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PREFACE

This report describes the efforts performed to determine the
angular positional error associated with supporting a full size

A-10 aircraft on the PAEA-85 three-axis positioner located at

RADC's Newport Antenna Test Annex. The work was accomplished i3
under Job Order Number 21140001. The authors wish to extend
their appreciation to &;; Law}ence Crouth of RADC's Sensor
Calibration and Instrumentation Branch and Mr. Edward Collucio

of the 416th Field Maintenance Squadron Machine Shop for their

assistance in this effort. This work was performed during the

e T Y

time period from Jun 77 to Dec 78.
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1 INTRODUCTION

In order to effectively and efficiently evaluate the multiple
antenna systems of the A-10 aircraft under realistic flight condi-
tions without actually flying it, the aircraft was attached to the
turntable of a positioner which is located on top of a 30-foot
tower at RADC's Newport Test Annex. The positioner, a Scientific-
Atlanta Model PAEA-85, is a three-axis unit, azimuth over eclevation
over azimuth. It allows the aircraft to be tilted in pitch or
roll and rotated about its yaw axis. See frontispiece. A digital

readout of the instantaneous position of each axis is obtained

through the use of synchro devices. This information is required
to describe the aircraft orientation in space for purposes of
evaluating antenna test data. However, since these devices measure
only the motion which occurs between the turntable on which the
aircraft is mounted and the points in the pedestal on which the
synchros are mounted, an uncertainty remains as to the actual
position of the aircraft. The inherent flexibility of the system
caused by the foundation and tower, the pedestal structure and
gear trains, the turntable bearings, the aircraft-to-pedestal
mount and the aircraft itself, results in deformations due to
gravity, wind, and thermal effects that are not detected by the
synchros. Other contributions to the positional uncertainty are:
errors in defining the reference coordinate system; inaccuracies
in the manufacture, installation, and alignment of the components

of the entire system; positioning of the aircraft on the mount;




mechanical synchro rcadout error; and human error in conducting
the tests and taking data. Error analyses have been conducted
in conjunction with previous tests of aircraft mounted in a similar
manner on the same tower and positioner at Newport. A detailed
discussion of the specific sources of error mentioned above is
contained in RADC-TR-77-299, "F-111 Positional Error Analysis When
Mounted on Three-Axis Positioner at RADC Newport Test Annex', and
values of the expected errors are determined or estimated for each
of the significant sources. Where appropriate, these error values
are tabulated and used in this report without further discussion.

The purpose of this effort was to investigate the total
angular positional error in elevation, hereafter referred to as
total system error, associated with mounting the A-10 aircraft to
the positioner, and maneuvering the aircraft about its pitch and
roll axes. This was accomplished by the following: (1) Establish-
ing a coordinate system for the aircraft and aligning the aircraft
on the positioner, (2) Installing an inclinometer measurement
system for determining aircraft orientation with respect to the
gravity axis and for estimating errors associated with the air-
craft positioning system, and (3) Testing to evaluate probable
errors in the aircraft positioner system. Included in this report
is a discussion of the results of the measurements, evaluation of
system errors, and recommendation of procedures to be followed for
estimating system errors.

The results of the test program show that in performing an

aircraft rotation about the positioner elevation axis, the total
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system error is less than 0.683 degrees for a pitch manuever, and
less than 0.533 degrees for a roll maneuver. Total system error
is defined as the difference between the aircraft position as
determined from the positioner instrumentation and the true air-
craft position as indicated by inclinometers mounted in the air-
craft, corrected feor additional estimated errors as discussed
herein.

[ ESTABLISHMENT OF REFERENCE COORDINATE SYSTEM FOR AIRCRAFT

AND ALIGNMENT OF ATRCRAFT ON PEDESTAL

After the aircraft was assembled in the hangar, it was
leveled following the leveling procedure described in Appendix A.

A reference platform was manufactured and installed in the interior
of the aircraft near frame 540 in accordance with procedures which
are also described in Appendix A. The platform was designed to

be used with a bubble-type level or with electrical inclinometers
such as those manufactured by Schaevitz which were used in this
study.

After the aircraft was leveled in the hangar, various
reference marks wereplaced on the aircraft fuselage. A set ot
marks was placed on both sides of the aircraft with the help of
an engineer's level. This established a horizontal reference
plane. The horizontal plane reference marks were not used in this
test. They were intended primarily for use in determining air-
craft fuselage droop. However, since the inclinometer measure-
ment system transducers were mounted close to the points of support

of the aircraft, fuselage droop became of minor significance, and




the value previously measured in the F-111 tests was used in the
determination of system error. Another set of marks was placed
on the top and bottom of the fuselage to define a vertical refer-
ence plane. Fore-to-att position can be adequately specified in
terms of the tuselage station numbers as provided by the aircraft
manutacturer's drawings. The details of the procedures which were
tollowed to determine the locations of the reference marks are
described in Appendix A.

Prior to mounting the aircraft on the pedestal, a test was
performed to check the elevation axis readout of the positioner.
A machinists level was placed on the pedestal platform perpendicu-
lar to the elevation axis. The elevation axis drive was operated
to bring the level within one division (0.0005 in/ft) of zero. At
this position, the eclevation axis readout indicated +0.23 degrees.
This means that with the lower azimuth set at 0 degrees and the
clevation axis recadout set at 0 degrees, the pedestal platform
would be tilted 0.23 degrees upward with respect to the site on
Tanner Hill.
L1 INCLINOMETER MEASUREMENT SYSTEM

The turntable position i1s determined by synchros that measure
the celevation and azimuth movements of the turntable and display
these movements on digital readouts located at the positioner
control corsole. In order to provide some means for checking the
synchro readout system and for estimating the errors associated
with aircraft, mount, and pedestal deflection, the aircraft was

instrumented with two Schacvitz servo inclinometers. Both incli-

nometers were mounted on a specially made platform which was
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attached to the aircraft at a location selected to be near the
points of support of the aircraft on the positioner. One incli-
nometer was mounted so that its inclination would sense the pitch
of the aircraft. The other inclinometer was mounted so that it

would sense the roll of the aircraft.

The inclinometers are closed-loop, force-balance type sensors.

A pendulum mass is suspended which tends to rotate relative to the
frame of the inclinometer as the inclinometer is made to tilt.

As the pendulum rotates, a signal is generated which drives a
torque motor which in turn repositions the pendulum in its null
position. The torque motor current is dircctly proportional to
the gravity force acting on the pendulum. Thus, the torque motor
and the inclinometer cutput are directly proportional to the sine
of the angle of tilt of the inclinometer base.

The inclinometers used in this study were designed to operate
between 0 degrees and +50 degrees. Each instrument was calibrated
at the factory at one degree increments throughout its range. The
calibration data as well as other data pertaining to the accuracy
of the inclinometer are provided in Appendix B including a calibra-
tion check performed at RADC.

When the inclinometer is tilted about its nonsensitive axis,
no output voltage would be observed in theory. In practice, how-
ever, it is impossible to construct a device which is perfect in
this respect. The output which is observed for rotation about the
nonsensitive axis is indicated by the instrument's cross-axis

sensitivity. The numerical value of the cross-axis sensitivity
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1s the measured voltage output which is observed when the incli |1
nometer is tilted 90 degrees about its nonsensitive axis. Like ‘
the primary output of the inclinometer, the voltage output associ-
ated with tilt about the nonsensitive axis is proportional to the
sine of the angle of tilt. However, the calibration check referred
to above indicated that the nonsensitive axis data departs sub-
stantially from the manutacturer's prediction. Figures B2 thru ‘

BS of Appendix B provide calibration curves which can be used to

|

i estimate actual nonsensitive axis motions trom the inclinometer
output voltage. In these tests they were also used to predict
the amount of the output voltage which was due to a known rotation

about the nonsensitive axis. For example, if a pitch mancuver was

performed, the inclinometer which was mounted to sense pitch rota-

tion, provided a voltage output proportional to the amount of that

rotation. 'he other inclinometer, mounted to sense roll rotation,
provided a voltage which included not only anvy roll rotation !
occurring during the pitch mancuver, but also a voltage generated
by rotation about the nonsensitive axis produced by the primary
pitch mancuver. The above mentioned curves were used to estimate
the amount ot the inclinometer voltage which was due to the pitch
rotation. This was subtracted trom the total voltage, the dif-
ference being the amount due to the roll rotation.
IV TEST PROCEDURES

A number of pedestal mancuvers were pertormed, during which
time simultancous measurements of svnchro recadout and inclinometer

voltage were made.  EBssentially eight test mancuvers were pertformed:




(1) Nosedown Pitch Change, (2) Taildown Pitch Change, (3) Right
Wing Down Roll Change, and (4) Left Wing Down Roll Change, cach
being performed for both right side up and upside down positions
of the aircraft. Measurement data was collected on 28 Oct 77

(Upside Down) and 31 Mar 78 (Right Side Up).

A. Pitch Change Tests

These tests were performed by rotating the upper and
lower tables to the desired synchro readouts such that a rotation
of the positioner elevation axis would result in a pitch rotation
of the aircraft.

One test was performed by lowering the nose of the air
craft, the other by lowering the tail of the aircraft. The air
craft was oriented so that the pitch inclinometer registered 0.001
Volt, equivalent to 0.00 degrees after the upper and lower azimuth
settings were made, and subsequently, the aircraft was rotated to
provide pitch angles of 10, 20, 30, 40 and 45 degrees for both
nosedown and noseup orientation, as indicated by the pitch incli
nometer. For each pitch orientation, including 0.00 degrees, the
pitch inclinometer, the elevation svnchro, and the roll inclinome
ter readings were recorded.

B. Roli Change Tests

These tests were performed by again rotating the upper

and lower azimuth tables to the desired svnchro readout, such that

a rotation of the positioner clevation axis would result in a

rotation of the aircraft about its roll axis. Tests were per

formed for both clockwise and counterclockwise rolls.  The

L
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aircraft was oriented so that the roll inclinometer registered

0.001 Volt, equivalent to 0.00 degrees after the upper and lower

settings were made, and subsequently, for angles of 10, 20, 30,
40, and 45 degrees as indicated by the roll inclinometer except

that tor the upside down, right wing down roll test, a 35 degree

reading was taken also. tor each angle, including 0.00 degrees, Ly
the roll inclinometer, the elevation svnchro, and the pitch incli-

nometer readings were recorded.

R

v PRESENTATION OF RESULTS

The results of the test program are presented in Tables |1

3
.

5 J

through 4 and Figures 1 through 4. Tables 1 and 2 present basic
data ftor pitch and roll tests tor right side up and upside down

positions of the aircraft. Data includes nominal pitch or roll

angle as determined by inclinometer reading, along with the cor- i

e

responding elevation synchro reading in the first two columns,

The next column is the difference between inclinometer and synchro
readings. The next two columns,Qinc. and Asyn., represent the
total change, obtained by subtracting the initial reading from
cach succeeding reading. The next column is error, defined as the
A synchro reading minus the £\ inclinometer reading. The final :
column is the voltage read from the inclinometer which is rotated

about its nonsensitive axis by the primary rotation of the air-

craft.  Figures 1 and 2 are a graphical presentation of the errvor

versus the angle of rotation. This data represents the final out-

put of the test - the difference between the actual orientation

of the aircraft as defined by the inclinometers, and the position




shown by the synchros. {
Tables 3 and 4 and Figures 3 and 4 present the results of

the evaluation of cross-axis effects, 1.e., roll rotations which |

occur during a pitch maneuver and pitch rotations which occur

during a roll maneuver. Column 1 lists the angles ot primary

rotation, either pitch or roll. Column ! lists the voltage out

put of the inclinometer experiencing the primary rotation about

1ts nonsensitive axis. Column 3 is the voltage taken from Appen

dix B, Figures B2 through BS as appropriate, and represents the
voltage which should exist due solely to the primary rotation.
Column 4 is the difference between columns 2 and 3 and is the
voltage due to rotation of this inclinometer about its sensitive
axis, and which includes the ettect of any inttial out-of-level
condition. Column § is the angle represented by this voltage,
taken from Appendix B, Tables B3 or Bd. Column 6 is the voltage
due to initial out-of-level occurring perpendicular to the primary
rotation, and is calculated tor cach angle of rotation by multi
plying the total initial out-of-level value by the cosine of the

-~

angle. Column is the difference between columns 4 and o, and 1s

the voltage due to cross-axis rotations due to unknown cttfects,

such as deflections of the aircraft or the support structure, or
minor misalignments such as nonparallelism or nonperpendicularity
of aircraft centerline and positioner elevation axis. Column 8
is the angle represented by this voltage, taken trom Appendix B,
Tables B3 or B4, Columns 5 and 8 are the angular cross-axis

motions, 5 being the total motion, while 8 is the part ot the
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From synchro readings From cross-axis inclinometer
readings
Right Side Up: Right Side Up:
0.49 degrees nose high 0.495 degrees nose high
0.15 degrees left wing high 0.123 degrees left wing high
Upside Down: Upside Down:
0.26 degrees nose high 0.265/0.30 degrees nose high

0.18 degrees right wing high 0.263/0.089 degrees right wing high

The two values for both cases of the upside down test, i.e.,
0.2065/0.30 degrees, indicate a discrepancy between readings taken
for aircraft azimuth positions 180 degrees apart. Since the turn-
table was level in all cases, no such discrepancy should exist,
and it must be attributed to experimental error. On 2 Nov 1978,
shims were placed between the aircraft and the support mounting
pads in the upside down configuration. As a result, the amount of
out-of-level was reduced to 0.02 degrees nose high and 0.05 degrees
left wing high.

It should be noted that the method of obtaining the error in
Tables 1 and 2, in which only the changes in inclinometer and
synchro readings are compared, has the effect of eliminating the
error due to initial nonlevelness. Nonlevelness, therefore, will
be listed as a separate error.

B. Inclinometer Tests

These tests compare the angular position of the aircraft
as described by the synchro system with the angular position with

respect to gravity (vertical) as described by the inclinometer

R e
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system. Since the inclinometer system takes its measurement with
respect to gravity, it includes deformations occuring in the sys-
tem between the inclinometer system platform and the ground
whether caused by gravity, wind, or thermal effects, The differ-
ence, or error measured, therefore, tends to be the total error
occurring in vertical planes, except for the initial out-of-level
condition of the aircraft as discussed herein, and distortions of
the aircraft beyond the inclinometer platform. The inclinometer
data itself is in error because of inaccuracy of the inclinometers,
error in establishing the inclinometer level reference plane, and
errors in reading the inclinometer output.

1. Pitch Test

Maximum error measured was -0.04 degrees which
occurred for the right side up, tail down position at 40 to 45
degrees pitch. The negative error indicates that the rotation of
the aircraft was greater than indicated by the synchro. In all
cases, the error tended to increase uniformly with increasing
pitch, except that for the upside down, tail down position. there
was virtually no error until 45 degrees was reached and then it
was only 0.01 degree. For one case, vight side up, nose down,
the rotation of the aircraft was less than indicated by the
synchro (positive error).

2. Roll Test

Maximum error measured was 0.21 degrees which occurred

for the right side up, right wing down position of the aircraft.

A maximum of 0.20 degrees occurred for the upside down left wing




down and right wing down positions. In these three cases, the

error increased with increasing roll angle, the maximum values
occurring at 45 degrecs. For the right side up, left wing down
position, the error increased up to 40 degrees, at which point,

it was 0.09 degrees, then decreased to 0.08 degrees at 45 degrees.
Note that for both aircratt upside down conditions, aircraft
rotation as indicated by the inclinometers was less then indicated
by the synchros, while tor both right side up conditions, the
opposite was true.

-

3. (Cross-Axi1s Effects

The maximum cross-axis motion observed was 0.014
degrees of pitch motion occurring during a 40 degree right wing
down roll motion with the aircratt right side up. This value
includes the effect of initial out-of-level. With this effect
eliminated from the data, the remaining motion is 0.230 degrees.
The maximum cross-axis pitch error remaining atter removal of
initial out-of-level effects was 0.257 degrees of pitch motion
occurring during a 45 degree lett wing down roll rotation with
the aircraft right side up.

The major contributor to cross-axis errors in these tests

was the initial out-of-level cendition. The curves show sub-
stantially lower error values in all cases when the initial out-
of-level effect is removed. 1

Cross-axis errors occurring during the roll tests are

—_—

substantially greater than during pitch tests, for both total

errors, and errors due to unknown causes. Cross-axis errors due

.—
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to unknown causes during roll tests tend to increase in a somewhat
linear manner with increasing roll angle, and are larger for the
right side up orientation of the aircraft. For pitch tests, the
errors are very small for the nose down case, i.e., less than 0.02
degrees. For the tail down case, they increase to almost 0.1
degree.

An attempt was made to determine the error introduced into

the primary motion measurement - for instance pitch - by a cros

i

axis voll rotation by going to the curves of Appendix B, Figures
B2 through BS with the sine of the cross-axis angles, but the
values were too small to be of any significance. From this it
can be seen that while cross-axis motions up to the order ot 0.6
degree do occur, their effect on the accuracy of primary motion
data is negligible. Note that the mathematical signs of the
errors in the cross-axis data do not have a consistent physical
signitficance in this data.

Vil SUMMARY OF ERRORS

A. As mentioned previously in the introduction, RADC-TR-
77-299 contains a detailed discussion of anticipated error sources
for test programs such as this. See Section V for the discussion,
and Section VI for specific values assigned. The error sources
and values shown in Table 5 were taken from the report and are
considered to be directly applicable to this test.

Additional error sources and values identified as part of
this test program are shown in Table 6, and the maximum differences

found to exist between elevation svachro readings and inclinometer

14




readings are shown in Table 7.

B. In order to arrive at a probable value for total
system error, a logical combination (summation) of the items
listed in Tables 5, 6, and 7 must be accomplished.

It must first be noted that certain items listed in Table
5 are included in the observed difference between synchro and
inclinometer readings listed in Table 7 and should therefore not
be included in the summation. For example, since the inclinometers
measure the position of the platform on which they are mounted
with respect to gravity, all deformations and other errcrs occur-

ring between the ground and the inclinometer platform are included

in the difference between readings. In addition to pedestal
deformation and synchro readout error shown as Items 2 and 4 of
Table 5, this would include foundation and tower deflections,
aircraft support structure deflections, and aircraft structure
deflections between the points of aircraft support and the incli-
nometer platform. The aircraft deformation shown as Item 3 in
Table 5 is considered to occur beyond the inclinometer platform
and is not included in the difterence between readings. It will
therefore be included in the summation. Table 5, Item 1, "Esta-
blishing Reference Coordinate System,'"and Item S5, "Inclinometer
Readout Error,"are likewise not included in the difference between
readings a..' will be included in the summation.

It should be further noted that [tems 2 and 4 of Table 6
will not be included in the summation., Both items define an error

which is an unwanted yaw rotation. Item 2 defines a vaw of the
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aircraft with respect to a perpendicular to the positioner eleva-
tion axis, while Item 4 defines a yaw of the inclinometer princi-
pal axis with respect to the same reference. In both cases the
error in pitch or roll angles caused by these items is a second
order effect which is so small as to be truly negligible.

Finally, Item 5, Table 5, "Inclinometer Readout Error",
will not be included as a separate error as it is included as
part of Item 5, Table 6, "Inclinometer Error"

C. TItems to be included in the summation are as shown
in Table 8. Note that the first five items are randomin the
sense that their direction is unknown, and in the case of air-
craft deformation, both value and direction vary with the location
of the particular antenna being considered with respect to the
inclinometer system. It therefore seems reasonable to combine
them by the root of the sum of the squares method (RSS), i.e.,
by squaring each value, summing, and taking the square root of
the sum. The value thus obtained is 0.153 degrees. Items 6 and
7, the initial out-of-level , and the difference between synchro
and inclinometer readings, are measured quantities which should
be either added or subtracted from each other, and the result
added to the RSS value of Items 1 through 5 to obtain the Total
System Error. The determination as to whether Items 6 and 7

should be added or subtracted was made by inspection of the data.

Results of the summation for twelve test conditions are
presented in Table 9.

D. Cross-Axis Effects are summarized in Table 10.
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VII CONCLUSIONS

1. When the table of the positioner is level, the eleva-
tion axis readout indicates an angle of +0.23 degrees. This means
that with the lower azimuth set at zero degrees and the elevation
axis set at zero degrees, the positioner table is tilted 0.23
degrees upward with respect to the site on Tanner Hill. Reduction
of the data in this report is such that this fdcter is not included

in the results. It should be treated as an additional bias error

- . Cl
and corrected for accordingly. i
2. Prior to 2 Nov 78, an initial out-of-level condition [

existed such that with the turntable level, the right side up

-

aircraft was tilted 0.49 degrees nose high and 0.15 degrees left
wing high. The upside down aircraft was tilted 0.26 degrees nose

high and 0.18 degrees right wing high.

e

~

3. On 2 Nov 78, the initial out-of-level was reduced such
that the upside down aircraft was titled 0.02 degrees nose high
and 0.05 degrees left wing high. This amount of out-of-level can
be considered to be zero as far as Conclusions 6 and 7 are con-
cerned,

4. When conducting tests requiring a pitch maneuver, the
maximum probable difference between synchro readings and true

-

aircraft position when the out-cf-level condition of Para 2 is

o

il

included but the difference of Para 1 is not included, is 0.0
degrees.
5. When conducting tests requiring a roll maneuver, the

maximum probable difference between synchro readings and true

17
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aircraft position when the out-of-level condition of Para 2 is
included but the difference of Para 1 is not included, is 0.533
degrees.

6. When conducting tests requiring a pitch mancuver, a
simultaneous roll rotation of up to 0.23 degrees, including the
effect of initial out-of-level, can be expected to exist. This
reduces to approximately 0.10 degrees if out-of-level is not
considered.

7. When conducting tests requiring a roll maneuver, a
simultaneous pitch rotation of up to 0.61 degrees, including the
effects of initial out-of-level, can be expected to exist. This
reduces to approximately 0.20 degrees if out-of-level is not
considered.

8. Above values are extremes which cover the full range
of angles of rotation for both right side up and upside down
positions of the aircraft. Data contained herein can be used to
determine probable errors for more specific cases of orientation
and rotation. The effect of initial out-of-level can be elimi-
nated from the errors listed in Table 9 by simply deleting the
out-of-level values from the summation.

IX RECOMMENDAT IONS

The following recommendations are made concerning future
aircraft antenna testing on the Scientific-Atlanta pedestal:

A. General. The procedure followed in this test program
is satisfactory, provided that the degree of accuracy stated

hercin is acceptable for future tests. When more stringent

i8




requirements are imposed, such as inclusion of directional
antennas, or location of antennas in areas where major deflections
occur, test procedures will have to be refined to achieve greater
accuracy.

B. Inclinometers. Inclinometers should be calibrated

about both axes prior to the start of ecach major test program,
and means should be developed to permit periodic rechecks bhetween
calibrations to insure that reinstallation of inclinometers after
such things as changes in aircraft orientation does not result in
inclinometer performance degradation.

C. Reference Coordinate System. Both horizontal and

vertical plane reference marks should be placed on the aircraft
when it is precisely levelled in the hangar as in the past, cven
though, as in the present case, an immediate need for the hori
zontal plane marks 1s not apparent. The possibility that they
will be needed always exists and comparatively little additional
effort is required to place them at that time, while a major
eftfort would be required later.

D. Aircraft Installation. The aircraft should be

installed to be level in both planes when mounted on the pedestal
table, when the table itself is also level. The system of check
ing the level of the table using a machinists level as described

herein is adequate. The aircraft level should be verified by the

inclinometer system and modifications made to the mount as required

prior to the start of testing. With the table and the aircraft

level, the elevation synchro should be set to read zero.

19
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TABLE 1A

PITCH TEST NOSE DOWN
Date:. 28 Oct 77 Configuration: Upside Down Winds: 10 mph ‘
Lower AZ: +0.06" Upper AZ: 0.00° x
‘ ! ‘ s . T .
SN 1790 | 1 From Start SN 1791 ,
Pitch Inc. [Elev. Syn. Difference|l Alnc. A\Syn. Error |[Roll Inc. k
— e N Em e =+ ]
+0.001v=0° 0.41 be o =06 8 0 0 0 r0.023V
+1.132=10° 10.41 -0.41 10 10 0 }o.010V g
; +2.229=20° 20.42 -0.42 20 20,01 [-0.01 0 ¢
i +3.258=30° 30.453 -0.43 30 30.02 0.02  F0.013V
+4.188=40° | 40.43 -0.43 40 40.02 {-0.02 }0.025V
+4.607=45° | 45.43 0,43 45 45.02 |-0.02 -

PITCH TEST TAIL DOWN

Date: 28 Oct 77 Configuration: Upside Down Winds: 1 Smph \
Lower AZ: +0.06° Upper AZ: 180.00° 3

SN 1790 ' From Start SN 1791

Pitch Inc. [Elev Syn. | Difference|AInc. ASyn. |[Errvor |Roll Inc.

+0.001V=0" | -0.12 0.12 0 0 0 ko.otlov

-1.130=10° 9.88 3 T 10 10 0 k0.030V

-2.2271=20° 19.99 0 .12 20 20 0 hD.0AOV

-3.256=30° 29.88 T 3Q 30 0 k0.0S50V

-4.186=40° 39.88 SR 40 40 0 —-e

-34.604=45° | 44.80 0.12 45 45.01 Fo .01 ko.065\




TABLE 1B

ROLL TEST RIGHT WING DOWN

Date: 28 Oct 77 Configuration: Upside Down Winds: 18mph
Lower AZ: +0.06° Upper AZ: 90.00°
SN 1791 ] J From Start ? SN 1790
Roll Inc. Elev. Syn. | Difference ‘anc. ;&Svn:_ﬁhrrnr +Pitch Inc.
L ice gdnc. AaSyn: |Ervor (Pitch In
-0.001V=00 0.37 -0 .37 il 0 0 O 030V
-1.134v=10°] 10.36 -0, 36 10 9.99 |0.01 }0.040V
~2.2352=20" 20.32 -0 .32 20 19.95 [0.05 0,055\
-3.262=30° 30.25 -0.25 30 20.88 {0.12  }0.063)
-3.742=35° 35.20 <0.20 35 34.83 {0.17 }0.068V
-4.193=40° 40.20 -0.20 40 39.83 (0.17 $0.071V
-4.612=45° 45.17 0,17 45 44.80 {0.20 0,075V
ROLL TEST LEFT WING DOWN
Date: 28 Oct 77 Configuration: Upside Down Winds: 15-18mph
I 1
0 _ .0
Lower AZ: +-.00 Upper AZ: 270
SN1791 l : From Start | SN 1790
Roll Inc. Elev.Syn. | Difference Alnc . _ASyn. |Error |Pitch Inc.
+0.001V=0" 0 0 0 0 0 0,035V
+1.132=10° 9.98 +0,02 10 9.98 {0.02 {0,020V
+2.231=20° 19.95 +*0 05 20 19.95 {005 0
+3.263=30° 29.88 *0.12 30 20.88 |0.12 to.otov
4.195=40° | 39.82 +0.18 40 39.82 [0 .18 +0.035V
4.615=45° | 44.80 +0. 20 45 44.80 {0.20 0,040V

“ vy -

fudle NIRRT W L FTWR

-

- -
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Date: 31

Lower

SN 1790
Pitch Inc.

+0.001V=0"

S0.130=10"

-4.186=40°
-4.604=45°

Date: 31

lLower

SN1790 |
Pitch Inc. jElev. Syn.

v0.001v=0"
#1.132=10

Mar 78

Elev. Syn.

+0
U

743 &

Mar 78

=0

O

AZ:

.04

05

OO0

.0
o7

-

Az

TABLE 2A

PITCH TEST NOSE DOWN

)
.00

Ditterence

+0
+()
+()

o 5t (68
+0 .
+0.

Configuration:

.04
.05
.00

Configuration:

Right Side Up

Upper Al:

Winds:

0.00°

; o -l-'l:n"mr \'t nirrt o A
| Alnc.  ASyn. |Frror
0 0 0
10 10.01 #0.01
20 20.02 ¥0.02
30 30,03 $0.03
10 10.03 k0 .03
15 15.03 p0.03
& A " Aot s sl

PITCH TEST TATL DOWN

Right Side Up

vo.o1 Upper AZ:

E From Start

1 Difference »,,"\l ne . _._ﬁ_.\‘)'_n,
-0.33 0 0

| 0,34 10 a9.00
0,35 20 19.98
0.306 30 29.97
0,37 40 39.96
sl 57 15 14,90

Al
-

| 3]

p— S—

4 -

0-8mph

SN 1701
Roll Inc.

40,013V
0,002V
H0, 008V
0,020V
0,029V
0,035V

Winds:

VNSNS

0.03 [+0
0,04 [*0
0,04 |*0

0-8mph

180.00"

SN 1791
Roll Inc.

0 +0,012V
0.01 [*0.025V
-0.02 |+0

038V
LOS50V
001V
MUY




'.!!!!!!!!llllllllllllll!!'!!Il!!'-!l""""'""“""“"'“"""“"“

Date:

SN1791
Roll Inc. |

“a.001v=0°
“1.134=10°
-2.232=20°
-3.262=30°
-4.193=40°
-4.619=45°

Date:

SN1701 3o
-v.001v=0"
+1.132=10

+3.263-30°
+4.195=40"
+4.615=45"

31 Mar 78

31 Mar 78

Roll Inc. |

FRPMILTIER: LSRN 200w, TR

TABLE

2B

ROLL TEST LEFT WING DOWN

Configuration:

Lower AZ: 0.00°

Right Side Up

Upper AZ:

Winds:

3-omph

270.00°

L O n T TR R GFerE ] . ] BNLTMW
(Elev.Syn. | Difference Inc.)Syn. . Error| Pitch Inc.
0.31 +0.3] 0 0 0 [*0.056V
10.30 +0.30 10 9.99 -0,01 #0007V
20.26 +0.26 20 19.95 -0.05 [+0.075V
30.23 +0.23 30 29.92 -0.08 [+0.084V
40.22 +0 .22 40 39.91 -0.09 |+0.089V
45.23 *0.23 45 44.92 -0.08 |*0.091

ROLL TEST RIGHT WING DOWN

Configuration:

Right Side Up

Upper AZ:

Lower AZ: 0.01°

"-——».‘_» -— 4»_.-_-1».._

Elev.Syn. | Difference
0.02 -0.02
10.01 -0.01
19.99 +0.01
29.95 +0.05
29.97 +0.13
44 .81 +0.19

Winds: 3-auph

00°

I TOm St art i S IR 2 \N—\ ;(‘ \l 3
Inc. ASyn.] Error| Pitch Inc.

0 0 0 +0.057V

10 9.99 -0.01 +0.047V

20 19.97 | -0.03 [+0.035V

30 29.93 ~0.07 |+0.023V

40 30.85 | -0.15 [+0.012V

as 44.79 | -0.21 |+0.004V
poT: SAou— —— i
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TABLE 3A

CROSS AXIS DATA

Date: 28 Oct 77 Aircraft Configuration: Upside Down
Pitch Roll Inclinometer Data Serial 1791
x ___Difference Difierence
L. Zz. 3. h. D 6. SE R
Angle Measured| Voltage Voltuge Angle Voltage |[Voltagg Angle
(Degrees) |Voltage |due to (2.-3 (Degrees)| due to 4.-0 (Degrees)
Pitch Initial
out of
Level
Nose Down:
0 +0.023 | -0.003 [+0.026 | +0.230 +0.026 0 0
10 +0.010 [ -0.014 [+0.024 | +0.212 +0.0256 (-0.002 | -0.017
20 0 -0.024 ]+0.024 | +0.212 +0.0244 [-0.0004) -0.003
30 -0.013 ] -0.034 |+0.021 | +0.186 +0.0225 |-0.0015 -0.013

40 -0.025 -0.043 +0.018 ) +0.159 +0.0199 |-0.001y -0.017
50 - = S +0.0184 = o

-

Tail Down:

0 +0.010 -0.003 [+0.013 | +0.115 +0.013 0 0
10 +0.030 | +0.007 [+0.023 | +0.204 +0.013 | +0.010| +0.088
20 +0.040 | +0.020 [+0.020 | +0.177 +0.012 | +0.0081 +0.071
30 +0.050 | +0.031 [+0.019 | +0.168 +0.011 +0.008] +0.071
40 - - -~ -~ - - -- -~ --
45 +0.065 | +0.045 |+0.020 | +0.177 +0.009 [ +0.011 +0.097




TABLE 3B

CROSS AXIS DATA

Date: 28 Oct 77 Aircraft Configuration: Upside Down
Pitch ‘ -ltLh lngllnometel I)dtd Serial 1790
Difference ' Difference
k- 2. 3. ‘4 ' S, 6. "‘ 't 8.
Angle Mmsured \olt\ng,c,\olm;,o |\nglo | Voltage 'Voltage ' Angle
(Degrees) Voltage | due to |2.-3 (Degrces)]duc to l4.-6 | (Degrees)
! Roll f jout of l

;' l | | Level i

T e i o § At Yt i SEINRILES (N

Left Wing Down:

i + P

0 1-0.035 0 -0.035 }-0.310  -0.035 T
10 '-0.020  +0.020 {-0.040 |-0.354 ' -0.034 |-0.006 | -0.053
20 0 +0.039 {-0.039 |-0.3d45 | -0.033 |-0.006 | -0.053
30 +0.010 | +0.057 }-0.047 |-0.416 | -0.030 {-0.017 | -0.150
a0 +0.035 | +0.073 [-0.038 [-0.336 |-0.027 [-0.011 | -0.097
a5 +0.040 1 +0.081 |-0.041 !-0.363 | -0.025 [-0.016 ' -0.142

Right Wing Down:

0 -0.030 L0 -0.030 {-0.265 | -0.030| 0 | 0
10 -0.040 | -0.016 {-0.024 [-0.212 | -0.029 {+0.005 | +0.044
200 [-0.085 | -0.031 [-0.021 |-0.212 | -0.028 [+0.004 | +0.035
30 1-0.063 | -0.045 [-0.018 1-0.159 | -0.026 |+0.008 | +0.070
35 1-0.068 | -0.051 [-0.017 |-0.150 | -0.025]+0.008 | +0.070
0 -0.071 | -0.058 [-0.013 [-0.115 | -0.023 [ *+0.010 | +0.088
50 -0.075 [ -0.064 |-0.011 {-0.097  -0.021 [+0.010 | +0.088

: s

Lo b




TABLE 4A

CROSS AXIS DATA

Date: 31 Mar 78 Aircraft Configuration: Right Side Up
e i -
1tch Roll Inclinometer Data Serial 1791

1 Difference Difference
¥ & 43 4. L 6. 7 | 8.
Angle Measured|Voltage (Voltage |Angle Voltage|Voltage | Angle
[Degrees |Voltage jdue to |2.-3 (Degrees)idue to [4.-6 (Degrees)

Pitch Initial

out of
' Level
i e =] SRS { T SEPSERS, R e L | D g e

Nose Down:

P U S

0 +0.013 -0.003 {+0.016 |+0.142 +0.016 0 0

10 +0.002 -0.014  |+0.016 [+0.142 +0.016 0 0
20 -0.008 -0.024 1+0.016 |+0.142 +0.015 }+0.001 +0.009

30 -0.020 -0.034 +0.014 |+0.124 +0.014 0 0
i 40 -0.029 |-0.043 }+0.014 |+0.124 +0.012 {+0.002 +0.017
i 45 -0.035 -0.047 [+0.012 (+0.106 +0.011 | +0.001 +0.009

- - b

Tail Down:

0 +0,012 [-0.005 j+0.015 |+0.133 +(.015 0 0

; 10 +0.025 [+0.008 [+0.017 [+0.150 | +0.015 [+0.002 | +0.018
” 20 +0.038 [+0.020 [+0.018 |+0.159 +0.014 | +0.004 +0.035
1 30 +0.050  }+0.031 |+0.019 [+0.168 +0.013 | +0.006 | +0.053
‘ 30 +0.061 ]+0.041 |+0.020 [+0.177 | +0.012 | +0.008 | +0.071
50 +0.066 |+0.045 |[+0.021 [+0.186 | +0.011 |+0.010 | +0.088 |




TABLE 4B

CROSS AXIS DATA_

Date: 31 Mar 78 Aircraft Contiguration: Right Side Up

Roll Pitch Inclinometer Data Serial 1790
_____Difference _itference
1 & 5. 3, 15, 0. B ( 8.
Angle Mvusurmq Voltage Voltage [Angle Voltage | Voltage  Angle
(Degrees|Voltage [ due to |2.-3 (Degrees) |[due to | 4.-0 (Degrees)
Roll Initial
out of
Level

Lett Wing Down:

0 +0.050 0 +0.050  [+0.491 +0.050 0 | 0 i

10 +0.067 | +0.020 |[+0.047 |+0.412 +0.0S85 -0.008 0.071

20 +0.075 | +0.039 [+0.036 [+0.310 +0.053 0.017 0.150

30 +0,084 +0.057 1+0.027 |+0.237 +0.049 0.022 0.195

40 +0.089 ] +0.073 [+0.016 [ +0.140 +0.043 -0.027 -0.239

45 +0.091 | +0.081 [+0.010 |]+0.088 +0.039 | -0.029 0.257
Right Wing Down:

- —

0 +0.057 0 +(.057 | +0.500 +0.057 Q Q

10 +0.047 -0.016 [+0.003 | +0.553 +0.056 | +0.007 | +0.062

20 +0.035 0.031 | +0.006 | +0.579 +0.054 | +0.012 | +0.106

30 +0.023 0.045 [ +0.068 | +0.597 +0.049 ] +0.019 | +0.108

40 +0.012 -0.058 | +0.070 | +0.014 +0.044 | +0.026 | +0.230

45 +0.004 0.004 | +0.068 | +0.597 +0.040 | +0.028 | +0.248

|

 ——




TABLE 5

ERROR SOURCES TAKEN FROM RADC TR-77-299

1. LEstablishing Reference Coordinate System
a. Placing Reference Marks on Aircraft 0.003°

b. Leveling Aircraft with Spirit Level 0.004°

2. Pedestal Deformation

a. Gravitational Loading 0.14°

b. Thermal Distortion 0.05°

3. Aircraft Deformation 0.03"

i 4. Electrical or Mechanical Synchro Readout Evrrvor 0.05°
5. Inclinometer Readout Error 0.05°

ot i




TABLE o6

ERROR SOURCES DETERMINED DURING THIS TEST PROGRAM

1. Positioning Aircraft on Pedestal (Initial Out-of-Level)

A<  Prior to Z Nev 78 | og
(1) Upside Down - Pitch 0.26° Nose High
(2) Upside Down - Roll 0.18° Right Wing High
I $ !
(3) Right Side Up - Pitch 0.49% Nose High
(4) Right Side Up - Roll 0.15° Left Wing High
x 3 s $
B. After 2 Nov 78
:
(1) Upside Down - Pitch 0.02° Tail High
(2) Upside Down - Roll 0.05" Left Wing High
; 2. LEstablishing Upper Turntable Position '
for Aircraft Centerline Normal to Elevation b
Axis (See Appendix A) 0.010
3. Leveling of Inclinometer Platform 0.004°

4. Establishing Inclinometer Axes
Perpendicular to and Parallel with

Aircraft Centerlines 0.01°

Q

S5. Inclinometer Error (See Appendix B) 0.15




TABLE 7

MAXTMUM DIFFERENCE BETWEEN ELEVATION
NieNe ————— = "EEN ELEVATION

e e e e

SYNCHRO READINGS AND INCLINOMETER READINGS

Pitch Test

Right Side up

Nose Down 0.03°

Tail Down 0.04°
Upside Down

N se Down 0.02°

Tail Down 0.01°

Roll Test

Right Side up

Right Wing Down 0.21°
Left Wing Down 0.09°
Upside Down
Right Wing Down 0.20°
Left Wing Down 0.20°
30

e o

"

ST
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TABLE 8

ITEMS TO BE INCLUDED IN ERROR SUMMATION

Placing Reference Marks on Aircraft (Table 5, Item

Leveling Aircraft" (Table 5, Item Lb):

Aircraft Deformation (Table 5, Item 3):

Leveling Inclinometer Platform (Table 6, Item 3):

Inclinometer Error (TFable 6, Item 5):

Initial Out-of-Level (Table 6, Item 1)

Difference Between Synchro and Inclinometer Readings

(Lable 7)

{
?

-d



TABLE 9

TOTAL SYSTEM ERROR

(Maximum Probable Difference Between Elevation Synchro Readings
and True Aircraft Position)

1.RSS of Para} 2.Initial | 3.Difference Betweenl 4.Error
VIIC,Items 1, Out-of- Sync<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>