UNCLASSIFIED

AD NUMBER

ADB006597

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Adm nistrative/ Qperational Use; AUG 1975.
O her requests shall be referred to Space and
M ssile Systens Organi zati on, Los Angeles, CA

AUTHORITY
SAMSO [ tr 26 Jun 1979

THISPAGE ISUNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PURLIC RELEASE
UNDER 0D DIRECTIVE 5200,20 AND
NO RESTRICTiONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPRCOVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,




6597

o~
S

ADB O

AFSWC-TR-75-53 AFSWC-TR-75-53

FINAL REPORT
TWO-AXIS ANGULAR RATE AND ACCELERATION MULTISENSOR TEST
CRAIG H. PRICE, LT, USAF

RICHARD E. RUMPH, LT USAF
ROBERT R. THEDE, MR.

AIR FORCE SPECIAL WEAPONS CENTER
Air Force Systems Command
Kirtland Air Force Base
New Mexico

PREPARED BY DD C
CENTRAL INERTIAL GUIDANCE TEST FACILITY [] A= e
6585th TEST GROUP SEP 22 1715 j[
HOLLOMAN AIR FORCE BASE, NEW MEXICO Gicy gl
U U GL,
\B/

AUGUST 1975

Distribution Timited to U. S. Government Agencies only; (Test
and Evaluation); (12 August 1975). Other requests for this
document must be referred to SAMSO/RS, Los Angeles Air Force
Station, P. 0. Box 92960, Worldway Postal Center, Los Angeles,

California, 90009.



THIS REPORT HAS BEEN REVIEWED AND IS APPROVED.

i Z//<) ! 94 / :
RICHARD E. CLARK, Lt Colonel, USAF
Director, Guidance Test Division




Ll UNCLASSIFLED

| SECURITY CLASSIFICA’TION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER

A FSWC-TR-75-53

2. GOVY ACCESSION NO,

. RECIPIENT'S CATALOG NUMBER

4. TITLE rand Subtitie)

Two-Axis Angular Rate and Acceleration
Multisensor Test .

TYPE OF REPORT & PERIOD COVERED

Final Report
Nov 73 - Jdun 75

PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

Craig H. Price, Lt, USAF

CONTRACT OR GRANT NUMBER(s)

6585th Test Group (GDP)
Holloman Air Force Base, New Mexico 88330

Richard E. Rumph, Lt, USAF 6095
Robert R. Thede, Mr.
9. PERFORMING ORGANIZATION NAME ANO ADDRESS 10. ':gggR&AwOERLKEESr‘TT‘NpURMOB‘,EESST' TASK

11, CONTROLLING OFFICE NAME ANO AODRESS

SAMSO/RS

. REPORT DATE

Aug 75

Los Angeles Air Force Station
Worldway Postal Center, Los Angeles, Ca 90009

+ NUMBER OF PAGES

h9

14, MONITORING AGENCY NAME & ADDRESS(if different from Controfling Office)

. SECURITY CLASS, (of this report)

Unclassified

154,

DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

. DISTRIBUTION STATEMENT (of this Report)

(12 August 1975).
SAMSO/RS, Los Angel

Center, Los Angeles, California 90009.

Distribution limited to U. S. Government Agencies only; (Test and Evaluation)
Other requests for this document must be referred to
es Air Force Station, P. 0. Box 92960, Worldway Postal

.
]

- DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

. SUPPLEMENTARY NOTES

19. KEY WOROQS (Continue on reverse side if necessary and identify by block number)
Multisensor Test

a Two-Axes Angular Rate and Acceleration
8 Litton

Gyroscope

ficcelerometer

Inertial Instrument

20. ABSTRACT (Continue on reversc side if necessary and identify by block number)

g@ Two Litton MS-4 Multisensors, S/N 17 and S/N 23 were tested at the

Central Inertial Guidance Test Facility,

instruments.

! 6585th Test Group, Holloman AFB,
New Mexico during the period from November 1973 to June 1975,

of the tests was to collect performance and environmental data on the

ume The !aboratory tests included gyro and accelerometer
coefficient determination; drift tests; voltage,

The purpose

frequency and temperature

sensitivity tests; and scale factor linearity tests. A hot soak was the
DD , 0™, 1473  eoimion oF 1 NOV 65 IS 0BSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

e




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

only environmental test performed due to failure of one instrument and
damage to the other, .

The report contains test results for the complete laboratory phase of
testing on Multisensor S/N 17 and results of coefficient determination and
drift tests on Multisensor S/N 23.

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




r~—.——w..—-—f-————-—,-..——————v-ﬁ* -

FOREWORD

This report documents the results of tests performed by the
Central Inertial Guidance Test Facility (CIGTF) on two Litton
MS-4 Multisensors. The Air Force Avionics Laboratory (AFAL) was
the responsible development organization with reimbursable expenses
being provided by the Space and Missile Systems Organization (SAMSO)
as & part of Project 6095,
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ABSTRACT

Two Litton MS-4 Multisensors, S/N 17 and S/N 23 were tested at
the Central Inertial Guidance Test Facility, 6585th Test Group,
Holloman AFB, New Mexico during the period from November 1973 to
June 1975, The purpose of the tests was to collect performance and
environmental data on the instruments. The laboratory tests included
gyro and accelerometer coefficient determination; drift tests; voltage,
frequency and temperature sensitivity tests; and scale factor linearity
tests. A hot soak was the only environmenta] test performed due to
failure of one instrument and damage to the other.

The report contains test results for the complete laboratory
phase of testing on Multisensor S/N 17 and results of coefficient

determination and drift tests on Multisensor S/N 23.
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1.  INTRODUCTION

1.1 Authority ‘

Laboratory testing of the Litton built two-axis angular
rate and linear acceleration multisensor by the Guidance Test Division
was requested by the Air Force Avionics Laboratory, Wright-Patterson
AFB, Ohio in a letter dated 2 April 1973, titled "Two Axis Rate and
Acceleration Sensor", and an attached Program Introduction, undated,
with the same title.

In accordance with AFSC Supplement 1 to AFR 80-14, the
Guidance Test Division of the 6585th Test Group documented this test
program in a Statement of Capability dated 23 April 1973 and titled
"Two Axis Rate and Acceleration Sensor".

The multisensor and its support equipment are unclassified
to both visual and physical access. A1l test plans, procedures,
schedules and laboratory test data are unclassified.

1.2 Test Objective

The objective of this test program was to determine
environmental and functional capabilities of the two axis angular rate
and acceleration Multisensor.

1.3 Test History

Testing on Multisensor began in November of 1973 and continued
through the laboratory phase of testing and an environmental hot soak until
March of 1974, At this time, a long series of difficulties began as described
in the Failure and Repair Log (Appendix A) which delayed the program for

one year.
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Testing resumed in April 1975 with the environmental

phase of testing. On 24 April 1975, the linear vibrator came to an
abrupt halt during the first vibration test on the Multisensor (See
Appendix B). The resulting high-g shock damaged the instrument and
brought a premature end to the program. For this reason, the March
1974 hot soak was the only environmental test performed on the

instrument.

2.  TEST ITEM DESCRIPTION

2.1 General

The Multisensor (Figure 1) is an instrument capable of
measuring two axes of angular rate information as well as two axes
of linear acceleration. This 1is accomplished by two rotors freely
suspended from a single motor drive shaft. QOne rotor is balanced with
a high angular momentum to measure rates and the other rotor is pendulous
along the spin axis with low angular momentum to measure acceleration,
Each rotor has associated pickoffs and torquers about two principal
axes. An electronics package mounted on the case provides preamplification
of gyro output signals and a closed two axis servo loop for the
accelerometer rotor. Loop currents are monitored externally as a measure
of acceleration.

The rotor suspension is a "vibragimbal" type, which consists
of two gimbals oriented 90° relative to each other and attached to the
shaft and rotor by means of flexures (Figure 2). By proper choice of
gimbal inertias, a negative spring rate can be obtained at the chosen
operating speed to exactly cancel the positive spring rate of the flexures.

The result is a free rotar gyro,

e A 3 3 A o
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The two gimbal system provides basic cancellation of twice-
spin-speed vibration rectification common to other types of vibratory

suspensions.

2.2 Instruments Provided to CIGTF

Two instruments were provided to CIGTF for testing, S/N 17
and S/N 23. S/N 17 was intended to be the primary test instrument with
S/N 23 available as a backup and for additional data from some of the
laboratory tests.

2.3 Excitation Requirements

The instruments provided to CIGTF were designed to operate at
a temperature of 165°F and with a wheel excitation of around 11 volts
at 1125 Hz, The pick-off excitation was 650 mV at 54 KHz. These
operating parameters were used until the return of S/N 23 on 1 April 1975
when Litton engineers suggested using an 1127 Hz wheel excitation
frequency and a 150°F operating temperature.

The wheel speed of a Multisensor is selected to be slightly
different from the resonint frequency. Since S/N 23 had been retuned
while at Litton, a new resonant frequency was produced and therefore a
new wheel excitation frequency was required.

The lower operating temperature was suggested to reduce noise

in the instrument.
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3. TEST EQUIPMENT

The basic test equipment interfacing diagram and a comprehensive 1ist
of the test equipment used are shown in Appendix C.

The Multisensor Control Panel provided unfiltered DC voltages
proportional to the X and Y gyro and the X and Y accelerometer torquer
currents. On a signal from the calculator, the four integrating DVM's
accumulated data for 1, 10, or 100 seconds while the digiZal multimeter
sampled the resistance of the instrument's "stick-on" temperature sensor.
At the conclusion of the integration time the calculator took the digital
readings from each of the 5 instruments and stored the data onto magnetic
tape. Depending on the type of test being run, the calculator also
output raw data or the results of calculations onto the Tine printer and
displayed instructions to the technician running the test.

4.  TEST PROCEDURES AND RESULTS

4.1 Litton Test )

4.1.1  Procedure
The Multisensor was mounted on a rate table with its
spin axis vertical and parallel to the table axis, X axis north and Y axis
west. The gyro and accelerometer torquer currents were integrated for
10 seconds (100 seconds for all tests after 1 April 1975). The table was

then rotated clockwise in 90° increments for 360° and data was taken at




each position. The instrument was then reoriented by rotating the
table on its trunion axis such that the spin axis was north and
parallel to the table axis, X axis down and Y axis west. Again the
table was rotated clockwise in 90° increments for 360° and data was
taken at each position. Approximately 10 minutes settling time was
allowed after reorientation of the instrument and two minutes after eacl.
90° rotation,

The Litton test described in the test plan was found
to provide redundant information and was therefore reduced to the test
described above and referred to as an eight position test.

4.1.2 Test Results

Eight position tests were conducted periodically
throughout the test program. The data reduction procedures and the
coefficients obtained from these tests are presented in the test plan..

4,1.2.1 S/N 17 Results

The coefficients obtained from these tests
are presented in Tables I and II for the gyro and the accelerometer
functions of the multisensor, respectively. Also shown on these tables
are the means and the standard deviations (o) of each of the coefficients
over the entire test period. This multisensor was subjected to hot soaks
from 11 through 15 March 1974, The means and standard deviations of the

coefficients from only the tests before hot soak and from only the tests
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following hot soak are also presented in Tables I and II. The only

gyro coefficient which exhibited any significant change following hot

soak was the X axis bias, D(X)B. Its mean value increased by .53 deg/hr
after hot soak. Accelerometer coefficients which exhibited significant
changes following hot soak were the X axis scale factor, the X axis

1 g and null biases, the Y axis 1 g bias, and the X axis rate sensitivity,
wa. The standard deviations of the X axis null bias and rate sensitivity
also increased significantly following hot soak.

4.1.2.2 S/N 23 Results

The coefficients obtained from the eight
position tests on this instrument are presented in Tables III and 1V.
Means and standard deviations (o) are presented for the three tests
before the instrument failure, for the two tests following the repair
by Litton and for the five tests following the failure of the linear
vibration system which resulted in tvertesting of the instrument. None
of the coefficients exhibited any significant shifts following the repairs
by Litton. A1l of the accelerometer coefficients became more stable
following this repair. The coefficients which changed significantly as
a result of the vibration overtest are indicated on the Tables. The
stability of most of the coefficients did not increase significantly
following the vibrat%on overtest, and the stability of the accelerometer

scale factors improved significantly following this overtest.
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4.2 Table Horizontal Pause Torque to Balance Test

4.2.1 Procedure
The Multisensor was mounted on a rate table with

its spin axis south and parallel to the table axis, X axis west and Y
axis down. The table was rotated counterclockwise in 30° increments
for 360° and the gyro and accelerometer signals were integrated for
100 seconds at each point. The test was repeated for two other
orientations: X axis horizontal north and antiparallel to the table
axis, Y axis down and spin axis west; Y axis south and parallel to the
table axis, X axis west and spin axis up.

4.2.2 Test Results

PTB tests were conducted to determine gyro and
accelerometer performance model coefficients. These performance models
are presented in Appendix D. Descriptions of the analysis procedures
used to obtain these coefficients are presented in the Test Plan.

4.2.2.1  S/N 17 Results

The gyro coefficients obtained from five
PTB tests conducted before hot soak and two tests conducted after hot
soak are presented in Tables V and VI for the X and Y axes respectively,
The only significant acceleration squared sensitive coefficients were
D(X)SS and D(X)XS. The only gyro coefficients which showed any change
following hot soak were D(X)f, D(X)Y, and D(X)SS. The changes in D(X)F

and D(X)Y were not seen in the eight position test results.
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The accelerometer coefficients obtained

from these tests are presented in Tables VII and VIII for the X and Y

axes respectively. Significant second order coefficients were KX | l

XS’
KYYY"KYSS’ Kny, and KYYS. A1l of these coefficients exhibited

significant changes following hot soak.

4.2.2.2  S/N 23 Results

1
|
I
The gyro coefficients obtained from tests
conducted before and after the vibration overtest are presented in 1

Tables IX and X for the X and Y axes respectively. A1l of the second

|
order coefficients obtained from the tests before the vibration overtest

were less than .09 deg/hr/gz. Following the vibration overtest all of these J

coefficients increased in magnitude and became very unrepeatable.

Accelerometer coefficients obtained from these

tests are presented in Tables XI and XII for the X and Y axes respectively,

The only significant higher order coefficient was KXXX - KXYY' This

coefficient became Jess repeatable following the vibration overtests,

4.3 Standard Torque to Balance Test

4.3.1 Procedure

The Multisensor was mounted on the precision rate table

with its spin axis parallel to the table axis and to the earth's spin axis.

Starting with the X axis west the table was rotated clockwise one revolution

at 20 earth rate. Gyro and accelerometer data was integrated for 10

seconds every 5° of table votation. The procedure was then repeated rotating
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&

the table counterclockwise one revolution. The Multisensor was then
reoriented with its spin axis antiparallel to the table axis and earth
spin axis and the entire procedure wayfrepeated.

4.3.2 Test Results (S/N 17)

STB tests were conducted to determine the magnitudes,
standard errors, and shutdown instabilities of the gyro's performance
model coefficients. This performance model is presented in Appendix D
and the data analysis procedures are described in the test p]an;v The
magnitudes, standard errors, and shutdown instabilities of the coefficients
obtained from a seven set STB test are presented in Tables XIII and XIV
for the X and Y gyro axes respectively. The large shutdown instabilities
listed for D(X)S and D(Y)S indicate that these coefficients vary greatly
over instrument shutdown. A1l acceleration squared sensitive coefficients
were less than .06 deg/hr/gz.

4.4 Earth Fixed Drift Test

4.4.1 Procedure
The Multisensor was mounted with the X axis up,
Y axis west and spin axis south. The gyro and accelerometer signals
were integrated for 100 seconds every two minutes for an eight hour
period starting with turn on of the instrument. The test was repeated
for Y axis up, X axis east, spin axis south and for spin axis up, Y axis

west, X axis north with the instrument shutdown a minimum of two hours

between tests.
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4.4,2 Test Results

Eight hour earth fixed drift tests were conducted to
determine the Multisensor's warm up time and its short term drift rate.
Examination of the drift data revealed that in all cases all signals
from the instrument had stabilized within three hours of instrument
turnon. The standard deviations of these signals about a straight
Tine over the last five hours of each test were therefore used as an
indication of the instrument's stabilized drift rate.

4.4.2.1 S/N 17 Results

The sTope of the 1ine and the standard
deviation about the line for each of the multisensor's signals are
presented in Table XV. Also shown on this table are the means and
standard deviations of each of these parameters over all of the tests
before hot soak and all of the tests after hot soak. 1In all cases
the Y gyro drift rate was significantly greater than that of the X gyro.
The Y accelerometer drift rate was significantly smaller for orientations
in which the spin axis was up. Both accelerometer drift rates increased
following hot soak.

4,4,2.2 S/N 23 Results

Drift test results for multisensor S/N 23
are presented in Table XVI. Means and standard deviations for the tests
before instrument repair, the tests after instrument repair “but before
vibration and the tests following the vibration overtest are presented.
The instrument drift rate was not significantly affected by the vibration

overtest,
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4.5 Voltage, Frequency and Temper«ture Control Sensitivity Tests
4.5.1 Procedure |

The multisensor was mounted with the spin axis vertical
up. Data was taken at pick-off excitation voltages.of +10 percent of nominal
value for 5 minutes at the rate of a ten second integration every 15 seconds.
At the end of 5 minutes, an eight point test was perforned as described
in Section 4,1.1. This procedure was repeated for pick-off excitation
voltages of +5 percent, 0 percent, -5 percent and -10 percent of nominal.

The frqughqy sensitivity test was identical to that
described above with the variations in piékLoff excitation voltage
replaced by identical percentage variations in wheel excitation frequency.

The temperature control sensitivity test also was similar
to that described above with variations in pick-off excitation vol tage
replaced by identical perceniage variations in control temperature and with
data recording time increased to 30 minutes at each temperature. Temperature
control on the Multisensor is accomplished through control of wheel voltage
therefore this test measured the combined sensitivity to temperature and
wheel voltage.

4.5.1 Voltage Sensitivity Tests (S/N 17)

None of the coefficients determined from eight position
tests showed any sensitivity to variations in the excitation voltage

over the test range of 600 mv to 700 mv.
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4.5.2  Frequency Sensitivity Tests (S/N 17)

A11 eight position test coefficients except the
accelerometer scale factors showed some sensitivity to variations
in the Multisensor's excitation frequency. These sensitivities are

shown in Table XVII.

4.5.3 Temperature Sensitivity Tests (S/N 17)

The coefficients which exhibited sensitivities to
temperature were the gyro and accelerometer scale factors and two of the

gyro mass unbalance terms. These sensitivities were:

STX - .012 deg/hr/ma/deg F.

STY .012 deg/hr/ma/deg F

D(X)X - .020 deg/hr/g/deg F

D(Y)Y .021 deg/hr/g/deg F

X Accelerometer Scale Factor 220 PPM/deg F
Y Accelerometer Scale Factor 220 PPM/deg F

4.6 Scale Factor Linearity Test

4.6.1 Procedure
The Multisensor was mounted on the precision rate table
with the X axis vertical and parallel to the table axis. The table was
then rotated at rates of 25, 50, 75, 100, 150, 200, 250, and 300 °/hr in
both clockwise and counterclockwise directions. At each rate, data was
integrated for 10 seconds every 15 seconds for 20 minuies after a one
minute stabilization period. The entire procedure was then repeated with

the Y axis vertical and parallel to the table axis,
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TABLE XVII
FREQUENCY SENSITIVITY TEST RESULTS (S/N 17)

GYRO SENSITIVITIES

STx -.013 deg/hr/ma Hz
STY .0365 deg/hr/ma/Hz
D(X)B -.027 deg/hr/Hz
D(Y)B -.137 deg/hr/Hz
D(X)x .039 deg/hr/Hz
D(X)Y .004 deg/hr/g/Hz
D(Y)Y -.034 deg/hr/g/Hz
D(Y)x .009 deg/hr/g/Hz

ACCELEROMETER SENSITIVITIES

X Scale Factor None

Y Scale Factor None

X 1 g Bias -1196.5 pg/Hz

X Null Bias -1135.5 ug/Hz

Y 1g Bias -246.8 ug/Hz

Y Null Bias -252.0 ug/Hz

KX " -2.6  pa/deg/hr/Hz
KYw -2.6 pa/deg/hr/Hz
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4.6.2 Test Results (S/N 17)

A Teast squares fit of the torquer current to the

applied rate was made for S/N 17. The scale factors obtained from this

test were:

STX 43.74 deg/hr/ma

STY -43.23 deg/hr/ma

These values compare very well with those obtained from the eight
position tests and reported in Section 4.1.2. Examination of the
residuals about the Tine revealed that there was no deterministic
nonlinearity in the gyro's scale factors.
4.7 Hot Soak
4.7.1  Procedure

The instrument was placed in the temperature chamber
with its spin axis vertical up and in a non-operating condition. The
chamber temperature was raised from room temperature to 200°F at a rate
of 2°F/minute. The temperature was held at 200°F for 16 hours and then
lowered to room temperature at 2°F/minute and held there for at least
6 hours. This procedure was repeated four times. After completion of the

sequence, drift, eight position and PTR tests were run to determine any

111 effects of the hot soak.
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4,7.2 Test Results

The results of the tests made after the 11-15 March
1974 hot soak are described in° Sections 4.1, 4.2 and 4.4. In general,
there was little change seen in the gyro and accelerometer coefficients
as a result of the hot soak however there was a significant degradation
in the accelerometer random drift. An investigation revealed that there
were spurious signals on the accelerometer torquer lines which were
apparently caused by problems in the Multisensor's electronics chip.

5.  SUMMARY OF RESULTS

The functional capabilities of the multisensor were evaluated
through a complete set of laboratory tests. The only environmental
testing accomplished was a hot soak. Further environmental testing vas
suspended when a failure of the liner vibration system during vibration
testing damaged the instrument. Several failures occured during testing
on both of the test instruments, S/N 17 and S/N 23. Ail failures wére
attributed to the failure of an electronics chiﬁ in the Y accelerometer
loop.

! 1

Test results showed a gyro mass unbalance coefficient, D(X), of

x ©
-.5 deg/hr/g on both instruments and a D(Y)Y of .6 deg/hr/g on S/N 17

and 1.0 deg/hr/q on S/N 23. The one sigma variation of these coefficients
was less than .09 deg/hr/g during the entire test period. The D(X)S and
D(Y)S c&@ffiéients varied about zero with an instability of .3 deg/hr/qg.

The gyro second order coefficients were less than .08 deg/hr/g2 in magnitude

in most cases,

i
2

v
‘
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The accelerometer biases exhibited instabilities as large as
500 micro g over the test period. The scale factor instabilities
were about 360 ppm. The largest second order accelerometer coefficient
was KYYY - KYSS on S/N 17, Its magnitude was -114 pg/gz. A1l higher order
accelerometer coefficients on S/N 23 were insignificant.

The gyro's one sigma drift rate averaged .004 deg/hr for the X gyro
and .012 deg/hr for the Y gyro on S/N 17. ~On 5/N 23 the X gyro was noiser
than the Y, The accelerometer drift rates were 5 ug for both axes of
S/N 17 and 20 ug for S/N 23.

The multisensor showed no sensitivity to variations in the excitation
voltage over the test range of 500 mv to 700 mv. A1l eight position test
parameters except the accelerometer scale factors showed some sensitivity
to variations in the excitation frequency. The largest sensitivities were
shown by the accelerometer X axis bias. This sensitivity was -1150 png/Hz.
The accelerometer scale factors had a temperature sensitivity of 220 ppm/deg F.
The gyro scale factor temperature sensitivities were -.012 deg/hr/ma/deg F for
STX and .012 deg/hr/ma/deg F for STY' The gyro mass unbalance coefficients
STX and STY had temperature sensitivities of -.02 and .02 deg/hr/g/deg F for
D(X)X and D(Y)Y respectively.

The greatest change following hot soak occurred in the X accelerameter
one sigma drift rate. This drift rate increased from 4 pg before hot soak

to 60 ug after.
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18 Mar

3 Apr

10 Apr

2 Jul

22 Jul

29 Jul

4 Dec

19 Feb

74

74

74

74

74

74

74

75

APPENDIX A
FATLURE AND REPAIR LOG

Y accelerometer torquer amplifier failed on S/N 17 following

a hot soak.

Y accelerometer Torquer amplifier failed on S/N 23 during
laboratory testing.

Both 5/N 17 and S/N 23 shipped to Litton for diagnosis and
repair.

While at Litton, S/N 17 lost vacuum and was eliminated from the
test program.

S/N 23 was received from Litton. The Y accelerometer torquer
amplifier was not operating on turn-on of the instrument.
Multisensor S/N 23 and the Multisensor Control Panel were shipped
to Litton for diagnostic testing. !
An accelerometer torquer amplifier failed on S/N 23 while at
Litton following a cold soak. At this point an additional
amplifier stage was added external to the instrument to buffer
the accelerometer torquer amplifiers.

S/N 23 and the Control Panel were returned to CIGTF. The lead
wire for the Y accelerometer torquer low was found to be broken

at the instrument's wiring harness in an inaccessible place.
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21 Feb 75
19 Mar 75

1 Apr 75
24 Apr 75

e

"2 S e R P, Sk e T

S/N 23 returned to Litton for repair.

While at Litton, very high frequency parasitic oscillations

were found in the Y accelerometer loop due to impedance mis-match
of the accelerometer torquer buffer amplifier.

S/N 23 was received from Litton.

Two vibrator halts during environmental testing imposed high g

Toads on S/N 23 damaging the rotor hinges and ending the test

program,
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APPENDIX B

VIBRATION SYSTEM FAILURE

On 24 April 1975, the vibration system experienced two successive
shut-downs during sinusoidal vibration testing of Multisensor S/N 23.

The instrument was undergoing test 5.11 of the test plan (curve AE of MIL-STD-
810B) and had been mounted with X axis north and parallel to the vibrator axis,
Y axis vertical up and spin axis east.

Figure B-1 shows a hand plot of the gyro and accelerometer torquer data
taken during the first shut-down. The data was being integrated for 10
seconds every 16 seconds from 5 minutes before the test began to 5 minutes
after it ceased. It should be pointed out that the X gyro torquer responds
to rates about the Y axis and vice versa. The same convention holds for
the accelerometer end which explains why vibration along the X axis resulted
in noise in the Y accelerometer torquer.

Vibration started during the integration time for point 1 of Figure B-1
and the shut-down occurred during the integration time for point 16. Table
B-I gives the relationship between data point number, elapsed time and the
approximate frequency of vibration at that t{me.

Figure B-2 shows the output of the acceleration monitor on the vibrator
during the shut-down. Prior to the halt, the vibrator was operating at 9 g's

and 68 Hz. The peak acceleration seen by the instrument during the halt was
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TABLE B-]

SAMPLE POINT, TIME, FREQUENCY RELATIONS

=

=i I
WO WOWONTTOPDRWN —

14

TIME (SEC)

16

32

48

64

80

96
112
129
145
161
177
193
209
225
241
257
273
289
305
321
337
354
370
386
402
418
434
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133 g's after which the vibrator oscillated to a stop at its resonant
frequency of 1025 Hz.

The torquer data taken during the second vibrator shut-down is shown
in Figure B-3. The relationships of Table B-I hold for this plot also.

Figure B-4 shows the output of the acceleration monitor on the vibrator
during the second shut-down. Prior to the halt, the vibrator was operating at
15 g's and 425 Hz. The peak acceleration seen by the instrument was 64 g's
after which the vibrator again oscillated at 1025 Hz to a stop.

The several laboratory tests condu;ted after the shut-downs are covered
in Section 4 of this report. An additional test was performed, however,
to determine if there had been a significant change in the resonant frequency
of the instrument. The test consisted of finding the wheel excitation frequency

X at which a change in the X pick-off offset on the Control Panel produced no 1
change in the X gyro torquer current.

The test indicated that resonance was obtained at 1106.3 Hz as opposed to
1126.3 Hz measured earlier by Litton.

The test results indicated conE]usive]y that the instrument's rotor

hinges were damaged and dictated the cancellation of the program due to lack

of an instrument for testing.
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APPENDIX C

TABLE C-1
TEST EQUIPMENT

4y MANJUFACTURER MODEL DESCRIPTION
1 Hewlett Packard 9830 Calulator
1 Hewlett Packard 9866A Line Printep
i Hewlett Packard 2570A Coupler Controller
1 Hewlett Packard 3480B/84A Digital Multi-meter
4 Hewlett Packard 2401C Integrating Digital Voltmeter
[ Hewlett Packard K20-5208 Reversible counter
1 Kennedy 1610 Magnetic Tape Drive
1 Optimation AC153S 30 Power Supply
1 Ootimation RCD 9/2040 Frequency Synthesizer
; 1 Rockland 5100 Frequency Synthesizer
1 Hewlett Packard 400H AC Voltmeter
1 Tektronix 0% Dual Trace Oscilloscope
1 Goertz T-500 Rate Table
1 Litton - Multisensor Control Panel
| 44
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APPENDIX D

PERFORMANCE MODELS

The assumed performance models for each of the input axes

Pf a two degree of freedom gyro are as follows:

Stavfy = D(0g + D(X)yay + D(X)yay + D(X)gag + o(x)xxax2

L

e

2
* DlX)ggag™ + D(X)yyayay + D(X)yqa ac + D(X)ysayag

+wx

STGXiX = D(Y)F + D(Y)YaY + D(Y)XaX + D(Y)SaS + D(Y)YYaYZ

2
+ D(Y)SsaS + D(Y)YXaYaX + D(Y)YSaYaS + D(Y)XsaxaS

- uy
where
iy current flow through the 'Y axis torquer (ma)
STY Y axis torquer scale factof (°/hr/ma)
iy - current flow through the X axis torquer {ma)
STX X axis torquer éca]e factor (°/hr/ma)
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drift coefficient of the X axis
D(Y) drift coefficient of the Y axis

acceleration, with respect to inertial space, of the

gyro case along the X axis (g)

ay acceleration, with respect to inertial space, of the

gyro case along the Y axis (g)

ag acceleration, with respect to inertial space, of the

gyro case about the X axis (g)

wy angular velocity, with respect to inertial space,

of the gyro case about the X axis (°/hr)
¥

wy angular velocity, with respect to inertial space,

of the gyro case about the Y axis (°/hr)




-

The assumed performance models for each of the input axes

of the accelerometer end of the multisensor are as follows:

a~ 2 3 5 12
iy = KX0 + KXX ay + KXXX ay ,+ KXXXX ay” + KXSS ag

", aYZ + KX 34 xx

3
+ KX YYY aY

+ KX

555 %5 s 9y %5

+ KXXY ayay + KXYS ay ag + KXw wy

2 3 2

iX = KY0 + KY, a + KYYYY aY + KYSS ag

y ay t Klyy ay

2 3

3
+ KY,, a XXX ax + KYYS aY aS

* KYggs g XX 3x

+ KY

where
iy current flow through the Y axis accelerometer
torquer (ma)
béu ix current flow through the X axis accelerometer
. torquer (ma)
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ay acceleration component along the X axis (g)

ay acceleration component along the Y axis (g)
ag acceleration component along the spin axis (g)

| ! KX, X axis bias (ma) ]
KY, Y axis bias (ma)
KXy X axis scale factor (ma/g) 1
KYY Y axis scale factor (ma/g)
Kxijk X axis higher order coefficients (ma/gz or ma/gs)
Kyijk Y axis hféher order coefficients (ma/g2 o ma/g3) |
KXm X axis rate sensitivity coefficient (ma/deg/hr)
KYm  Y axis rate sensitivity coefficient (ma/deg/hr) |
wy rate about the X axis (deg/hr)
wy rate about the Y axis (deg/hr)

The biases and higher order coefficients in these performance models
are normalized to universal units {.g, ug/gz, or ug/g3) by dividing

the coefficient by the scale factor and multiplying by 106.
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