

wed to elapse before reading the

4.1.3.6 M In conducting this swing, the compass signal (electrical)
is of prirs i=portance when considering accurals swinging procsdure 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 1(d) - transit method. Transit method of heading determination on the
sun (independent of etic influences) may be accomplished by the following proced-
ure:

& o

(db) Twrn tangant leveling screws equal and opposite directions for
w_vw..ug.

Aoemman - & h ]
transit 1

(¢) ILins up transit on nose and rear radio antenna or tail-wheel hub.

[+ 8

~/

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

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

(g) Resight 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) Do not ?.n_!-h either of the lowe 3 er.
instrument is in alignment with the fore-and-aft axes of the aircraft
and pointed at aircraft.

—
€
~

Loosen the azimuth fast motion and the telescope elevati

(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
t

a + 1
motions. Place filter on telescope and adjust azimuth with azimuth

slow motion.

(m) Keep filter over end of telescope while on sun tc prevent burning
¢ross 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 bearing

reading.

Vs AY -~ .

(o} True neadmg may then ietermined by computing true azimuth for the
time of the n"r“"vauorz and applying the formula TH=TA+RB.

1.5 Method I(e) - electrical method, using type MC-1 magnetic compass calibrator

L. Any aircraft compass system utilizing a remote compass iransmiiter type C-2,
C-3, DT-173/AJN DT -198/AJ‘N or the electrical equivalent, can be swung el lectrically,

using the type MC-1 mgnetic compass calibrator set conforming to HIL-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 consistin ng of a smooth surface of sufficient s

2 ad GRS AT Al il suriace ¢l s

to support the welght 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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(c)

A L i o ¢ M (00

U

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

‘parked on the north line, the area in a10-foot radius circle

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

An ohiact such as a radio antenna, water tower, or mountasin peak

suc tady
which 15 visible with the naked &ye from the selected ares asd
which is not closer to the area than 1/2 "land mile.”

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

4:1.5.2 Procedure for electrical compass s% ing. The procedures for electrical
compass swinging using the magnetic compass calibrator set, type MC-1, or equivalent,

are as follows:

(a)

o~
cr
~

~
Q
~r

(a)

(e)

Set up the turntable over th
tranamitter will be lo
on the "north" line.

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

Mount the necessary optical aligxmnt oquipnant to the

compass transmitter and align the telescops to sui
target 1/2 mile or more away.

A

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).

visay Ay —

With the transmitter fastened down, reconnect the leads.

Using the éppropri&te adapter cables, connect the compass
calibrator set into the compass system. The aircraft magnetic

handinoe ara cat in which tha hasdine aalactar of the contrnl

uwu\.u.uga A U OOUW 4ik WilAdVii WV uv-u—-.‘ PVAVWY VA Va ViAW WVEAVA Wi
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 remote

compass system swung electrically by Method I(e), may have its standby compass swung
against the calibrated system utilising any area sufficiently large t,o x-ota.t.e the

&aTCTraiv, R‘l.u-qa or taxiways may O uLililissd, provided inse &arsea is

awm basvdirowa moaw ha bdldaad . nrmridad tha 4 a from mag-

free fro D&ag~=

netic disturbances.
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4.2 Method 1I - 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 Msthod IT(a) - celestial begrings. Air swinging by celestial bearings may be

accomplished by use of an astrocompass.

4.2.1.1 Astroc s mpthod. The mark II astrocompass shall be readable and accu-
rate to within 1-52 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 parallel to
the fore-and-aft axis within 1/4 degree, or less.

4.2.1.1,1 Alignment of astrocompass mount in aircraft. 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 angle (iHA) vs. Greenwich civil time (GCT). '

4.2.1.1.2.1 Graph of 1HA vs. GCT. The following procedure shall be carried out in
advance before an air swing is made. A celestial body shall be chosen whose altitude
vwill be less than L5 degrees during the time and at the place of the swing. With the
ald of the air almanac or by other suitable methods, a graph shall be plotted of local
‘hour angies against Greenwich civil time for the latitude and longitude of the point
at which the center of the selected flying area and for the pariod of time during
wnich the air swing is to be carrisd 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 respect to the
ground at all times. The aircraft shall be flown by autcmatic pilot or by reference

¢ 2 directionel gyro over the area previously selected while tne sights are

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-
coxpass ahall be read. The local hour angles set into the astrocompass shall be deter-
mined 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
may 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. time.

4.2.1.1.3.1 CGCraph of azimuth vs. time. The following procedure shall be carried out
in advance before an air swing is made. A celestial body shall be chosen whose alti-
tude will be 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 selectecd celestial body
against time at the center of the selected flying area for the period of time during
which the 2ir swing is to be carried out. The values of azimith for a mumber of

p;gx‘t:svon 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,

174 o2 ¥) N N 210 *ha a---c-.‘. naadddan \\-4-"- bh- 1a§lb-.’l- anAd VAanmoeddod_
n-u. "v. L idy I .V, iCe ‘.J.U, ViIIT QD O WG yvpa.v.svu VSANE v VEVUUT aliu LVligLvuuc

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. Visibility shall be such that the aircraft can be located with respect to
reference o 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 period shall be estimated. At the same time, the astro-
compass shalii be read. The azimuth set into the astrocompass shall be det,ermined from

~f alrmibth amademad ¢dma M™Mha &wn handdmme dondd o and o PRSP
b‘lc 5‘ “Fl lU‘ LBU.LU Si Gbull-l‘. i agadiliov VM. 4440 \t‘ “v uvﬂuulsc MIULDCUUU UJ wiio HDDJU_

compass sha_l be converted to magnetic headings by applying the local variation, which
may be takern from the local air map corrected for the date, or from any other suitable
source.

4.2.2 Method II(b) - terrestrial bearings.

4.2,2.1 Trift sight, A drift sight; a typa which provides s reticle containing

LR R4 Segrivy) = Sgpv Fee=bae e cvatlal C

parallel grid lines, shall be used. The drift sight shall be installed in such a way
that the gr*d lines are parallel to the fore-and-aft axis of the aircraft when the

= aAddintad Parm Bama Awnd £
.ulablu.n.\cuz. ;: audusuw AVUL LTIV Widave

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 aircraft. If the alignmeni is correct, the 4
grid lines will be parallel to the string when the instrument is adjusted for zero

drift. If the 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 out in smooth
air, Visibilit.y shall be such that the landmark is not obscured by clouds or haze

..... 3 P A anvdtahla nafonanaa 1nnl.vnn.l‘l -ka11 ha vieand ~Ah
at B.H.y bLmB uu.& u15 uuc awa.ue. N DULVOAVAD 4 ULV VUIVT Al Siaas OS USSQ sula as

a straight railroad, highway, or pipeline whose magnetic direction is known. The
aircraft shall 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 para.LleL
to the landmark. The average of the compass readings for a 20- to 30-second period
shall be estimated. 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
landmaric relative to the aircraft from the magnetic direction of the landmark.

- _—aTr=c

L.2.3 Method II(c) - comparison bearings. Air swings may be accomplished on compass

merabama sAiah Annen ¢ ha swnineg: alas v hw hnmv\nr'{na readines acsainst those ob—
Sysiems whndld CannCi oe SWUNg' <S.sl asay, vy COREATLNE TCIULNES agaslis

tained frcx an electrically swung and compensated system.

Y oo : oA S
L.D rrelizoriary recdaucl

o
catuions sha.ll be observed.
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4.3.1 Position magpetic eguip.ent I .irgraft. All magnetic equipment in the air-
craft shall be secured in the positica < :cupied in normal flight. All controls and
levers shall be la ed in their normal pcsitien,

L.3.2 Magnetic material car ied bv personn 1] ohssrvers who eith read are

L XD RE agiiv vy L S, or
near the compasses during swinging shall possess no magnetic materials on their
persons. These may include tools, pocket knives, mechanical penc:lls, metal wrist
watch bracelets, eyeglasses with magnetic frames, officer’s caps, badges, shop
Rt dana and head setc

VAV VViiL ) e iGN

al
nne.l. L1 ODservers wno eliner r
SS

4.

w

.3 Nonmagnetic screwdriver. A nonmegnetic screwdriver shall be used for adjust-

all magnetic cempensators.
A

Y

Other magnetic and nonmagnetic parts or equipment. Any jack, lift, hoist, or
which is used to lift the tail of the aircrai‘t. to a level flight position shall

Voo & e et A mad amd o mtmas o semm ok f sema srmasd dlha mcmemncen

de eﬁnlre.l.y 0l nonmagneiic material. If any magnetic partis are used, the appara-
shall be tested for its effect on the compass by being moved about the compass in

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.

W

g b

~
=
»
H

m«vofa.b

4.3.5 Removal of magnetic objects. Any magnetic obJjects, such as trucks, automo-
biles, railrcad 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 operating properly. Reference shall be made to the Compass System 8
Operation and Service Instruction Handbook or Technical Manual (T.0.) for detailed

dwnadwiindd haA an na
instructions on how to check for preper operation.

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

4.4.1 Difference of deviation between air swing and ground swing. If in the tests
conducted in compliance with ed in compliance with MIL-C-7762 on any one of the first few aircraft of any

AL ~ D ﬁ P

model, differences in deviation on any heading in excess of 2 degrees are found be-
tween the air swing and the ground swing performed with tail up and the engine run-

VU WL weld$ Al VaiT geVYiEis OF =92 Lil Lall

aing, a report of the differonces shall be made to the procuring activity for the
necessary action to be taken.

LeolbegL

the first few aircraft 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 necessary action to be taken.

L.L.2 Difference of deviation due to attitudes. If the ground swing of any one of

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

n e 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
- & & Prmarnne ahall ha mada ¢~ +h mnanssmines and

compass, a {Cpui'v LI u}"e lu.f;!uwu.w 8d4aia 06 AAalUS Lo uie PV UL sy wuviv.l.v.y AV tuv
necessary action to be taken.

CISLIT AP v,
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S Swinging of compasses h ving magnetic compenaators Detat ],

I} o "a
$eJ ANEADE Ok COMPASSSS Ay dilm MGpgiCbiy L UmMpvilDwvyese L8%81.8C
concerning the following items shall te determined from the auplicable manual con-

cerning the specific compass being swung:

2
e
Y
>
d
4

(a) The type compass tranamitter, flux valve or detector,
magnetic azimuth used

~
(=2
N

The locatio

4830 aVlavavda 4 B Lt ;¢ SR iswvVi T Ve

—
[¢]
~—

(d) Slaving rate of the system

(e) Swinging procedure details

(1) Ground awinging
(2) Air ewinging

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

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

L.5.1.1.1 The one cycle erro

L. cJjese el

IH
0
™
D
3.

r which 1s caused by the magnetized components of the
aircraft structure shall bs removed or a3t to null effect by the proper adjustment
10 the magnst cospensator which is mounted on the top of the detector.

.5.1,1.2 Theaircraft 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 detsrmined.

4,5.1,1,3 The aircraft shall te placed on a west magnetic heading and the compass
reading noted. The deviation on the west ‘heading shall be determined.

4.3.1.1.4 The aircraft shall he placed on a north magnetic heading and the compass
roading noted. The deviation on the ncrth hsading shall be determined and the ¢

efficient "C" computed. With the aircraft still on the north heading, the north-
south compenuw shall te adjustied as to cause the compass reading to change by an
amount. mmu in magnetic and in Alnabra_io nim to the coafficient "C", TIf the one

oLl ViV SYSNaaavaTes Vel Vel

cycle erx‘or comtpensator were remcvod in accordanco with 4.5.1.1.1, the N-S compensa-
or shall be adjusted cn the North heading after the procedure of l. 5.1.1.5 has been

AnmemY ad ad TP ha Armrarandtaw 3. A€ $ha ..-4. > o wn o PP ¥ TPy Sty 2h=21Y o oA
LCodpiouou, i4d  LRIG t.umpcuauuu; 480 Vi viio ar'sax wpe, QUJ“WID oaall Vo el

by turning the N-S5 compensator screw.

1.5 The aircraft shall be placed on an east magnetic heading and the compass

o n A Mha Aaviation cr tha ass* hasdins ehal]l ha Adatarminad and the co—
d. 7The deviation on the eas” heading shall be determined and the co

»

efficient "B" camputed. With the sircruft st1ll on the east heading, the sast-west
compensator shall be so adjusted as to cause the compass reading to change oy 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 removed ‘n =ccordance with 4.5.1.1.1, the com-
pensator shall be attached at this time anc -re _ast-West combensator shal]. be
adjusted by the appropriate means. The airpian:z shall then be placed back on the
North magnetic heading and the Nort.h-South comp- nsator adjusted by the appromriate

bosmmdoans Sha L anmemanaad

means. rmyzeu.c compensawrs shall te wﬁlbvﬁ Oy UUWIMANE wis &=w COmpensavir SCIew.

4.5.1.1.6 While the aircraft is still on the east heading, the coefficient "A"
shall be computed. Panel-mounted compasses shall be compgnsated for coefficient ©A¥

if its _-—-.'lt..a- excosds 1 deeree. Horizontal-mounted commass transmitters shall be

compensated for coefficient "A" if its magnitude exceeds 1/2 degree. For panel-
mounted compasses, compensation shall Ye accomplished by realigning the instrument
penel or by turning the face of the compass relative to the plane of the instrument

nansl u}' means of washers or spacars. For magnetic compsss anh-wdff”q compenaa-

tion of coefficient "A" shall be accomplished by loosening t.he mounting acrews a.nd
rotating the transmitters by the requ:.red amount . Adjustmt shall be such as to
change the compass reading by an amount equal in magnituds aad in algebraic sign to

anafPisiant NAN
Vehdddviiiiv L )

[y

.1.1.7 If the compass system has a tra.nsmission error compemator, the appro-
priate Handbook of Operation and Service Instructions or Technical Manual (1.0)
1 consulted on the method of making the compensation.

24510 BN o= Q1 LA1e AAaetllbi Lile LOMDC

esidual deviations on the number of headings specifisd in the Cperation and

Service Instructior Handbook or Technical Manual (T.0.). and the compass reddings

recorded on a compass correction card. The correction cu'd shall be mounted on the
instrument panel near the compass or remote compass indicstor.

.5.1.1.8 ﬂgi_ng for calibration. Atter compenaat:l.on, ﬂu aircraft shall be swung
r re

4.5.1.2 Sighting compass method. Aircraft with compasses having magnetic compensa-

BeQede L

L £ 1 21 Tha nras
Beledeiea 1€ PIOCSCUIrS GO

sators by the compass rose method shall apply, except tha 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" coefficients.
{b) One degree for compass systems nav'lng séﬁ‘ﬁ type of deviation
compensator in addition to the "A", , and "C",
4.5.1.2.2 Sﬂm for calibration. After compensation, the aircraft shall be
swung for residual deviations on the number of headings spscified in the Operation

and Service Instruction Handbook, or Technical Manual (T 0.), approximately L5 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 fhnf fh. d-v*.finn on fh. mn{ h..d‘(n. 1. tha anma

LULAPR VLl Caaduy av wvivalip Vmas  ar<asans

as that on the actual approximate heading. “For . mnple, “if the compass read:lng is
031 degrees on a magnetic heading of 029 degrees, the figure 032 should be entered on

Ay o _

the card Oppos1 te a )u-aegree neatu.ng

13
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4.5.2 Air swings. The aircraft shall be swung in the air as follows.

4.5.2.1 Setting to null effect. The compensator chall be set to null effect, as
specified for swinging by the compass rose method (see 4.5.1.1.1).

4.5.2.1.2 The aircraf: shall be flown successively on compass headings of approxi-
mately 090, 180, 270, and 000 degrees (within 5 degrees) and the corresponding
magnetic headings shall be determined by any of the methods specified herein for
air swings.

L.5.2.1.2 The aircraft shall be landed and coefficisnts "A", "B", and "C" shall be
computed.

S P R

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 alignment of the aircraft, which shall be
within 5 degrees, may be accomplished either by means of a compass rose or sighting
compass, or by refererce tc the aircraft's compass itself, after making due allowance
for the magnetic deviation. I¢ is assumed that the deviation on the ground is sub-
stantialiy the same as that in the air. For example, if the deviation on the north
is +3 degrees, the ccmpass reading on a north magnetic heading is 003 degrees. There-

fore, ire aircraft will te placed on a compass heading of approximstely 003 degrees.

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

4.5.2.2.5 If necessary, as determined by the conditions stated under compass rose
methed {see 4.5.1.1.6), ccefficient "A" shall be compensatad.

L.5.2.1.6 Swinging for zalibration. The aircraft shall be swung for residual
deviatlicns in the air on the number cf headings specified in the Cperation and
Service Instruction Handocox or Technical Manusl (T.0.), approximately LS degrees
apart. The corresponding magnetic headings enall te dstermined by any of the methods
apeciliied for air swings. Che compass readinge and daviations shall be entered on

* 7 - . - o on”
the compass correction cerd.

5. DETAIL REQUIREMENTS
{Nc~ applicabla}
6. TIAMZIZS UF CALCULATING 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¢._to null effect:

Magrietic heading Compass resz: 3 sviation
180 N e
270 276 +6
090 090 0

Coefficient "C": C =4} [+6§ - (-Lﬁ)] = 3 (+11) = +5% degrees.

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

Coefficient "B": B = ﬁ[o - (+6)j= % (=6) = -3 degrees.

With the aircraft on east magnetic heading {compass indication 090 degrees}), so

addust E-W comnensator that the commagse will read m‘l dA"m
G Jgus JH O] QoXpase -4

Coefficient "A": A = L+6§ +0 +(-4% +(+6))_]-£ (+8) = +2 degrees.

Z 1 o~ o~ LA ot o _ Al Ta 22 MV e cmmcsmnnd amadem dhed b Acvmem o A Tha
O.ded O 17 comj S_meLinod. iV Wilil UG SUICU agadlll viiav LS cuuapasSs vy vt
swung is of ﬁe horizontal-mounted type.
6.1.2.1 Deviations with compensator set to nuil effect:
Magnetic heading Compass reading Deviation

178 182 +,

PR ~nlrl al

<71 207% -5

357 355 )

086 : 089 +3

Coefficient "C": C = i[-2 -(+A)J= 3 (-6) = -3 degrees.

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

Coefficient "B": B = §[+3 -(-3ﬁ):l= % (+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.

Coefficient "A": A = [ -2 +(+3) + (+4)_J+(-33) = } (+13) = 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 diaregarding aign), the
compass base should be rotated relative Vo Whs longitudinal axis of the aircraflt by

an amount and direction corresponding to the magnitude and algebraic sign of coeffi-
cient "A",

[
\h
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7. PROCEDUEE FOR FILLING QUT STANDARD ANS823 ooMPaSS

CORRECTION CARD

7.1 Explanation of procedurs. The follouing section 1}lustrates the

procedure ollo out the compass corregtion

2

<orming to AN5823, when an eircraft

dsseribsd in their proper sequence.

7.2 Pr_geodnro.

compass 1s swung and
In the example herein it is assumed that the swimstins o
determine the magnetic headings of the aircraft.

card. con-
compénsated.,

e ' ¥ 7 W ey

A-I-'ﬂio
mmt-obetmn_-e

_ 7.2.1 Recording of data. Suppose ths indicatiom of the swinging
compass

is 087 degrsas a_ng_ g.-.a.at of s aircraft compass 090 degrees. Bnter the

former in its proper space in the first column of the card labeled ®Actual

subtract 180 degrees
Coef C =N-S5 = ( )-( )

2 2
Coef B=BM=( )-{ ) =
P4 2

i

Coef A

NAE+SH =( 1 () ) =
iy &

fwine o ame s e e me

Head (M)" and the latter beside it in %he second column labeled %itinoraft
Comp.” as shown below, ’
A = |
] Compensating Residual Cmpas
Ii Sulag Suing f ¢ *
| i S g
Actual [Adrcraft Actual [Atrerat, lfo FiylSteer[To Pyl Seeer
[_ Head (M)| Comp. |Dav'n. Head (M) 80
¥ 000 195 ]
‘N'n ~h S m
E 090 | 087 | om0 225
Ao
SE 136 ogg ||
s 135 255
S 180 270
SW 225 2%
300
¥ 270 ] 318
L ‘l" 'Jl v l 330
Ny 315 i g ! ==
!
_-——j:;_—-_-—-—.-———h—-——»-h———.—-‘ ———————
— L e el Gy~ g |
1f swinging compass used ahead of alreraft add or

14
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Repeat this procedure cn the other three cardinal headings, South, West, and

Jorth in that order. When the first two colurns are completed; the cs_rd will then
appear thus:
. | I - ompass
Compensating swing Residual swing e
Actual Aircraft Actual Aircraft 1 To flylSteer]To fly]Steer
head (M) | comp. | Devn.| head (M)| comp. N | 180
N 000 005 | oA 15 195
NE 045 " 30 210
£ 090 087 090 1|% L5 225
SE BS £ YN aY
S 180 176 1803 75 255
SW 225 90 270
W 270 265 2713 | 105 K j, 77777 B
(1) (2) (2)-(1)f (3 (4) 135 315
.f swinging compass used ahead of aircraft, add or 150 330
subtract 180 degrees
165 P
e ) oS . ( )—( ) _ > _ 342
oef € =—==—%—~
v o £ N £\
Coef B = ——= - =
Coet A = MESSHL _ (W W( +(
4 N
il
7.2.2 Comgt_xtations. Subtract compass roadlng of the aircraft (as read from the ]

aircraft compass) from the magnetic heading of the aircraft. This diffsrence and its
eign are entered in the coluwrm titled "Aircraft Dev'n®. At the bottom of this column,
for reference purposes, is indicated the subtraction to be performed to obtain the

entriee, i.e., (colum (1) minus column (2)). The step just described is illnatrated

J-ﬂ ulu HU\KD VaU-Lﬂo
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\
]
i e
Compensating Rasidual | Comnass |
Suing Swing Haw . -
‘ . H v-un'; oy
Actual [Alreraft | Actual M'BQ#ME&E!
Head (N){ Comp. (Dev'm. EEea.d (%)] Comp. l’ - 180 =
§ 000 05 | om | M 1 195
HE OlS a2 220
ks 225
E 090 087 050 | +3 e 20 .
1= . 10 2551 .
1 I !
3 180 175 1805 | 5 | ‘Hn;’:ﬁ__ -,__ﬁ%';..';—" 4
g ? 1 2 -
!ﬁ 225 11 120 30
w 2720 | 265 | 213 | 8 M5 7] As!
e | 150 330
Y 2 ’ 165 3&5‘
B R B D
[~ 1 01 @ - A 3) ) (T T T T T TS
[1¢ suinging compass used ahead of airoraft , add or | 3
subtract 180 degrees b .
Coef C = u-s ()-() = l
z I
c = B-W = « ) = i
osf B _E_:__ )ZS !1
jCeal A = MBS = Wy I () = |
L i Z o fl i ‘l
Using these differonces, calculats coefficients A, B, and C as shown

in the next table. Note that ali edditions and subtraction are algebraie:
that i3, H(+) =4, (=) =+, =(+) = », =) = .
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Compensating Residual | Compas
Swing Swing |1 ’
- | pwngt ——— Bye———of
1
Aotual [AMdroraft Actual |Aircrafy To {llkw To Fly] Steer,
Head (M)| Comp. | Dev'n.|Head (M) | 3‘“*”‘:"’—":
¥ 000 005 ool | -b {125 95 |
. 11—29 204
N2 O s [ e
'z 0%0 087 090 +3 1] & . 240
S8 135 h_1s | 25
3 180 176 160% +h% ] [ P 1 210
S A L — 1} 105 285
Se2%5 i 120 0| T
w210 |- 265 273 | 48 frass | 1351 |
R 15
v 315 ) .
{
—— . wmm o e o o b —— --4---~-‘—_--"~~ ----’—'-..J
Q) 1. (2 )= (3) (€Y

If swinging compass used ahead of aircraft, add or
gubtract 180 degrees

— e . - m— - -

2 2 2
Coef A = N+E+SH = (-hM*B)"‘(ﬂQMW) - *“E
4 "

7.2.3 Cosmpensation. Compensate the compass as ocutlined in section 4,
using the above coefiiclents. The compass must now bs swung for rssidual
errors. The residual errors result from otner causes than those which give
rise to coefficients A, B, and C. No provision is made to eliminate those
causss of the residual errors. The card will appear as the next table after
data from the residual swing is entered thereon.
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. .
Compensating Besidual Compass ||
S«xing Swing 'L ° "
| S g P‘m‘“ g By: —
..{?-. por ‘1{?&“ ~ e L..éq, reEN mcnft lL_ls bmbmr "
fead (My CTomp. [Dovin.iHaad (K)| Cemp. ,T"T p” l
b
= et | T f“-'- ...__.—1|
¥ m w5 ml ="i wi WAL 15 3
2 ol5 ) [ ao [ |
¥ P 0!13__’ S8 | 225 }
B 0% 087 090 +3 0% ook | 60 2ko 1
& 13¢ 13 134 ! 7 e | q,
I P e 3 4 &7 |
& 180 176 1902 | +hd | 188 18 %0 270 5
2 | }, A R Y-y !
‘5w 225 | 222 225 <=2 :
j{ 120 300 L
¥ 2w 265 23 | 8 | 218 276 || 135 13 | 35 j
N 35 IETRE B
t g s
‘ =2 ;
, ] .
r—-———-—-—‘—-—--~—?————-——--—-.-——<--—-—-J..,_.__...-____'
, @ () (@) ) & |
. If swinging compass used ahead of ;irci'tfi,- l.c'ﬁ—or—l ‘
muibtract 180 degrees
- & A _ woa /-\1.11.\_, 1,1 ] g
Coef C = N-S = (=4 j=\+Uz) = ~t4= }
—_-— 3 | d
Z b3 ] {
Coef B = E-4 = {+3)=(+B) = -2= | !
k3 2 - d
1 9 , l
Coel A = N+Uriniy = 1~h\*(*3)*(*L-H+8) 22 | !
< ; H
; 4 4 ! ;
- S e . 1
The "vou_n:uzg blank column ..aboled "Steer,” is filled in with data
obtained from tbe residnal swing. The entries for the ®*Steer® colum, for

any particular hwading, ia obtained by subtracting column 3 from column i
and adding tho resuit algohruca.l.y to the oorroaponding heading in the column
laveled "To Fly."™ The following examples illustrate ths -othod to be used.

I tha n‘lrnpn"# fivsnaae uae sahsawvad 4o waad A,Q Aa eene oo & man aen amdee =
WAL LCiWmL vV Limaloe SRS VVEODL YOU W ioeaud DS ves -u“ Uu &l &L vraa

magnetic heading of OUO degrees during the raaidunl sving, as indicated by

columns L and 3, then the correction to be applied to the kS-dagroe heading

in the i “To Fly® ocolumn will be given by subtracting Oi0 degrees
rr

iD ube <ompass card ©
from Q43 dagrees to arrive at s cirrection of +003 degrees. adding this

correction Alé;gr;ic:lly to the . S~isgree hsading under the "To I"ly" colum
will result in a heading of OLB Adegrses to be sntered opposiis in the "Steer”

AT semn
UL W Ve
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If the aircraft compass was cbserved to read 154 aegrees while on an actual
etic heading of 136 degrees during the residus’ swing as indicated by colums 4

maonea
p =44

and 3, then the correction to be applied to the lab-degree heading in the "To fiy"
column will be g:Lven by again aubtracting column 3 from colum 4 to arrive at a

2 AL em a2 mnsmmandian aloahnaianlle ¢4 tha 128_Adaoras

correction of \-4} Qegrees. AUQLIK this correction aigluidilardy vl wWiS L j~ulpice

heading in the "To fly" columm will resuit in a heading of 133 degrees to be entered

Compensating swing Residual swing (o=~~~ ~—~~—% Compass
b SWUNZ:e — — — — BYim — — —
hetugl jAircraft | Actusl Aircraft {{To fiyifieer|Tc fiyiSteer
read (M) | cemp. Dev'n. | heed (M) comp. N 13584 | 180 1179
%000 | 005 oon -l 0023 001 bois 1asi lies |ags
NE 045 40 043 30 32 210 {2121
jaliig 'otg ne O +2 g i ! 1.5 8 IR 2OR
PO S T , (S > N7 T~ 'J' - L << L~ o
, ; d
SE 135 ! 136 134 thoge 1 os2 1ozue |2z
S 180 176 1804 % 185 184 75 § 758 | 235|257
W 225 222 225 90 89 270 1271
w 270 265 273 +8 275 276 105 {2034 | 285 (2854
ﬁ NW 315 317 316 120 118 | 300 {2993
g (1) (2) (2)-(1)| 3) (%) 135 133 | 315 |34
If swinging compass used ahead of aircraft, add or 150 |18 330 3283
subtract 1BO degrees
165 11633 | 355 13,433
N-s  (=4)-(+43)
Coef ( = — = ————— =
2 2
E-W  (+3)-(48)
Coef B=—=———=_21
2 2 2
MHE4SHW (=4 )+ {43 )+ {4z )+{#8)
Coef A — = - = +2-7/8

The columns labeled "To fly" and "Steer" indicate the course the pilct shoulid
“Steer" in order "To fly" a desired magnetic heading, or vice versa. For example: If
the pq.ot wished "to fly" a magnetic head:mg of OL5 degrees, he should "Steer" a heading
of Q48 degrees, or by the same token, if he is steering a heading of 133 degreec, then

he is makine a2 g0od magnatic headinag of 138 daegrees.
ne 1s aang 80 magne ing <22 Cegr

B 2
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Copies of specifications, standards, drawings, and publications required by
suppliers in connection with specific procurmt functions should be obtained from

tha ;mnantimdes anddedd aa Adewand A S R

the procuring aclivity or as directied Uy the ¢ ontracting officer.
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Air Force - (11)
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MILITARY STANDARD
COMPASS SWINGING, AIRCRAFT, GENERAL REQUIREMENTS FOR

TO ALL HOLDERS OF MIL~STD-T65A.
1. THE FOLLOWING PAGES OF MIL-STD-765A HAVE BEEN

REVISED AND SUPERSEDE THE
PAGES LISTED:

NEW PAGE DATE SUPERSEDED PAGE LATE
11 11 4 January 1967
iv iv 4 January 1967
1 1 4 January 1967
2 2 4 January 1967
3 3 4 January 1967
4 i 4 January 1967
7 7 4 January 1967
b B 4 January 1967
10 10 4 January 1967

2. THE FOLLOWING Ntw PAGES ARE TO BE INSERTED AS L1STED:

NEW PAGE

R

o &
[V

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

4. Holders of MIL-STD-765A will verify that page changes and ‘addition
indicated above have been enlered retained as a check
sheet. This issuance, together ith appended pages, is a separate publication.
"Each notice is to be retained by stocking points until the Military Standard is
completely revised or cancelled.

Q-

— T
ed The notice page will be re

Custodians: Preparing activity:
Army - AV Air Force - 11
Navy - AS
Air Force - M (Project 6605-0260)

Reviewer activities
Army -
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DEPARTMENT OF DEFENSE

Washington, DC 20301
Compass Swinging, Aircraft, General Requirement For
MIL-STD-T65A

1. This

- alsaw o

J.

Standard

Qaliaas

4 v
11 y St is
Agencies of the Department of Defense.

[
hel
SV

. bBeneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to the Aeronautical Systems bivision, Attn: ASD/ENESS,
wright-Patterson Air Force base, Ohio 45433, by using the self-addressed
Standardization Document lmprovement Proposal (DD Form 1426) appearing at

end of this document or by letter.

2
er

na

Supersedes page 11 of 4 January a7,

the
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1. SCOPE

1.1 Purpose. This standard 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 compass.

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

Method I - Ground swinging

2. REFERENCED DOCUMENTS

2.1 Issues of documents. 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, KRemote 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
AN5823 Card-Compass Corrcection
PUBLICATIONS
NAVAIR 17-15CAA-85 Calibrator Set, Magnetic Compass, Type MC-2
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NAVY DEPARTMENT OCEANOGRAPHIC OFFICE

H.0. 2 Dead Reckoning Altitude and Azimuth Table
H.0. 214 Tables of Computed Altifude and Azimuth
H.0. 218 Astronomical Navigational Tables

{Copies of specifications, standards, drawings and publications req'i.ed by

contractors in connection with specific procurement functions should b
obtained from the procuring activity or as directed by the contracting
officer.)

4. GENERAL REQUIKEMENTS

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

la
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- I(a) Compass rose
* I(b) Sighting campass
I(c) Magnetic method, using transit

I(d) Transit method

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

1. Type 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-1 Remote Compass Transmitter conforming to MIL-T-19576.

4. Type DT309/AJN, DT310/AJN Magnetic Azimuth Detector, CN10T72/AJN
Magnetic Azimuth Compensator conforming to MIL-D-26503.

5. Type DSU-4/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 4017288 or
equal.

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

6. Type MC-2 Calibrator Set conforming to Sperry Rand Corporation
Part Number 259 2080-5 or equal.

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

1(f) Comparison swinging

The aircraft communication and electrical systems shall be in operation during
each of these entire procedures.-

4.1.1 Method Ifa) - 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 cracking or forming
depressions under the wheels. No magnetic materials shall be used in the
construction of the campass 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
extending 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 material, 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 calibrator equipment is
permitted, a trained/qualified specialist wmay 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

AP aaah anmial aiserasr ahall ha Fao wnsmdad ba Sha AMn‘-.nh L‘-h- nAammand as

wa GV GIMIMEaL oW 'U, 5:&&5 e IUI 'ﬂl'\lw W I U% 1) u‘g VARG o
designated.

84,1.1.2 Means for aligning aircraft. The conpaas rose shall be provided with
the following means for aligmment of aircraft: '

bo1.r.2.0 mnuwumm. The compass rose shall be
: provided with a series of 24 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 d1rection of each of the lines shall agree
with the corresponding markings of the line within 1/2 degree. 1I1f any line is
more than 1/2 degree off, it shall be relaid or repainted. Accuracy of

_—ta11 mbrcaload her o Vdaawaad csmmesnesmm Am sehhan

directlion oF the radial lines shall be checked by & 1isSenssd surveyor oF when
use of certified cggr_gg calibrator equipment 1s 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

*tha Atham ahall hawsa & ;maddin ~AF HE Faans
YT vwac Sialrls 1 VG a 1 auiuoc Vi U)J 1T Ve

4.1.1.2.2 Radial bar 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 center of the rose and can be locked in
each of 2U mvl tions 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 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 nosition shall differ by
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90 *1/2 degrees from the corresponding marking of the rose. If any position of
the bar ;a more than 1/2 degree off, the loocked position shall be relocated.

8.1.1.3 Methods of aligning airoraft.

4.1.1.3.1 Compass rose with radial lines. 7Two 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 in such
a way that the tips of the plumb bobs hang either directly over the appropriate
1line 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.

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 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.
Landing gear alignment shall be checked 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 coampass
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
stand 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 jn 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. 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, 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.

4.7.2.3 pethod 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 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
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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 froa either side of the aircraft, depending on which
provides the most aoccurate sight. Readings obtained from lateral sights shall
be corrected by adding or subtracting 90 degrees, depending on the direction in
which the sight is taken. Readings obtained by an observer standing in front
of the aircraft shall be corrected by adding or subtracting 180 degrees, unlesas
the compass has been remagnetized to read directly the heading of the aircraft
when sighting on it froam the front.


http://www.abbottaerospace.com/technical-library

St e s e = bR Y

n.1.3 mﬂm:nm&mmumm- An aircraft heading can

mas Dicos aena s e M

as nusuuu uu:queu vampany

4,1.3.1 Practioal requirements of precision ground swinging. The practical
requireaents 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 aupport the weight of the aircraft without cracking or forming

Aammaocmad ama scondace e eobad o acad & LA Ao — e . LY,

depressions under the wheels, and v permit Bur!u.ns the aircraft through 300
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 degree. The direction and uniformity of the Earth's
finld shall be determined hv a licensed survevor orior to ha 11ea AF $tha anan

+*
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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, 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 spec1fied as the
operator.

b. An object such as a radioc 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 transi
heading of the aircraft.

4.1.3.2 TIransit location. The 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 quality as that of the immediate vicinity of the aircraft, or
the difference between the two shall be fixed and known.

JTRE | 1 Dearnem bbhan Casma ~wm

& b A-'..A.‘—. e b smcrtemcsmsrmrza = e 11 Py gy B - am -~
Ve Vo _‘Jc‘o T T IO bllt: LUIC CUU Ul LIIC aldrcrialiliv Ul C SUI'veyoOl™ 3lldll SIKIIV LWO VLI
more visible Dro1ection3 of the aircraft which have been det ermlneq from the

These projections, i. e., antennae, rivet line, tail skid, nose uheel. etc.,

shall be located, one near the fore and the other near the aft end of the
aircraft. (The vertical stabilizer coross hair of the transit shall be made to

ot liaa N\ aaiT Civalaa oSvavaiaass Voo Gaad VUL Ve QDA LV JikKaad UT wauTs Vv

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.
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This needle can be read to 1/10 of 1 degree. I1n 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 formulae.

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

~ T A il acd o Ao —adeabowm da 4o tha ancbhaoacat Avadmand -

V. 41 LI JUULIl I UL vl PULLILET 4J 4l WIS OUVULUTGOV YUaul alivy vuve
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.

frnmanm habbam nlatba awm YTacinw Foob mabda and andmiuirbh anala Ffaant mabdac e
G LWVSTII VUV pirauvt VI AuwTo 4dol WULAUIL,y GV aLiuuvil dvaldT 140V mVvLavll 3
the transit and set 160 degrees opposite lubber line of the inside scale.

i. 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 teleszope elevation fast motion.

a LELCLOLLUDCE = v = 2 2

. 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. Place
filter on telescope and adjust azimuth with azimuth slow motion.

1. Read and record time and indicated relative bearing.

=
.
>
]
o
o
=0
[
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o

er over end of telescope while on Lun to prevent burning cross

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

-l bk s _

right side, add 0.25 degree to the indicated relative ocaring reading.

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

ll 1 C Matihad T o)l oVaabeedas) o ab 3
1.0 netnod li{es elecirical method.

tcagg;ga; :gguitgmgn;a of electrical swinging. The practical

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 such that the aircraft can be towed in and aligned to magnetic iMorth
with as little trounle as possivle. A straight-in approach is recommended.

1he area
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shall be macnaticallw -nnv-v‘d and the magnetic North lina man
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Lrand ~
with the appropriate operation and service instruction manual pertinent to the
type of calibrator set being used; 1. e., NAVAIR-17-15CAA-45, T.O0. SN3-3-T-1,
et cetera.

-~

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

c. A Type A/E3TT-10 magnetic compass calibrator set conforming to MIL-C26524
or Type MC=2 calibrator sat oontonning to Sperry Rand Corporation Part No. 259

2080-5, or equal or approved equivalents.

4.1.5.2 Prooadures far alactrical canmnaas awingine., The tvnical nrogeduraes

-,-_ S evema i veee

for electrical compass swinging using a type A/E3TT-10 magnetic 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.

oV o e A b oA oLl AL . A -

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

S U Ve

Ss lransmitter
line.

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

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

d. #ount the necessary optical alignment equipment to the remote compass
transmitter and align the telescope to some suitable target 1/2 aile or aocre
away.

e. Tow the aircraft into position on the north line and measure the

Ad e lmmnnmnmtd maloabdera b bha Tdamwa omawm b habh mabbhoad amand O ad o
Udidplavuucluiv 1r'rciavave w [A71:] LLIIG per I-llc pLUIIIU UJv weouw IW IpeTCLL A 483
4,1.1.3.1.

f. Compute the optical alignment correction, insert into the optical alignment

3cope, and replace the compass transmitter in the aircrait 318"‘1"8 on the same
f:rgnf as used in L4 1.8 Q{A\

s e Nas

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

h Usine the aooropriate adaptar cablas, connect the compass calibrator sat
id e Voalys vuC GPPI \IPI 40 VO uuyv Y VQVATO y WWilITVY W VT VMIIYGOO VaAAVI GVV D2Ow

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.
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4.1.6 Method I(f) - comparison swinging. Any aircraft which has had its
remote compass system swung electrically by Method 1{e), may have its standby
compass swung against the calibrated system 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 be determined by the method of Navy Department Oceanographic Office
publications hH. 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. 7The flying area shall be a
circular region of radius not exceeding 10 land miles.

4.2.1.1.3.2 pHethod of aligning aircrafi. Air swings shail be carried out in
smooth 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 sights are being 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 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 Method 11(b) - terrestrial bearings.

4.2.2.17 Drift sight. A drift sight, a type which provides a reticle
containing parallel grid lines, shall be used. 7The 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 Alignment of drift sight. A string shall 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 aligni j ft. Air swings stall be carried out in
smooth air. Visibility shall be such that the landwmark 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. Tne aircratt shall be flown Dy uan automatic pilot or by
reference to a directional gyro over the reference lanamarx and a line of the
drift sight shall be aligned parallel to the landmark. The average of tne
compass readings for a 20- to 30-second period shall be estimated. The
aireraft shall be on a straight level course during this time. The magnetic
heading shall pe determined by subtracting the bearing of the landmark relative
t.0 the aircraft from the magnetic direction of the landmark.

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

4.3 Prelimipsry precautions. Frior to the suinging‘proceuure. the following

precautions ihall be observed
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