of- 437350

v

TWR-18782

Sohd Racket Motors
Thioko!l Corporation

Transportation Monitoring
Unit Qualification
Final Test Report

8 March 1990

Contract No. NAS8-30490
DR No. 5-3

WBS No. HQ403-01-10
ECS No. §$S2237

TAcolof corroration

SPACE OPERATIONS

PO. Box 707, Brigham City, UT 84302-0707 (801) 863-3511

Publications No. 90467

uncl .=

SNol L LTI






W CORPORATION

SPACE OPERATIONS
TWR-18782

Transportation Monitoring Unit Qualification
Final Test Report

Prepared by:

//7%/?7‘ M { 12 MAR 10)

Test Planning and Reports
Systems Engineer

Approved by:

C/Z?@ I PTI /Z fo

IE:‘qﬂ'i’rements U Design Engmeermg
/)
/ /[{/
X/ o IV/L\ /\’/ wal’
Program Management System Integration Engineering

..Lz/(,c et h /”f/“ 4 7M£QZ

Reliability System Safety /4 Wt ;%. A taqC

C; N g/ )
7y L L0 o deak 3147
Systems Loads and Environments Datlg Management

ECS No. SS52237






7 W CORPORATION

SPACE OPERATIONS

ABSTRACT

Transportation monitoring unit (TMU) qualification testing was performed between
3 March and 14 December 1989. The purpose of the testing was to qualify the
TMUs to monitor and store temperature and acceleration data on redesigned solid
rocket motor segments and exit cones while they are being shipped from Utah’s
Thiokol Corporation, Space Operations, to Kennedy Space Center.

TMUs were subjected to transportation tests that concerned the structural
integrity of the TMUs only, and did not involve TMU measuring capability. This
testing was terminated prior to completion due to mounting plate failures, high- and
low-temperature shutdown failures, and data collection errors. Corrective actions

taken by the vendor to eliminate high-temperature shutdowns were ineffective.

An evaluation was performed on the TMUs to determine the TMU vibration
and temperature measuring accuracy at a variety of temperatures. This test
demonstrated that TMU vibration measurements are not within specified tolerances,
that TMU measured shock levels are high, and that TMUs are temperature sensitive

because of decreased accuracy at high and low temperatures.

It has been determined that modifications to the current TMU system, such
that it could be qualified for use, would require a complete redesign and
remanufacture. Because the cost of redesigning and remanufacturing the present
TMU system exceeds the cost of procuring a new system that could be qualified
without modification, it is recommended that an alternate transportation monitoring

system be qualified.
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1
INTRODUCTION

This report documents the procedures, performance, and results obtained from the
redesigned solid rocket motor (RSRM) transportation monitoring unit (TMU)
Qualification test. The final series of testing was performed between 8 Nov and

14 Dec 1989 at Unisys Laboratories, Salt Lake City, Utah. Initial qualification
testing was performed at the Wyle Test Facility, Norco, California, between 3 Mar
and 5 Apr 1989. The purpose of the testing was to qualify the TMUs to monitor
and store temperature and acceleration data on RSRM segments and exit cones
while they are being shipped from Utah’s Thiokol Corporation, Space Operations, to
Kennedy Space Center (KSC). Testing was performed in accordance with CTP-0097,
Transportation Monitor Unit Qualification Test Plan.

RSRM segments and exit cones are shipped to KSC on railcars. Each segment
and exit cone-loaded railcar is instrumented to monitor acceleration and temperature
during shipping. TMUs are mounted on each railcar to continuously store the
temperature and acceleration data into temporary memory banks. This qualification
testing was performed to demonstrate that TMUs can perform their required data
gathering functions when subjected to temperatures and vibrations representative of

the railcar environment.

1.1 TEST ARTICLE DESCRIPTION
The test article consisted of two TMUs, each assembled under 8U76218. TMU

exterior configuration is shown in Figure 1. Specific information about the
individual TMUs used at both the Wyle and Unisys test facilities is listed in
Section 6, Results and Discussion. The TMUs were provided by vendor QSI
Corporation, which refers to the TMUs as "QDLM-2" units.

TMU accelerometers are set for measurements in the longitudinal, vertical, and
tangential (lateral) axes. Each axis has a programmed triggering operation which is
set to function at 1.0-g longitudinal, 1.0-g vertical, and 0.5-g tangential threshold
levels. Each accelerometer channel level is set to be recorded onto the main
memory every time a preset acceleration level is exceeded. The main memory is
also set to continuously store channel readings so that data are available for
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recording 1 sec before and 10 sec after a triggered event. If acceleration levels are
not exceeded, TMUs are set to automatically record each accelerometer level every
6 hr. Temperature levels are set to be recorded every 0.5 hr. TMUs are designed
to store approximately 280 11-sec events. TMU and associated instrumentation

placement on railcars is shown in Figures 2 and 3.
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2

OBJECTIVES

The objectives of test plan CTP-0097 Rev D were derived to satisfy the requirements
of the contract end item (CEI) Specification CPW1-3600 Para 3.2.8.b, and the railcar
instrumentation identification item Specification CDW2-3454 as listed below.

The qualification objectives of the test were:
Verify the general performance in accordance with CDW2-3454 Para 3.2.1.1.
B. Verify the functional performance in accordance with CDW2-3454 Para 3.2.1.2.

The specific objectives of the test were:

C. Certify that the unit scanner will record accelerations 1 sec before and 10 sec

after each trigger.

D. Certify that the TMU will record the 3-min timed event to assure clock

accuracy.

E. Certify that the TMU will record the temperature and internal parameters
every 0.5 hr, starting at 1 min.

F. Certify that the TMU will record a timed event every 6 hr starting with the

first timed event at 3 min.
G. Certify that the three accelerometer channels will trigger all other channels.

H. Certify that the triggering systems operate at 1.0-g longitudinal, 1.0-g vertical,
and 0.5-g tangential threshold levels.

I  Certify acceleration and temperature accuracy throughout the operating

temperature range.

&

Certify the unit scanner recording capability through various vibration inputs.

K. Certify that a nonoperational triggering channel will not affect the remaining

channels and result in only one recorded event.

L. Certify that the self-contained power source can successfully operate for a

minimum of 17 days.
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EXECUTIVE SUMMARY

3.1 SUMMARY

TMUs were subjected to transportation tests that concerned the structural integrity
of the TMU only, and did not involve the measuring capability of the units. This
testing was terminated prior to completion due to mounting plate failures, high- and

low-temperature shutdown failures, and data collection errors.

An additional test for evaluation only was performed on the TMUs to
determine the TMU vibration and temperature measuring accuracy at a variety of
temperatures. This test demonstrated that TMU vibration measurements are not
within specified tolerances, and that TMUs are temperature sensitive because of

decreased accuracy at high and low temperatures.

The functional qualification tests were not performed, and none of the
objectives of CTP-0097 were adequately addressed during the test. Results showed
that TMUs do not perform to the requirements of the following documents: STW3-
3662, CDW2-3454, TWR-17049 Rev A, nor the qualification testing of CTP-0097. A

complete discussion of the test results is presented in Section 6.

3.2 CONCLUSIONS

Corrective actions taken by the vendor to eliminate high-temperature shutdowns

were ineffective. The corrective actions are outlined in Appendices C and D.

The additional engineering evaluation demonstrated that TMU vibration
measurements are not within specified tolerances, and that TMUs are temperature
sensitive because of decreased accuracy at high and low temperatures. Because the
TMU measured shock levels were higher than the input levels, it is likely that all
the TMU measured shock levels are higher that what occurs at the accelerometers.

It has been determined that modifications to the current TMU system, such
that it could be qualified for use, would require a complete redesign and

remanufacture.
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3.3 RECOMMENDATIONS

Because the TMUs failed to survive their simulated use environment, and because
the cost of redesigning and remanufacturing the present TMU system exceeds the
cost of procuring a new system that could be qualified without modification, it is
recommended that an alternate transportation monitoring system be qualified to

monitor RSRM segment and exit cone shipments.

pocno  TWR-18782 | vo

REVISION

SEC PAGE
90467-1.9 I 8






7 W CORPORATION

SPACE OPERATIONS

4
INSTRUMENTATION

Instrumentation used and recording system trigger levels were as listed in CTP-0097.
All reference, control, and response instruments were zeroed and calibrated in
accordance with MIL-STD-45662.

5
PHOTOGRAPHY

Photographs of the test setup at Wyle Laboratories and the broken TMU mounting
plate are included in Appendix A, Pages A-71 and A-72.

Photographs of the test setup at Unisys were also taken, and are shown in
Figures 4 through 6.
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6

RESULTS AND DISCUSSION

6.1 TESTING AT WYLE LABORATORIES
This portion of testing was performed between 3 Mar and 5 Apr 1989 at the Wyle

Test Facility, Norco, California. A representative from Systems Loads and

Environments witnessed the majority of testing.

Wyle prepared a test report which includes plots of the test results. This
report is included as Appendix A. Section 6.1 summarizes the Wyle test report and

provides additional information and conclusions.

6.1.1 Test Article Description

The test article consisted of two TMUs, prototype units No. 1 (S/N 0006) and No. 2
(S/N 0013). Both TMUs were subjected to the same testing. The TMU shock
mounts were fastened to "U" channels and then secured to an electrodynamic
exciter. Thermocouples and accelerometers were then mounted on the TMU and
shaker table as shown on Page 5 of the Wyle test report. Test configuration was as
specified in CTP-0097.

For temperature conditioning, a 3-foot-square insulated plywood box was placed
around the TMU. Hot air or CO, was forced into the box for heating and cooling,

respectively.

6.1.2 Transportation Testing

6.1.2.1 Introduction. Testing began by addressing the transportation portion of
CTP-0097. This was a structural test of the TMU components and housings,
designed to verify extended operation of the TMU in the intended environment of

railcar operation.

This testing consisted of subjecting the TMUs to sine sweep vibrations to
determine the TMU resonant frequencies, subjecting the TMUs to sinusoidal dwell
vibrations at the resonant frequencies, and subjecting the TMUs to shock spectra

testing.

This testing began with sinusoidal sweep vibrations applied to the TMUs to
determine the resonant frequencies for each unit. Sine sweep vibrations were

applied in accordance with SE-019-049-2H, "Solid Rocket Booster Vibration, Acoustic
pocvo  TWR-18782 | vou
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and Shock Design and Test Criteria,” and the test criteria for determining resonant
frequencies is listed in Table 1. Resonant frequencies for each TMU were
determined by greater than 2-to-1 amplification ratios between any response
accelerometer (mounted on the outside surface of the top of the TMU) and the
control accelerometer (mounted on top of the shaker table). Resonant frequencies
were to be found in the longitudinal, tangential, and vertical axes at -20°, 70°, and
163°F. Response accelerations that were measured in the same axis as the control

input axis were used to determine resonant frequencies.

Table 1. TMU Transportation Test Criteria--Control Inputs
for Determining Resonant Frequencies (sine sweep
through the below range at 5-2,000-5 Hz at
1 octave/minute)

e 5 to 130 Hz at 1.2-g peak
« 130 to 185 Hz at 0.0014-in. double amplitude

e 185 to 2,000 Hz at 2.5-g peak

Once resonant frequencies were determined, TMUs were then subjected to
sinusoidal dwell testing for 15 min at the approximate sine sweep amplitudes for
each resonant frequency. No more than three sine dwells were applied in a single

axis for a given temperature.

The TMUs were also to be subjected to five shocks in each direction in the
longitudinal, tangential, and vertical axes at -20°, 70°, and 163°F. The shock
spectra levels are defined in Table 2.

Table 2. TMU Transportation Shock Test Criteria

e 20 to 160 Hz at +6 decibel/octave
e 160 to 340 Hz at 10-g peak

e 340 to 400 Hz at -6 decibel/octave

The data acquisition system and TMU zero reference (located on TMU display
panel) were to be verified prior to testing, after completion of each test. Memory
modules were to be removed and replaced each time that TMUs were turned off.

REVISION 00C NO TWR-18782 l voL
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TMU accelerometer trigger channels were not connected for measurements.
Temperature measurements were taken by the TMU internal and external

instrumentation throughout the tests.

6.1.2.2 Transportation Testing With Original Shock Mounts and Mounting Plate.
Initial testing was performed with the original design TMU shock mounts which
consisted of two bolts enclosed within a rubber grommet. The original design

0.125-in. thick aluminum mounting plate was used.

TMU Time Check Sequence Test. Prior to testing, a time check sequence was run
on each TMU. Both units were run continuously for 6 hr. Each TMU recorded at
the 0.5- and 6-hr intervals.

-20°F Testing. TMU No. 1 was conditioned to -20°F and run through a longitudinal

sine sweep. Once sine sweep testing began, it was evident that the shock mounts

significantly increased the vibration amplitudes that were input to the TMUs from
the shaker table. Regardless of the high amplitudes, it was decided to proceed with
testing. Two resonant frequencies were found at approximately 22 and 31 Hz

(Page 12 of the Wyle test report). The unit was then subjected to sine dwell
vibration testing at these frequencies (at -20°F) for 15 min with no structural

damage occurring.

(Frequency versus acceleration plots, included in the Appendix A, consist of
control and response accelerations. Plots for resonant sine dwell tests were not

taken, as these were pass/fail tests.)

TMU No. 1 was then subjected to shock spectra testing in the longitudinal axis
at -20°F. Results of the shock tests begin on Page 43 of the Wyle test report. The
TMU continued to run while subjected to the shock tests.

TMU No. 2 was then conditioned to -20°F and run through a longitudinal sine
sweep. Two resonance frequencies were found at approximately 28 and 39 Hz
(Page 12 of the Wyle test report). The unit was then subjected to sine dwell
vibration testing at these frequencies (at -20°F) for 15 min with no structural

damage occurring.

TMU No. 2 was then subjected to shock spectra testing in the longitudinal axis
at -20°F. Results of the shock tests begin on Page 43 of the Wyle test report. The
- TMU continued to run while subjected to the shock tests.

REVISION pocno  TWR-18782 l voL
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During these cold transportation tests, both the Wyle control thermocouple and
the TMU internal temperature sensor indicated approximately -20°F, while the four
TMU external temperature sensors indicated approximately 0°F. Since the vibration
table was significantly larger than the conditioning chamber, it was not possible to
lower the table surface temperature below 0°F. The table surface temperature
probably influenced the attached TMU external temperature sensor readings. Also,
probe measurements were probably inaccurate because they were uninsulated and
became coated with ice from the carbon dioxide. Prior to additional testing, this
temperature difference was eliminated by insulating the temperature probes from
the vibration table with a 2-in. thick layer of fiberglass insulation between the
probes and the shaker table surface.

70°F Testing. TMU No. 1 was subjected to shock spectra testing in the
longitudinal axis at 70°F. Results of the shock tests begin on Page 43 of the Wyle
test report. The TMU continued to run while subjected to the shock tests.

Sine sweep testing of TMU No. 2 in the longitudinal axis at 70°F resulted in a
resonant frequency at approximately 19 Hz (Page 20 of the Wyle test report). The
unit was then sine dwell tested at approximately 19 Hz for 15 min and no structural
damage occurred. Post-test inspection revealed that two mounting screws had

loosened during the sine dwell test. The loose mounting screws were retightned.

TMU No. 2 was then subjected to shock spectra testing in the longitudinal axis
at 70°F. Results of the shock tests begin on Page 43 of the Wyle test report. The
TMU continued to run while subjected to the shock tests.

Sine sweep testing of TMU No. 1 in the longitudinal axis at 70°F resulted in a
resonant frequencies at approximately 16, 21, and 32 Hz (Page 24 of the Wyle test
report). The peak acceleration loads for the 16-Hz resonance frequency were
relatively high at 50 g. When the unit was subjected to sine dwell vibration at
approximately 14.5 Hz and 1.2 g input, the mounting plate fractured prior to
completion of the 15 min sine dwell. A photo of the broken mounting plate is

shown on Page 72 of the Wyle test report.

Testing was then terminated and effort was directed toward improving the

mounting plate and shock mounts to withstand the vibration test levels.

6.1.2.3 Transportation Testing with Redesigned Shock Mounts and Mounting Plate.
As a result of the mounting plate failure during the initial testing at the Wyle test
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facility, the shock mounts and mounting plate were redesigned and installed, and

testing was started over. The improved mounting plate was made from 0.125-in.
thick stainless steel, reinforced at each end with additional 0.125-in. thick stainless
steel. The improved shock mounts consisted of a single bolt with an external rubber

grommet, as compared to the original dual bolt design.

For the cold temperature testing, plastic was loosely taped around the
temperature probes to prevent surface condensation and frost. Also, a 2-in. layer of
insulation was wrapped around the accelerator connections with Teflon® tape, and
unused accelerometer connections were wrapped with Teflon® tape to avoid shorts

due to condensation.

TMU Time Check Sequence Test. Prior to testing, a time check sequence was run
on each TMU. Both units were run continuously for 18 hr. Each TMU recorded at
the 0.5-hr and 6-hr intervals.

Tangential Axis Testing. Because tangential vibrations subjected the TMUs to the
largest amplitude response (the TMUs were most likely to fail due to loads in this

direction), it was decided to test in the tangential direction first.

TMU No. 1 was conditioned to -20°F and run through a tangential sine sweep.
One resonant point was found at approximately 17 Hz (Page 28 of the Wyle test
report). The unit was then subjected to sine dwell vibration testing at this

frequency for 15 min at -20°F with no structural damage occurring.

Tangential sine sweep testing of TMU No. 1 at 70°F resulted in resonant points
at approximately 16 and 55 Hz (Page 32 of the Wyle test report). The unit then

passed sine dwell testing at these levels with no structural damage occurring.

Sine sweep testing of TMU No. 2 at 70°F resulted in one resonance point at
approximately 28 Hz (Page 40 of the Wyle test report). The unit then passed sine

dwell testing at these levels with no structural damage occurring.

TMU No. 1 was then conditioned overnight to 163°F. The next morning, the
unit was subjected to sine sweep testing in the tangential direction, with resonance
points found at approximately 14.5 and 43 Hz (Page 37 of the Wyle test report).
The TMU was then subjected to sine dwell testing at these resonance points, and no
structural damage to the TMU occurred. Results showed that resonant frequencies
decreased as temperatures increased. This is because the shock mounts became less
stiff at higher temperatures, causing larger TMU response amplitudes and more

time between peaks.

REVISION
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When the TMU was removed from the conditioning chamber after the sine dwell
tests, it was not running. The TMU had stopped recording data when the heat
conditioning began. Upon cooling to ambient temperature, the unit was restarted.
Vibration testing per CTP-0097 was then halted to further investigate why unit
No. 1 shut down.

High-Temperature Failure Testing. In an effort to determine the TMU shutdown
temperature, both TMUs were placed in the conditioning chamber and then the
chamber was heated to 120°F. Because the TMU lids were left open, the modules
of each TMU may have been subjected to a more severe environment than the
railcar environment. Both units continued to run for 5 to 10 min at the chamber
temperature of 120°F. The temperature of the chamber was then increased to
150°F. After approximately 5 min, TMU No. 1 shutdown, while TMU No. 2
continued to run. Testing was then terminated to preclude further damage to the
TMUs, since it was evident that the units could not withstand the specified upper

temperature limit.

Further evaluation of the TMUs by QSI Corporation revealed that a bad
component within the TMUs caused the high-temperature TMU failure. QSI
Corporation changed the TMU components as explained in Section 6.2.1.

Truncated Data Failure. In addition to the high-temperature failure, approximately
1 percent of all TMU acceleration response data collected randomly during the Wyle
test was incomplete. The incomplete data were the result of a truncation error.

QSI Corporation determined that the truncation error was related to the TMU
software. QSI made software modifications to fix the truncation errors, as explained
in Section 6.2.1.

Summary. As a result of the termination of testing (due to the mounting plate,
high-temperature shutdown, and data collection errors), the transportation testing
was incomplete. The functional and electromagnetic interference (EMI) tests were
not performed, and none of the objectives of CTP-0097 were adequately addressed
during the Wyle test. Further testing was planned.

6.2 TESTING AT UNISYS

This portion of testing was performed between 8 and 28 Nov 1989 at Unisys
Laboratories, Salt Lake City, Utah. A representative from Systems Loads and
Environments witnessed the majority of testing.
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Unisys prepared a test report which includes portions of the test procedures,

test logbooks, and test result plots for the qualification portion of testing. This
report is included as Appendix B. Section 6.2 summarizes the Unisys test report

and provides additional information and conclusions.

Test Criteria Changes Since Wyle Testing. Prior to the Unisys testing, the following
changes were made to test plan CTP-0097 and to the TMU product specification
STW3-3662:

o Objective L was added to CTP-0097, which required the TMUs to be capable of

continuously running, under their own power source, for 17 days.

o Because NASA did not expect the TMUs to be subjected to EMI during the
shipping process, the EMI requirements of STW3-3662 were deleted.

o The test temperature limits were changed to meet the STW3-3662 requirements
of -30° to 153°F. The minimum and maximum temperature requirements were
adjusted to -40° +10°F and 163° $+10°F.

o It was also determined that the dwell tests were significantly more harsh than the
railcar environment, and therefore the option to replace each shock mount after

each axis test was instated.

6.2.1 Test Article Description

The test article consisted of two TMUs: one TMU (S/N 5000007) was used for
qualification, and the other TMU (S/N 5000017) was used for engineering evaluation
to gather and reduce data during the test. The TMUs were assembled under the
requirements of drawing 8U76218.

The TMU mounting plate was again changed. The new mounting plate was
made from solid 0.250-in. thick steel.

The Unisys test facility provided the test fixture, reference/control
accelerometer, reference temperature sensor, response accelerometers, and associated
data acquisition systems. The TMUs were configured as shown in Figures 4
through 6.

QSI Corporation determined that the Wyle TMU test failures were related to
TMU software errors (data truncation error) and a TMU internal component failure
(high-temperature failure). QSI made improvements to the TMUs prior to the
Unisys testing. The QSI improvements are outlined in the memo, QDLM-2 Failure
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Analysis (Wyle Laboratories qualification testing), and the report, Failure Analysis of
TMUSs No. 0006 and No. 0013, included as Appendices C and D, respectively.

6.2.3 Transportation Testing

Refer to Section 6.1.2.1 for information about transportation testing.

TMU Time Check Sequence Test. Prior to testing, a time check sequence was run
on each TMU. Both units were run continuously for 6 hr. Each TMU recorded at
the 0.5-hr and 6-hr intervals.

.40°F Testing. Both TMUs were placed inside the conditioning chamber and were
conditioned to approximately -40°F. Sine sweep vibrations were then applied in the
longitudinal axis (plots of longitudinal vibration testing at -40°F are shown in
Appendix B of the Unisys test report). Two resonant frequencies were found at

approximately 46 and 95 Hz. The units were then subjected to sine dwell vibration
testing at these frequencies (at -40°F) for 15 min with no structural damage
occurring. The TMUs were then subjected to shock spectra testing in the
longitudinal axis at -40°F. Both TMUs continued to run while subjected to the
shock tests.

Orientation of the TMUs was then changed for vibration testing in the
tangential axis (plots of tangential vibration testing at -40°F are shown in
Appendix C of the Unisys test report). Both TMUs were conditioned to
approximately -40°F and were subjected to sine sweep vibrations in the tangential
axis. One resonant frequency was found at approximately 38 Hz. The units were
subjected to sine dwell vibration testing at this frequency for 15 min with no
structural damage occurring. The TMUs were then subjected to shock spectra
testing in the tangential axis at -40°F.

Upon removal of the conditioning chamber after the shock testing, the TMUs
were found to have shut down. The 17-day continuous-running requirement was not
met because the TMUs had only run for 14 days. TMU measured results show that
the battery voltage dropped below the required level and caused the TMUs to fail
approximately 18 hr into the cold conditioning period. Figure 7 shows the cold
temperature TMU failure on a time versus temperature plot. Thiokol concluded
that the alkaline batteries within the TMU could not provide the TMUs with

adequate voltage within a -40°F environment.
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It was determined that the TMUs would be restarted and testing would be
continued, provided that the TMUs were not subjected to cold environments for an
extended amount of time. New batteries were installed, and the TMUs were started

again, beginning a new 17-day test.

70°F Testing. Prior to the ambient temperature testing, each of the TMU shock
mounts was replaced. Both TMUs were conditioned to approximately 70°F. Sine
sweep vibrations were then applied in the tangential axis (plots of tangential
vibration testing at 70°F are shown in Appendix D of the Unisys test report). Two
resonant frequencies were found at approximately 26 and 86 Hz. The units were
then subjected to sine dwell vibration testing at these frequencies (at 70°F) for

15 min with no structural damage occurring. The TMUs were then subjected to
shock spectra testing in the tangential axis at 70°F. Both TMUs continued to run
while subjected to the shock tests.

Orientation of the TMUs was then changed for vibration testing in the
longitudinal axis (plots of longitudinal vibration testing at 70°F are shown in
Appendix E of the Unisys test report). Both TMUs were conditioned to
approximately 70°F and were subjected to sine sweep vibrations in the longitudinal
axis. One resonant frequency was found at approximately 35 Hz. The units were
subjected to sine dwell vibration testing at this frequency for 15 min with no
structural damage occurring. The TMUs were then subjected to shock spectra
testing in the longitudinal axis at 70°F. Both TMUs continued to run while
subjected to the shock tests.

163°F Tests. The TMUs were then conditioned to approximately 163°F for 4 hr.
Sine sweep vibrations were then applied in the longitudinal axis (plots of
longitudinal vibration testing at 163°F are shown in Appendix F of the Unisys test
report). Three resonant frequencies were found at approximately 33.4, 71, and

93 Hz. The units were then subjected to dwell vibration testing at these frequencies
(at 163°F) for 15 min with no structural damage occurring. The TMUs were then
subjected to shock spectra testing at 163°F.

After the vibration testing in the longitudinal axis, the conditioning shroud was
removed, and the TMUs were not running. TMU data revealed that both TMUs
shut down during the 4 hr of hot conditioning, prior to the actual vibration testing.
Figure 8 shows the TMU high-temperature failure on a time versus temperature
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plot. The applied temperature of 150°F caused an internal electronic failure in each

TMU. This failure caused each TMU to go into a continuous-triggering mode, filling
each TMU memory module. This failure was similar to the failure that occurred at
Wyle Laboratories during the first qualification test, indicating that the QSI internal
TMU improvement was not sufficient. Because the TMUs failed due to the heat
conditioning, qualification testing per CTP-0097 was terminated.

Summary. As a result of the termination of the qualification testing (due to the
high-temperature shutdown and data collection errors), the transportation testing
was incomplete. The functional tests were not performed, and none of the
objectives of CTP-0097 were adequately addressed during the Unisys test.

6.2.3.1 Conclusion. The results of this test support the conclusion that the
corrective actions taken by the vendor to eliminate high-temperature shutdowns

were ineffective.

6.2.4 Testing for Engineering Evaluation Only

On 6 Dec 1989, TMU testing at Unisys was restarted for engineering evaluation
only. The purpose of this testing was to determine the TMU vibration and

temperature measuring accuracy at a variety of temperatures.

The tests consisted of sine dwell and shock testing at a range of temperatures,
designed to simulate the transportation testing outlined in Section 6.1.2.1. The sine
dwells were applied at approximately 10 Hz and 1.5 g for approximately 1 min. The
shocks were half sine waves at approximately 2.0 g with a 0.08-sec duration. This
testing was conducted at the following temperatures, listed in the sequence that
they were tested: 130°, 140°, 150°, 70°, and -32°F.

Appendix E shows Unisys control input shock and dwell vibration plots, TMU
response data (tabular form), and percent error calculations. Calculations were made
using peak-to-peak values from the Unisys control input shock wave plots and the
TMU tabular response data. Two shocks were used (at each temperature
measurement) for the shock test comparison. Sine dwell plots were compared to the
TMU tabular data.

Shock Tests. Results of the calculations from the shock tests are shown in Table 3.
None of the TMU measured shock levels were within the specified tolerance of $10

percent. Measured shock level errors decreased as temperatures increased.
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The shock pulse inputs at 130°F were above the TMU cutoff frequency of
30 Hz. These inputs were at 37 Hz and above, and the TMU internal 30-Hz band
pass filter eliminated all data above 30 Hz. This resulted in large differences
between the input and TMU measured levels, and gave negative percent errors.

Table 3. Shock Test Comparison--Shaker Table Control
Input Vibration Compared to TMU Measured Response Vibration

Temperature Shock No. 1 Shock No. 2 Average Error
K Error (%) Error (%) (%)
-32 49.8 442 47.0
70 22.7 19.2 21.0
130 -8.7 -10.7 -9.7
140 11.9 13.2 12.5
150 7.1 16.6 11.8

The levels measured at 70° and 140°F indicate that the TMU would have had an
average error between 12.5 and 21 percent at 130°F, if the cutoff frequency had not

been exceeded.

Except for the testing at 130°F, the TMU measurement errors were positive.
The positive errors were a result of the TMUs measuring levels that were higher

than what was actually input to the accelerometers.

Sine Dwell Tests. Results of the calculations from the sine dwell tests are shown
in Table 4.

Table 4. Sine Dwell Vibration Comparison--Shaker Table
Control Input Vibration Compared to TMU Measured
Response Vibration

Temperature Sine Dwell No. 1 Sine Dwell No. 2 Average Error

(&) Error (%) Error (%) (%)

-32 17.8 23.7 20.8

70 -2.9 -2.9 2.9
130 -4.2 NA -4.2
140 -7.3 -1.7 -7.5
150 -12.9 -12.5 -12.7
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Sine dwell testing at 70°, 130°, and 140°F were the only temperatures that gave
results within the specified allowable $+10 percent error. These errors were -2.9,

-4.2, and -7.5 percent, respectively.

TMU measured responses for vibration testing at all other temperatures were
not within the specified allowable $+10 percent of the input vibrations.

TMU Measured Zero Drift. The TMU measurements from the -32°F series of tests
show a large zero drift to the positive side. Figure 9 shows that the TMU at rest
measured an approximately 0.5-g level at the low temperature. This condition was
determined to be unacceptable. Error calculations were performed with peak-to-peak

values, and were not affected by the drift error.

Summary. Results from the additional engineering evaluation showed that the TMU
did not perform to the requirements of the following documents: STW3-3662, CDW2-
3454, TWR-17049 Rev A, nor the qualification testing of CTP-0097.

6.2.4.1 Conclusion. This test demonstrated that TMU vibration measurements are
not within specified tolerances, and that TMUs are temperature sensitive because of
decreased accuracy at high and low temperatures. Because the TMU measured
shock levels were higher than the input levels, it is likely that all TMU measured

shock levels are higher than what occurs at the accelerometers.
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Drawing No.
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APPLICABLE DOCUMENTS

Title

Performance, Design, and Verification Requirements
Instrumentation Systems--Railcar Model Designator P77-0480

Prime Equipment Contract End Item (CEI) Detail Specifications
Transportation Monitor Unit Qualification Test Plan
Data Procurement Document

NSTS Specification, EMI Characteristics, Requirements for
Equipment

Space Shuttle GSE General Design Requirements
Transportation Monitor Unit Product Specification
Redesign D&V Plan

Transportation Monitoring System SRM Railcars

Solid Rocket Booster Vibration, Acoustic and Shock Design and
Test Criteria

Calibration System Requirements
Electromagnetic Interference Characteristics

EMI Test Procedures

Transportation Monitoring Unit--Kit
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APPENDIX A

Wyle Laboratories TMU Test Report No. 53976
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TEST REPORT

LABORATORIES SCIENTIFIC SERVICES & SYSTEMS GROUP
WESTERN OPERATIONS, NORCO FACILITY

MORTON THIOKOL, INC.

Space Operations

Highway 83

Brigham City, Utah 84302-0707

REPORT NO. 53976

OUR JOB NO. DE 53976
NAS8-30490

CONTRACT

9MG021
YOUR P. 0. NO.

72 - Page Report

DATE 26 June 198%

This is to certify that the enclosed test data sheets contain true and correct data
obtained in the performance of the test program as set forth in your purchase order.

Test methods, results, and equipment used are recorded on these data sheets.

Where applicable, instrumentation used in obtaining this data has been calibrated using
standards which are traceable to the Nationzl Bureau of Standards.

SUMMARY :

Two SRM Segment Transportation Monitoring Units,

Prototype, Units 1 and 2, were submitted

for test in accordance with Morton Thiokol Document No. CTP-0097, Revision B, dated 12
January 1989. The specimens completed shock testing in the longitudinal axis at -20 and
+70F, and transportation vibration as recorded on the test data sheets. As documented in
Notice of Deviation No. 1, Test Unit No. 1 suffered structural damage during ambient
temperature transportation dwell test at the first mode. During the high temperature
transportation vibration test, both specimens stopped functioning at approximately +150F.
At the direction of Morton Thiokol, testing was discontinued. (See Notice of Deviation
No. 2.) Test setup is shown in Photograph 1, and the broken mounting plate of Test Unit

No. 1 is shown in Photograph 2.
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Report No. 53976

NOTICE OF DEVIATION o om0t b5
NOD 1!O. ;MGOZ i
LABORATORIES PO NOC.
DATE T0 March 13¢5
GOV'T. CONT. NO. NA5 8- 30450
TO: MORTON THIQKOL, INC.
ATTN: Miles Brown
PART NAME Transportation Monitoring Unit
PART NO. Pratotype seriarnNo._Test Unit No. 1
TEST: Transportation Vibration, embient temperature, longitudinal axis
SPECIFICATION MT! Daoc. CTP-0097, Rev, B PARAGRAPH NO. 8.2
NOTIFIED CUSTOMER: __Charlie Mondall pATE: 7 March 1989 VIA: In_person
NOTIFIED DCAS-QAR: ___Not required DATE:

SPECIFICATION REQUIREMENTS:

Subject specimens to transportation vibration test.
Visually inspect test specimens for physical damage.

DATE OF DEVIATION: 6 March 1983
TYPE OF DEVIATION:  Specimen anomaly
DESCRIPTION OF DEVIATION:

During ambient temperature transportation vibration
resonance dwell test at first mode (14.5 Hz, 1.29
input) resonance,structural damage was noted on the
test specimen. The bottom mounting plate was frac-
tured, and several mounting screws came loose.

SPECIMEN DISPOSITION; T€S t was discontinued.

COMMENTS - RECOMMENDATIONS:

TEST WITNESS:

C/\M/

TEST ENGINEER = -

DISTRIBUTION:
ORIGINAL: DEPARTMENT
OPIES: CUSTOMER
3-copies REPRESENTING

C. C.

DEPT. MANAGER

Lee

1 COPY : DEPARTMENT
1 COPY : QUALITY CONTROL
1 COPY : CONTRACTS

a __COPIES: DCAS-QAR

WL-109A QC FORM APPROVAL_&

QUALITY ASSURANCE __- ){( raral - —
J. G.jGraper

i




Report No. 53976

Page No. 70

'NOTICE OF DEVIATION ——— ">
WYLE NOD NO. 2

LABORATOMES PO NO. 9MG0o21
DATE 6 April 1989
GOV'T. CONT. NO. NAS8-30490
To: MORTON THIOKOL, INC.
ATTN: Miles Brown, Purchasing
PART NAME Transportation Monitoring Unit
PART NO. Prototype ’ SERIAL NO. Units 1 and 2
TEST: Transportation Vibration, +163F
SPECIFICATION MT! QTP CTP-0097 PARAGRAPH NO, __ 8-2
NOTIFIED CUSTOMER: Charlie Mondale DATE: 5 April 1989 via:__|n person
NOTIFIED DCAS-QAR: Not required DATE:

SPECIFICATION REQUIREMENTS:

Subject test specimen to transportation vibration
test at 163F. Specimen shall remain functional
during test.

DATE OF DEVIATION: 5 April 1989
TYPE OF DEVIATION: Specimen anomaly
DESCRIPTION OF DEVIATION:

Both test specimens stopped functioning at
approximately +150F temperature.

SPECIMEN DISPOSITION: Test was discontinued.

COMMENTS - RECOMMENDATIONS:

DISTRIBUTION: TEST WITNESS: TEST ENGINEER R
30—RIGINAL: DEPARTMENT C . C. Lee
COPIES: CUSTOMER s y .
1 COPY : ODEPARTMENT REPRESENTING DEPT. MANAGE . =
1 COPY : OQUALITY CONTROL * /
| CoPY [ SonTRaCTS QUALITY ASSURANCE

G_COF’CES: DCAS-0AR

WL-1094 QC FORM APPROVAL _&
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PHOTOGRAPH 1

TRANSPORTATION VIBRATION TEST SETUP
LONGITUDINAL AXIS (Typical)
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ORIGINAL PAGE
BLACK AND WHITE FHULOGRAFH

PHOTOGRAPH 2

BROKEN MOUNTING PLATE ON TEST UNIT NO. 1
{Reference Notice of Deviation No. 1)
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QUALIFICATION TESTING ON THIOKOL'S
TRANSPORTATION MONITORING UNIT

***@****n****

R. C. N¥80
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1.0 INTRODUCTION

Qualification testing of the Thiokol Transportation Monitoring Units (TMU) was started
on November 8, 1989. The testing was conducted in accordance with Thiokols document
CFP-0097 Rev. D. A detailed test procedure was written by Unisys Corp. STP=-360 Rev. A.

The TMU's were started on November 8, 1989 to begin the required non-stop operation of
17 days running time. Due to fixturing problems and facility scheduling probliems the
actual shaking of the TMU's didn't start until November 20, 1989.

The testing was observed by a Thiokol Engineer at all times during the testing
procedure.

The Qualification testing was set up to be conducted in two parts. The first part was
a transportation test, to determine if the TMU System would withstand the intended
environment. The second part was a functional test to determine the accuracy of the
TMU System. The second part of the test was never conducted due to the system failures
described in Section 3.0.

2.0 DETAILED TEST LOGS

There are two test logs which were kept during the qualification testing of the Thiokol
transportation monitoring units. The first is a facility log kept by the test engineer
of all the activity that occurred on the shaker. The second test log was kept by the
Thiokol engineering representative of all activities that occurred during the entire
test procedures. This second log was also used by Unisys Quality assurance to ensure
that all the activities accomplished by Unisys were according to Thiokol's (TP-0097-1).

2.1 FACILITY LOG

2.2 DAILY ACTIVITY LOG UNISYS QUALITY ASSURANCE



2.1

FACILITY LOG



UD1-9818

EACILITY:
ENVIRONMENTAL DATA SHEET
£-200 ENVIRONMENTAL LABORATORY — DEPT. 9253
AO. ENV. TECH. TEST SCHED.
ENGINEER OR Q.C. PHONE TEST COMPLETED
TECHNICIAN PHONE TEST REMOVED
Lunir niree TRANSPORTATION MONITOR UNIT SER_ 7, 17 orv. TOTAL UTILIZATION
INSTRUCTIONS ] ] ENVIRONMENTAL
o TEST TO TERMINATE: Y LASORATORY
SUPERVISORS
OPERATOR APPROVAL
vest TEMPERATURE/VIBRATION
SIGNATURE
SPEC.
PAR. DATE
DATE | TIME CHRONOLOGICAL RECORD OF TEST '{;mls
11:17| 10:00 Began mounting TMU on Vib. fixture in the Longitudinal Axis HVL
13:39 Finished mounting TMU on Vib., fixture HVL
14:3d Sealed shroud over TMU HVL
11:20; 6:49 Began conditioning TMU to -40F HVL
12:59 Raised shroud to install response accel, and verify operation of TMU ) HVL
15:20 Began Sine Sweep Test (5-2000-5 Hz) HVL 1
153_§?F_Beg_a_[1 Res. Dwell at 46 Hz to 54 Hz HVL
16:13 Began Rés. Dwell at 95 Hz HVL
19:39 Performed shock test per specified spectra (5 shocks) Iiw: B 4
20:30 Raised shroud, returned TMU to room temp. HVL ;
11:21 :19 Began to change TMU from Longitudinal to Lateral Axis HVL
:35 Began conditioning TMU to -409F in the Lateral Axis HVL
14:18 Began Sine Sweep Test (5-2000-5 Hz) HVL
14:4]) Began Res Dwell at 38 Hz HVL
15:00 Performed shock test per specified spectra (5 shocks) HVL
17:23 Raised shroud, returned TMU to Ambient Temp. HVL
11:22| 9:559 Finished changing shock mounts HVL
10:07] Began Sine Sweep Test (5-2000-5 Hz) 709F Lat. Axis HVL
10:43 Began Sine Dwell at 26 Hz HVL
11:01l Began Sine Dwell at 86 Hz HVL
13:08 Performed shock test per specified spectra (5 shocks) HVL

VERIFIED & RELEASED 8Y:

Q.C. OR PROGRESS

<

COGNIZANT ENGINEER

0



2.2
DAILY ACTIVITY LOG
UNISYS QUALITY ASSURANCE



QUALIFICATION TEST LOG FOR TMU
TMU'S #7 AND #17
IN ACCORDANCE WITH CTP-0097.

TMU #7 Qualification Unit
TMU #17 Thiokol Engineering Evaluation Unit

Memory Mod 1 2
™V #7 0000004 0000024
T™U #17 0000013 0000021
Date  Time
11-8-89 :20 - Memory module check - 0Ok

11
11-8-89 11:30 - Battery check of TMU #7 & #17.
A1l packs measured 9.37 volts.
11:37 System self check on #7 Ok
11:44 - System self check on #17 0Ok
11:57 Started both TMU's (#7 & #17).
12:00 = 3 minute timed event.

R.S5. Bergen Unisys Quality Assurance
Phone - 594-7614

11-9-89 12:00 =~ Observed recorder red light (#1 Recorder)
[1luminate for approximately 11 seconds
on both S/N 0007 and S/N 0017 of QDLM-2
Acceleration Monitor System.

13:00 - Moved #17 to shake table for fitting.

11-10-89 14:45 = Returned #17 back to lab table

11-10-89 11:59:54 - 6~hour timed event occurred:
Observed recorder red light (#1 recorder)
I1Tuminated for approximately 10 seconds
on both S/NO-007 and S/NOO17 of QDLM-2
Acceleration Monitoring Systenm.

11-10-89 14:36 - Moved Box 0017 to test fixture
11-10-89 15:12 - Replaced Box 0017.

11-13-89 11:59 - Observed recorder #1 red light illuminate for S/N 0007 only of
QDLM-2 acceleration monitoring system.S/N 0017 was turned off
1158 for removal of recording modules (#1000013 #2 & 21.
Replace original modules with recorder #1 S/N 000014 and
recorder #2 S/NOOOO35. Started unit #0017 at 1202.

TEST CONTINUING

11-13~-89 15:14 = Checking and sealing trigger channels on both
boxes also sealing temperature channels CFM.

11-14-89 11:58:41 - Observed recorder #1 red light illuminate for
approximately 10 seconds for QDLM-2- Acceleration
monitoring system S/N 0007.
S/NOO17 Recorder #1 Red light Illuminated and then
extinguished at 12:01:30.
Test Continuing

8



11-14-89

11-15-89

11-16-89

11-17-89

11-20-89

12:45
13:10

11:57:35

12:03:10

TEST

11:57.05

12:02:38

TEST

10:00:00

13:39:00

14:30

06:45

12:59

14:10

15:20

15:38

15:51

Moved TMU's to check fixture to ensure proper set up
Moved TMU's back to table in safe while fixturing

was being completed.

Observed recorder #1 Red Light illuminate for

approximately 11 seconds for QDLM-2 acceleration

monitor system S/NOOO7.

Observed recorder #1 Red Light illuminate for

approximately 10 seconds for QDLM-2 Acceleration

Monitor System S/N 0017.

CONTINUING:

Observed Recorder #1 Red Light illuminate for

approximately 10 seconds for QDLM-2 acceleration

monitor system S/N 0007.

Observed Recorder #1 Red Light I1luminated

approximately 11 seconds for QDLM-2 acceleration

monitor system S/N 0017.

CONTINUING:

for

UNISYS
15

FINAL
TEST

UNISYS
15
FINAL
TEST

UNiSYS
15

FINAL
VESY

UNiSYS
15

FINAL
TEST

Started to mount hardware on shaker this movement and

operation may cause some non-real events.

Finished installation of TMU';s 0017, 0007 to shaker. CFM
Disregard any events on 11-16-89 between 10:00:00 -

13:39:00.

Sealed UUTS within shroud.

UNiSYS
l 12 q,a “
FINAL

TEST

Shroud put into conditioning stable around -35°.

Total out-of-condition period 25:50 min/sec. make up

Unsealed shroud and verified operation of both units.

conditioning shall be 45 minutes.
Longitudinal transportation test -40°F * 10
Conditioning tone made up. CFM

Longitudinal Sine Sweep -40°F.
Starting Longitudinal cold Sine Sweep -40°F

°F.

5-2000-5 at 1 Oct/Min - CFM,
Resonant frequencies - 46 Hz 95 Hz

UNISYS
12

FINAL
TEST

Completed Sine Sweep

Longitudinal cold dwells -40°F

Started 1st Sine Dwell 46 Hz hold for 15 min.

2 min. 46 Sec. Chased Peak to 54 Hz.
2.5 G's to 2.7 G's. .015 Disp.

9

ProaU
f,

Rl



11-21-89

16:13

19:39

20:16:
20:20:
20:25:
20:29:
20:30:

07:19

08:40:

08:48:

38

53
03

07

00 -

00 -

00 -

08:51:00 -

08:59:

00 -

09:20:00 -

09:35:

10:00

14:18

14:39

o0 -

Started 2nd Sine Dwell 95 Hz Hold for 15.
2.5 G .0055 Disp.
Longitudinal Shocks -40°F

Preformed shock No. 1
Preformed Shock No.2.
3rd Shock
4th Shock
5th Shock

Lifted shroud and verified TMU operation. Both

TMU's still operating shutting down for the evening.

Started moving into tangential axis. Disregard any

events until operation is completed.
Stopped box 0017 to look at data.

Started Box 0017 QSTH - new memory
Modules 007 - Slot 1 0038 - Slot 2

3 Minute Event occurred.

Completed Axis turn system now in Tangential Axis.

Pictures of Tangential setup

Conditioning started. Tangential Axis cold -40

Reviewed test data obtained on 11/20 with the [{yisys

electrical engineer that performed the tests.

Verified that the test data correlate with the | 7%

requirements of the test procedure.

TANGENTIAL AXIS TRANSPORTATION TEST -40°F * 10°F.

TANGENTIAL AXIS SINE SWEEP -40°F

Started Tangential Sine Sweep (cold)

Completed Sine Sweep 5-2000-5
38 Hz, 4.8 G's = DA = .07

14:41:00 - Started 38 Hz Resonance Dwell 4.8 G's .07 Disp.

10

12

CFM

CFM

CFM

CFM

CFM

CFM

CFM

CFM

CFM
CFM

CFM

%A&;\/
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11-22-89

11-22-89

11-22-89

14:56:00
15:00
15:05
15:09
15:13
15:17

08:30

08:30

09:20

End Dwell. Only one resonant point Dwelled.

Started First Shock - Tangential Axis (cold)

Started Second Shock
Third Shock
Fourth Shock
Fifth Shock

The test data obtained on 11-20-89 was
re-reviewed by the Unisys Electrical
engineers that performed the testing.
It was determined that the Shock
Spectra Tests were performed to the
wrong tolerances. The actual tolerance
was +40% to -30% and should have been
+40% to -20%. This testing error
occurred while the TMU's were in the
longitudinal axis, at -40°F. This test
will be repeated and documented by test
data to verify implementation of the
correct test tolerance.

Qualification TMU #0007 shut down over
night due to low batteries. This is a
failure of the Qualification test
because the TMU only ran for 14 days,
and not the required 17 days. Thiokol
Corporation informed NASA and it was
agreed to restart TMU #0007 and
continue testing. CFM

TMU #7 Qualification Unit was restarted
with Unisys QA to Verify. New Memory
Mod 7 2

TMU #7 0000013 0000021

New batteries checked out OK. Both at
9.37V. System self check - OK. Light
flashing every 5 seconds.

Observed recorder red light illuminate
for 11 seconds on TMU S/N 7 upon
restart after battery replacement

TMU Transportation Test Tangential Axis
70°F = 10°F.

TANGENTIAL AXIS SINE SWEEP - 70°F

"

UNiSYS
12
FINAL
TEST

UNISYS
12
FINAL
TEST

Pygele—



11-27-89

10:07

10:30
10:43
10:58
11:01

11:16

13:08
13:11
13:22
13:27
13:32

14:00

08:30

10:20

10:38

11:02

11:05
11:20

11:21

Started sine sweep in the lateral axis
{or Tangential). 70°F.

TANGENTIAL AXIS SINE DWELLS - 70°F

Completed Sine Sweep 5-2000-5.

Started 26 Hz Resonance Dwell 16G's = DA = 4 inch.
Completed 26 Hz Dwell.

Started 86 Hz Resonance Dwell 3.5G = DA = >0

Completed 86 Hz REsonance Dwell.
Tangential Axis Shocks 70°F

Started first shock
Second Shock

Third Shock

Fourth Shock

Fifth Shock

Observed both TMU's to verify LEDs UNISYS ‘
flashing at 5 second interval and Fl%_ [%ﬁ%&lah———‘

sealed the shroud for the weekend. JEST

Removed seals from shroud and verified

both LEDs flashing at 5 second 6’“
intervals. Unisys Electrical Engineers | rna Zqi
began changing TMUs to the longitudinal =0

axis for testing at +70°F.

Finished Rotation of test article
preparing the longitudinal Sine Sweep.

T™U Longitudinal Transportation Test
+70°F + 10°F,.

Longitudinal Sine Sweep - 70°F
Started Sine Sweep - 5-2000~5 Hz

Finished Sine Sweep - 1 REsonance 35 Hz.
6.5 G's at 39 Hz approximately .085 Disp.

Started Dwell at 39 Hz.
Finished Dwell
CK Both TMU's all OK.

Longitudinal Shocks - 70°F

12



11-28-89

11:

11:

11:

11:

11:

11:

08:

09:

10:;
10:

10:

11:

11:
11:

11

11

11:

11:

35
40
46
49
54

57

53

34
49

56

11

26
28

132

:35

39

45

First Shock
Second Shock
Third Shock
Fourth Shock
Fifth Shock

finished longitudinal Ambient
Transportation phase, insufficient time
to condition and test today.

Checked TMU's both operational, have
been in condition for 2 1/2 hours at
+163°F + 10°F will start test about
9:30:00.

UNISYS
Verified the above statement. ;ﬁ%_ 25
TESY

TMU LONGITUDINAL TRANSPORTATION TEST 163°F * 10°

LONGITUDINAL SINE SWEEP 163°F

Started Sine Sweep 5-2000-5

Resonances 33.4 Hz 71 Hz 7
33.4 Hz Sine Dwell started .067 Disp.
Finished Sine Dwell at 33.4 Hz
Longitudinal Sine Dwells 163°F

Started 71 Hz Dwell 3.2G's = .0125 Disp.

Started 93 Hz Dwell = 3.2G's = .0077 Disp.
Longitudinal Shocks 163°F

First Shock
Second Shock
Third Shock
Fourth Shock

Fifth Shock

The Shroud was raised and it was UNISYS
determined that both units failed. A1}
memory modules were removed for the AL

purpose of examination.

13



3.0 TEST RESULTS

The qualification testing that was conducted by Unisys on the Thioko]l TMU system
was not completed due to the two system failures which occurred during the
testing.

The first failure occurred when TMU #0007 shutdown on November 22, 1989. The CTP-

0097-D required that the TMU System run for 17 days of continuous operation. The

shut down of the TMU occurred after only 14 days of operation. The cause of the

shut down was low battery voltage, this was determined by the Thiokol Engineering
Representative. Thiokol decided to restart the 17 day test and continue on with .
the testing of the TMU system.

The second failure occurred during the Longitudinal transportation testing at
160°F = 10°F. This testing was conducted on November 28, 1989. After the testing
was completed the environmental shroud was raised and both TMU units had stopped
running.

The qualification testing was concluded at this point. The control and response
data from all the testing conducted on the transportation monitoring units are
located in appendices B through F.

3.1 ADDITIONAL TMU TESTING

Thickol Corporation requested that some additional testing be conducted to =
determine the accuracy of the TMU system at a variety of temperatures.

Two tests were conducted at five different temperature levels. The tests
consisted of a 10 Hz Sine Dwell at 1.5G's and a series of low level shocks. These
two tests were conducted at the following temperatures: =30°, 70°F, 130°F 140°F
AND 150°F.

This additional testing was not part of the qualification testing. The only

requirement for Unisys was to conduct the required tests and provide Thiokol with

the control data. This test data was given to the Thiokol Engineering

Representative that was present during the testing. -
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Standards Engineering

Approved By: R. C. Nybo 11/14/89
Manager Standards Engineering

A



STP-360
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The two transportation monitor units (TMU) serial number 7, qualification
unit, and gerial number 17, engineering control unit, shall be subjected to
the following test procedures. The qualification unit shall be operated
continuously for 17 days. The engineering evaluation unit can be stopped and
started as directed by Thiokol personnel. During this pericd of operation the
TMU's shall be subjected to the following sequence of testing per the
following procedures. Thiokol's TRANSPORTATION MONITOR QUALIFICATION TEST
PLAN, CTP-0097 REVISION C, shall be used for definition of test axes, test
conditions, and test durations.

1. The MD C200 vibration system shall be set for testing of the TMU, in the
horizonal axis. The test equipment shall set up and checked out per
Unisys Standard Laboratory Procadure (USLP) E-200, Sinusoidal Vibration
Testing; General Procedure and USLP E-300 Shock Testing; General
Procedure.

2. Install the ™U's for testing in the longitudinal axie and condition for
four hours at -40 +/- 10 =F.

3. Perform sine svweep test per requirements of CTP-0097C, Table II.

4. Perform sine dwell test per requirements of CTP-0097C, Table II.

5. Perform shock test per the requirements of CTP-0097C, Table II.

6. Change zhock mounts and rotate TMU's to the lateral axis and recondition
at cold condition for 1.5 hours for each hour or part of an hour the
temperature was above -30 °F during the axes change but not longer than
four hours.

7. Repeat step 3.

8. Repeat step 4.

9. Repeat step 5.

10. Change shock mounts leaving TMU's in the lateral axis and condition at
70 +/- 10 °F for four hours.

11. Repeat step 3.
12. Repeat step 4.
13. Repeat step 5.
14. Change shock mounts and rotate TMU's to the longitudinal axis while

maintaining the 70 +/- 10 °F temperature.

A2



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

4.

STP-360
Revision: A

Repeat step 3.
Repeat step 4.
Repeat step 5.

Change shock mounts leaving TMU's in the longitudinal axis and condition
for four hours at 163 +/- 10 °F.

Repeat step 3.

Repeat step 4.

Repeat ctap 5.

Change shock mounts and rotate TMU'z to the lateral axis and recondition
at hot condition for 1.5 hours for each hour or part of an hour the
temsperature was below 153 =F during the axes change but not longer than
four hours.

Repeat step 3.

Repeat step 4.

Repeat step 5.

The MD C200 vibration system chall ba set for testing of the ™U, in the
vertical axis. The test equipment ghall set up and checked out per
Unisys Standard Laboratory Procedure (USLP) E-200, Sinusoidal Vibration
Testing; General Procedure and USLP E-300 Shock Testing; General
Procedure.

Install the TMU's with new shock mountg for testing in the vertical axis
and condition for four hours at -40 +/- 10 =F.

Repeat step 3.
Repeat step 4.
Repeat step 5.

Change shock mounts leaving TMU's in the vertical axig and condition at
70 +/- 10 =F for four hours.

Repeat step 3.
Repeat step 4.
Repeat step 5.

A3



35.

36.

37.

3s8.

39.

‘o.

41.

‘2.

43.

4.

‘5.

46.

47.

48.

49.

50.

STP-360
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Change shock mounts leaving TMU's in the vertical axis and condition for
four houre at 163 +/- 10 °F.

Repeaat step 3.

Repeat step 4.

Repeat step 5.

The MD C10 vibration system ghall be et for testing of the TMU
accelerometers, in the vertical axis. The test equipment shall =set up
and chacked out per Unisys Standard Laboratory Procedure (USLP) E-100,
Random Vibration Testing; General Procedure and USLP E-300 Shock
Testing; Genaral Procedure.

Mount the accelerometers so the vertical accelerometers are in the
vertical axis. Condition the accelerometaers and TMU's for four hours at
-40 +/- 10 =F.

Perform the functional test sequence CTP-0097C Figure d.

Change the accelerometers so the lateral accelercmeters are in the
vertical axis and recondition at cold condition for 1.5 hours for each
hour or part of an hour the temperature was above -30 *F during the axis
changs but not longer than four hours.

Repeat step 41.

Change the accelercmaters so the longitudinal accelerometars are in the
vertical axig and recondition at cold condition for 1.5 hours for each
hour or part of an hour the temperature was above =30 ®F during the axis
change but not longer than four hours.

Repeat step 41.

Mount the accelerometers so the verticil accelerometers are in the
vertical axis. Condition the accelerometers and TMU's for four hours at
70 +/- 10 =F.

Perform the functional test sequence CTP-0097C Figure d.

Change the accelerometers so the lateral accelerometers are in the
vertical axig while maintaining 70 */- 10 oF temperature.

Repeat step 47.

Change the accelerometers so the longitudinal accelerometers are in the
vertical axis while maintaining 70 +/- 10 °F temperature.

Ad



51.

B2.

53.

b4.

55.

66.

57.

58.

STP-360
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Repeat gtep 47.

Mount the accelerometers so the vertical accelerometers are in the
vertical axis. Condition the accelerometers and TMU's for four hours at
163 +/- 10 =F.

Perform the functional test sequence CTP-0097C Figure 4.

Change the accelerometers g0 the lateral accelerometers are in the
vertical axiz and recondition at hot condition for 1.5 hours for each
hour or part of an hour the temperature was below 153 *F during the axis
change but not longer than four hours.

Repeat step 53.

Change the acceleromsters so the longitudinal acceleromsters are in the
vertical axig and recondition at hot condition for 1.5 hours for each
hour or part of an hour the temperature was below 153 =F during the axis
change but not longer than four hours.

Repeat =tep 53.

After TMU functional test data has been reduced from qualification unit
serial number 7 by Thickol ag witnessed by Unigys, the following data
points per CTP-0097C figure 4 shall be verified for qualification.

a. During quiet periods the TMU did not trigger.

b. During low frequency 0.2 g shocks the TMU did not trigger.

c. During low frequency 2.0 g shocks the T™™U did trigger on each event
and recorded level wag within +/- 10% of the control accelerometer.

d. During high frequancy 20.0 g shocks the TMU did not trigger.

e. During the 0.17 grme random vibration the TMU did not trigger.

f. During the 0.55 grms random vibration the TMU did trigger on each
event and recorded level was within +/- 10% of the control

accelerometer.

g. During disconnection of an accelerometer channel only one triggered
event occurred.

h. During testing all T™U recorded temperatures were within +/-5 °F of
actual test conditions.

i. TMU serial number 7 functioned continuously for a minimum of 17 days.
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REVISION

REVISION RECORD

DESCRIPTION OF CHANGE

STP-360
Revision: A

APPROVAL DATE

Changed steps 2, 27, and 40 temperatures
From: -30 *F maximum to -40 °F minimum.
To: =40 +/- 10 °F.

Changed staps 18, 35, and 52 temperatures
From: 153 °F minimum to 163 °F maximum.
To: 163 +/- 10 °F.
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APPENDIX B
UNISYS CONTROL AND RESPONSE DATA
FROM LONGITUDINAL AXIS TRANSPORTAION
TEST (-40°F ¢ 10°F)
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APPENDIX C
UNISYS CONTROL AND RESPONSE DATA FROM
TANGENTIAL AXIS TRANSPORTATION TEST
(~=40°F = 10°F)
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APPENDIX D
UNISYS CONTROL AND RESPONSE DATA FROM
TANGENTIAL AXIS TRANSPORTATION TEST

{70°F ¢ 10°F)



ORIGINAL PAGE IS
OF POOR QUALITY

LT3N

£

3

L3

~m-

o 0N




L PAG
OF POOR QUALITY

ORIGIN

M d\\XIN. \\N Mg rwt_,\m
¢-0 )
Ni KUX‘\OXM.W&“\

2R a0/ 2 ol
" SESEIUNNS————— rrr T T T T T T _ ‘ | :._i.. ¥
|
]

1%P5 tjauuey) jadly BT sty 1333y T7JE 7 u013e4q1p 40 sty [ A - e st « (2
P ST TR [PV ydesy b=t A : - S Rr T
2172 WS MWL WYs iwy sa) T , - -1 : €7

ri

A WA ek G- of Y TTRRTT 7 Ml I I A A S H . R _ _ SRV N S Y
!

A_ T §Z 4 isaj0N
!
1

i Er A AL AEFT NN soyesadg 14303 shstup : 1 ; 1 i L SO PO
T - i : Lt 17T : 11*, 11 S mw
i T $ — + + H 4 +4 11—t 4+ .
rAL_ - T T e “T——1 M + T — 1 - Ml.‘ 1 - B .Iluf‘ll WU
17 T
1 ‘ i 1 i
1 T |
L i :
! “ EERN i Pl '
H T i _ . i ~ B H i €
U - - —— B SN S N [N GRS T ¥Q\M‘
; ; | .
-t : : : S S s
g 1 Ll. 1 . H i ~ e ! _ 9" m
, W i - - —
- . ) - i o e — J 1 p IR P
[ - t 11;‘5. - 111 o JUISES ESpIONIY | m
i *

i
i
1
1
e
!
:
S W

[y S

Tl MR = DN
i iid Ll i i

168,95 ¥ € ¢ 160290 € ¥

bt 4] -

Aand

168L9 6§ ¢ ¢ [ 4 160¢L 9

1 N Y T AR B

s »r € 14 16829 § v € 2

\ A §3MNE X ¢ A
R N S ST R TTL L] \
\ err-oce W INYOAY uovn



VﬂXQ\\Aby\ \»w\SW omiIg

£-d

/
FH

\v!\WSNWxK

2007 2201 2| 2/
T — T T T T b___ L | .._ I A0 I T _ T N ﬂ _ 12
N “ N N N o )
l.ﬁk + isajoy ) ¥ . w f 9
T 1auuey) (933 TUTOA tsiwy a2y @7 ruanjelqup 4o sixy , : ; ]
. VUNU\ Mk .\g.lu:augw R b f - . - FRTSTS S, - -4~
11 Ll "L ws NWILI WFS s T T 1T i i —— e
11 A Ao FWTIT 1adi) 353 | ” "
(1] 48-2z-/:01vg Aeed7 4 i oeaad) tdaog skst m IR Py
! S IR
X : ! Lil i S - .
A IEE s i n e + T
IR 182 S {igsacaE _ SR
_ _ " ! m : : ! 7( A _
! : ! : : N 48, b !
P : v _ A
Lo i . . ﬁ : , , : / P ; )
-t - I AR i - : . s I N ‘
. h . i . 1] i
| SNE i B] b5y S N I
’ T n i i T ! H o
N | IR AT o
i _ i . > ! i ; I
o L ! ig B RE RN * _ s
i i ; ' T R I
—- _ T Mzrw., 1 ‘ o / R 1R i — A_ S
A - Tt f A, ! T S Ay
H t : ' i
L . H |
- _ i RS [ N - S . -~ —4-4-1]- i .
4 SRR N S S SIS R ¥
1 1 IO — e T ) s - il_t‘4{ m
1 L) ; 4 w ; |
B R “ i Ea 1
o _ : s
I g L Po
A A : : —
e e i
1689 5 ¥ € ¢ 16829 6 ¥ 168296 » € ¢ h

v

cri-ace

LE RV Y

[T PPN

OD MINSI N VI INIAN
NIWKTINYANT

=X (



Y

MNAL PRCE IS

¥
[

OF POOR QUALIT

ORIG

uﬂ\s\mb\ Amsg 'S

v-a 2H \ver.vxm.w:u\
207 20| d%/ ' 2y
[ 4 1T nE T T
7,7 F oo |7 | ATy |
7 tlauvey) (333 21 Sty A3y TZe7 tenjeuqip jo sty : : ﬂ . o 2
ESTT  SA ]I aydesg. . o o el R )
77 ws “RIVIL WY e sl : TT T T ¢
_Q.~\~ do57¢ Ju g adiy 183} N e N » , ., v.( .
282N A B N H oyesad :dio) im:___l ; g
e
i | ! . .
A - A I BE A o
t 46"
T T ~ N T 1 L
. -
_ I
| L NINAL
. L 1. o 2
_ T3 X T
S0 U L .,“ e
P ._ i _ B - A
! ~ . oo bdl | .
P ! : Ix
! w ~pe
e . i : s
n SR I i - ! ! “ — 4
- e - 6
[ V | H
| SRR A - \
_ ] ! -
1- . o3
- | J : L - £ VLTS R SO EEEE EERNEY :
] - H : ! — €
t : . R T 1
1 1 Tl RN
- f T T
- m 11 I I
T [ . i .mm
N i L rm il A = ..b It 08 i B »” n an RN D ﬁ.m N " L &
16829 S v € 4 16095 ¥ € z 16029 & ¥ € 2 160.9 S ¢ € 16829 S v € z '

SIMUIE X €
\ ﬁ Yoo liia 0D WSSV VNN \

e»)-qerc W W OAT Mbvu



\\\*;\\\ \w\ \A% md pu \mw

awz 2291

ZH

A rwnbdai
ael

at

17

T L5 NEIEED S BN R S SERAS | L L]

Y T T 1

4,74 + 15310M

T JA

J7 ilauvey) _uuuc.xx.q.~ “n_m.u_uuue "] 7 1 1u0tyeIqip 40 STRy

k24 4 usaasm PN T S e S g

T2

IN/S

WL WYS ey sy

J VR S,
{
i
1

AL QMU\SW Sw TS 1adky ysa| - ‘ !:l< o
3X-ZZ-ltaeg »arlm.u.\ A TH 10yesadp :d0) sAsiup ; . N PO
: _ !!.I.L-\ w 90"

: o A Lr S : : T T .

yY.U « 4 PO DU Y s S : 1 FORE SR S M..I . 4 wb~
: I H ] T
cl _ [11 NE Sk ! 4 .,, !

. ! ! i ‘i ) B ! 1
[ A e , _
H H { H |

: Pin | 7 , .

i N R A N : u T 1 e
- ¥ _ NRE 1l e H | _ —..

T ; ! | - —Y I : . 1 o i - 3 -1 i _

W I : . —_— RS S M — i — e S e _ v
| : B _ : i -
tpoe o : : \ 1 1 by
i 1 i ,, . ] _ e

} 0 N AU I 1 OO O Y . i _ L T I “ g

[ T S . SRR SO o [T N ) N O 2 - . e ghe e oL ; } ——|6
T 1 “ v _ i - “ - . : * ‘ )
L g _ - i 1 ;
s A ] - N - . N I A B R
o | - : Ry
-t T T . it
S IV . R ‘_.. I —iiee ~1 4 PO P —_—— =t - Wi ’ ~ 1 N . L
1T T T - S 1 OO 1 O
|- | _ i m v
H H Iy ; ! : .
’ ' I '0
i - i L
= : -+ ————r 8
" 1 : T A =1 T = R L 1 L79) BE) BS 8 BN m
F

16829 S ¥

€

168,49 S ¥

€

z 16829 S ¢ €

1669 § ¢ € L4

8IVIANE X €

"oaiea

v
ocri-ace

QD MISEIN 134203N
NIWH I NYOND

168L9 S ¥

E O %

(

€




ORIGINAL PACGE i5
OF POOR QUALITY

\\ R \5§ Al ,\rm‘

ZN XUSNJN«VRK

aosy 201 241

v N e e L s e .-a..,_" J et

T flauvey) a3y TP 7 :stay [93)y TP f 1u01jeIqIp 4O Sixy

o oL + i5djon ,

i
y 3T I O wydesg || -1 - : -1t _
LU L s : MWL WHFTway sa) :

I /
28-7Z-N:ay xxdu.q "AH ;o3es3d) :di0] sdstup ! . M

JPAJ Fw TS adl 1sa) ettt L -

oo . i - M

— 1,: “ . . : 1 i

16029 S » € 4 168L9 ¢ » € [4

$IVVAD 6 x &
ﬁ :.,..Z...Oux.nnu¢4u~.:u:
nl..BDW J.t!..z(J)J

169 L9 S ¥

€

T
-4 =i 4 et~ - v +
-1 w S -] - ~t 41— s T
m | _ , : !
R b | - .
. Voo i
| I AR T N ] - ! R
! - i
- d ] _4 erpiir-f b _ . . S . S TS B o EETCRERE o o [ RSO m - -
L R N ) R SR S 3 [
. . i | : . i . . .
: : . I U NY (PR Y [PV S-SR RO R S - + ———d - v
: : ! . i
- : : -+ [ R R : S
: - _ - . _ : - o
. ! H L d
- - ¢
T T + T 2
t : !
: . i i ! v
. _ S . ! o -} . _
, ! : . X ]
o ik i I i i
v M T T N A - M
: ! : ! ; ; :
R E . i it At ; - :
N ] i i .
' 1 : ~—9¢
-+ El _ g - ‘M IR HERY PO i . {
| 4 1
_ T BE 7 T
: : :
- : - P9
- .
| : ; . " L
Lt : [ERE : N .
A A } 1 1= B 11 D 3 % WR FH A 1198 5 R T DT O 7 .
168L9 S ¥

-

—_®r~ O N W

™

" e .



-0 ZH _ 2008 °S
42 o7 bl al

1 | —l i w
L ¥ : 8020 °1

A~
=~
QS
3
I~
-
o
Lual

298 "0S
+

Hed2 + tsajoN
L_ﬂwu"_u:cmgu 193y “JT T :sixy [92y, "J¥7 iun1yeuqrp 40 stxy
UL IRV FHE IV JERP TR F§ 79395 tydeg

ZT° T Nis WL WYC way] 359y 199
AT AT ARTT taddy ysay
48-27 -l :a1e0 AwEZJITH soyesadg :dioy sasiup \
y \/
\ /\/ . N 3.
Il WD\ [
7 VWO
50
/N
24
P08 "1
1J3dS ¥

8Lr1 1A 8088 S *X



2889 “8s .
5 h 5¢ or o¢ o ; T
| | _ _ _ _.
| | _ 8008 1
quwN Tlavuey) 333y 727 isixy 1333y ~ )€Y :_o.\..“n.wﬂ.ﬂhm“wwu
A SATTVIEA G IV JTRE TN F O IS tydey
i 277 s WL WHT e 1sa .
: A STTTITIRTT ada ﬁh ug
I AF-77 -]T iy »:‘...u% A .\NB.-ES 10407 sasiug |0
A3

0'4

JINOWYYH

vé

EYBE "1 *A

Poo ‘o1
¢ J3dS ¥
2808 °S *X



s N %wfw

6-0

1,04+ $'xy jei@) 81

a1 & by ec ¥4l L8'PE 9 WYId

HH1AC ¥l H10I10N48 ZH kil ee 3JEM0de3d

SIveg-¥ 807 @o.g&e" NOILRdng 3370d ¢ 1831 1 LINWN

bo'ee@l |06’ 9SS 185" 29 e a1 ey 10' 1

! Aueo.

¥ : )
1 _“. I

: : 2
JT o w.

: | ~

1
T
LY
L SN
1
e Bl
™

o - ..\...1\.11...\:." ...1.\1.\\.1 !
v o - 7
m 11\..1 \-.1.11 ||-1t.11. |1|1l..-1\1 H
- . o 1
e .
t NT .. d Y  § T Y _ ' @G“

1:€1
EB-AO0N-2C XYW IXUW 31IS04K0J NOTLWIIIINWAG NWl K4S TON0IHL



2 p w\ua\ﬂ

‘el

‘el

01-d
Te0l + S:Xy j€LZ)P~
ey o w52 W4l 18'6E 3 WW3d
ARLIT0 2/ H10INOMYY Nx Qe T3t 3EN0dE3d
SING-Y 907 dg'eeal zo~»¢a:o u;q:n g 1S31° 1 LINM
00’0001 |06’ 65C s’ 29 86" 6’y 161
: 106"
E " E
- “ ~ 10"
: w ;
; “ :
1 w T
i m x\\.x.
2 . - 3
-1 -
1 T
- -11.\\.. e N
" e g 7 :
.?Jllulllntl.\\-\luil.\\lll. M
o = T
- .\.I_.I[.ll.l o
/.r\ m
. 3
2:61 €1 '
£G-AON-CC  ¥9W IXUH 3LISOdMOD NOTLVII4ITUNS (WL WES T0U0IHL

o)



m p N\ uoﬁNvﬂ

11-a
H,044+ S$!Xy Jeisj e
el 8 AMCR-EH 29'GE D U¥3d
320 e/l i RiQINONWE IH @l ERE 3ITNOCE3G
£1Xy=-%¥ 907 @@ @eeT NOILYINg 3570d ._. w._. ‘T LINN
000661 {6 652 je5'<c9 |66’ 91 28’y 10°1
' 166’
: W .
3 ". 3
7] : ~ 10’
: ”. ]
- : -
: ". E
; W F
‘... T
n - -
o KX
ﬁ LlL\l-Lu\UIx\\l\l\uL-. l'l\l\(\l\l “
- - l.lllll.l- h
m S |.~1-.L|!-“~.I.L.1-Il||n-\l|]\lll| |.|u_...r .
e o1
J/l....l ] 3
] 3
bhoSTIEL ) q . L e
mm HON-2C  WuM IXOW 311SOAN0D NOTLWDIJITNNG MWL WIS T0NOIRL



/7 L w\ui\:ﬂv
21-a

d,02+ SIXy JEL3)p4

vl o Py £ HdZ J9'FE T Y34

3id0 ksl HiQINOMNYE IR LRI 2dE 3ATN0dLad

SIXY-% 207 GG 'eRal NOILlGYND 3$N0d c 1831 T LINN
20°' 0001 |08’ 052 KBS 29 183" 9] 6" el
; 160°

3 :

T : T 10
r M .

3 _ EQ

T 3
: " -

C \\\\. 3
Jm - -~ 3 'y
L~ -
. \..11.1. ....1....3 .\.\\1\1\ |
: 1\1..11.1.. 1.1.1..1\ \l\n\x.\........ .
- S ;

Jm ll\..lln“l\\.)tpl]\llll]\l_.ll\l B ol .Su
SN M
i . . . .ol
69-00ON-22  YUW IXUd JL11S04W0D NOTLIWDIA1TUNG NHL HdS T0M0THL

)

Q



\Mr\\uu. N\\ uﬁ:\ ﬂ;

£1-a
J,0L+ sixy )es2)®]
) 8 b ET W4T g2'bE 9 WHId
M0 k271 H10IMONYE ZH Q2@T $3¢ IEN0dETY
SIXY-¥ 9071  @6'@0aT NOILvdnG 3570d g 1831 1 LINN
TR @6 852 @S ' 29 @' 51 ek 10'1
' {eg’
- . -
] : - 10"
E : 3
T : SRl
m ! u.\...\ln.w.
] P Rl
- ~ - .1.1-.11 -
I T e
F—\ m
: :
LE:SEE1 . . ' N

E8-NON-22 XYW IXWH 3LIS0dNOD NOT1VII4ITuN8 AWL HYS T0NOIHL



APPENDIX E
UNISYS CONTROL AND RESPONSE DATA FROM
LONGITUDIAL AXIS TRANSPORTATION TEST

(70°F = 10°F)
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APPENDIX F
UNISYS CONTROL AND RESPONSE DATA FROM
LONGITUDIAL AXIS TRANSPORTATION TEST

(163°F * 10°F)
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sune 9,

Mr. Milas 3rcwn AS-T23D
Mor=zn Taicxeli, Znc.

Scaca2 Cperaticons

?2.0. Box 707 :
Br_gnam <2itv, UT 34302-93737

-Re: QIPLA-I Farlur=a Aralysis (Wvle Lab zualificaticn <astiag,

Dear Milas:

The problems with the twe 0L units at Wyle Laboratories can ze
brcokern dewn into two diffarent types of fajilures. The first, and
far worse type of failure. was %2he shutdown of tha DIM at
approximataly 160°F. The second type of failure was the
occurrence of truncatad events in the reccrded data. I will
discuss this failure first.

Both boxes under test at Wvle showed occasicnal truncatic

errors. This failur: was caused 2y a 3cftwars error and means
that parts of the data recsrded during an acseleration event were
lost or corrupted. The problem is not new, but up until a few
weeks ago, QSI was unable to reproduce the failure in the
laboratory making a rapid solution problematic. Although the
error is softwarz inducad, it is pcssibls that the vibracticn or ™
temperature environment during testing exacsrbated the existing
condition. We now have discoversd wavs of forcing the failure

_and are converging on a solution to this failure mcde.

The trurncation error phenomencn, while chroniz and undesirable,
DOZS NOT impugn the reliability of any data not indicatad as
‘truncatad' by the DDR software. 1In other words, if the DDR
software does not notify the user that an event is truncatead,
then the data in that event is reliable. The result of this
malfunction is isolated to causing events marked as 'truncated'.
Truncatad events usually represent a very small part of the total
data gathered in a run, so this type of error will not affect the
reliability of the majority of data gatherad by the QDLM-2. This
problem should be corrected within the next two weeks. I will
keep you informed of our progress in this area.

Premature shutdown of one of the QDLM unit3 was a far worse
failure in that it terminates the ability of the QDLM to gather
any data at all. This failure, while serious, was traced to a
simple cause. One of the logic IC3 on the CPU board had a
temperature sensitive failure mode which allowed it to cperata
properly below about 160°F, however, it would fail at higher
temperatures. The IC was replaced and the board now functions
correctly up to 185°'F. I have tasted both the QDLM units, which

2€I Carnararan 1720 acearey Gare Vay Csman. IT 14300 Tuennnaa. M emes tgoe - aw. 1@~



ORIGINAL PAGE |e
OF POOR QuALiTY

Wers2 sent I A§vla, at temgaraturas 1 <o 13Z°7T. Betih units
ferZormed prowperly.

4e do nct expect thls Lype of proplsm o occur in the fuTura
cecause all the circuit bcards in the PLM uniss ars burned in ac
1827 anc arz tastad I gravant marciilal cenizs Irem making 1T T3
the Ziaid. On very rara zczasichns asugl, an IC may make it
tarcugh the battary or tasts only =8 fail in <he fiald. Wh-ola
Shera 13 really ac way tc acsolutalv guaranz2e that ng 103 will
Jail in the Ilaid, the alistorical ral:iacility o ICs, aZtar burn
in, 15 verw gcod. We de act axpect 2his fallurs mege to teccne

ar sngcing concarn.

I hccoe

‘plaase

ives 7ou what ycu need. If ycu have any gquestions,

Sincarsly,

QSI CCRPORATICON
St~
—

John J. Coffey
Project Engineer
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October 4, 1989

Mr. Miles Brown
Thiokol Corporation
Space Operations

MS T44

PO Box 707

Brigham City, UT 84302

Dear Miles:

Enclosed with this letter is a Failure Analysis report prepared
by John Coffey, concerning TMU units #0006 and #0013.

As the report indicates, TMU #0006 contained a metal flake which
shorted channel 10, but the unit was otherwise functional. This
short must have occurred after the unit shipped from QSI, since

it passed its acceptance tests. TMU #0013 operated as required,
and all data errors can be explained by improper application and
installation.

We have spent approximately 750 man-hours this year, without any
compensation, trying to find nfailures" in these TMUs. We have
located and fixed a couple of software problems (related to the
truncated events), but to the best of our knowledge the most
recent software we have been installing (Version 1.4) has no bugs
or problems whatsoever. 7

For future reference, we will continue to be willing to analyze
any suspicious data you retrieve from the TMU units, as follows:

» We must receive the TMUs and the unerased data modules.
Supplying us with paper plots is not adequate for analysis.

» The actual cables and sensors used are not required, but will
greatly simplify any failure analysis. Without these cables
and sensors, we can never be sure we have truly identified
the cause(s) of any problems.

» We must have a contract for the man-hours and materials used
during the analysis.

If, during any data analysis, we find that a failure is due to
original design problems, we will not charge for the analysis,
and we will correct the problem in all units, without charge.

If we find a failed component in a TMU, we will request a
contract for repair. There are two reasons for this: first, the
warranty on these units has long since expired; second, we Kknow

910120
QSI Corporation 1740 Research Park Way Logan, UT 34321 Tolephone: (801)753 3657 Telex: 287430



Brown, October 4, 1989, Page 2

of several instances where some units were exposed to
environmental conditions well beyond those specified in the
original contract.

If, as has been the case recently, the failures are due to
installation or application, we will charge for the time spent
doing the analysis.

We have offered to accept a contract for installation and
checkout of the TMU units. We still believe that this would be
the best route to achieving the performance of which these units
are capable.

I have enclosed a disk with the latest DDR data recovery and
reduction software. There are two differences between this
Version 3.0 software and earlier versions (neither due to
software bugs): first, this version clearly displays its version
number on all initial menu screens, in all reports, and in all
data files; second, the history file format has been improved to
show both the maximum levels seen on any trigger channel and the
trigger levels seen. Please make sure that your programmers get
this new software for all future use, and that all older versions
are deleted.

Finally, attached is a summary of where the twenty TMU units are
in terms of software upgrades and baseplates. We are performing
a complete calibration, as well as your acceptance test and our
own (very rigorous) acceptance test at the time of the software
upgrades.

Feel free to call me if you have any questions on any of this.

Sincerely,

CORPORKTION,
/ % ’/
//ames/ K. Elwell
/7/ President

JKE/nw /
Enclosure

910120



Brown, October 4, 1989, Page 3

QDLM-2 (TMU) UPGRADE SUMMARY

Serial
Number

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020

October 4, 1989

Software
Ver 1.4?

no
no
no
yes
yes
no
yes
yes
yes
no
no
no
yes
yes
yes
no
yes
yes
no
no

Baseplate

Installed?

no
no
no
no
no
no
yes
no
yes
no
no
no
no
'no
no
no
yes
(06
‘no’
no

910120



FAILURE ANALYSIS

OF TMUs #0006 AND #0013

To:

Thiekol Corporation
Brigham City, UT 84302

From:

QSI CORPORATION
1740 Research Park Way
Logan, UT 84321
Telephone: 801-753-3657
FAX: 801-753-3822

October 4, 1989



FOREWORD

This report analyzes the apparent failure of TMUs #0006 and #0013 to gather reliable
data during the shipment of eighth flight motors to KSC.

After examining both TMUs and the data acquired by TMU #0013, we feel that the
problems seen on this run do not indicate a general failure of the TMU design. The
problems encountered are primarily due to improper installation and data reduction

erTors.

A small metal flake was found in TMU #0006 which caused the malfunction of channel
10 on that unit. At the time of the SRM shipment, TMU #0006 had not been upgraded
with the current revision of internal software. No other problems were found with unit
#0006.

The unexpected truncated events in data gathered by TMU #0013 were caused by the
use of obsolete DDR software in the data reduction stage. This problem was eliminated
in later software releases (Version 2.3 or later), but an earlier version was used here.

Two other problems were found in the data acquired by TMU #0013: 1) unusual
waveforms on channel 4; 2) unusual waveforms seen on channels 1, 2 and 3. The nature
of the recorded data indicates that these problems are due to installation problems
and/or bad or loose cables.

There is some question as to whether the accelerometers accompanying TMU #0013
were the ones actually used on the eighth flight shipment. Without the actual
equipment used during a run, a thorough analysis of any apparently erroneous data is
impossible.
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1. Problems with TMU #0006.

TMU #0006 was found to contain a small metal flake in the vicinity of the channel 10
analog electronics. This metal flake shorted analog electronics within TMU #0006,
causing channel 10 to become inoperative during the run.

The data recorded by TMU #0006 was not provided to us. The TMU contained old
versions of internal software, so random truncated errors may occur in the data recorded
by this unit.

The origin of the metallic flake is unknown but it could reasonably be expected to arise
either within the SRM shipping environment or during assembly of the TMUs. T™U
#0006 was thoroughly tested at the factory prior to its delivery to Thiokol, and was
found to be fully operational.

2. Problems with TMU #0013.

2.1. Truncated Events,

The truncated events which occurred near event 144 in the recorded data are fictitious
and do not exist in the actual data. They are the result of using obsolete (Version 2.2)
DDR software to read the modules for this run. The use of current DDR software
eliminates this problem.

The short truncations (less than 128 bytes) at the end of data from each set of modules
are expected, and are the result of normal operation of the TMUs.

2.2. Unusual Waveforms - Channel 1, 2 and 3.

The waveforms seen on channels 1, 2 and 3, while unusual, are all quite similar in
appearance and form, and correlate in time. This suggests a common cause in their
generation. We do not believe these waveforms represent real accelerations experienced
by the segment during shipment.

During simulation trials in the lab, we found we could generate similar waveforms (in
three simultaneous channels, correlating in time, appearance and form), simply by
loosening the bolts which hold the tri-axial mounting block to its support structure, then
subjecting the support structure to low-level shocks.

Since no electronic failures could be found with the TMU, and since channels 1, 2 and 3
are connected to one tri-axial block during shipment, and since the wavetorms are easily
simulated as described, we can only conclude that the mounting block for these three
channels was loose during shipment.

-~
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2.3. Unusual Waveforms - Channel 4.

Channel 4 recorded numerous suspect waveforms, and was the cause of the large
number of triggered events seen during the trip. Analysis of the data shows these items:

» Numerous events with waveforms typical of a discontinuity, i.e., large instantaneous
voltage swings followed by a 2- to 4-second discharge curve. This indicates loose
connector(s) or broken wires or both.

» Numerous events (sometimes coincident with those mentioned above) which show
short, quick pulses, sometimes with DC offset levels. These are typical of a loose
mounting, and are easily simulated in the lab by very light tapping on an
accelerometer.

Because of the nature of the waveforms, and because they often were coincidental with
waveforms on channels 1, 2 and 3, and because channel 5, which used the same ADC
electronics, operated normally, and because the channel 4 electronics operated perfectly
in post-run lab testing, we conclude that the channel 4 accelerometer was mounted
loosely and had a loose or broken cable.

There is a possibility of an internal failure in the channel 4 accelerometer causing both
types of invalid data, but this cannot be evaluated since we do not know which
accelerometer was used for channel 4.

3. Channel § Through 10 Data.

After examining the data recorded by channels 5 through 10, we have no reason to
suspect these waveforms represent anything other than the actual accelerations
experienced by these accelerometers. The characteristics of these waveforms are fully
consistent with the type, amplitude, and frequency of accelerations expected on a rail
shipment such as this.

4. Trip-History/Recorded-Data Correlation.

The correlation between the trip history, as recorded by Agnello and Stone, and the data
recorded by TMU #0013 is quite good. At no time, with one exception (discussed
below), did the TMU continuously trigger while the train was stationary on the tracks.

There are a few isolated triggered events during idle periods, all triggered by channel 4.
In all cases, the channel 4 waveform is typical of a loose or broken cable losing contact
momentarily. There are many possible causes: a person brushing against the cable (if
the loose connector is at the TMU, or if the cable is broken near where it can be
touched), a slight jolt to cars being coupled or uncoupled, movement of the box while
opening or closing the cover, etc.

We would not expect to see continuous triggering of events while the train was
stationary, and indeed, this was not seen in the data. Continuous triggering of the TMU
only occurred while the train was moving or being maneuvered to connect cars. Any
vibration occurring during these periods would reasonably be expected to shake loose

3



connectors or broken cables, thus causing triggered events by continually connecting/
disconnecting the accelerometer from the TMU.

The single exception mentioned above occurred on Saturday, September 2, from
20:00:41 to 20:14:54. The trip record indicates the train was stopped from 20:00 to
20:15 on this evening, but the TMU recorded essentially continuous events during this
time. We would not expect this to happen if the only problem was a loose or broken
cable. However, because of various indications in the data and in the trip record, we

believe the train was moving during this period of time.

The first indication of this is the waveforms on channels 5 through 10. These are similar
to those recorded during other portions of the trip when the train was moving. At all
other times when the log shows the train stopped, there are no signals on channels 5
through 10.

The next indication is the waveforms on channels 1 through 3. Although the actual
waveforms are suspect, these three channels never showed any activity except when the
train was moving. They showed activity during this period, again indicating that the
train was moving.

These facts, along with the general poor quality of the trip record (such as a time of
2453 being followed by a time of 0010) lead us to believe the train was, in fact, moving
during this time.

5. Summary.

i

We believe the data recorded on channels 5 through 10 to be accurate and
representative of actual accelerations experienced by the SRM segment during shipment.

The data indicates that the cable for channel 4 was broken or had one or more loose
connectors, and was mounted loosely. The alternate cause, an internal failure of the
accelerometer, cannot be evaluated.

The waveforms recorded by channels 1 through 3 were probably caused by a loose
mounting block on the railcar.

The truncated events shown in the history file given to us were due to an obsolete
version of one of the data reduction programs.

TMU #0006 developed an electrical short circuit during the trip. No other problems
were found with the TMUs. They both ran flawlessly while undergoing complete and
thorough testing in the lab.
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T™U Evaluation Tests At Unysis Calibrated Shock Pulse 08-Feb-30

Temperature

Shock #1 (Figure 1)

Input peak-to-peak (g)= 1.95
input Shock Frequency =24 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 9 10

TMU Data (g)= 2,968 3.046 2.929 3.007 2.772 3.085 3.007 2.851 2.773 2.772
Percent Error= 52.2% 56.2% 50.2% 54.2% 42.2% 58.2% 54.2% 46.2% 42.2% 42.2%

Average Percent Error= 49.8% (10 channels)

Shock #2 (Figure 2)

Input peak-to-peak (g)= 1.8%
Input Shock Frequency =24 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 1 8 9 10

TMU Data (g)= 2,733 2,811 2,717 2.85 2.616 2.811 2,772 2.694 2.538 2.655
Percent Error= 44.6% 48.7% 46.6% 50.8% 38.4% 48.7% 46.7% 42.5% 34.3% 40.5%

Average Percent Error= 44.2% (10 channels)

Shock #1 (Figure 3)

'nout peak-to-peak (g)= 1.98
Input Shock Frequency =16 Hz Peak-to-Peak Values (g)

TMU Data (g)- 2.421 2,342 2.382 2.577 Bad 2.421 2.382 2.382 2.439 2.46
Percent Error= 22.3% 18.3% 20.3% 30.2% N/A  22.3% 20.3% 20.3% 26.2% 24.2%

Average Percent Error= 22.7% {9 channels)

Shock #2 (Figure 4)

Input peak-to-peak (g)= 1.98
Input Shock Frequency =16 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 9 10

TMU Data (g)= 2,343 2.343 2.304 2.499 Bad 2.343 2.304 2.304 2.421 2.382
Percent Error= 18.3% 18.3% 16.4% 26.2% N/A  18.3% 16.4% 16.4% 22.3% 20.3%

Average Percent Errorz  19,2% (9 channels)



TMU Evaluation Tests At Unysis Calibrated Shock Pulse 08-Feb-90

Shock ¥1 (Figure 5)

input peak-to-peak (g)= 3.62
tnput Shock Freguency =37 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 9 10

TMU Data (9)= 1.158 3.28 3.241 3.397 3.241 3.358 3.28 3.241 3.338 3.28
Percent Error= -7.2% -9.4%-10.5% -6.2%-10.5% -7.2% -9.4%-10.5% -7.2% -9.4%

Average Percent Error= -8.7% (10 channels)

Shock 42 (Figure 6)

{nput peak-to-peak (g)= 3.52
input Shock Frequency =38 Hz Peak-to-Peak Values (9)
1 2 3 4 5 6 1 8 9 10

TMU Data (g)= 3.28 3.28 3.202 3.28 3.163 3.28 3.241 3.163 3.241 3.202
Percent Error= -9,4% -9.4%-11.5% -9.4%-12.6% -9.4%-10.5%-12.6%-10.5%-11.5%

Average Percent Errorz -10.7% (10 channels)

Shock #1 (Figure T)

input peak-to-peak (g)= 1.62
Input Shock Frequency =15 Hz Peak-to-Peak values (g)
1 2 3 4 5 6 1 8 9 10

TMU Data (g9): 1.796 1.874 1.796 1.835 1.835 1.835 1.757 1.796 1.796 1.796
Parcent Error= 10.9% 15.7% 10.9% 13.3% 13.3% 13.3% B.5% 10.9% 10.9% 10.9%

Average Percent Error= 11.8% {10 channels)

Shock #2 (Figure 8)

input peak-to-peak (g)= 1.61
input Shock Frequency =13 Hz Peak-to-Peak values (g)
1 2 3 4 5 6 7 8 9 10

TMU Oata (g)= 1.796 1.874 1,796 1.835 1.826 1.835 1.835 1.796 1.835 1,796
Percent Error:z 11.6% 16.4% 11.6% 14.0% 13.4% 14.0% 14.0% 11.6% 14.0% 11.6%

Average Percent Errorz 13.2% (10 channels)



TMU Evaluat

ion Tests At Unysis calibrated Shock Pulse 08-Feb-90

Shock #1 (Figure 9)

(nput peak-to-peak (g)= 1.02
fnput Shock Frequency =23 Hz Peak-to-Peak values (g)
1 2 3 4 5 6 7 8 ] 10

TMU Data (g)= 1.092 1.014 1.092 1.132 1.132 1,092 1,053 1.132 1.093 1.093
Percent Error: 7.1% -0.6% 7.1% 11.0% 11.0% 7.1% 3.2% 11.0% 7.2% 1.2%

Average Percent Error= T.1% (10 channels)

Shock #2 (Figure 10)

input peak-to-peak (g)= 0.92
input Shock Freguency =18 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 9 10

TMU Data (9)= 1.092 1.092 1.053 1.092 1.092 1.053 1.053 1.053 1.033 1.092
Percent Error= 18.7% 18.7% 14.5% 18.7% 18.7% 14.5% 14.5% 14.5% 14.5% 18.7%

Average Percent Error= 16.6% (10 channels)



THU Evaluation Tests At Unysis Sine Dwell 08-Feb-90

Temperature

Event #1 (Figure 11)

Inout peak-to-peak (g)=2.985
Input Shock Frequency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 3 10

TMU Data (g)= 3.436 3.749 3.475 3,553 3.319 3.631 3.436 3.358 3.866 3.358
Percent Error: 15.1% 25.6% 16.4% 19.0% 11.2% 21.6% 15.1% 12.5% 29.5% 12.5%

Average Percent Error= 17.8% (10 channels)

Event #2 ({Figure 11)

Input peak-to-peak (g)=2.985
Input Shock Frequency =10 Hz Peak-to-Peak Values (g)
i 2 3 4 5 6 7 8 9 10

TMU Data (g)= 3,514 3.671 3.475 3.513 3.397 3.67 3,553 3.436 5.312 3.3%7
Percent Error= 17.7% 22.9% 16.4% 17.7% 13.8% 22.9% 19.0% 15.1% 77.9% 13.8%

Average Percent Error= 23.7% (10 channels)

Event #1 (Figure 12)

Input peak-to-peak (g)=2.930
input Shock Frequency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 ] 6 7 8 9 10

TMU Data (g)= 2.89 2.83 2.89 2.8% Bad 2.812 2.773 2.851 2.773 2.851
Percent Error: -1.8% -1.4% -1.4% -1.4% N/A  -4.0% -5.4% -2.7% -5.4% -2.7%

Average Percent Errorz -2.9% (9 channels)

Event #2 (Figure 12)

Input peak-to-peak (g)=2.930
Input Shock Frequency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 1 8 9 10

T™MU Data (9)= 2.89 2.89 2.851 2,89 Bad 2.812 2.812 2.851 2.773 2.851
Percent Error= -1.4% -1.4% -2.7% -1.4% N/A  -4.0% -4.0% -2.7% -5.4% -2.7%

Average Percent Errorz -2.9% (9 channels)



THU Evaluation Tests At Unysis Sine Dwell 08-Feb-90

130 F
Event #1 (Figure 13)
Input peak-to-peak (g)= 3
input Shock Freguency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 7 8 9 10
TMU Data (g)= 2.812 2.812 2.89 2.968 2.89 2.89 2,812 2.8% 2.8% 2.8%
Percent Error: -6.3% -6.3% -3.7% -1.1% -3.7% -3.7% -6.3% -3.7% -3.7% -3.7%
Average Percent Error= -4.2% (10 channels)
Event #2 (Figure 13)
Input peak-to-peak (g)= 3
Input Shock Freguency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 1 8 9 10
TMU Data (g)= N/A
Percent Errorz
Average Percent Errorz=  0.0% (10 channels)
140 F

Event #1 (Figure 14)

input peak-to-peak (g)=2.920
input Shock Frequency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 1 8 9 10

TMU Data (g)= 2.734 2,734 2.734 2.734 2.695 2.695 2.695 2.656 2.734 2.656
Percent Error: -6.4% -6.4% -6.4% -6.4% -7.7% -7.7% -7.7% -9.1% -6.4% -9.1%

Average Percent Error= -7.3% (10 channels)

Event #2 (Figure 14)

input peak-to-peak (g)=2.920
Input Shock Frequency =10 Hz Peak-to-Peak Values (g)

TMU Data (g9)= 2,734 2.734 2.695 2.734 2.656 2.695 2.695 2.656 2.734 2.617
Percent Error= -6.4% -6.4% -7.7% -6.4% -9.1% -7.7% -7.7% -9.1% -6.4%-10.4%

Average Percent Error= -7.7% (10 channels)



TMU Evaluat

ion Tests At Unysis Sine Dwel! 08-Feb-90

Event #1 (Figure 15)

input peak-to-peak (g)=3.027
tnout Shock Frequency =10 Hz Peak-to-Peak Values (g)
i 2 3 4 5 6 1 8 9 10

TMU Data (g)= 2.656 2.577 2,617 2,734 2,617 2.617 2.538 2,656 2.635 2.656
Percent Error: -12.3%14.9%-13.6% -9.7%-13.6%-13.6%-16.2%-12.3%-11.0%-12.3%

Average Percent Errorz -12.9% (10 channels)

Event #2 (Figure 15)

Input peak-to-peak (g)=3.027
Input Shock Frequency =10 Hz Peak-to-Peak Values (g)
1 2 3 4 5 6 1 8 9 10

TMU Data (g): 2,656 2.656 2.617 2.773 2.656 2.617 2,578 2.617 2.656 2.656
Percent Error= -12.3%-12.3%-13.6% -8.4%-12.3%-13.6%-14.8%-13.6%-12.3%-12.3%

Average Percent Error= -12.5% (10 channels)



818C FROCEDURE = ' o .

S SR . 117

+1,318 AN

e D>oMMCOMOO D

d
L
T
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A
‘~\\\\\
frr

G
-1.318
T, HM3EC 2411 .0 24471 2433,) 2518.} 25551 asat .|
- DECAULT TESTOEINTTION  ulIE L TEST ST LN KoL
S Z
PEAK G 1.316 FULSE DURATION 44,434

ZVENT TIME SUMMARY ACROSS CHANNELS
EVENT Day/Time Channel Minimum Average Maximum
21 00 16:22:00 CHANNEL 1 -1.640 -0.031 1.328
CHANNEL 2 -1.640 -0.034 1.406
CHANNEL 3 -1.640 -0.018 1.289
CHANNEZL 4 -1.640 -0.011 1.367
CHANNEL S -1.523 -0.017 1.249
o CHANNEL 6 -1.679 0.008 1.406
4:‘ % CHANNEL 7 -1.640 -0.007 1.367
}J‘; ) CHANNEL 8 -1.562 -0.006 1.289
| CHANNEL 9 -1.406 0.004 1.367

CHANNEL 10 -1.523 -0.004 1.249
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810C PROCEDURE - | 2. )4 .
3 st N2 R
+1,288 /7\
¥Hz o

QD et~ DM MOCD

-1.268
T WSEC 200 i TSt o iTLON uﬁ?lrg"g, tesral??s"'l LIN RIS
S S T el PUCSE GURATION. " 44,434
EVENT TIME SUMMARY ACROSS CHAMNNELS
EVENT Day/Time Channel Minisum Average Maximum
22 00 16:23:16  canWwEL 1 -1.796 -0.018 0.937
CHANNEL 2 -1.874 -0.028 0.937
CHANNEL 3 -1.679 0.001 1.093
CHANNEL 4 -1.757 0.004 1.093
CHANNEL 5 -1.601 -0.011 1.015
o~ CHANNEL 6 -1.718 0.019 1.093
s CHANNEL 7 -1.718 -0.003 1.084
it CHANNEL 8 -1.757 -0.007 0.937
CHANNEL 9 -1.445 0.016 1.093
CHANNEL 10 -1.718 -0.011 0.937
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810C PROCEDURE O (' .
/‘ / H\ 989,12/ /
19:43" -
A +1.318 VG
0
C
‘ \
L
E
R
; Lu
)
; ; /b HE W —
0 N /) ™
A \
N \v/ /89 \/,4
6
-1.318
T, H3EC 2411 .4 2447.1 2433.1 2519.1 2555.1 2591 1
<8 4 T R i L
PEAR G | {.318 FU DURATI Ot 71,533
EVENT TIME SUMMARY ACROSS CHANNELS
EVENT Day/Time Channel Minimum Average Maximum
a1 o1 10:02:02  chmmEL 1 2.9z -1.090 0.007  1.328
' CHAtMEL 2 /, 592 -1.093 0.009 1.249
CHANNEL 32,7352 -1.093 0.011 1.289
cranNEL 42,57 7-1.1m 0.006 1.406
CHANNEL 5 -0.039 -0.014 0.039
V% cHAWEL 6 2.4 7] -1.093 0.007 1.328
QJ cHANNEL 7 7,352 -1.093 -0.001 1.289
< CHANNEL 8 72,352 -1.093 0.003 1.289
;J\ cuamEL 9 2,499 -1.132 0.003 1.367
Q cnmmer 10 2-940 ) 13, -0.001 1.328
~

Ao A
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810C PROCEDURE

0 6\"00‘(‘

l/\’a

ad7887 46714

A +1,303 VD
c /
c !
: /
L
E
R
A
T v /5-7 4 y
|
5 e /
N \‘Mr/ /‘[6; //
Sz
G
-1,393 35911
r MSEC am"tasreuuafrgsf uen'ufr?gfi' uRiE L rggaelssrs" LIW xSAR1S
T PUCSE GURATION " 63.848
EVENT TIME SUMMARY ACROSS CHANNELS
EVENT Day/Time » Channel Minimum Average Maximum
T2 01 10:03:33  wanmEL 1 2, 343-1.015 5. 007 1328
cRANMEL 27,343 -1.015 0.011 1.320
cuamenL 32, 30% -1.015 0.011 1.289
cumEL 47,497 -1.093 0.005 1.406
AV conmier 5Pad  <0.030 -0.014 0.039
3 cannmer 6 2, 3% -1.015 0.000 1.328
‘j‘ coamEL 772, 304 -1.015 0.000 1.289
s cuanweL 87, 304 -1.015 0.002 1.289
‘3 cratneL 92,47 -1.054 0.002 1.367
craMEL 10 2. 352 -1.054 0.000 1.328
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810C PROCEDURE 23 12
4953718443
a +2.018
¢
C
E
L
E
R
A /-\
T I/ \ 37.5H, _
3 \—J
N
GZj
G
cattt l 2555.1 2501 |
11 2447.1 a483.1 2513, . ai,
P b I o el B L i
kgg{ G 2.018 PULSE DURATION 42,939
/120’
EVENT TIME SUMMARY ACROSS CHANNELS
EVENT Day/Time Channel Minimum Average Maximum
23 01 15:03:11  coawiEL 13,359 -1.562  wo.00n  T1i7es
CHANNEL 273 2790 -1.484 0.026 1.796
caamzr 33,24 _1 404 -0.017 1.757
) cuamner 43, 397 -1.s62 -0.016 1.835
~ cuamver 5 3, 24/ -1.484 -0.017 1.757
J
e cuamver 63, 358 -1.s23 -0.002 1.835
) cHaNNEL 7 3, 280 -1.404 -0.007 1.796
% CHANNEL 8 3, 241 .y 4na -0.012 1.757
’V\] CHAMNEL 9 5. 558 -1.523 -0.002 1.835
cramier 10 3, 280 -1. 484 -0.001 1.796



818C PROCEDURE

Al

17-?—;2,

483430

A +2.018 ;)
C
c
E
L
E )
R
N //'_\ Z
T \ 37.”’;;5
1 \ /‘ \ N s
0 ; —
N { \\\ ///
G \
\ /
-2.048
T, MSEC 241f.l 2447 24583,1 2513.1 2555 .4 25911
e Lol 5
PEARK G 2.018 FULSE DURATION 49,283
EVENT TIME SUMMARY ACROSS CHANNELS
EVENT Day/Time Channel Minimum Average Maximum
24 01 15:05:16  cHmmEL 1-3—,-:290 T1.484 S0.031  1.196
cuamner 23,780 -1.406 0.025 1.874
I cannEL 33 202 -1.406 -0.016 1.796
g CHAMNEL 4 3,280 -1.445 ~0.016 1.83%
= cummer 52,063 -1.406 -0.01s 1.787
:’ ' canNEL 63 D80 -1.445 -0.002 1.835
o cummer 73, 2% -1.44s -0.007 1.798
Nl cramer, 83763 -1 406 -0.010 1.757
chamer 9 3,74( -1.406 -0.002 1.835
e 10 3 D7 -1 406 0.000 1.796

(3¢
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§10C PROCEDURE  ///02° Sherc k o Lot
/1371;
A A
\
c /
£ /
£ /
L 7
£ ‘/'/
] /"
h {
T L /4.9 Hz
1
0 /
N / |.‘23 M
. p
\h‘ ‘L
G
-l |08‘
T, N3EC 24111 24421 2423,1 2513.1 2555 .1 2581.1
DEFAULT TEST OEFINITIUN UNIT 1, TEST 5  LIN X-AXIS
LAST REZFONSE HAVEFORN 108 HZ BANDWIDTH
PEAK. G 1,834 PULIE DURATIUH 78,312
R
EVENT TIME SUMMARY ACROSS CHAMNNELS
VENT Day/Time Channel Milnimum Average Max imum
23 01 11:51:21  cuammEr 1 1 60 -o.781 S0.038  1.015 - 1796
cummer 2 ' YT <0.703 0.037 1.171 12 {[,$7¢
CHAMMEL 3 ;. 57 -0.703 -0.018 1.093 © v« l.79¢
cnamEL 4 ' fD -g.742 -0.017 1.093'C 2" 1.93¢
CHANNEL 5 /.33 -0.781 -0.017 1.054 /C- 7% /. 835
CHMMEL 6 [.£7 -0.742 -0.007 1.093 /0.7 % /. ?3_{
CHANNEL 7 ' 76 -0.703 -0.009 1.054 =.5% 1.757
CHANNEL 8 [ 9 -0.742 -0.013 1.054 % vs<; /s 7764
CHANNEL 9 !.i¢ -0.703 -0.004 1.093 % 5% /, 7?
CHANNEL 10 /. 3€  -0.703 -0.001 1.093 5.0, 1796
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ORIGINAL PACE 15
OF POOR QUALITY

8C PROCEDURE [/ /0 °< )inc k fdm ot
Bl () 5’ [Yala 'y
o /
A
+1.089% /fﬁ
J
/
,! /5.2 He
ol
J] ;m_‘
it 25551 2591,
IEC @ . 447, 2433 .1 2519.1 ! a4,
B 14 T R R
lls'E'gK g . 1.686 PULSE UURATIGN 69.580

EVENT Day/Time

Channel Minimum
CHAMNEL 1 | {0 -0.781
camrmeEL 2 .37 -0.781
CHAMNEL 3 |.,/{ -0.742
CHAMNEL 4 | g, -0.742
CHANNEL S5 1.1 -0.781
chamer 6 1- 9% -0.742
caamer 7 187 -0.742
CHANNEL 8 |.f -0 742
cuamer 9 YL§3% -0.742
CHAMNEL 10 [.§ -0.742

Average Maximum 4

-0.033 1.015 9.9
0.044 1.093 =.2°
-0.016 1.054 "o
-0.017 1.093 €. 74
-0.014 1.054 C2%
~0.001 1.003 L 1%
-0.006 1.093/€.9%
-0.008 1.054 4%,
-0.002 1.093 ‘6. %%
0.002 1.084 .qu%

[, 796
/, 8 74
), 794
), 835
/,$22
5,835
/835
], 796
/ 835
), 796
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818 PROCEDURE /50° Skeck =

SRR v 5 .|

TOm a4 D>DIDMMrIMOOD

40,617 7
- 2331
f—s-r/
‘425 /
/"‘-\.4'/

A 2555.! 2591.1

’ - ‘ 24471 2483, 2519. . 31,

D el e R el e ol

%gg{ g © 8.617 PULSE DURATION 45.166

EVENT TIME SUMMARY ACROSS CHANNELS

EVENT Day/Time Channel Minimum Averags Maximum

15 00 16:23:55  cwawEn 1/ 597 -0.624 o001 0.488
CHANMEL 2 /,0/H4 -0.546 0.008 0.468
cuaver 3/, 092 -0.624 0.015 0.468
cunner 4 1,)32  -o0.664 0.011 0.468
cammer 5/,/32 -0.664 -0.001 0.468
cuaer 6 /,092 -0.624 0.006 0.468
CHANNEL 7).05 3 -0.624 0.002 0.429

<

< CHANNEL 8//37 -0.664 -0.001 0.468

S cummer 9/, 093 -0.664 0.002 0.429

N caanneL 10/.07 3 -0.664 -0.009 0.429

/1 5¢
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/

APR0AR

18,724

L 18.5 2

A N

-0.724
T NSEC 24“"{5raun“r§73fr' GEFINITION. u%sxlrg;:i. Rlesff:?s“" LIt K PRIS
BT it o o
EVENT TIME SUMMARY ACROSS CHANNELS

EVENT Day/Time Channel Minimum Average Maximum

e 00 16:25:17  cmmmEL 11,09z -0.468 o011 o.62a
crruner. 2,072 -0.488 0.024 0.624
cuavner 34053 -0.429 0.024 0.624
e cHamneL 4 /,09 2 -0.507 0.015 0.585
g cammeL 54692 -0.468 0.007 0.624
}‘\ cHaMNEL 6/,05 3 -0.429 0.020 0.624
1\% crammerL 7 /4 05 3 -0.468 0.007 0.585
A cuamer, 8/,05°3 ~0.468 0.011 u.s8s
cramver 9/, 3 -0 468 0.009 0.385

cRannEL 10,0927 -0.468 0.002 0.624
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Xs 19. 885 Y 1. 4929
A SPEC 1 #As b
18. 88d
M
f
LGMAG.
~\——“\\__~\\/r\\\\\//\V\J l\
TN MMM
1. egga
) 4. fogg LG HZ

event | pay/Time

7 00 15:28:39

EVENT ‘¢ Day/Time

8 00 15:28:51

S,’f\(

— T A
e

EVENT TIME SUMMARY ACROSS CHANNELS

Channel

CHANNEL

cunvnen 2 3,749 <.
33 475 -1.
43553 1.
53319 -1
§3.63) -1.
73,436 5.
83 358-1.
93,84, -2.
1073 258 -1.

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CIIANNEL

CHANNEL

Minimum

.796

1 3430 1

953
757
835
718
B35
796
718
031

718

Average

EVENT TIME SUMMARY ACROSS CHANNELS

Channel

13,50 -1.
23,671 -1,
33,475/-1.

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANMNEL

Minimum

13,5134

953

796

.796
53,397 -1.
6§32 b70-1.
13,55 3-1.
) 3{434 -1.
95 3] -2.
107, 297,

157

874

835

796

070

757

-029
.037
.006
.022
.025
.012

.018

Average

.038
.046
.016
.035
.040
.01

.028

Maximum

1.601

1.796

1.640

1.640

1.835

Maximum

1.679

1.718

1.640

1.718

1.640

3.242

1.640

B2

ot



%: 9. 5689 i 1. 4853
A STEC T
10, B
I\
1
LGMAG
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\/*/\/\’\/’\\/JJ\J —VW v “NrJJ
196. fa
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EVENT TIME SUMMARY ACROSS CHANNELS
EVENT | Day/Time Channel Minimum Average Maximum
35 o1 omiseise  crawnEL 12, 90 -1.406 o010 1.a8a
CHANNEL 2 2,870 -1.406 0.016 1.484
craner, 3 2.890 -1.406 0.009 1.484
caaner 42,890 -1.406 0.005 1.484
o CIANNEL 580‘0x -0.039 -0.013 0.039
\2 cuavner 62§12 -1.367 0.010 1.445
aQ cnmer 72,773 -1.367 -0.001 1.406
r~ CHANNEL 8 2.§5) -1.406 0.000 1.445
CHANHEL % 7 )73 -1.367 0.001 1.406
cnaMnEL 10 7, §5) -1.406 -0.001 1.445
EVENT TIME SUMMARY ACROSS CHANNELS
EVENT 2, Day/Time Channel Minimum Average Maximum
-EE""BI'EEZEQIIS""EMEL"I'j}?},}':17252-""""5'852""'""ITZET"
cnanner. 27,890 -1.406 0.017 1.484
CHANNEL 3 2.85/-1..06 0.008 1.445
cmmer, ¢ 2,879 21406 0.005 1.484
CHANNEL 5@0&M -0.039 -0.012 0.000
? cnawer 6 7, F )2 -1.367 0.011 1.445
1 cmer 77,512 -1.406 0.000 1.406
cunnier 82,85/ -1.406 0.000 1.445
[ cHanneL 9 7 773-1.367 0.001 1.406
cnamneL 10, .55 /-1.406 0.002 1.445

70°F



)30°F
S ne ﬂ“c//

Toput /. 5o /0 Hz

ENTI . -

Shee

EVENT TIME SUMMARY ACROSS CHANNELS

evEnT / Day/Time Channel Minimum Average Maximum

11 o1 1437107 cHANEL 1 2,9)Z -1.320 0.013  1.484
cuamner 2 2,812 1,328 0.024 1.484
CHANNEL 3 7 890 -1.367 0.021 1.523
CHANNEL 4 2 4 bg’-x.los 0.012 1.562
cuaver s 72 270 -1.367 0.008 1.523
cuamer 67,590 -1.367 0.015 1.523
canvel 77,812 -1.328 0.004 1.484
crawnel 87,89 -1.367 0.008 1.523
cuanner 97 §9  -1.367 0.008 1.523
caneer. 102,59 -1.367 0.000 1.523
EVENT TIME SUMMARY ACROSS CHANNELS

A\ . .

EVENT 2 Day/Time  Chemnel  Minimm  Aversgs  Mexime

12 01 14343:59 CHANNEL 1 -b.A\ss " o.008 0.546
CHANNEL 2 -0.468 0.022 0.546
CHANNEL 3 -0.507 0.022 0.546

L 4 -9.507 0.014 o.‘Soi

CHANNEL 5 -0.507 .010 0.s07"
cmumzx.\‘ -0.468 0.015 0.546
CHANNEL 7 -0.468 0.004 0.546

CHANNEL @ -0.507 0.009 0.546

CHANNEL 9 -0.‘% 0.010 0.546
CHANNEL 10 ~0.507 0.001 0.546
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X: 9. 9629 Y 1. 4882
A SPEC 2 fhs 1
14. 2R
M
I\
LGMAG. / \
- o
IaAvAN A
(VA L
1. peaq
i 4. 9908 L6 HZ 48, B8

EVENT{ Day/Time

e

fef o

{ 01 10:52:00

EVENT 2 Day/Time

PEYRT

01 10:52:12

EVENT TIME SUMMARY ACROSS CHANNELS

Channel

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

CHANNEL

Minimum

22,73% -1,
32,734 -1.
42,73% -1,
52,445 .
6§)L4s 1.
12,695 -1.
8.2,b54 1.
90,73} -1.
107,65 -1.

367
328
328
328
367

289

Average

-0.
-0.

-0.

EVENT TIME SUMMARY ACROSS CHANNELS

Channel

CIIANNEL
CHANNEL
CHAIMEL
CHANNEL

CHANNEL

22,713% 4.
32,695 1.
4 734 1.
sd.b56 1.
62,595 1.
12,495 1.
8253’4 -1.
9 2, 73%-1.
102,071

328
367

209

-0.
-0.
-0.

-0.

017
019

017

.001
.003
.008
.001

.004

002
001

009

.001

.003

Maximum

1.328
1.367
1.367
1.328

1.367

1.367

1.367

1.367

I A"
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Y 1.5137

#hs 1

PACE bo

N
B

LGMAG

L, ,

W V\!\WMA_NJ

1.

4. pogd

EVENT/ Day/Time

00 16:03:47

EVENT 2 Day/Time

00 16:03:58

EVENT TIME SUMMARY ACROSS CHANNELS

Channel Minimum Average Maximum
CHANNEL 1,’):1,—51-1.328 0.013 1.328
canner 20) 577 -1.249 0.026 1.328
cuanven 32, b1 7 -1.289 0.022 1.328
cuaner 4, 734 -1.367 0.012 1.367
cuanneL 5, ()] -1.289 0.006 1.320
cuamvEL 6 2, [p) 7 -1.289 0.013 1.328
cammer, 72, 538-1.249 0.004 1.289
cuanner 87, 5L -1.328 0.004 1.328
conmen 92, b9 -1.920 0.004 1.367
cinmmer 10 3, bSD -1.328 -0.004 1.328
EVENT TIME SUMMARY ACROSS CHANNELS

Channel Minimum Average Maximum
s 1OK5E 1w e.ora | 1.3z
comner 20,650 -1.328 0.018 1.328
cnamnen 3D, b/ 7 -1.289 0.025 1.328
coanmer 1,77 3-1.367 0.015 1.406
CHANNEL 59&54 -1.328 0.008 1.328
CHANNEL 6., (p/ 7 -1.209 0.015 1.328
cnamer, 17,678 -1.200 0.003 1.289
cnmmer 8201 7 -1.289 0.008 1.328
CHANNEL 9 ) 54 -1.328 0.009 1.328
cuamneL 10 2, 56 -1.328 -0.002 1.320



W CORPORATION

SPACE OPERATIONS

REVISION

90467-1.29

Distribution List

Name

N. Black

R. Bruce
M. Cook

F. Duersch
J. Griffin
D. Mason
C. Mondale
R. Papasian
K. Rees

K Sanofsky
D. Smith
B. Whidden
Print Crib
Data Management

No, of Copies

I
OV O b et ot et OV pdb b b b o et et

DOC NO

K23B1
L72

TWR-18782

l VoL

SEC

l PAGE









