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1.0 SCOPE. This test operations procedure (TOP) presents test methods to
evaluate the technical performance of heading reference systems that meet
criteria specified in applicable required documents. (Qualitative Materiel
Requirements (QMR) and Small Development Requirements (SDR)

a. New unlversal ‘heading refetrence systems are eontinually being devel-
oped and improved to meet new and existing requirements, with an all weather
capability in applications where a precision heading reference is required for
use in conjunction with navigation systems such as doppler etc, for military
dircraft. The heading reference system provides an accurate determination of
aircraft heading relative to true north. This is accomplished by use of a
magnetic compass and/or a gyro compass, depending on the region of operation.

b. Engineers and other personnel engaged in testing and evaluating air-
craft systems have developed certain procedures of testing over a long period
of time. ' These procedures, properly used, can aid in determining the accept-
ability of heading reference systems for an intended use. The reference
system must adhere to user (Government) and manufacturer s specification to be
accepted.

c. . This TOP is limited to heading reference systems of the directional
gyro type.

2.0 FACILITIES AND INSTRUMENTATION. The test item shall be placed iﬁ_operat—
ing condition as outlined in the equipment technical manual.

2.1 Facilities. A bench test facility with power supply and a target re-
solution range equipped with a simulated azimuth detector and a Scorsby Table.

*This TOP supersedes MTP 6-2-120, 1 February 1968.

Approved for public release; distribution unlimited.
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2.2 Instrumentation and Equipment. The following instrumentation and
equipment shall provide adequate tolerances and technical characteristics in
conduc ting the specific tests listed below: Precise angle indicator,
simulated azimuth detector (CLifton Synchro Transmitter type CGH-11-B-2, or
aqual), Ammeter (DC), VIVM (DC), Frequency meter, Voltmeter. Power meter,
Cameras, Dual-Trace pen recorder, and Scorsby Table (Ideal Aerosmith Part No.

1412, or equal).

2.3 Test Parameters.

a. Radio Frequency Interference - Determine the suS(eptibility of the
test item to electromagnetit radiation from other’ equipment. "The measurements
shall be performed in accordance with the prOLedureb given in MIL-STD-461,

462, and 463,

b. Low-Strength, Earth-Magnetic-Field Enviorument - Determine system
error when the system is operating in a strong earth—magnettc -field euviron-
ment. A simulated azimuth detector connected to the system shall be oscillated
to a predetermined amount on either side-of a synchronized null. The oscill-
ator excitation shall be redU1ed to represent predetermlned horizontal field
strengths, : :

¢. Voltage and Frequency Variation — Determine if the test item will
operate -satisfactorily during voltage and frequency extremes. Satisfactory
operation of the test item during voltage and frequency extremes shall be de-
termined by connecting the test item to a simulated azimuth detector and set-
ting it to a synchronized null at a 0-degree heading. . Voltage and frequency
extremes shall be applied and the test item shall be resynthroaned at each
value. . : :

d. Erection Cycle and AccuracY’— Determine the initial erection capebil—
ities of the vertical gyroscope. The initial erection capabilities of the
vertical gyroscope are determined by mounting the test item on a Scorsby

-Table, aligning the gyroscope in pitch and roll, and subJecting the test item

to the Scorshy Table wmotion.

e. Heading Drift Rate — Determine the heading drift rate of the vertical
gyroscopz., The heading drift rate of the vertical gyroscope shall be deter-
mined by mounting the test item on a Scorsby Table and connecting a precise
angle indicator to the heading output of the gyroscope. The difference in
initial heading and heading after a predetermined time interval shall be ob-
served. :

f. . Vertical Drift Rate - Determine the vertical drift rate in pitch and
roll of the vertical gyroscope. The vertical drift rate of the vertical rate
gyroscope shall be deteérmined by mounting the test item on a Scorsby Table and
connecting a precise angle indicator to the heading output of the gyroscope.
The difference in initial heading and heading after a predetermined time
interval shall be observed.
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g. Heading Precession Rate - Détermine i1f the north/south latitude cor-
rection circuitry is capable of corréecting for the apparent drift gyroscope
due to the earth's rotation. The heading precession rate shall be determined
by mounting the test item on a Scorsby Table, connecting a precise angle in-
dicator, and applying a known curreat to the north and south latitude control

~circuits, and determining the rate of heading change during a time interval.

h. Compass Mode Accuracy - Determine the accuracy of the test item when
operated as an undamped magnetic compass slaved to the magnetic azimuth. de-
tector. The test item shall be operated as an undamped magnetic compass
slaved to a magnetic azimuth detector. el

i. Compass Air Swing - Determine the compass ertor in free and slaved :
modes under flight conditions. This subtest consists of evaluating the test
item under actual flight conditions.. The compass error, while the test item
is in the free and slaved modes, shall be determined.

jo Compass Ground Swing Calibration = Align and compensate compass system
index and magnetic errors. This subtest will evaluate the host vehicle in-
stalled gyromagnetiL compass accurdcy of the test item, fully operational in a
magnetically clean ground enviromnent (e.g. surveyed compass rose). .The
compass grouud swing may be aLLomplished ‘IAW MIL-STD~765 using any one of the

four followina pro;edures:

'Sitting_compass

‘Magnetic method using a survey transit and compass rose.
- Electronic method using an MC-1 magnetic compass calibration set.
'M2A2 aiming c¢ircle asing the compass swing method (for test items

installed in aircraft equipped with doppler radar mavigation

systems. '

FwN -

3.0 PREPARATION OF TEST

3.1 Facilxtips. Assure facilities are available.

3.2 FEquipment assemble instrumentation and the test item to conform WLth
instructions that follow.

3.3 Record the following:

a. Nomenclature serial number(s), and manufacturer's name of the test
item. ‘ :

b. Nomenclature serial number, accuracy tolerances, calibration re-
quirements, and last gallbratlon date of the electronin test equipment se-

lected for the tests.

4.0 TEST CONTROLS

a. Select test equipment having an accuracy of at least 10 times greater
than that »f the function to be measured.
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b. Ensure that all test personnel are familiar with the required tech-
nical and operational characteristics of the item under test, such as
stipulated in the (MR, SDR, and TC documents.

c. Review all instruc tion material issued with the test item by the man-
. ufacturer, contractor, or Govermment, as well as reports of previous tests
conducted on the same types of equipment, and familiarize all test personnel
with the contents of such documents. These documents shall be kept readily
available for reference. '

d.. Inspect the test item thoroughly for obvious physical and electrical
defects such as cracked or broken parts, loose connections, bare or broken
wire, loose assemblies, bent relay and switch springs, and corroded plugs and
jacks. "All defects shall be noted and corrected before proceeding with the
tests., : . : . o

e. Prepare record forms for systematic entry of data, chronology of
tests, and analysis in final evaluation of the test item.

£, -Prepare adequate safety precautiOné to provide safety for personnel
and equipment, and ensure that all safety SOPs are observed throughout the
test.

5.0 PERFORMANCE TESTS

NOTE: Modifications of these procedures shall be madé as required by tech-
nical design of the test item and availability of test equipment, but only to
the extent that such modified procedures will not affect the validity of the
test rebults.

5.1 Radio Frequency Interference Tests

Subject the item under test to radio frequency measurements in accordance
with the procedures given in MIL-STD-461, 462, and 463.

5.2 low-3trength, Earth-Magnatic~Field Enviromment Tests
a. Connect the test item to a simulated azimuth detector.

b. Apply power and synchronize the null of the test item with the null of
the simulated aziwuth detector.

¢+ Reduce the excitation of the simulated azimuth detector to represent a
horizontal field strength of 0.080 + 0.002 oersted.

d. Record the excitation of the simulated azimuth detector.

e. Oscillate the sinulated azimuth detector through either side of null
at approximately 6 cycles per minute.




20 May 1983 : TOP 6-2-120

f. Record number of degrees of simulated azimuth detector OSCillation on
each side of null.

3. Observe the system s heading initially and at one minute intervals
after start of oscillation until three consecutive readings are within 051

degree of each other.

h. Record system s initial heading and heading at l—minute intervals un-
til end of test.

i. Repeat steps b throuoh h above, on three headings not 1ess than 60 de~

grets apart.,-j

5.3 Voltage and. Frequenty Variations Tests IAw Equipment specifications and

'MIL-STD~704 Limitations.'

A Conne(t the test item to a simulated azbnuth dete(tor.
b.. Set the simulated a21muth detector at a O—degree heading.

Ce Apply power and synchronize the null" of the test item with the null of
the_>inu1ated azimuth detector._' ‘

'hd.,,Apply voltage extremes and resynchronize the test item at each ex-
tremegilRecord applied voltave extremes.~ :

e, Note and record the hift in synchronized null for each voltage ex-
f. Applv frequeney extremes and resynchronize the test item at each ex-
treme. Record applied frequenry extremes. : :

£ Note and record the shift in synchronized null for each frequency ex-
treme. )

5.4 Erection Cycle’andbAteuraty Tests:"
a. Mount the test item on a Scorsby Table'and connect a dual-trace pen
recorder to monitor the movement of the table. Connect a precision angle

indicator>to the system roll and pitch oUtputs.

b. Align the gerSLOpL in pltCh and roll to a predetermined position and
tolerance.

c. Record the gyroscope'position and'tolerances.

d. Apply power to the test item and the Soorsby Table, and energzize the
dual-trace recorder.

NOTE: The Scorsby Table shall make an excursion about each axis of + 1 to 1/2
degree at 5 to 7 cycles per aminute with motion reversal once each minute.
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e. Measure and record the time completion of erection and the average ' N
pitch and roll excursions. ' ' o
f. Turn off the Scorsby Table power and tilt the gerSLope 30 degrees
nose up and 30 degrees right roll.
g. Repeat steps d and e above.
h. Reduce the applied voltage to the test item to a predetermined level
and_repeat steps b through g above. -
i. Repeat f and g to verlfy maxinun angular limlts and accuracy (e.g.,
+90 deg )
5.5 Headlng Drift Rate Tésts -
'a}- Mount the test ltem on a Seorsby Table.
b. Connect.a precise-angle tndlcator»to the.gyroscbpe's heading output.
c. Apply power to the test item and: the Scorsby Table. -
d} Measure ‘and record tne tnitLal ‘heading as Lﬁdl(ated by the preeise an-
gle indicator, and at S5-minute intervals for a total running time of 3 hours.
Provide an 0peratinu/observatLon time of 1. hour to measure nonnal/abnonnal _
drift characteristics followed by the proledure dESLfibed in "g" below. N

e. Record time of readings and'ldcal 1atitude.-'

2s Repeat bteps c, d, ‘and e above, three times or until the t1me to reach
a steady drift rate has been detﬂnnlned.

5.6 Vectical_Drift Rate Tests
a., Mount the test item on a Scorsbhy Table.
b. Conaert a precise angle indicatbr'to tbe gyroscope's pitcb'output.
c. Apply power.to the test ttem and'theiScofsbf Iéble.

d. Measure and record the initial pitch attitude as indicated by the pre-
cise angle indicator, and at the end of a 15-minute time interval.

NOTE: Tha time 1interval may be extended to 1 hour or more, as required, with
obsarvations racorded every 153 minutes. In any event, the time to reach a
Steady state drift rate shall be determined.

2. Record time of readings and local latitude.

f. Turn off power to the Scorsby Table and test ftem.
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g Disconnert the pretise angle indicator from the gyroscope 8 pitch out-
put and connert it to the 5erSLope s troll output. .

h. Apply power »to the test 1ten-and the Scorsby Table.
i, MLdSUtL ‘and retord thL initial roll attitude s indicated by the pre-
cise angle indicator, and at the end of a 15-minute time 1nterval. (See note

above )

jli REPEit stepe e and f above.

| 5L7 Htad1no Preteesion Rate Tests ;5

d; M)unt the test Ltem on a S<orsby Table. hf
,b,' Conneut a precise anale indicator to'the iten under test.

. EnerUIZe the - test ‘item and apply a known current (ma dc) to the north
1etttmje (ontrol cirtuit.v Re(ord the applled dL current.

"d; 1Measure and re(ord the rate of headino change as indicated by the
precise angle 1ndinator, durin specif1ed time intérvdal.. Recotrd the elapsed
time )f the ttst._i : - : » '

e. DiSconnect the dc input From the north 1atitude control clr(uit and
apply a known turrent (ma dc) to the south latitlde tontrol citcuit. Record
the 1pp11ed dc curlent. - - . .

d. Measure and retord tne rate of headino chanre durlng specified time
interval. -

e Record the elapaed time of the test and the 1oca1 1at1tude‘

5.8 Cornpasb Mode Accuracy Tests o

a. Connect a pre(ise anule indicator to the heading output of the item
undet test, : :

b. Set'the'teSt item to conpdss mode and the latitude control to 0 de-
grees., ' . .

c. Rotate the azimuth dete(tor clockwise in 30—degree intremente from 0
degrees through 360 degrees. :

d. Médsure and reeord tne headino inditator readout for each 30—degree
increment. : :

2. Repedt steps b, ¢, and’ d above, rotating the azimith detector counter-
clockwise, :
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£. If this test shows that there is a ground swing and boresight mis-
aligmment that causes consistent errors, then a ground swing and boresight

aligmnment will need to be performed. (This can be done by the manufacturer or
the installation maintenance contractors)

5.9 Compass Alr swing Tests (Photographic and Stable Platform Methods)
5.9.1 Photographic Method - Preparation for Test

a. The test officer shall schedule this test in accordance with the
;ravailability ofthe: taroet resolutlon range.; B Eatr el

A 'h.'vThe pilot of the test aircraft shall be thoroughly briefed to
familiarize him completely with the test obJectives and flight patterns re-
quired over the taroet resolution range.;

c.: The number of practice flights made. sha11 be suffic1ent to satisfy the
test officer that the pilot can execute ‘a long, stabilized approach.

d. The types of cameras to be utilized sha11 be determined by personnel
in the Photographic laboratory Section.' Te types of film shall be specified
and 1ssued by these personnel. SUE SR .

e.. The test officer shall insure that the’ cameras are - properly installed
aund equippped with shock-mounts to minimize vibration effects.

£. The camera photographing the target resolution range shall be of a
type to compensate for the: relative motion between the aircraft and the tar-
Oet. . )

5.9.2 Photographic Method - Conduct of Test _
a. Install the test item in the panel of ‘the test aircraft.-

b. Mount a photopanel camera to photograph the heading roil and pitch
outputs of the test item. :

<. Mouat a second down looking camera to photograph the ground target
resolution range from the aircraft. Synchronize both cameras.

d. Fly the aircraft at the specified speed and at an altitude.of approx-
imately 1000 feet, over a target resolution range, followino the pattern shown
in figure 1. '

e. As the test item is flown over the target resolution range, simul-
taneously photograph the compass system readout and the ground target.

NOTE: The cameras shall be started 2 seconds before the aircraft is over the
target and shall be run at a predetermined speed until the aircraft has flowan
2 seconds beyond the target.
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f. Record the followiog information: | |
(1) Altitude of alrcraft..
N # (2) Time for each test tun,
(3)‘ Ac tual eircraft heading.
(4) Indicated headinz.
v?zgi)waertdft roll and pttch.,;.u _
 5‘9 3 Stable Platform Method - Preparation for Tést
Cas A test air(raft snall be equtpped with a stable platform which,

'tﬁrough telemetry, will indicate to the oround the true heading of the air-
craft. :

b. The pllot of the aircraft shall be briefed to famlliarize him comn-
pletely dith the test obJertives. s

C. Prartice fllghts shall be' made to cheekout the telemetry instrumen—
tation. : :

d. The types of ‘camera and film to- be utilized shall be determined by
- personnel in the Photographic Laboratory Section. o

e. The camera shall be properly 1nstalled And equtpped with shock-mounts
to minimize vibration effects.

5.9.4 Stable Platform Method -’COnduct*of-Test

A. Repeat steps 5.9;3e and 5,9.3b.

b. Set up the camera so that the pictures taken of the instrument panel
can be correlated (time-wise with.the correct reference heading data tele-

metared from the stable platfnrm to the groand station.

c. FEnergize the-instrumentation_(includin; photographir equipment) after
stahle flight has been established. ‘

d. Record the foilowing information:
(1) Aititude.of aircraft.v
(2) Time for eaeh test run.
3) Actuel aircraft heading.

(4) Indicated heading.

10
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6.0 DATA REQUIRED

6.1 Preparation for Test . : _ ;(
Data to be recorded prior to testing will include but not be limited £

a. Nomenclature serial number(s), and manufacturer's name of the test
item. o

b. Nomenclature serial number, accuracy tolerances, calibration require-
_-ments, and last calibration date of. the electronic test equipnent selected for
 the tests. B . :

. Results Qf preétesr ihspection.
6.2 Test Conduct

Dita to be recorded in addition to that 1isted below for each specific
test shall includc.v

2. An engineerlng 1ogbook contain1n°, in chronological order, pertinent
remarks and observations which would aid in a subsequent analysis of the test
data. This information may coansist of temperature, pressures; humidity, and
other appropriate environmental data, or other description of equipment or
conponents, and functions and deficiencies; as well as theoretical estima-
tions, mdthematical calculatlons, test conditionq, intermittedt or catastro-
phlc failureb, test parameters etc., that were obtained during the test.

h. Instrumentation or measurement system mean error stated accuracy.

c. Test item sample size (nunber of measurement repetitiouns).

d. Photographs or motLon pictures (black and white or (olor), sketches,
diagrams, maps, charts, graphb, or other pictorial or graphic presentations
which would support test results or conclusions.

6.2.1 Radio Frequency Interference Tests

Data shall be collertcd and recorded in accordance with MIL-STD-461, 462,
and 463,

6. 2.2 Low-Streangth, Earrh~MAgnetic—Fie1d-Environment Tests
a. Record the excitation of the simulated aziﬁdth detector.

b. Record the nuaber of degrees of simulated azimuth detector oscillatton
on each side of aull.

11
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c. Record system's initial heading.
: d. Record system's heading at l-minute intervals until end of test. -
6.2.3 Véltage and Ffequency Variations Tééts
a. Record voltage and frequency extrémes.
b. Record each shift 1n s&nchtonized null.

6. 2.4 Erection: Cycle and Acaura(y Tbsts

a. Record gyroscope positlon and - tolerénces.va
be Record the¢ayerage‘pitch and'roll_attygude-éxéﬁfégéné.:
Ce ,Refo¥d ttme Qf céﬁplétlbqfof'efectionf'v: |
6.2.5 Heading _Drift',_aate_'résts '
a. Record initial headiﬁ# from prECisé'an#le*iﬁdiuator.‘

b. Record heading from preLise angle indicator at S—minute intervals for
running tlme of 3 hours. : : - T ,

<. Record time of tead1nu'
d. Re(ord local 1at1tude.
6.2.6 Vertical Drift Rate Tests.
a. Record in1t1a1 pitrh and roil attlduteb from brectse angle indicator.
b. Record pltth and roll attitudes after a lS—minute interval.
Co Récord time of readan. | o | R N
’d.' Record Iocal 1at1tude.
6.2.7 Haading'Pre<e9510n Ratg Tésfq
a. Record dc input to ubt;h’and south latitude cdﬁtfol circuits.
b. Record elapsedi time éf_test. |

¢. Record rate of headiang «hangp ‘fron the preglse angle indicator at
beginning and end of test. '

d. Record local latitude.

12
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6.2.8 Compass Mode Accuracy Tests
- a. Record azimuth detector latitude setting.
b. Record direction of rotation.
| Ce Recbrd'heading indicafor'réadout.
6.2.9 Compass.Ground Swing Accuracy Tésts

-‘a;”fRecotdﬁMC%l;LCdmpéss'Calibratqrf(qr»equiQalen;)_readings for compass

.‘b. ﬁécord éhéngé;-méde'tﬁ egiétihg éoﬁééé§.§j§f§m$r N
6.2.10 Coﬁpasé Aif'Sﬁihg Tests - o
| vé:leecord altltude of aircraft.
b. ReLord time for each test run.:__. "’”
é.}.Record'actual aircraft hgading;'ﬂ"
fdmj-Recordlinﬁiéatéd Heading;' o

7.0 DATA REDUCTION AND PREShNTATION

Processing of raw test data shall in general, consist of organizing,
marking for identification and. correlatlon and grouping the test data

: according to test title.

Specifil instructtons for the reduction and presentation of individual

 test data are outlined in sucgeeding paragraphs.

7.1 Radio.FrequenCy Interference'Tests

Data collected: in accordance with this test shall be reduced and presentei
as indicdted in MIL-STD-461, 462, and 463.

7.2 Low—Strength Earth—Magnetic-Field Enviromment Tests

System s heading versus time shall be prbeented in graphic form to allow
conparison with applicable criteria.

7.3 Voltage and Frequency Variations Tests

Present, in tabular foom, voitage and frequency extremes with shift in
synchronized null. '

13
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7.4 Erection Cycle and Accuracy Tests

a. The pitch and roll excursions shall be averaged for O degrees, and 30
degrees tile,

b. The average figure along with time for completion of erection shall be
presented for comparison with the ‘applicable criteria.

7.5 Heading Drift Rate Tests

b. The rate of heading change in'degreés-per ‘hour shall be computed for
each interval, These results shall be adjusted to obtain free drift rate by
-adding the earth's rate correction for the local latitude. (The earth's rate
correction is + 15 sine latitude degrees per- hour for the Northern '
Hemisphere.) : :

b. The results shall be presented for comparison with the applicable
criteria. .

7.6 'Vertical Drift Rate Tests

a. The pitch attitude readings shall be adjusted to obtain free drift
rate by adding the earth's rate correction. - (The earth's rate correction in
pitch is + 15 cosine latitude sine H degrees per hour, where H is the heading
. of the gyroscope fore-aft axis with respect to geographic north, H = o
degrees for- north 90 degrees for east.)

b. The .roll attitude readings shall be adjusted to obtain free drift rate
by adding the earth's rate correction. (The earth's rate correction in roll
is — 15 cosine latitude sine H degrees per hour.) ; e

b. The results shall be presented for comparison with the applicable
criteria. .

7.7 Heading Precession Rate Tests
a. The heading precession rate shall be computed by determining the rate
of heading change during a given interval and correcting for the earth's

rotation.

b. The results shall be presented for comparison with the applicable
criteria.

7.8 Compass Mode Accuracy Tests

a. Azimuth detector heading versus heading indicator readout shall be
presented in graphic form.

b. The results shall be presented for comparison with the applicable
criteria.

14
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7.9 Compass Ground Swing Tests : , : : A

a. The data collected from the MC~1 calibrator shall be used to compare
with other data as needed during the test. s .

b. If several ground swing accuracy tests have been conducted on a spe-

cific aircraft, then this data can be used for comparison between the ground

swing accuracy tests to ascertain if proper installation and or changes to the
installation have been made.

7.10 Compass Air Swing Tests

a. The photographs shall "be analyzed by image interpretation personnel to

obtain actual heading of the aircraft.
»

_ b. The data obtained shall be compared with the indicator readout photo-
graphs to determine the compass errors.

A written report shall accompany all of the above test data and shall con-
sist of conclusions and recommendations drawn from test results. The test
engineer's opinion, concerning the success or failure of any of the functions
evaluated, shall be included. In addition, equipment specifications that will
serve as the model for a comparison of the actual test results should be

included.

Equipment evaluation usually will be limited to comparing the actual test
results to the equipment specifications and the requirements as imposed by the
intended usage. The results may also be compared to data gathered from pre-
vious test of similar equipment.
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