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- FOREWORD

This report was prepared by Wyle Laboratories, Scientific Services & Systems
Group, for the George C. Marshall Space Flight Center, National Aeronautics and
Space Administration. The work was performed under contract NAS8-38156,
entitled "Data Analysis and Diagnostic Evaluation of Space Shuttle Main Engine
Dynamic Measurements" over the time period from June 1989 through October
1993.

The investigation was carried out by the Systems Analysis Department, with Mr.
T. Coffin serving as Program Manager. Mr. W. L. Swanson was Project
Engineer for SSME data analysis and bearing element dynamic modeling, in
particular. Dr. J. Jong was responsible for the development of diagnostic signal
processing techniques, and application of these methods to SSME anomaly
investigations. In addition, he conducted several seminars at MSFC concerning
advanced signal processing methods and applications. This report documents the
diagnostic analysis effort performed under the above contract. A secondary
objective of the authors was to provide an overview of the SSME diagnostic
evaluation process, and the computational tools available to support this task.

Messts. J. E. McBride and C. P. Jones, MSFC/ED23, provided valuable guidance
through coordination of test evaluation activities and definition of task requirements
and priorities. Mr. J. H. Jones, MSFC/ED33, provided valuable technical advice
and encouragement to the diagnostic technique development effort.
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- SECTION 1
EXECUTIVE SUMMARY

The Marshall Space Flight Center is responsible for the development and management of
advanced launch vehicle propulsion systems, including the Space Shuttle Main Engine (SSME),
which is presently operational, and the Alternate Turbopump Development (ATD) concept
presently under test. Advanced turbomachinery bearing, blade material, and instrumentation
concepts are also under evaluation at the MSFC Technology Test Bed (TTB). The SSMEs
provide high performance within stringent constraints on size, weight, and reliability. Based on
opetational experience, continuous design improvement is in progress to enhance system
durability and reliability. Specialized data analysis and interpretation was provided by Wyle
Laboratories in support of SSME and advanced propulsion system diagnostic evaluations, under
NASA Contract NAS8-38156.

Under the extreme temperature, pressure, and dynamic load environments sustained during
operation, engine systems and components, such as pumps, turbines, and associated hardware,
are subjected to severe pressure oscillations and damaging mechanical vibrations. Through
extensive data evaluation and analytical effort, turbomachinery and related component vibrations
have been implicated as a primary source of equipment degradation and even several catastrophic
failures. Measured vibration signatures have varied from stationary random in nature to highly

transient functions and even pure tones in some cases.

Most mechanical failures are preceded by growing tolerances, imbalance, bearing element wear
and the like, which may manifest themselves through subtle changes in the waveform observed
by dynamic measurements. Diagnostic vibration analysis is based on observing and
discriminating between measurable vibration patterns that occur as a result of nominal system
operation and those associated with component degradation. The techniques are analytical, but
their application is necessarily empirical, relying heavily on a data base of engine measurements
permitting correlation between derived signature characteristics and observed mechanical
condition. The diagnostic evaluation of complex vibration signatures requires the use of
sophisticated statistical/signal processing techniques and highly experienced analysts for efficient
interpretation.

Comprehensive evaluation of the dynamic measurements obtained from test and flight operations

is necessary to provide timely assessment of the vibrational characteristics indicating the
operational status of the turbomachinery and other critical engine components. Efficient
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performance of this effort is critical due to the significant impact of dynamic evaluation results on
ground test and launch schedules and requires diféét’familiaﬁty with SSME and derivative
systems, test data acquisition, and diagnostic software.

The basic objectives of this contract were to perform detailed analysis and evaluation of dynamic
data obtained during SSME test and flight operations, including analytical/statistical assessment
of component dynamic performance, and to continue the development and implementation of
analytical/statistical models to effectively define nominal component dynamic characteristics,
detect anomalous behavior, and assess machinery operational condition. This study was to
provide timely assessment of engine component operational status, identify probable causes of
malfunction, and define feasible engineering solutions. The work was performed under three
broad tasks which are summarized as follows.

TASK I: Analysis, Evaluation, and Documentation of SSME Dynamic Test
Results

Under this task, Wyle performed analysis, evaluation, and documentation of SSME dynamic test
results. This task represented the mainstream of the contract effort and included data
verification, analysis, evaluation, and documentation for each SSME ground test and,
additionally, for SSV flight measurements. Results were provided immediately and informally
for SSME Program Management Review. Over the course of this study, 456 SSME hot firings,
including 372 single engine tests and 28 STS flights were evaluated. Of the single engine tests,
38 included instrumented ATD turbopump configurations. Additional data analysis was
provided for component tests at the MSFC Technology Test Bed, water flow facility and various
contractor locations.

TASK II: Data Base and Analytical Model Development and Application

The Automated Data Base and associated statistical models of the SSME component dynamic
response were updated and applied to generate characterizing profiles of observed parameter
ranges, distributions, etc. under nominal and abnormal operating conditions at all power levels.
Statistical and graphical routines were incorporated to aid in data evaluation and interpretation.

TASK III: Development and Application of Vibration Signature Analysis
Techniques :

Signature analysis techniques were developed, updated, and applied for detailed SSME
diagnostic evaluation.” Under this phase, Wyle developed a number of advanced time domain
and spectral evaluation algorithms and implemented them on the OISPS.
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The above tasks are seen to be intimately related since promising fault detection schemes were
immediately integrated into the SSME evaluation process. These efforts were directed to a
number of specific SSME engineering applications, including:

*  Analysis, evaluation, and documentation of SSME test/flight measurements.

. Support of abnormal SSME operation or component failure investigations.

. Development of analytical/statistical models of component dynamic behavior and
application to SSME component evaluations.

. Analysis, modeling, and simulation to refine test and flight vibration redlines and flight
- certification ("green-run") specifications.
. Data base development and implementation to support SSME data classification and
evaluation.

. Development/implementation of advanced vibration signature analysis techniques for
monitoring SSME operational condition and diagnostic assessment of component

degradation.

This report provides an overview of study objectives and approaches applied by Wyle in the
performance of Contract NAS8-38156. As a test/evaluation program, rigid, long term task
planning was neither feasible nor desirable. On the contrary, most tasks performed under this
contract were initiated on an ad hoc basis, motivated by observed or suspected SSME
component failure modes. Continued coordination with the MSFC COTR was, therefore,
maintained to revise task priorities based on SSME test results and Project Office requirements.
Consistent with stringent SSME test and flight certification schedules, evaluation results were
immediately provided the COTR in the form of presentations and informal data packages. To
illustrate the diversity of tasks accomplished under this contract, some reports and presentations
prepared by Wyle in support of propulsion system dynamic evaluations are summarized in
Appendix A at the end of this report. Appendix B includes the course notes for a seminar series
on Advanced Diagnostic Techniques, provided under this contract. A detailed chronology of
these evaluations is given in the technical progress reports provided under this contract. ‘

The primary purpose of this report is to document the work performed under NASA Contract
NAS8-38156. A secondary objective of the authors was to provide an introductory overview of
the data analysis/diagnostic evaluation process. In particular, the investigations discussed in
Appendix A and the analytical techniques described in Appendix B should prove a valuable
guide for orientation regarding data analysis procedures and the tools available for component
diagnostic assessment.
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_ -SECTION II
PROGRAM OVERVIEW AND SUMMARY OF TASKS

2.1 Introduction

The Marshall Space Flight Center is responsible for the development and management of
advanced launch vehicle propulsion systems, including the Space Shuttle Main Engine (SSME),
which is presently operational, and the Alternate Turbopump Development (ATD) concept
presently under test. Advanced turbomachinery bearing, blade material, and instrumentation
cbni:cpts are also under evaluation at the MSFC Technology Test Bed (TTB). The SSMEs
provide high performance within stringent constraints on size, weight, and reliability. Based on
operational experience, continuous design improvement is in progress to enhance system
durability and reliability.

During development of the propulsion system for the Space Shuttle, the state-of-the-art in rocket
engines has seen significant advances. The performance of such engine components as pumps,
turbines, and bearings in the presence of high rotational and fluid velocities at high dynamic
pressures has resulted in severe fluid pressure fluctuations and destructive vibrations. The
character of these vibration signatures varies from random in nature to that of complex periodic
functions and even pure tones in some cases. To quantify and analyze these complex signatures,
in many cases, requires the utilization of sophisticated analysis techniques and highly
experienced analysts for interpretation. Under NASA Contract NAS8-38156, Wyle
Laboratories has provided specialized data analysis and interpretation in support of SSME
diagnostic evaluations. This report summarizes the effort performed under that contract.

Under the severe temperature, pressure, and dynamic environments sustained during operation,
engine systems and components have been subject to malfunction and failure. Over the past 17
years of SSME development, over 28 major component failures have occurred, causing
extensive damage to engine hardware and test facilities, at considerable expense in cost and
schedules. In addition, numerous off normal operations of a less severe nature have occurred,
including turbine blade cracks and bearing element failure. Through extensive test and data
evaluation effort, turbomachinery and related component vibrations have been implicated as the
source of many high cycle fatigue problems and some catastrophic failures. These events
underline the need for comprehensive evaluation of the dynamic measurements obtained from
test and flight opcrat-ions, to provide timely assessment of the vibrational characteristics
indicating the operational status of turbomachinery and other critical engine components.
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Efficient performance of this effort is critical due to the significant impact of dynamic evaluation
results on ground test and launch schedules and requires direct familiarity with SSME and
derivative systems, test data acquisition, and diagnostic software.

This section presents an overview of program objectives and task accomplishments. The Space
Shuttle system is briefly described, with particular attention to SSME operational characteristics.
Summarized also are some technical considerations in the analysis and evaluation of SSME
dynamic data. SSME development/certification test procedures are briefly reviewed and a typical
test data review cycle is summarized. Contract task requirements are reviewed, along with
engineering approaches applied to their accomplishment. A summary of reports generated in the
conduct of this contract is included at the end of this section, which illustrates the diversity of
investigations performed. Analytical/statistical modeling studies, to characterize SSME
component dynamic behavior, are included in the Appendix.

2.2 The Space Shuttle Vehicle System

The SSV is composed of the Orbiter, an External Tank (ET), which contains fuel for the
Orbiter's three SSMEs, and two Solid Rocket Boosters (SRB). The Orbiter and SRBs are
reusable; the ET is expended on each launch.

A Space Shuttle mission begins with installation of the mission payload into the Orbiter cargo
bay. The SRBs and the SSMEs fire together at liftoff. The two SRBs are jettisoned after
burnout—about 45 kilometers (28 miles) high—and recovered for reuse by means of a parachute
recovery system. The SSMEs continue to burn until the Orbiter is just short of orbital velocity,
at which time the engines are shut down and the ET jettisoned. During its return through the
atmosphere, the tank will tumble, break up and be destroyed.

The orbital maneuvering system is used to attain the desired orbit and to make any subsequent
maneuvers that may be needed during a mission. After orbital operations are completed,
normally about seven days, deorbiting maneuvers are initiated. The Orbiter reenters the Earth's
atmosphere at a high angle of attack. It then levels into horizontal flight at low altitude for an
unpowered aircraft-type approach, landing at a speed of about 335 kilometers per hour (208
miles per hour).

2.3 The Space Shuttle Main Engines

The Orbiter vehicle main propulsion system consists of three SSMEs. The SSMEs are reusable,
high-performance, liquid-propellant rocket engines with variable thrust. All three engines are
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ignited on the ground at launch and operate for approximately 500 seconds total firing duration.
Each engine operates at a mixture ratio (liquid oxygen/liquid hydrogen) of 6:1 and a chamber
pressure of approximately 3000 psia to produce a sea-level thrust of 375,000 pounds and a
vacuum thrust of 470,000 pounds. The engines are presently throttleable over a thrust range of
60 to 109 percent of the design thrust level. This provides a higher thrust level during liftoff and
the initial ascent phase, and allows Orbiter acceleration to be limited to 3 g's during the final
ascent phase. The engines are gimbaled (+10.5 degrees for pitch and +8.5 degrees yaw) to
provide pitch, yaw, and roll control during the Orbiter boost phase.

Significant to meeting performance requirements is the use of a staged combustion power cycle
coupled with high combustion chamber pressures. In the SSME-staged combustion cycle, the
propellants are partially burned at high pressure and relatively low temperature in the preburners,
then completely combusted at high temperature and pressure in the main chamber before
expanding through the high-area-ratio nozzle. Hydrogen fuel is used to cool all combustion
devices in contact with high-temperature combustion products. An electronic engine controller
automatically performs checkout, start, mainstage, and engine shutdown functions. Major
components of the SSME are illustrated in Figure 2-1. A more detailed view of the SSME
power head is shown in Figure 2-2. This figure provides an indication of the complexity of the
SSME turbomachinery. The propellant flow schematic, Figure 2-3, illustrates the staged
combustion cycle discussed above.

2.4 SSME Development and Certification Testing

To validate system performance and ensure equipment reliability, the SSME and components
have been and are presently undergoing extensive development and qualification tests. For
example, testing of a candidate replacement (the A.T.D. unit) for the operational High Pressure
Oxygen Turbopump, Figure 2-4, is in progress. The A.T.D., Figure 2-5, incorporates
advanced manufacturing (forging/welding) techniques and alternate bearing/rotor technology .
Testing of the engine and components is conducted at several NASA and contractor locations.
Full scale engine test firings for development and flight acceptance are performed on single-
engine test stands at Stennis Space Center, Bay St. Louis, Mississippi. In addition, propulsion
system testing is in progress at the NASA Engine Technology Test Bed and gas/liquid flow
facilities, Marshall Space Flight Center, Alabama.
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Testing is performed on a continuing basis. The length of a given test is dependent on specific
test objectives and may run from several seconds to over 800 seconds. Tests are generally
designed to satisfy multiple specific objectives, which fall into two broad categories: (1)
Acceptance/certification firing of flight hardware and (2) Development testing directed toward
design verification, performance, and reliability improvement. Test operations are controlled by
a computer called the Command and Data Simulator (CADS) which communicates with the
engine, displays vital measurements for on-line observation/control and initiates pre- and post-

procedures.

Approximately 250 measurements are recorded on a given test, including wide band vibration,
dynamic pressure and strain at critical engine locations. Some of these measurements are utilized
on-line as emergency cut-off indicators and all are recorded on magnetic tape or stored digitally
for subsequent analysis and evaluation. Limited SSME vibration measurements are recorded on
magnetic tape during SSV flights for evaluation after orbiter landing. Figure 2-6 illustrates a
schematic of the standard SSME ground test instrumentation. In addition to the above engine
tests, dynamic data are also acquired from component testing at government and contractor
facilities.

2.5 Data Analysis and Evaluation Considerati

2.5.1 Quick-Look Data Assessment

Acceleration measurements are obtained at fuel and oxidizer turbopump locations during all test
firings, providing an extensive vibration data base representing various turbopump builds under
widely differing operating conditions. Additional measurements are obtained on a test-specific
basis, depending on performance, structural integrity, or rotor dynamic characteristics under
evaluation. For example, test series have been performed with some 80 strain measurements to
support engine nozzle and injector dynamic stress evaluations. Recent firings have also been
conducted with internally instrumented turbopumps to define component dynamic load and
signature characteristics. Figure 2-7 illustrates the standard SSME hot firing test profiles and
associated mission phase/test objectives, indicating the wide range of engine operating
conditions to be assessed. Thus, it is seen that the extent of the evaluation process varies widely
from test to test, even though engine performance is nominal. In the event of anomalous
performance or component malfunction, the extent of this process is increased significantly.
Limited turbopump measurements are also obtained from the three SSMEs on each SSV flight.
Data bandwidths available from SSV flight instrumentation differ from the wide-band capability
used during ground tésting, thus, the need for generating a data base of filtered ground test
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measurements to permit direct comparison with flight results. Typical activities involved in an
SSME test evaluation cycle are summarized as follows.

Data Evaluation and Documentation:
- Data verification and validation
- Events analysis

- Temporal and spectral correlation with operating profile, machine dynamic
characteristics, and previous measurements

- Test/flight data summary, including conclusions concerning component condition
and operability

Analytical/Statistical Modeling and Classification:
- Update statistical models characterizing normal and abnormal behavior
- Update SSME diagnostic data base and redlines

- Develop and apply computer programs to define SSME component dynamic
behavior

Failure/Anomaly Investigation:
- Time/event correlations with other test parameters/observations

- Temporal and spectral comparison with structural dynamic and statistical models
and associated failure modes

- Detail signal analysis with fault detection/identification algorithms

- Evaluation and recommendations of probable cause/effect scenarios, and means of
resolution

It should be noted that the above evaluations must be performed under extremely limited time
constraints consistent with test and flight schedules. Also, the extent of a given evaluation will
vary significantly, depending on the specific measurements acquired and whether or not
observed engine operation is nominal.

2.5.2 SSME Data Base Application and Refinement

Efficient performance of the above evaluation relies strongly on historical data representing
SSME component operating characteristics under varying conditions. Significant effort was
directed to the development, modification, and application of MSFC Diagnostic and Statistical
data base programs. These programs are used extensively in routine test evaluation and also in
diagnostic investigations. The SSME diagnostic data base and software have greatly facilitated
the generation of quick-look performance summaries and comparisons for input to the SSME
data reviews conducted immediately after each test, as well as the maintenance and update of
historic statistical profiles. -
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A number of sophisticated diagnostic algorithms have been integrated into the "Operator
Interactive Signal Processing System (OISPS)," and are operational on the MSFC/Structures
and Dynamics Laboratory computers. These include non-linear and non-stationary spectrum
analysis, adaptive filtering, cavitation detection and other analytical methods applicable to
specific SSME mechanical symptom detection and identification investigations. These
techniques and their application are discussed in detail in Appendix A of this report. For quick-
look data assessment, the (linear) power spectral density (PSD), 'Isoplot,' Topo Plot, and Root-
Mean-Square (R.M.S.) time history of a measurement are the most basic and valuable
computational tools. When viewed in the context of empirical statistical data representing SSME
component measurements obtained under similar operating conditions, these analyses can
provide a quick, qualitative indication of component "health" (from a dynamics standpoint) and
signal any gross deviations from nominal operation,

The most fundamental "Signature” utilized to characterize an SSME vibration (acceleration,
pressure, strain, etc.) measurement is the mean-square density spectrum, or power spectral
density (PSD). Figure 2-8 illustrates a PSD from two high pressure fuel pump acceleration
measurements obtained during constant operation at 109 percent power level. Pump shaft
(synchronous) speed and related spectral peaks are clearly indicated, as well as an anomalous
spike, requiring further investigation.

Interpretation of these results clearly requires knowledge of the mechanical system and reference
to nominal data base statistical values, as noted above. In addition to the PSD, these figures
include descriptive information to aid in data identification and evaluation, including

- SSME Test Number

- Measurement Location

- Test Time of Analysis

- Engine Power Level (at time of analysis)

- A Summary of Predominant Spectral Peaks and Associated Frequencies

- Composite Vibration Level (RMS)

- Band-Pass Level (RMS) at the Synchronous Frequency

- Sample Size (No. of Averages) Used in the Analysis

- Spectral Resolution (Bandwidth) of the Analysis.
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Figure 2-9 illustrates an isoplot of a strain gauge measurement representing 450 seconds during
a hot-firing test and also a fuel pump acceleration measurement. The PSD provides a detailed
'snap-shot' of conditions over an interval of (usually) constant power operation. In contrast, the
isoplot yields a more qualitative indication of amplitude/frequency trends over a complete hot-
firing test or powered flight. These plots are particularly useful for detecting the time of any
significant deviations in the vibration signature and correlation with en gine operating parameters
(power profile, programmed venting, etc.). To provide improved tracking of spectral trends, a
method called "TOPO" (for Topographic Plot) was developed and programmed. The method
uses a novel peak-identifying routine to pick out all meaningful peaks in each PSD and assign a
"peakyness" parameter for each identified peak. Each peak is then plotted on a TOPO plot as a
dot whose width is proportional to the "peakyness" parameter associated with the peak.
Figure 2-9 includes an example of bearing test data during ramp-up. Four hundred PSD's are
plotted in this figure, and the non-stationary and crossover behavior can be clearly visualized.

To generate quick-look analyses, the SSME Isospectral Data Base System has been applied
extensively. With this system, spectra are extracted at the test site (typically, every 0.4 seconds)
for each measurement throughout each test and stored. On command, the spectral data is
telemetered to MSFC via satellite. Based on MSFC-developed software, these preprocessed
data are then manipulated and printed to display isoplots, bandpass trends, engine speed, etc.,
on user command. In computing the above isoplot, a frequency band of 3 KHz to 5 KHz was
selected and a spectrum plotted every 5 seconds. The displayed amplitude range is selectable,
permitting clear representation of major spectral peaks or identification of low level spectral
components. Interpretation obviously requires correlation with engine speed and other
parameters. Figure 2-10 illustrates the root-mean-square acceleration time history composite and
synchronous levels for two selected measurements. These time histories were synthesized from
- the stored isospectral data by integrating over the PSDs obtained at 0.4-second intervals during
the test.

Figure 2-10 also illustrates a highly useful aid to data evaluation, developed under previous
contract. Superimposed on the measurement time histories are characterizing statistical levels
derived from analysis of extensive previous tests, representing nominal SSME operation. As far
as these two condition indicators are concerned, brief inspection indicates a very smooth running
machine. It should be noted that these ‘overlay plots’ represent a separate statistical analysis of
each measurement, for each constant power level, extracted from the SSME vibration data base.
Several diagnostic algdrithms, to enhance data base application, have been incorporated in the
menu driven system.
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2.5.3 Diagnostic Methods and Applications

The hypercoherence method was extended to a time-domain filtering algorithm for the extraction
of periodic vibration signals in noisy SSME data. The procedure is best illustrated by example.
Figure 2-11a illustrates the orbit plot for two jointly periodic signals, each containing three
harmonic components. Figure 2-11b represents the same plot when uncorrelated noise and
independent, coincident periodic components have been added to each signal. This chaotic
pattern is highly representative of hot firing data. Figures 2-11c and 2-11d are the recovered
orbital diagrams by hypercoherence filtering and comb filtering, respectively. The superior
performance of hypercoherence filtering is clearly indicated.

The Wide Band Demodulation (WBD) technique was applied to the detection of cavitation in
turbopump systems. When cavitation occurs, the periodic shaft rotational components will
amplitude modulate the wide-band noise generated from collapsing cavitation bubbles. This
wide-band modulation will make the periodic component become undetectable in the raw PSD of
its dynamic measurement signal. However, this special phenomenon provides a unique
signature for cavitation detection and monitoring. By using the WBD technique, the hidden
periodicity can be recovered from a wide-band high frequency noise signal. The resulting WBD
PSD can better indicate cavitation condition changes as compared to an ordinary raw data PSD.
The application of WBD to cavitation detection is illustrated in Figure 2-12. Figure 2-13
indicates several analytical approaches to perform the transformation. The WBD method has
aided the identification of hidden periodicities in MSFC turbopump inducer flow test data and
correctly indicated changes in the cavitation level during test.

A novel technique, the Modified Wigner Distribution (MWD) was developed for resolving time-
frequency trends in highly non-stationary vibration data. Standard Fourier-based routines (e.g.
FFT) imply the assumption of a stationary time series. However, turbomachinery operation
includes highly nonstationary periods associated with engine startup, shutdown, and throttling.
The Wigner Distribution (WD) is capable of high resolution estimates for nonstationary signals,
but suffers from aliasing resulting in false peaks, for series with multiple spectral peaks. A
demonstration of the MWD method in the evaluation of multiple components signals is shown in
Figures 2-14, 2-15, and 2-16. Figure 2-14 shows the short-time FET isoplot of a simulated
signal composed of two sine waves. The frequencies and amplitudes of the discrete components
are changing rapidly, and the corresponding spectral peaks are smeared. The WD spectrum for

the same signal is shown in Figure 2-15. With the multicomponent signal. the WD introduces
srroncous cross coupling component between the two simulated sine waves. This "phantom"

peak train distorts the resulting time- -frequency spectrum. Figure 2-16 is the corresponding
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(1) Tri-spectra Method:
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FIGURE 2-13. ALGORITHMS FOR WIDE-BAND DEMODULATION (WBD)
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MWD spectrum for the SSME signal. As can be seen in the figure, an improved resolution is
attained over that of the STFT, without unwanted cross coupling terms.

The SSME static firing and flight vibration data contains many frequency components that can be
confused with incipient bearing deterioration signatures if not carefully analyzed. This can lead
to rejection of turbopumps with good bearings and the extremely high cost associated with
teardown, inspection, and recertification, not to mention the impact on schedules. In an effort to
define the rotational frequencies and detect signature of ball bearings operating at high speeds
from the geometrical bearing configuration, a number of analytical and computer simulation
routines were developed and implemented. The ADORE (Advanced Dynamics of Rolling
Element bearings) program has been extensively applied over the last two years. With this
program, any arbitrary variation in bearing geometry (ball wear, etc.) or manufacturing
tolerances, can be modeled and the influence of time varying operating condition on each bearing
element calculated. The bearing elements include the inner and outer race, ball or roller, and the
cage. For each rolling element the orbital position, velocity, relative angular position, spin/roll
ratio and slip velocity are available for studying the vibration signature. This program has
basically replaced the previously developed methods, which only considered the geometrical
bearing configuration. Some of the imperfections, operational conditions and manufacturing
tolerances investigated recently with the ADORE program include:

. Imperfections in rolling elements (wear)
. Combined loading

. Outer/inner race curvature factors

. Variation in cage pocket shape

A sensitivity analysis of bearing behavior is illustrated in Figures 2-17 through 2-20. The study
of bearing dynamics represents a continuing effort to define with greater accuracy ball bearing
signatures for prediction of wear and/or incipient bearing failure. Application of the techniques,
summarized in this section, are discussed more fully in the Appendices to this report.

2.5.4 Statistical Characterization of SSME Data

A comprehensive statistical data base of vibration spectra, representing SSME-component
response over a wide range of engine operating conditions, has been developed. These data are
invaluable in the efficient assessment of hot firing test results. Measurements from over 2000
hot firing tests, with an average of 19 vibration measurements per test, are presently stored.
Table 2-1, at the end of this report, is a log of all SSME hot firings, including flights. Extensive
statistical analyses have been applied utilizing this data base, primarily to
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. Classify (statistically) measurements by location, engine operating conditions, and

component condition.
. Discriminate between nominal and abnormal component operation.
. Establish vibration redlines and flight certification acceptance criteria.

Figures 2-21 and 2-22 illustrate the statistical variation in shaft speed for the ATD turbopump,
during nominally constant power level operation. Such results are useful in the interpretation of
component response measurements since rotational component frequencies (turbine blades,
bearing elements, etc.) of interest will vary with shaft speed.

Operating redlines (vibration, pressure, temperature, etc.) are utilized to terminate, or otherwise
alert, SSME test operations in order to minimize the possibility of damage to equipment or
personnel. Turbopump vibration measurements provide a significant input to test operation
decisions. Detailed statistical analyses are required to establish these criteria. During Space
Shuttle flight, a Flight Accelerometer Safety Cut-off System (FASCOS) is utilized to monitor
SSME turbopump vibrations. (This system is not yet active in the loop.) Similar analyses are
required to assess flight certification (green run) acceptance levels. Vibration acceptance criteria
for the operational SSME turbopumps are summarized as follows:

. HPFTP Acceptance Criteria @ 104%-109% RPL
Synchronous (1N) - pump end/turbine end grms: 7.5 max/7.5 max
3X synchronous (3N) - pump end/turbine end grms: 7.5 max/11.0 max
Any subsynchronous on HPFTP shall be addressed during acceptance review

LPFTP Acceptance Criteria @ 105% - 109% RPL
Synchronous (IN) - pump end/turbine end grms: 3.0 max/4.5 max

. HPOTP Acceptance Criteria @ 104% - 109% RPL
Synchronous (1N) - pump end/turbine end grms: 3.0 max/3.0 max
Cage Frequency Harmonic Amplitude: any sustained (two or three consecutive data
samples) amplitude strain placed on the ball cage frequency harmonics is not acceptable
Any subsynchronous on HPOTP shall be addressed during acceptance review

LPOTP Acceptance Criteria @ 104%/109% RPL
Synchronous (IN) - pump end/turbine end grms: 1.0 max/1.0 max
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The sample mean and standard deviation of a collection of measurements provide a simple and
useful measure of the 'center of gravity' and dispersion of the data. In addition, such statistics
can be used to estimate the probability distribution for representing the data set. Classical
distributions provide a useful tool for modeling empirical measurements. This permits direct
comparison of newly observed results, with previous trends. Fundamental steps in the
assignment of analytical distributions to represent a collection of data, include the selection of
reasonable analytical models, and performance of tests to gauge how well a selected model fits
the empirical data set. Figures 2-23 and 2-24 illustrate the 'fit' of three theoretical distributions
to the empirical distribution of recent ATD turbopump vibration measurements. The mean-
square error noted on the figures indicates the relative goodness-of-fit between each theoretical
distribution and the observed measurements. Application of statistical techniques to SSME
evaluations are discussed further in Appendix A. Specific tasks performed under the subject
contract are summarized in the next section.

2.6 Task Requirements and Accomplishments

The basic objectives of this study were to perform detailed analysis and evaluation of dynamic
data obtained during SSME test and flight operations, including analytical/statistical assessment
of component dynamic performance, and to continue the development and implementation of
analytical/statistical models to effectively define nominal component dynamic characteristics,
detect anomalous behavior, and assess machinery operational condition. Our overall goal was to
provide timely assessment of engine component operational status, identify probable causes of
malfunction, and define feasible engineering solutions. The work performed under this contract
may be summarized by the three broad task areas outlined below. Consistent with stringent
SSME test and flight certification schedules, test evaluation and the resolution of discrepancies
were given priority throughout the study.

Data Analysis. Evaluation and Documentation. This task represented the major contract
effort and included data verification, analysis, and documentation for each SSME ground

test and, additionally, for all SSME flight measurements. Advanced component tests
performed at NASA and contractor facilities were also supported. This included ATD
and TTB data analysis, as required. Results included definition of temporal and spectral
characteristics observed. Spectral values associated with rotor/shaft dynamics, bearing
elements, and the like were identified and summarized for engine components under all
operating conditions, permitting comparison with previous test and flight results.
Extensive utilization of the SSME automated data base system was made to provide
timely, informative data summaries. Informal oral and/or written summaries to support
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assessment of each test and to document the results was provided, including
recommendations as to the integrity of the engine system and components.

Discrepancy investigations were conducted on tests or flights exhibiting abnormal system
operation or anomalous dynamic behavior. This effort made use of the automated data
base and Operator Interactive Signal Processing System (OISPS) analytical capabilities
and included time/event correlations and spectral and temporal trend comparisons with
previous component heritage and available models and correlations with operational
performance data. These results were applied to identify probable causes of malfunction
and approaches to their resolution. Failure analyses required routine application of the
advanced software operational on the OISPS, including hypercoherence, phase-domain
averaging, and nonstationary (modified Wigner) spectral methods. Close coordination
of these efforts with MSFC was maintained.

Data Base Development and Applications. Wyle engineers utilized the automated data

base and associated statistical models of SSME component dynamic response to generate
characterizing profiles of observed parametric ranges, distributions, etc., under nominal
and abnormal engine operating conditions at all power levels. These statistics were
applied directly to support the above data analysis effort. Parametric and nonparametric
tests were applied to test for homogeneity between measurement location and operating
condition. Similar analyses were performed to refine and update Redline Accelerometer
Safety Cut-off System (RASCOS) and turbopump flight certification ("green-run"
vibration levels, most recently for the ATD turbopump design. Algorithms were
implemented to increase the efficiency of quick-look data assessment/component
evaluation.

Application and Refinement of Vibration Diagnostic Techniques. Under this task, Wyle

continued the development, update, and application of si gnature analysis techniques for
detailed SSME and advanced system diagnostic evaluation. A number of advanced time
domain and spectral evaluation algorithms were developed and implemented on the
OISPS. These algorithms include nonstationary spectral techniques, nonlinear coherence
methods, and advanced adaptive filtering techniques. Application of these methods was
provided for efficient and immediate assessment of machinery condition. In addition,
analytical models were developed and applied to provide improved identification of
bearing element wear, whirl onset, squeal, rubbing, and other types of component
degradation. Analyses were conducted to identify component failure signatures and
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other anomalous indications that can be used to indicate component health. All software
developed under this contract was implemented on the OISPS, resident at MSFC. A
series of tutorial seminars was conducted to describe application of the advanced
algorithms implemented on MSFC computers.

A log of SSME hot firings, including flights, is included in Table 2-1. Over the course of this
study, data analysis support was provided for 456 SSME hot firings, including 372 single
engine tests and 28 STS flights. Of the single engine tests, 38 included instrumented ATD
turbopump configurations. Additional data analysis was provided for component tests at the
MSFC Technology Test Bed, water flow facility and various contractor locations. As a
test/evaluation program,. rigid, long term task planning was neither feasible nor desirable. On
the contrary, most tasks performed under this contract were initiated on an ad hoc basis,
motivated by observed or suspected SSME component failure modes. Continued coordination
with the MSFC COTR was, therefore, mandatory to revise task priorities based on SSME test
results and Project Office requirements. To support SSME test and flight requirements,
evaluation results were immediately provided the COTR in the form of presentations and
informal data packages. To illustrate the diversity of tasks accomplished under this contract,
some reports and presentations prepared by Wyle in support of SSME dynamic evaluations are

summarized below. It should be emphasized that most of these reports represent a collaborative

engineering effort between Wyle and MSFC personnel.

Some Non-Linear Spectral Methods and
Their Application to
Rocket Engine Diagnostic Evaluation

First International
Machinery Monitoring and Diagnostics Conference
Las Vegas, Nevada; September 1989

Statistical Analysis of SSME
Turbopump Vibration Levels
Part I: High Pressure Oxidizer Turbopump
Part II: High Pressure Fuel Turbopump
Part III: Low Pressure Oxidizer Turbopump
Part IV: Low Pressure Fuel Turbopump

Wyle Laboratories Fechnical Note
TN 60900-90-611, June 1990






The TOPO Plot: A Data Reduction / Graphics
Routine for Tracking Spectral Trends in Data

1990 Annual Report of the Marshall Space Flight Center
NASA TM-103510, December 1990

An Algorithm for Periodic Waveform Recovery from
Space Shuttle Main Engine Vibration Measurements

1990 Annual Report of the Marshall Space Flight Center
NASA TM-103510, December 1990

Correlation Identification Between Spectral
Components in turbomachinery Measurements
by Generalized Hypercoherence

Third International
Machinery Monitoring and Diagnostics Conference
Las Vegas, Nevada,; December 1991

Time-Frequency Representation of Nonstationery Signals

Wyle Technical Progress Report
TR-60900-91-12, December 1991

Some Recent Developments in Turbomachinery
Diagnostic Monitoring

Advanced Earth-to-Orbit Propulsion Technology 1992
NASA Conference Publication 3174, May 1992

Statistical Summary (Update) of SSME
Turbopump Vibration Levels
Part I: High Pressure Oxidizer Turbopump
Part II: High Pressure Fuel Turbopump
Part III: Low Pressure Oxidizer Turbopump
Part IV: Low Pressure Fuel Turbopump

Wyle Laboratories Fechnical Note
TN 60900-92-01, June 1992
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Cavitation Detection and Monitoring
Using Wide-Band Demodulation

Wyle Laboratories Technical Progress Report
TR-60900-93-01, January 1993

Synchronous Frequencies of the ATD
High Pressure Oxidizer Turbopump

Wyle Laboratories Technical Memorandum
T™ 62200-93-11, June 1993

Comparison of Gamma, Weibull and Normal
Distributions with ATD High Pressure
Oxidizer Turbopump Vibration Data

Wyle Laboratories Technical Memorandum
62200-93-12, June 1993

Anomaly Identification for Space Shuttle
Main Engine Diagnostics

Proceedings of the 49th Meeting of the
Mechanical Failures Prevention Group
(to be published April 1994)

Selected reports, or their abstracts, from the above list are included in Appendix A. These
reports provide detailed discussion of specific data analysis and modeling efforts performed and

the signal processing techniques developed and applied to SSME diagnostic evaluations. The

Technical Progress Reports, generated in the course of this study, give a monthly chonology of

investigations performed, techniques applied and interim results obtained. Appendix B includes

the course notes for a MSFC seminar series on Advanced Signal Processing Techniques,

prepared by Dr. J. Jong of Wyle, under this contract. In addition to documenting the efforts of

this study, these two appendices provide a comprehensive overview of the SSME data analysis

and diagnostic evaluation process, and computational methods, which should prove useful as an

orientation guide for analysts new to the field.
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TEST #
Al10183
A10194
A10203
A10225
A10228
A10230
A10231
A10232
Al10234
A10237
A10238
A10239
A10240
A10244
A10245
A10247
A10249
A10251
A10252
Al10254
A10256
A10259
A10260
A10261
A10262
A10267
A10268
A10270
A10271
A10272
- A10273
A10274
A10275
A10276
A10277
A10278
A10279
A10280
A10282
A10284
A10286
A10287
A10288
A10289
Al10290
A10291
A10292
A10293
A10294
A10295
A10296
A10297

Al TEST STAND
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

DATE DUR ENG # HPOTP HPFTP  LPOTP
06/05/78 51.0 0005 0005 0102R8 9201
09/06/78 310.1 0005 0105 9003R2 0103
09/28/78 300.0 0005 2202 2102 2003
12/27/78 255.6 2001 2003 2003 92101
03/07/79 154 2003 0103 2101 92102
03/12/79 18.3 2003 0103 2101 92102
03/14/79 60.0 2003 0103 2101 92102
03/17/79 520.0 2003 0103 2101 92102
04/04/79 60.0 0006 2402 2006 0007
05/02/79 100.0 2007 2005 2006 2006
05/05/79 61.8 2007 2005 2006 2006
05/10/79 285.3 2007 2005 2006 2006
05/12/79 520.0 2007 2005 2006 2006
06/12/79 100.0 2006 0006 0106 0008
06/16/79 520.0 2006 0006 0106 0008
07/16/79 100.0 2007 2104 9006 2006
08/04/79 50.0 0007 9005 2006R1 2007
08/18/79 10.0 0007 2006R1 0404 = 2007
08/21/79 10.0 0007 2006R1 0404 2007
08/27/79 100.0 0007 2006R1  0007R2 2007
09/18/79 100.0 0007 9105 2006R1 92202
10/12/79 100.0 0008 9006 2007 0009
10/18/79 520.0 0008 9006 2007 0009
10/26/79 520.0 0008 9006 2007R1 0009
11/24/79 100.0 0008 9006 2007R1 0009
02/02/80 39.6 0009 2007 9007R1 92202
02/09/80 520.0 0009 2007 9007R1 92202
02/29/80 520.0 0009 2007 9007R2 92202
03/05/80 823.0 0009 2007 9007R2 92202
03/15/80 665.0 0009 2007 9007R2 92202
03/22/80 520.0 0009 2007 9007R2 92202
03/28/80 520.0 0009 2007 9007R2 92202
04/08/80 520.0 0009 2007 9007R2 92202
04/12/80 520.0 0009 2007 9007R2 92202
04/18/80 10.0 0009 2007 9007R2 92202
04/21/80 10.0 0009 2007 9007R2 92202
04/25/80 300.0 0009 2007 9007R2 92202
04/28/80 520.0 0009 2007 9007R2 92202
06/16/80 520.0 2007 0007R1  9006R1 2006
07/30/80 9.8 0010 9106 0010 0010
08/29/80 10.0 0009 9108 9107 90303
09/02/80 100.0 0009 9108 9107 90303
09/11/80 392.6 0009 9108 0010R1 90303
09/18/80 520.0 0009 0305R1 0010R1 90303
10/07/80 520.0 0009 0009 - - 0010R1 90303
10/10/80 520.0 0009 0009 00I10R1 90303
10/15/80 - 520.0 0009 0009 O0010R1 90303
10/22/80 823.0 0009 0009 - O0010R1 90303
10/24/80 665.0 0009 0009 0010R1 90303
11/07/80 520.0 0009 9208 9008R1 90303
11/11/80 519.3 0009 . 9208 9008R1 90303
11/13/80 10.0 0009 9208 9008R1 90303

TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993

SSME DIAGNOSTIC DATA BASE DIRECTORY
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LPFTP 123456
9003
9103R1
9404
2103
9203
9203
9203
9203
0205R1
2006
2006
2006
2006
2004R2
2007
2006
9604
9220
92201
92201
0206
0008
0008
0008
0008
0009
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
2006
0010
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
92201
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PAGE 2

Al0298
Al10299
Al10300
Al10301
Al10303
Al10304
Al0305
AlQ306
Al10307
Al0308
Al0309
Al10310
Al0311
Al0312
Al0313
Al10314
Al0215
Al031lse
Al0317
Al10319
Al0321
Al0322
Al10323
A10324
Al10325
Al0326
Al10327
Al0328
Al10329
Al10330
Al10331
Al10333
Al0334
210335
Al0336

- A10338

Al0339
Al10340
Al0341
Al0342
Al0343
Al0244
Al10345
Al10346
al0347
Al0248
Al0349
Al0250
Al10351
AIC352
A10353
Al0354
Al10355

POWER LEVEL KEY:
TEST #

DATE
11/19/80
11/24/80
12/02/80
12/15/80
01/19/81
01/21/81
01/23/81
01/26/81
01/28/81
02/26/81
02/28/81
03/03/81
03/05/81
03/14/81
03/18/81
03/20/81
03/726/81
04/14/81
04/20/81
04/23/81
05713781
05/21/81
05/26/81
05/28/81
05/30/81
06/06/81
06/11/81
06/16/81
06/23/81
07/10/81
07/15/81
08s11/81
08/14/81
08/17/81
08/19/81
10/09/81
10/13/81
10/15/81
10/30/81
11/05/81
11/08/81
11714781
11/18/81
11/19/81
11/30/81
12/02/81
12/04/81
12/16/81
12/28/81
12/30/81
01/14/82
0l/18/82
01/20/82

TABLE 2-
(TEST AND FLIGH

DUR

10
10
10
823

53.
81.

79

80.
75.
3.
67.
67.
64.
60.
63.
47.
66.
15.
15.
100.
300.
290.
260.
520.
520.
300.
520.
520.
S00.
170.
233.
81.

84

57.
54.
15.
300.
405.
100.
200.
500.
500.
270.
500.
9s.
750.
463.
300.
500.
500.
424,
270.
S500.

.0

.0
.0
.0
0
7
.0
3
0
9
3
4

3
1
7
6
8
0
0
0
0
0
0
0
0
0
0
0
0
0
1
8
.2
7
4
2
0
5
0
0
0
0
0
0
4
0
6
0
0
0
1
0
0

ENG #
0009
0009
0009
0009
0009
0009
0009
0005
0009
0006
0006
0006
0006
0006
0006
0006
0006
0006
0006
0006
2108
2108
2108
2108
2108
2108
2108
2108
2108
2108
2108
0008
0008
0008
0008
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107
0107

. 0107

HPOTP
9208
9208
9208
2206
9208
9208
9208
5208
9208
2107
2107
2107
2107
2107
2107
2107
2107
2602
2602
2602
2306
2306
2306
2306
2306
2306
2306
2306
2306
2306
2306
9303R2
9303R2
9303R2
9303R2
02009
0209
0209
02009
0209
0209
2109
2109
2109
2109
2109
21058
2105R1
0209R1
0209R1
2011R1
2011R1
2011R1

HPFTP
9008R1
9008R1
9008R1
9008R2
90201R
90201R
90201R
90201R
90201R
0007RS
0007R5
0007R5
0007R5
0007R5
0007RS
0007R5
0007RS
0007RS
0007R5
0007RS
0210R1
0210R1
0210R1
0210R1
0210R1
2007R4
0210R2
2010

2010

2010

2010

2007R4
2007R4
2007R4
2007R4
0210R4
0210R4
0210R4
2308

2308

2308

2110

2110

2110

2110R2
2110R2
2110R2
9009

2210

2210

2111

2111

2111

I1-40

LPOTP
90303
90303
90303
90303
0106
0106
0106
0106
0106
0106
0106
0106
0106
0106
0106
0106
0106
90401R2
90401R2
90401R2
2108
2205
2205
2205
2205
90403
90403
90403
90403
90403
90403
0110
0110
0110
0110
2110
2110
2110
2110
2110
2110
2110
2110
2110
2110
2110
2110
2110
2403
2403
2403
2403
2403

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
92201
92201
92201
92201
90301
90301
90301
90301
90301
2104
2104
2104
2104
2104
2104
2104
2104
2104
2104
2104
211¢
2110
2110
82502R2
82502R2
82502R2
80306R1
2108R2
2108R2
2108R2
2108R2
9203
9203
9203
8203
2012
2012
2012
2012
2012
2012
82602
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
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PAGE 3

Al0356
Al10357
Al10358
A10360
Al0361
Al0362
Al0363
210364
Al0366
Al0367
Al0368
Al0369
Al10370
Al0371
Al0372
Al0373
Al10374
A10375
Al0376
A10377
A10379
210380
Al10381
Al0382
Al10383
Al10384
A10385
A10388
210390
Al10391
Al10393
Al0394
Al0395
Al0397
Al0398
Al10399
Al0400
Al10401
210402
Al10403
Al0404
Al0405
Al0406
Al10407
Al10408
Al10409
Al0410
710413
Al0414
Al041s6
A10417
Al04138
Al0419

POWER LEVEL KEY:
TEST #

DATE
01/25/82
02/01/82
02/08/82
03/10/82
03/22/82
03/27/82
03/30/82
04/07/82
05/19/82
05/25/82
06/03/82
06/05/82
06/07/82
06/15/82
06/17/82
06/22/82
06/30/82
07/03/82
07/10/82
07/14/82
07/25/82
07/27/82
07/30/82
08/02/82
08/15/82
08/24/82
08/27/82
09/25/82
10/04/82
10/07/82
10/21/82
10/26/82
10/30/82
12/07/82
12/14/82
12/18/82
12/23/82
01/05/83
01/08/83
01/22/83
01/28/83
02/04/82
02/17/83
03/13/83
04/06/83
04/20/83
04/23/83
05/25/83
06/06/83
07/11/83
07/15/83
07/20/83
08/12/83

TABLE 2-
(TEST AND FLIGH

1=65%; 2=90%; 3=100%
DUR ENG # HPOTP
37.2 0107 2011R1
500.0 0107 2108
500.0 0107 2108
100.0 2013 9308
500.0 2013 2210
500.0 2013 2210
250.0 2013 2210
392.2 2013 2014
100.0 2014 2211
500.0 2014 2113
60.0 2014 2113
500.0 2014 2113
750.0 2014 2113
250.0 2014 2113
250.0 2014 2113
50.0 2014 9408
500.0 2014 2212
50.0 2014 2212
5.1 2014 2212
300.0 2014 2212
50.0 2014 2212
500.0 2014 2212
500.0 2014 2212
500.0 2014 2212
300.0 2014 0007R2
595.0 2014 9508
250.0 2014 9508
120.0 2011 0110R1
175.0 2011 9010
500.0 2011 9010
51.0 2012 2312
210.0 2012 2410
500.0 2012 2410
100.0 2014 2311
500.0 2014 2311
500.0 2014 2311
500.0 2014 2311
500.0 2014 9111
250.0 2014 9111
50.0 2014 2311R1
250.0 2014 2311R1
500.0 2014 2211R1
60.0 2014 9608
500.0 2014 2410
520.6 2014 2410R1
750.0 2014 2410R1
595.0 2014 2410R1
190.0 2018 9211
500.0 2018 9211
190.0 2010 2410R1
510.0 2010 2410R1
510.0 2010 2410R1
-510.0 2010 2410R2

II-41

; 4=104%;

HPFTP
2111
2111R1
2111R2
9109
2211
2211R1
2211R1
2211R2
2113
2113
2212
2212
2212
2113R1
2113R1
2113R1
2113R1
2113R1
9006R2
9006R2

2113R2

2113R2
2113R2
2113R2
2113R3
2113R3
2113R3
2214R1
2214R1
2214R1
2213
2213
2213R1
9409
9409
9409
9409
9409
9409
9111
9111
9509
9509
9509
9509
9509
9509
0209
2314R1
Q209R1
0209R1
0209R1
2414

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

5=109%; 6=111%

LPOTP
2403
2403
2403
2208
2208
2208
2208
2208
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
0108
0108
2014
2014
2014
2014
2014
2014
2014
5005
9005
9005
2012
2012
2012
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2016
2016
2014
2014
2014
2014

LPFTP
2012
2012
2012
2013
2013R1
2013R1
2013R1
2013R1
2011R1
2011R1
9005
9005
9005
2114R1
2114R1
2114R1
2114R1
2114R1
2210
2210
2012R1
2012R1
2012R1
2012R1
2012R1
2012R1
2012R1
2111
9106
9106
2016
2016
2016
2214
2012R1
2012R1
2012R1
2012R1
2012R1
2314
2314
2314
2314
2314
2314
2314
2314
4001
4001R1
2314
2314
2314
2314
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TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

PAGE 4
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

TEST 4 DATE DUR ENG # HPOTP HPFTP LPOTP LPFTP 123456
Al0420 08/30/83 750.0 2010 2410R2 2414 2014 2314 XXX
Al10421 09/25/83 148.5 2010 2410R2 2414R1 2014 80506R2 XX
Al0422 09/29/83 50.0 2010 2410R2 2414R1 2014 80506R2 X
Al0423 10/01/83 50.0 2010 2410R2 2414R1 2014 80506R2 XX
Al10424 10/13/83 50.0 2010 0310 2109 2014 2314 XX
Al0425 10/17/83 510.0 2010 0310 2109 2014 2314 XXX
Al042s 10/24/83 6.6 2010 0310 2109 2110 2314 X
Al0427 11/02/83 510.0 2010 0310 5101R1 2110 2117 XXX
Al0428 11/18/83 510.0 2010 0310 2410 2110 2314 XXX
Al10429 11/23/83 595.0 2010 0310 2410 2110 2314 .04
Al0430 12/07/83 510.0 2017 9010R1 2415 2211 9206 XXX
Al10432 01/04/84 190.0 0108 2208R1 0506 99601 2112 XX
Al0433 01/21/84 700.0 0108 2512 0107 99601 2112 XXXX
Al10434 01/24/84 700.0 0108 2512 0107 99601 2112 XX X
Al10435 02/08/84 60.0 0108 2512 0107 99601 2112 XX X
Al0436 02/14/84 611.1 0108 2512 0606 99601 2112 X X
A10437 03/22/84 60.0 2019 2019 9210 2017 2118 XXX
Al0438 03/27/84 510.0 2019 2019 9210 2017 2118 XXX
A10440 04/11/84 250.0 2019 2022 4002 2017 2118 XXX
Al10442 05/08/84 100.0 0207 0207 2109R1 0206 80606 XX
Al10443 05/14/84 110.0 0207 0207 2109R1 0206 80606 XXXX
Al0444 05/18/84 160.0 0207 0207 2109R1 0206 80606 XXXX
Al10445 06/09/84 100.0 0207 2308R1 2109R1 0206 80606 XX X
210446 06/15/84 91.3 0207 2308R1 2109R1 0206 80606 XXX
A10447 06/27/84 100.0 0207 2308R1 2608 0206 80606 XX X
Al0448 07/10/84 500.0 0207 2308R1 2608 0206 80606 XX X
Al04459 07/14/84 500.0 0207 2308R1 2608 0206 80606 XX X
Al0450 07/26/84 124.3 0207 2308R1 0309R1 2110 80606 X X
Al10451 08/059/84 10.7 0207 2308R1 0309R2 2110 80606 XX
A10452 08/21/84 100.0 0207 2606R2 90701R1 2110 80606 XX X
Al10453 08/31/84 300.0 0207 2606R2 90701R1 2110 80606 XXX
Al0454 09/12/84 100.0 0207 2606R2 S0701R1 2110 80606 XX X
Al10455 09/21/84 500.0 0207 2606R3 90701R2 2110 80606 X X
210456 09/25/84 $95.0 0207 2606R3 90701R2 2110 80606 X X
Al10457 09/29/84 500.0 0207 2606R3 S0701R2 2110 80606 X X
Al0458 10/05/84 500.0 0207 2606R3 90701R2 2110 80606 X X
Al10459 10/26/84 193.4 0207 2606R3 0309R3 2110 80606 XX
Al10460 11/12/84 500.0 0207 9505 0309R3 2110 80606 X X
Alo4s6l 12/28/84 90.0 0207 9505R1 2209 2110 80606 XX
Al0462 01/05/85 90.0 0207 9505R1 2209R1 2110 80606 X X
210463 01/14/85 250.0 0207 9505R1 2209R1 2110 80606 XX
Al0464 01/27/85 283.8 0207 9505R1 220°R1 2112 80606 X X
A10465 01/19/85 34.0 0207 9505R1 2209R1 2110 80606 XX
210466 01/24/85 500.0 0207 9505R1 2209R1 2110 80606 X X
210467 01/30/8% 586.8 0207 9505R1 2209R1 2110 80606 X X
Al0463 02/04/85 203.9 0207 9505R1 2209R2 2110 80606 X X
A10470 02/25/85 250.0 2105 2217 4004 4004 9105R1 XXX
Al10471 02/27/85 503.0 2105 2217 4004 4004 9105R1 X X
Al10472 03/04/85 520.0 2105 2217 4004R1 4004 910SR1 XX
Al0473 03/06/85 503.0 2105 2217 4004R1 4004 9105R1 XX
Al0474 03/22/85 503.0 2105 9808 4004R1 2022 9105R1 XX
A10475S 04/17/85 520.0 2105 9808 4004R2 2022 910SR1 XX
Al0476 05/21/85 . 70.0 2105 9505R2 5102R1 2022 9105R1 X X
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Al10477
Al0478
A10479
A10480
Al0481
Al10482
A10483
210484
A10485
Al0486
210487
Al10488
Al0489
Al0490
Al0491
Al0492
Al10493
210495
A10497
Al049s8
A10499
A10500
Al0501
Al0502
A10503
Al10504
Al1050S
210506
Al0507
210508
Al10509
210510
Al10511
Al10513

Al10514
© Al0515
Al0S51s6
Al10517
Al0518
Al10520
Al0521
Alos22
Al10523
Al0524
Al10525
Al0526
A10527
Al10528
Al0529
Al10530
210531
A10532
A10533

POWER LEVEL KEY:
TEST #

DATE
05/24/85
06/01/85
06/05/85
06/07/85
06/10/85
07/09/85
07/13/85
07/19/85
07/24/85
07/30/85
08/04/85
08/07/85
08/12/85
08/31/85
09/07/85
09/18/85
09/24/85
10/22/85
10/04/86
10/14/86
10/18/86
10/25/86
11/06/86
11/26/86
12/02/86
12/06/86
12/09/86
12/12/86
12/16/86
12/30/86
01/05/87
01/12/87
01/15/87
01/30/87
02/11/87
02/14/87
02/17/87
02/24/87
03702/87
03/19/87
04/04/87
04/24/87
04/30/87
05/09/87
05/14/87
05/20/87
05/730/87
06/04/87
06/08/87
06/11/87
06/13/87
06/17/87
06/25/87

TABLE 2-
(TEST AND FLIGH

DUR

250.

503

503.

503
520

520.

520
603

29.
520.
503.
503.
302.
503.
503.

503

350.

250

520.

520

520.

520
520

520.
520.

520
520
520

590.
520.
520.

520
520

520.

520

503.
761.
603.
520.
200.
320.
520.
520.
850.

250

520.
700.
S03.
603.
503.
520.
520.

520

0
.0
0
.0
.0
0
.0
.0
0
0
0
0
0
0
0
.0
0
.0
0
.0
0
.0
.0
0
0
.0
.0
.0
0
0
0
.0
.0
0
.0

0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
0
0
.0

ENG #
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2026
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2105
2011
2011
2105
2105
2108
2105
2105
2105
2105
2105
2105
2105
2105
2105

HPOTP
9505R2
9505R2
9505R2
9505R2
9505R2
4004
4004
4004
4004
4004
4004
4004
4004
4004R1
4004R1
4004R1
4004R1
2504
4104R1
4104R1
4104R1
4104R1
0307R3
0307R3
0307R3
0307R3
0307R3
0307R3
0307R3
2024
2024
2024
2024
4204
4204
4204
4204
4204
4204
2021R1
9311
8311
9311
9311
9311
9908
9908
9908
9908
9908
9908
9908
9908

I1-43

HPFTP
5102R1
5102R1
S102R1
S102R1
5102R1
5102R1
S102R2
5102R2
4104
5102R2
5102R2
5102R2
0307
0307
0307
0307
0307R2
2614
S202R3
S202R3
5202R3
S5202R3
4005R1
4005R1
400SR1
4005R1
4005R1
4005R1
4005R1
2024R1
2024R1
2024R1
2024R1
6001
6001
6001
6001
6001
6001
2614R1
2614R1
5302
5302R1
5302R1
5302R1
5302R1
4105
4105
4105
4105
4105
4105
4105

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

LPOTP
2022
2022
2022
2022
2022
2022
2022
2022
2113
2113
2113
2022
2113
2022
2022
2022
2022
4005
2026
2026
2026
9005
9005
9005
9005
9005
9005
9005
95005
9005
9005
9005
9005
9005
9005
9005
9005
9005
9005
2211
2211
90¢CS
95005
90402
90402
80402
90402
90402
90402
90402
90402
90402
2211

1=65%; 2=90%; 3=100%; 4-104%; S=109%; 6=111%

LPFTP
9105R1
9105R1
910SR1
910SR1
9105R1
9105R1
910SR1
9105R1
9105R1
9105R1
9105R1
9505R1
4003R1
9105R1
9105R1
9105R1
910SR1
4004
4003R1
4003R1
4003R1
4003R1
4003R1

. 4003R1

4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
2411R1
2411R1
4002R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
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Al0534
Al10535
Al10536
Al10537
Al10539
Al10540
A10541
Al10542
210543
Al10544
Al10545
Al10546
Al10547
210543
Al10550
Al10551
Al10552
Al10553
Al10554
Al10555
Al10556
210557
Al10558
A10558
Al10560
Al0561
A10562
Al10563
Al10564
Al0565
Al0566
Al10567
Al0568
Al0569
Al0570

" Al0571

Al0572
Al10573
Al0574
Al10575
Al10576
AlCS77
Al10578
Al0579
Al10580
Al0581
Al0582
2106583
A10583
Al0590
210591
Al0592
Al10593

POWER LEVEL KEY:
TEST #

DATE
07/06/87
07/18/87
08/06/87
08/12/87
09/12/87
05/15/87
09/17/87
09/19/87
09/21/87
09/23/87
09/26/87
09/30/87
10/03/87
10/05/87
11/22/87
11/28/87
12/29/87
01/22/88
01/27/88
02/02/88
02/10/88
02/14/88
02/18/88
02/21/88
02/25/88
03/05/88
03/10/88
03/21/88
03/29/88
04/05/88
04/08/88
04/16/88
04/15/88
04/25/88
05/03/88
06/03/88
06/08/88
06/13/88
06/20/88
06/27/88
07/08/88
t7/21/838
07/28/88
08/10/88
08/29/88
09/12/88
09/15/83
10/06/88
10/28/88
11/18/88
12/07/88
12/12/88
12/20/88

TABLE 2-1.
(TEST AND FLIGHT)

DUR

520.
761.
520.
656.
300.
300.
300.
300.
300.
300.
210.
250.
135.
250.
250.
520.
754.
520.
520.
520.
520.0
503.0
503.0
603.0
573.0
520.0
520.0
20.0
$20.0
623.0
520.0
520.0
503.0
520.0
761.0
520.0
.0
0
0
0
0
1
4
0
0
0
0
0
0
0
0
0
0

503

1040.
1040.
1040.
1040.
37.
596.
600.
1040.
50.
50.
300.
50.
50.
761.
623.
456.

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ENG #
2105
2105
2105
2105
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
2019
2019
2027
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211
0211

HPOTP
9908
9908
4204R2
2604
2604
2604
2604
2604
2604
2604
2604
2604
2604
2604
0510
0510
0510
0510
0510
0510
0510
0510
0510
0510
0510
0510
0510
9311R2
9311R2
S311R2
9311R2
9311R2
9311R2
9508R2
9908R2
2215
2215
2215
2215
2218
22185
2118R1
2118R1
2118R1
0407R3
4204R3
4204R3
2118R2
2118R2
2118R3
2118R3
2118R3
2118R3

HPFTP
4105
4106
5302R1
2614R1
6201
6201
6201
6201
6201
6201
2808
2808
2808
2808
6002
6002
4204
4204
4204
4204
4205
4204
4205
4205
4204
4205
4204R1
4204R1
4205
4205
4205
4204R1
4204R1
4205
4205
0607
0607
0607
0607
9511
8511
9511R1
9511R1
9511R1
4305
4305
4305
6301
6301
6301
6301R1
6301R1
6301R1

11-44

LPOTP
2211
2211
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2025R1
2025R1
2211
2106R1
90501
90501
4103
4103
4103
4103
4103
4104R1
4104R1
4104R1
4104R1
4104R1
4104R1
9105
9105
9105
9105
8105
9105
9105
950503
90503
90503
90503
90503
80503
90503
90503
90503
90503
90503
90503
80503
90503
S0502R1

LOG OF SSME HOT FIRINGS
THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
4003R1
2024
2218R1
2218R1
2022
2025R1
2022
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
2218R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
9205R1
4001R1
4001R1
4001R1
2218R1
9205R1
9205R1
9205R1
9205R1
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Al0594
Al0585
Al05S96
Al10597
A10599
Al0600
Al0601
Al0602
Al0603
Al0604
Al10605
Al0606
210607
Al0608
Al0609
Al0610
Al0611
Al0e612
Al0613
Al0614
Al0615
Al0616
Al0617
Al0618
Al0619
Al0620
Al0622
Al0623
Al0624
Al0625
Al0626
Al0627
Al0628
Al0629
Al0630

" AlO0631

Al0632
Al0633
Al0634
Al0635
Al0636
Al0&37
Al0638
Al10639
Al0640
Al0641
Al10643
Al0644
Al10645
Al0646
Al10647
Al0648
Al106459

POWER LEVEL KEY:
TEST #

DATE
01/16/89
02/11/89
02/21/89
03/08/89
05/16/89
06/03/89
06/10/89
06/20/89
07/12/89
07/29/89
08/23/89
08/25/89
08/31/89
10/19/89
10/25/89
11/10/89
11/29/89
12/02/89
12/08/89
12/15/89
12/19/89
01/05/90
01/17/90
01/27/90
01/31/90
02/05/90
03/08/90
04/10/90
04/19/90
04/26/90
05/03/90
05/10/90
05/14/90
05/17/90
05/23/90
06/01/90
06/07/90
06/12/50
07/02/90
07/06/90
07/11/90
07/18/90
07/20/9%0
07/25/90
08/02/90
08/09/90
09/727/90
10/09/90
10/22/90
11/28/90
12/03/90
12/07/90
12/12/90

TABLE 2.
(TEST AND FLIGH

DUR

520.
530.
.0
300.
.0
.6
1040.0
.0
10.
754 .
.0
300.
1040.
.0
.8
530.0

9.
520.
520.0
520.0
520.0
520.0
80.0
520.0
503.0
503.0
530.0
265.0
530.0
530.0
518.0
530.0
513.0
754.0
771.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

795

10

288

1040

1075

27
216

300

530.
530.
513.
771.
175.
513.
530.
530.
754.
140.
300.
530.
530.
530.
754.
530.
S530.

0
0

]

0
0

0
0

1
0

ENG #
0211
0211
0211
2015
0208
0209
0209
0209
0209
0208
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0209
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214
0214

- 0214

HPOTP
2118R3
2224
2216R1
0407R4
2215R2
2215R2
2215R2
2215
9311Ré
4201
4201
4201
4201
2417
2417
2417
2417
2417
2417
2417
2417
2417
2417
2417
2417
2417
19008
4301
4301
4301
4301
4301
4301
4301
4301
4301
4301
4301
2417R3
2417R3
2417R3
2417R2
2417R3
2417R3
2417R3
2417R3
0507
4301R2
4301R2
4301R2
4301R2
4301R2
4301R2

HPFTP
5502
5502
5502
4404
4206R2
12008
12008
12008
9611
0707
0707
0707
0707
12008R1
12008R1
12008R1
12008R1
12008R1
12008R1
0707R1
0707R1
0707R1
0707R1
0707RrR1
0707R1
0707R1
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
2424
12108
12108
12108
12108
12108
12108
12108

II-45

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

LPOTP
90502R1
S0502R1
90503
2029
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
90503
4104R2
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2405
2405
2405
2405
2405
2405
2405

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
9205R1
2218R1
2218R1
2031
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
4001R1
2023R1
2023R1
82207R1
2023R1
2023R1
2023R1
2023R1
2023R1
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Al10650
Al0651
Al0652
Al10653
Al0654
Al10655
Al0656
Al10657
Al0658
Al0660
Al0661
AlO662
Al0663
Al0664
Al066S
Al0667
Al0668
Al0669
Al10670
Al0671
Al0672
Al10673
Al0675
Al0676
Al0677
Al0678
Al067¢
Al0680
AlO681
Al10682
Al0683
Al0684
Al0635
Al10686
210687

- Al0688

Al0689
Al10690
Al0691
Al0692
Al10693
Al0k294
Al0695
Al0696
Al10697
Al0698
Al10699
Al0700
Al10701
Al10702
210703
Al10704
Al10705

POWER LEVEL KEY:
TEST #

DATE
01/03/91
02/08/91
02/16/91
02/21/91
03/01/91
03/07/91
02/14/91
03/20/91
03/28/91
05/713/91
05/16/91
06/18/91
06/24/391
06/27/91
07/12/91
08/23/91
08/29/91
09/19/91
09/23/91
10/03/91
10/10/91
10/14/91
11/20/91
12/12/91
12/719/91
01/04/92
01/058/92
01/15/92
01/28/92
02/05/92
02/10/92
02/13/92
02/21/92
02/25/92
02/28/92
03/03/92
03/707/92
03/12/92
03/17/92
03/24/92
03/26/92
04/10/92
04/22/92
04/28/92
05/01/92
05/14/92
05/19/%2
05/26/92
05/29/92
06/09/92
06/11/92
06/16/92
06/19/92

TABLE 2-
(TEST AND FLIGH

DUR

513.
530.

150

530.
100.
640.
594.
754.
771.

75.
100.

75.
100.
300.
530.
300.

550
513

771.

754
300

771.
400.
.0

75

530.
754.
.0
513.
530.
513.
530.
530.
530.
.0

530

300

530.
50.
50.

530.

513.

530.

530.

370.

530.

530.

754

530.
771.
530.
513.
513.
530.
200.

- 80

0
0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0
.0
.0
0
.0
.0
0
0

0
0

0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
0
0
.0

ENG #
0214
0215
0215
0215
0215
0215
0215
0215
0215
0215
0215
0215
0215
0215
0215
2011
2011
2206
2206
2206
2206
2206
2032
0219
0219
0219
0219
0219
0219
02193
0219
0219
0219
0219
0219
0219
0219
0219
0219
0218
0219
02132
0219
0219
0219
0218
0219
021s
0219
0218
0219
0219
0219

HPOTP
4301R2
0607
0607
0607
0607
0607
0607
0607
0607
4304R2
4304R2
0607R2
0607R2
0607R2
0607R2
2521R2
2521R2
0810
0810
0810
2315R1
2315R1
4009R3
2315R2
2315R2
2315R2
2315R2
2315R2
0810R1
0810R1
0810R1
0810R1
2129
2129
2129
2129
2129
2129
2129
2129
2129
0810FR2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2
0810R2

HPFTP
12108
0807
0807
0807
0807
0807
5602
5602
6401
2814
2814
0807
5602R1
S602R1
5602R1
4014
4109R1
4406R1
4406R1
4406R1
4406R1
4406R1
4110
12208
12208
12208
12208
12208
2624
4604
4604
4604
5004
5004
5004
5004
5004
5004
5004
5004
5004
5004
5004
6501
6501
6501
6501
2724
2724
6501
6501
6501
6501

II-46

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

LPOTP
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2405
2126
4008
4008
4008
4008
2106R1
2106R1
2035
2311
2311
2311
2311
2311
2311
2311
2311
2311
2311
2311
2311
2311
2311
2118
2118
2118
2118
2113
9104
9104
9104
9104
9104
9104
9104
9104
9104
9104
9104

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
2023R1
2023R1
2023R1
2023R1
2023R1
2023R1
2023R1
2023R1
2023R1
4004R2
4004R2
2023R1
2023R1
2023R1
2023R1
2030
2023R1
2023R1
2023R1
2023R1
2023R1
2023R1
2124
9306R1
2411
2109RS
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2
2218R2

1234Se
X X

XXXX

XXX

XXX
X X
X X
XX
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Al0706
A10707
A10708
Al10709
Al0710
Al10711
Al0712
Al10713
Al0714
Al10715
Al0716
Al10717
Al0718
Al0719
Al0720
Al0721
A10722
Al0723
Al0724
Al10725
Al0726
Al0728
Al10729
Al10730
Al10731
Al10732
Al10733
Al0734
Al10735
Al0736
Al0737
A10738
Al0739
Al10740
Al0741

© Al0742

210743
A10744
210745
Al07456

POWER LEVEL KEY:
TEST #

DATE
06/29/92
07/01/92
07/16/92
07/28/92
08/04/92
08/12/92
08/18/92
08/20/92
08/27/92
09/03/92
09/23/92
10/05/92
10/09/92
10/20/92
11/03/92
11/19/92
12/22/92
01/18/93
01/25/93
01/27/93
01/29/93
02/11/93
02/24/93
03/05/93
03/19/93
03/29/93
04/02/93
04/06/93
04/14/93
04/19/93
04/23/93
05/03/93
05/06/93
05/20/93
05/27/93
06/07/93
06/15/93
06/23/93
06/26/93
07/13/93

TABLE 2-1. LO
(TEST AND FLIGHT)

G OF SSME HOT FIRINGS
THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

DUR ENG #
530.0 0219
530.0 0219

80.0 0219
520.0 0219
600.0 0219
600.0 0219
250.0 0219

50.0 0219
350.0 0219
600.0 0219
520.0 0220
520.0 0220
520.0 0220
520.0 0220
520.0 0220

26.0 2035
520.0 0220
754.0 0220

10.0 0220

10.0 0220

10.0 0220

71.8 2107
100.6 2107
195.0 2107
850.0 2107
136.0 2107
520.0 2107
850.0 2107
520.0 2107
850.0 2107
850.0 2107

15.0 2107

15.0 2107
318.0 2107
475.8 2107
850.0 2107
850.0 2107
761.0 2107
761.0 2107
150.3 2107

HPOTP
6802
6802
4111R3
6802
6802
6802
6802
6802
6802
6802
4013
8105R2
8105R2
8106
8105R3
6109R1
8107
2229
2229
2229
2229
8003R6
8202R1
8106R3
8008R1
8003R8
8003R8
8003R8
8003R8
8003R8
8003R8
8106R4
8106R4
8107R4
8107R4
8107R4
8107R4
8105R6
8105R6
8107RS

>

>

HPFTP
6501
6501
2227R1
2227R1
2227R1
2227R1
2227R1
2227R1
2227R1
2227R1
5303
5303
5303
5303
5303
2031
2227R1
2227R1
2227R1
2227R1

2227R1

5104
5104
5104
5104
5104
5104
5104
2322
2322
2031
2604R1
2604R1
2604R1
2423
2423
4110R1
4110R1
4110R1
5104R2

I1I-47

LPOTP
9104
9104
9104
2117R1
2117R1
9104
9104
9104
2117R1
2117R1
9104
9104
9104
9104
9104
2034
9104
9104
9104
9104
9104
2210
2210
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401
4401

LPFTP
2218R2
4101
2218R3
2209
2209
2209
2209
2209
2209
2209
4101
4101
4101
4101
4101
2035
2217
2209
2209
2209
2209
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123
2123

123456

XXXX
XXXX

of e
> > b






TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

SSME DIAGNOSTIC DATA BASE DIRECTORY
A2 TEST STAND
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

TEST # DATE DUR ENG # HPOTP HPFTP LPOTP LPFTP 123456
A20145 12/08/78 68.6 2002 0205 2103R1 0006 2202 XX
220150 03/24/79 50.0 2004 9004 2004R1 2005 2005 X
A20151 03/27/79 520.0 2004 9004 2004R1 2005 2005 X X
A20152 04/02/79 520.0 2004 9004 2004R1 2005 2005 XX
A20156 05/07/79 10.0 2004 9004R1 2104 2005 2005 X
A20157 05/10/79 90.5 2004 9004R1 2104 2005 2005 X X
A20158 05/22/79 27.7 2004 9004R1 2104 2005 2005 X
A20160 06/02/7% 520.0 2004 9004R1 2104 2005 2005 XX
A20161 06/08/79 665.0 2004 9004R1 9006 2005 2005 XX
A20163 06/21/79 520.0 2004 9004R1 2104R1 2005 2005 X X
A20164 06/25/7% 520.0 2004 9004R1 2104R1 2005 2005 X X
A20165 06/27/79 823.0 2004 9004R1 2104R1 2005 2105 X X
A20167 07/24/79 10.0 2004 2006 0007R1 90203 2105 X
A20171 08/14/79 56.0 2004 9004R2 2204 2105 2105 X X
A20174 09/17/79 135.9 2004 9004R3 2204 2105 2105 XX
A20176 09/722/79% 520.0 2004 9004R3 2204 2105 2105 XX
A20177 10/01/79 520.0 2004 9004R3 2204 2105 2105 X X
A2017% 10/12/79 823.0 2004 9004R3 2202R1 2105 2105 XX
A20188 03/13/80 125.0 2004 9008 2304 99401 92403 XX X
A20190 03724780 241.0 2004 9008 2304 99401 92403 X
A201891 03/31/80 610.0 2004 9008 2304 . 99401 2205 XX X
A20192 04/14/80 610.0 2004 9008 2304R1 99401 2205 XX X
220193 04/19/80 610.0 2004 9008 2304R1 59401 2205 XX X
A20195 06/20/80 250.0 2004 9104R1 2404 2205 2205 X
A20196 06/24/80 520.0 2004 9104R1 2404 2205 2205 X
A20197 07/02/80 520.0 2004 9104R1 2404 2205 2205 X
A20200 05/13/80 100.0 2008 0106R3 9008 99501 2008 X
A20201 09/16/80 250.0 2008 0106R3 9008 99501 2008 X XX
A20202 09/23/80 50.0 2008 0106R3 9008 99501 2008 X
A20204 10/13/80 260.0 0006 2107 0007RS 0007 2104 XX
A20206 10/30/80 100.0 2008 0106R4 9008R1 2010 2008 X
A20207 11/05/80 520.0 2008 0106R4 2008 2010 2008 XX
A20208 11/11/80 520.0 2008 0106R4 2008 2010 2008 X
A2020% 11/15/80 823.0 2008 0106R4 2008 2010 2008 XX
A20210 11/21/80 665.0 2008 0106R4 9207 2010 2008 X
A20211 12/05/80 250.0 2008 0009R2 0110 2010 2008 X
A20212 12/10/80 520.0 2008 0009R2 0110 2010 2008 X XX
A20213 12/18/80 520.0 2008 000%R2 0110R1 2010 2008 X XX
A20214 12/23/80 520.0 2008 0009R2 0110R1 2010 2008 X X
A20215 12/30/80 520.0 2008 0009R2 0110R1 2010 2008 X X
AZ2021s 01/05/81 520.0 2008 0009R2 0110R1 2010 2008 XX
A20218 02/03/81 100.0 2009 0010 2009 2009 2009 X
A20219 02/06/81 520.0 2009 0010 2009 2009 2009 X X
A20220 03/07/81 100.0 0008 0109 90301 99501 0008 X X
A20221 03/710/81 610.0 0008 0109 90301 99501 0oos X X
A20222 03/12/81 610.0 0008 0109 90301 99501 0008 XX
A20223 03/17/81 610.0 0008 0109 90301 0110 0008 X X X
220228 04/21/81 100.0 0204 0405 2108 90202 80306 X
A20229 04/24/81 100.0 0204 0405 2108 90202 82502R2 X
A20230 04/27/81 270.0 0204 0405 2108 90202 82502R2 X X X
A20231 05/05/81 268.0 0204 0405 2108R1 90202 82502R2 X X X
A20232 05/07/81 -520.0 0204 0405 2108R1 90202 82502R2 X X X
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A20233
A20234
A20235
A20236
A20237
A20238
A20239
A20240
A20241
A20242
A20243
A20244
A20245
A20246
A20247
A20248
A20249
A20251
A20252
A20253
A20254
A20255
A20256
A20257
A20258
A20259
A20260
A20261
A20262
A20263
A20264
A20255
A20266
A20267
A20268
A20269
A20270
A20271
A20272
A20273
A20274
220275
A20276
A20277
A20279
A20283
A20284
A20285
A20286
A20287
A20288
A20289
A20290

POWER LEVEL KEY:
TEST #

DATE
05/058/81
05/14/81
05/19/81
05/23/81
06/05/81
06/09/81
06/19/81
06/22/81
06/24/81
07/02/81
07/08/81
07/14/81
08/12/81
08/22/81
08/31/81
09/14/81
09/21/81
12/11/81
12/14/81
12/18/81
12/21/81
01/02/82
01/05/82
01/07/82
01/16/82
01/18/82
01/27/82
01/29/82
02/702/82
02/06/82
02/09/82
02/19/82
02/22/82
03/08/82
03/16/82
03/23/82
03/29/82
04/30/82
05/05/82
05/08/82
05/711/82
05/13/82
05/29/82
06/06/82
06/20/82
07/04/82
07/059/82
07/13/82
07/19/82
07/21/82
07/27/82
08/01/82
08/05/82

TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

DUR ENG #
520.0 0204
500.0 0204
500.0 0204
500.0 0204

50.0 0204
475.0 0204

25.0 0204

10.0 0204

15.0 0204
300.0 0204
100.0 0204
450.0 0204

25.0 0204

25.0 0204
200.0 0204
500.0 0204
450.5 0204
100.0 2010
500.0 2010
500.0 2010
250.0 2010
750.0 2010
500.0 2010
595.0 2010

10.0 2010

60.0 2010
250.0 2010
500.0 2010
500.0 2010
500.0 2010

10.0 2010
100.0 201¢
500.0 2010
500.0 2010
500.0 2010
500.0 2010
250.0 2010
300.0 2010
500.0 2010
500.0 2010

60.0 2010
750.0 2010
595.0 201¢
250.0 2010

50.0 2010

50.0 2010
500.0 2010

10.0 2010
250.0 2010
500.0 2010
250.0 2010
250.0 2010
<750.0 2010

1=65%; 2=90%;

3=100%; 4=104%;
HPOTP HPFTP
0405 2108R1
0405 2108R1
0405 2108R1
0405 2108R1
0010R1 9108
0010R1 9108
2602R1 9108
2602R1 9108
2602R1 9108
0108 9108
0108 9108
0108 9108
2009 0210R3
0203 0210R3
0203 9108
9204 9108
9204 99202
2010 2012
2010 2012
2010 2012
2010 2012
2406 2012R1
2406 2012R1
2406 2012R1
2406 2012R2
2406 2012R2
2110 9009R1
2110 9009R1
2110 9009R1
2110 9009R2
2110 9009R2
2108R1 2112
2108R1 2112
2013 2112R1
2111 2112R1
2111 2112R2
2111 2112R2
2310 0306R2
2310 2112R4
2310 2115
2310 2115
2310 2115
2310R1  2115R1
0110 2114
2108R2  9208R2
2108R2  9208R2
2108R2  2310R1
2108R2  9208R3
2209 9209
2209 9209
2209 2214
2209 9010
2209

9309

II-49

5=109%;

LPOTP
90202
90202
0106
0106
90401R2
0106
0106
0106
0106
0106
0106
0109
0109
0109
0109
99601
99601
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
0109
0109
0109
0109
0109
0108
0109
0109
0109
0109
0108
0109
0109
0109
0109
0109
0109
0109
0109
0105
0109

6=111%
LPFTP
82502R2
82502R2
82502R2
82502R2
2108R1
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
82502R2
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2110R1
2014
2014
2012R1
2012R1
2012R1
2012R1
2012R1
2012R1
2012R1
2012R1
2208
2208
2208
2208
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XX
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XXX

£

> "o
Ll I R R ]
Ll I ]

-
e

o>

&

Ea Tl
>
>

o< Ea iR R ]
POPG DS DO DA DA DA DA D DA D D D DO DK D B DG DE D De BE BE B e B Mo MM

e

"o o el bl I E

e
>

PB4 D DG D DS DE M

b

el






PAGE 3

POWER LEVEL KEY:

TEST #
A20291
A20292
A20294
A20296
A20297
A20298
A20299
A20302
A20303
A20304
A20306
A20307
A20309
A20310
A20311
A20313
A20314
A20316
A20318
A20319
A20322
A20323
A20325
A20326
A20327
A20328
A20329
A20331
A20332
220333
A20335
A20336
A20337
A20339
A20340
A20341
A20343
220344
A20345
220346
A20347
A20343
220349
A20350
220351
A20352
A20354
A20356
A20357
A20358
A20359
A20360
A20361

DATE
08/07/82
08/09/82
058/10/82
06/25/82
09/30/82
10/06/82
10/08/82
11/15/82
12/05/82
12/07/82
01/13/83
02/15/83
04/14/83
04/18/83
04/27/83
06/09/83
06/20/83
08/31/83
10/15/83
10/18/83
11/11/83
11/19/83
12/05/83
12/10/83
01/10/84
01/15/84
01/25/84
02/13/84
03/13/84
03/21/84
04/12/84
05/10/84
05/22/84
06/13/84
06/21/84
06/30/84
07/21/84
08/07/84
08/12/84
08/20/84
09/13/84
09/28/84
10/10/84
10/16/84
10/24/84
11/02/84
12/01/84
02/11/85
02/19/85
03/05/85
03/13/85
03/16/85
03/27/85

TABLE 2-1. LOG OF
~ (TEST AND FLIGHT) THROUG

DUR ENG #
250.0 2010
146.0 2010
120.0 2012
120.0 2015

23.5 2015
185.0 2015
500.0 2015
215.0 201s
210.0 201s
500.0 2018

86.4 2017
500.0 2017

5.0 2011
190.0 2011
500.0 2011
190.0 2019
500.0 2019

4.3 2109
190.0 2109
$10.0 2109
190.0 2020
510.0 2020
190.0 2021
510.0 2021

6.4 2010
510.0 2010
510.0 2010
$10.0 2010

60.0 2010

60.0 2010
250.0 2022
250.0 2022
$10.0 2022
250.0 2023
250.0 2023
510.0 2023
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2014
250.0 2015
510.0 2015
250.0 2014
250.0 2014
250.0 2014
-250.0 2014

HPOTP
2209
2209
9010
2015
2015
2015
2015
2016
2410
2410
0210R1
9010
2208
2208
2018
2019
2019
2020
2020
2020
0107
2021
4001
4001
4002
4002
9110
0310
0310
0310
2015R1
2022
2022
2019R1
2019R1
2019R1
2016R1
2117
2117
2117
2115
2016R2
2018R1
2018R1
2022R1
4102
2016R3
0310R2
4003
4003
4003
4003
9211R1

HPFTP
9309
93089
2214R1
2215
2215
9010R2
9010R2
9011
9110
9110
2016R1
2016R1
2017
2017
2017R1
9210
9210
5101
5101
5101
2018
2018
2109
2109
2410
2410
2410
2514
9211
9211
4001
2020R1
2020R1
2021
2515
2515
9310
9311
4102
2313
21138
2118
9310R1
2216
4202
4003
2121
4101
2413R1
8301
9410
2120
2218
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SSME HOT FIRINGS
H OCTOBER 1993 (Continued)

LPOTP
0109
0109
2012
2113
2113
2113
2113
2015
2015
2015
2211
2211
9005
9005
9005
2017
2017
2018
2018
2018
0208
0208
2018
2019
2010
2010
2010
2010
2010
2010
2020
4002
4002
2015
2018
2015
4003
2021
2021
2021
2021
2021
90403
4004
2022
2022
2022
2113
2113
2022
2021
2021
2021

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
2208
2208
S005R1
201SR1
2111
2012R1
2012R1
9005R2
9005R3
9005R3
2115
9106
9005R3
S005R3
9005R3
2118
2118
2109
9105
910S
2019
2019
9105R1
9105R1
2314
2314
2314
2314
2314
2314
2020
2020
2020
4002
2118
2118
2118
2314
2314
2021R1
4002R1
2314
2314
2314
2314
2311
2314
2022
2022
2314
2314
2314
2109R3
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X XXX
X XX
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TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)
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PAGE 4
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

TEST # DATE DUR ENG # HPOTP HPFTP LPOTP LPFTP
A20363 04/25/85 250.0 2024 2020R2 4201 4003 2116
220364 05/03/85 250.0 2024 2020R2 4202R1 4003 2411
A20365 05/13/85 380.4 2024 4003R1 2218R1 4003 4003R1
A20366 06/17/85 250.0 2024 2504 2413R2 4101R1 2109R4
A20367 06/29/85 250.0 2024 2018R2 2413R2 4101R1 2109R4
A20368 07/02/85 60.0 2024 2018R2 2413R2 4101R1 2109R4
A20369 07/17/85 250.0 2024 2020R3 9510 2123 2109R4
A20371 08/03/85 250.0 2116 2317 4104 2109 2218
A20372 08/08/85 503.0 2116 2317 4104 2109 2218
A20373 08/13/85 520.0 211s 2317 4104 2109 2218
A20374 08/17/85 226.0 2116 2317 4104 2109 4003R1
A20375 09/07/85 461.3 2116 0307 4104 2109 4003R1
A20376 09/13/85 466.0 2116 0307 4104 2109 4003R1
A20377 08/17/85 S03.0 2116 2317R1 4104 2109 4003R1
A20378 09/20/85 761.0 2116 2317R1 4104R1 2109 4003R1
A20379 09/25/85 503.0 211s 2317R1 4104R1 2109 4003R1
A20380 10/07/85 503.0 2116 9808R1 0409R1 2109 4003R1
A20381 10/14/85 603.0 211s 9808R1 0409R1 2109 4003R1
A20382 10/19/85 503.0 2118 9808R1 0409R1 2109 4003R1
A20383 10/26/85 275.0 2116 9110R1 5301R1 2109 4003R1
A20384 11/05/85 250.0 2116 4001R2 2117 2109 4003R1
A20385 11/20/85 250.0 2116 0307R1 0409R1 2109 4003R1
A20386 12/11/85 18.2 2026 4005 2022 4005 4004
A20387 12/20/85 503.0 2026 4005 2022 4005 4004
A20388 12/23/85 200.0 2026 4005 2022 4005 4004
A20389 01/17/86 250.0 2022 9110R1 9510 4002 2411
A20391 07/16/86 250.0 2106 0307R2 4005 2026 82106
A20392 07/25/86 520.0 2106 0307R2 4005 2026 82106
A20383 08/23/86 520.0 2106 0307R2 2117 2026 82106
A20397 12/07/86 520.0 2106 2023 9411 2109 82106
A20398 12/11/86 S20.0 2106 2023 2023R1 2109 82106
A20399 12/15/86 600.0 2106 2023 2023R2 2109 82106
A20400 12/18/86 520.0 2106 2023 2023R3 2109 82106
A20401 01/02/87 520.0 2106 6002R1 2023R3 2109 82106
A20402 01/10/87 520.0 2106 6002R1 2218R1 2109 82106
A20403 01/14/87 520.0 2106 6002R1 2218R1 2109 82106
A20404 01/16/87 520.0 2106 6002R1 2218R1 2109 82106
A20405 01/31/87 200.0 2106 0307R4 4006R2 2109 82106
A20406 02/03/87 200.0 2106 0307R4 4006R2 2109 82106
A20407 02/06/87 200.0 2106 0307R4 4006R2 2109 82106
A20408 02/12/87 200.0 2106 0307R4 4006R2 2109 82106
A20408 02/19/87 200.0 2106 0307R4 4006R2 21059 82106
A20410 03/02/87 520.0 21086 0307R4 0407 2109 82106
A20411 03/11/87 520.0 2106 4101 0407 2109 82106
A20412 03/13/87 520.0 2106 4101 0407 2109 82106
A20413 03/17/87 503.0 2108 4101 0407 2109 82106
A20414 03/23/87 567.6 2106 4101 0407 2109 82106
A20415 03/31/87 520.0 210s6 4101 0407 2109 92603
A20416 04/09/87 520.0 2106 4101 0407 2122 92603
A20417 04/20/87 797.0 2106 4101 0407 2122 82106
220418 04/28/87 750.0 2106 4101 0407 2122 82106
A2041¢ 05/01/87 90.0 2106 4101 0407 2122 82106
A20420 05/18/87 .520.0 2106 4204R1 6101 2109 82106

II-51
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A20421
A20422
A20423
A20424
A20425
A20426
220427
A20428
A20431
A20433
A20434
A20436
A20437
A20439
A20440
A20441
A20443
A20444
220446
A20447
220449
A20450
A20452
A20454
A20455
A20457
A20458
220460
A20461
220462
A20463
A20465
A20466
A20467
A20463

© A20469

A20470
220471
A20473
A20474
A20475
220477
A20478
A20479
220430
A20431
A20482
A20483
A20484
A20485
A20486
A20487
A20488

POWER LEVEL KEY:
TEST #

DATE
05/27/87
05/29/87
06/03/87
06/06/87
06/11/87
06/22/87
06/26/87
07/01/87
10/10/87
11/06/87
11/21/87
12/15/87
12/23/87
02/09/88
02/19/88
03/04/88
03/28/88
04/10/88
05/10/88
05/20/88
06/15/88
06/23/88
07/29/88
08/31/88
09/16/88
11/01/88
11/08/88
01/14/89
01/23/89
02/08/89
02/12/89
03/02/89
03/15/89
03/25/89
04/15/89
04/29/89
05/722/89
06/02/89
06/27/89
07/08/89
07/13/89
08/30/89
09/08/8%
09/26/89
10/09/89
10/28/89
11/04/8%
11/11/89
11/19/89
11/28/8%
12/05/89
12/14/89
01/09/90

TABLE 2-1. LOG
(TEST AND FLIGHT)

DUR ENG #
680.0 2106
503.0 2106
520.0 2106
275.0 2106
520.0 2106

1000.0 2106
139.0 2106
204.0 2106
520.0 2027
250.0 2022
520.0 2022
250.0 2028
520.0 2028
250.0 2029
520.0 2029
250.0 2029
300.0 2030
520.0 2030
250.0 2027
$20.0 2027
252.0 2029
520.0 2029
300.0 2107
300.0 2015
520.0 2015
300.0 2031
530.0 2031
300.0 2019
550.0 2019
$30.0 2019
530.0 2019
446.0 2107
$50.0 2107
530.0 2107
530.0 2206
483.0 2206
530.0 2206
147.6 2206
530.0 2011

50.0 2011
§50.0 2011
530.0 2024
550.0 2024
314.7 2206
300.0 22086
300.0 2206
300.0 2206
300.0 2206
300.0 2206

80.0 2206
200.0 2206
300.0 2206
300.0 2206

HPOTP
4204R1
4204R1
4204R1
4204R1
4204R1
9311
9311
9311
4106
6102
2025
2121
2121
9109
9109
9109
6102
6102
2124R1
2124R1
2118R1
2118R1
4202
2122
2123R1
2026
2026
2221
4206
4105
2222
4306
4302
2126R1
4406
6003
2321R1
9311R6
2322
4205
4205
2323
4107
2422
2305
4406R2
2324R3
2027
4008
2321R2
6003R2
2226
4502

HPFTP
6101
6101
6101
6101
6101
5302
5302
5302
2122
4106
2025
2223
2124
2025R2
2026
5203
4007
2223R1
2122R1
6102
4206
2224
4206
2323
2224R1
4206R2
2125
2026R1
2324
4206R2
4206R2
4009
4009R1
4010
5502
4404R1
4404R1
4305
4011
4009R1
4012
2126
6007
4404R2
4404R2
6008
4007R1
5203R1
4404R2
4404R2
4404R2
2222
4109

II-52

LPOTP
2109
2108
2122R1
2122R1
2122R1
2122R1
2122R1
2122R1
2027R1
4201
2104R1
2027R1
2027R1
4106
4106
4106
4201
4201
2124
2124
4106
4106
4102
2216
2120
4105
4105
2025R1
2025R1
2025R1
2025R1
2028
2213
2213
0209
0209
0209
0209
4301
4301
2126
4206
4206
4302
4103R1
4103R1
4103R1
4103R1
4103R1
4103R1
4103R1
4103R1
4103R1

OF SSME HOT FIRINGS
THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
82106
82106
82106
82106
82106
82106
82106
82106
2026
2027
2024
4001R1
2026R2
2027
2027
2027
2027
2027
2028
2029
4005
2029
2022R1
2117R1
2022R1
82107R1
82107R1
2025R1
2025R1
2025R1
2025R1
2120
2120
2120
2028
2028
2028
2028
4006
82207
82207
4007
2131
2108R5
2109R5
2109RS
2109RS
2109RS
2109RS
21089RS
2109R5
2109RS5
2109RS
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220489
A20490
A20492
A20493
A20495
A20496
A20497
220498
A20499
A20501
A20502
A20503
A20504
A20506
A20507
A20508
A20510
A20511
A20512
A20513
A20514
A20515
220516
220518
A20519
A20521
A20522
A20523
220524
A20525
A20526
A20527
A20528
A20529
A20530
A20531
A20532
A20533
A20534
A20535S
A20536
A20537
A20538
A20539
A20540
A20541
A20542
A20543
AZ20544
A20545
A20546
220547
A20548

POWER LEVEL KEY:
TEST #

DATE
01/18/90
01/24/90
02/13/90
02/20/90
03/17/9¢0
03/23/90
03/30/90
04/23/90
05/15/90
05/31/90
06/05/90
06/22/90
06/30/90
08/03/90
08/10/90
08/22/90
09/20/90
10/02/90
10/19/90
10/30/90
11/05/9%0
11/08/90
11/30/90
12/19/590
01/11/91
02/06/91
02/715/91
03/01/91
03/05/91
03/723/91
03/729/91
04/06/91
04/17/91
04/23/91
04/29/91
05/058/91
05/17/91
06/05/91
06/17/91
07/02/91
07/16/91
08/02/91
08/15/91
08/21/91
08/27/91
09/03/51
09/06/91
09/16/91
10/07/91
10/21/91
11/01/91
11715/91
12/06/91

TABLE 2-
(TEST AND FLIGH

DUR

80
80

300.
$50.
300.
300.
550.

300

400.
300.
530.

80.

80.
300.
530.

300

420.
550.
300.
310.
520.

520

300.
310.

550

310.
550.

80.
100.
.8

208

226.
550.
300.
300.
300.
300.

550

300.
300.
300.
300.
300.
310.
530.
530.

65

460.
300.
300.
530.
300.
420.

-300

.0
.0
0
0
0
0
0
.0
0
0
0
0
0
0
0

.0
0
0
0
0
0
.0
0
0
.0
0
0
0
0

0
0
0
0
0
0
.0

0
0
0
0
0
0
0
0
.4
0
0
]
0
0
0
.0

ENG #
2206
2206
2012
2012
2026
2026
2026
2022
2026
2029
2029
2206
2206
2030
2030
2206
2032
2032
0208
0208
0208
0208
2206
2015
2015
2033
2033
2206
2206
2034
2034
2034
2206
2206
2206
2038
2035
2206
2206
2206
2206
2035
0216
0216
0216
0216
0216
0216
0217
0217
2011
2011
2206

HPOTP
6402R2
4205R2
2421
4304
9309
9309
2522
4009
2522R1
2305R2
2521R1
4008R2
2226R2
6502
4010
2424
2325R1
6007
2408
2408
2408
2408
2622
6008
6602R1
4010R2
4011
4009R2
2424R2
2028
2028
2425
4111
2405
2028R1
2424R3
6702
4305
6103
6109
2029
4207
2315
2315
2315
2315
2315
2423
2521R2
4009R3
2127
2129
9409

HPFTP
6401
6401
2323R1
2222R1
6401
6401
4109R1
6401
4012R2
6003R1
4010R3
6401
6401
4011R2
6102R2
2225
2323R2
2028
2318
2318
2318
2318
2029
4013R1
2322
2322
2030
6401R1
6401R1
2031
2031
2127
2127
2127
2127
2127
2127
2127
4504
4504
4504
4108
4504
4504
2127R1
2127R1
2127R1
4105R1
4604
4604
4016
4015
4604

II-53

LPOTP
4103R1
4103R1
4306
4306
2224
2224
2224
2104R1
2224
2121
2121
4104R2
4104R2
2030
2030
4104R2
4007
4007
2117R1
2117R1
2117R1
2117R1
2129
4205
4401
2032
2032
2118
2118
2033
2033
2033
2118
2118
2118
2034
2034
2118
2118
2118
2118
2034
2117R1
2117R1
2117R1
2117R1
2117R1
2117R1
4203
2521R1
4406
4016
2106R1

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
2109RS
2109R5
4006
4006
2025R2
2025R2
2025R2
2024R1
2025R2
2128
2128
2218R2
2218R2
2027
2027
2218R2
2032
2033
9306R1
9306R1
9306R1
9306R1
2218R2
2216
2216
2034
2034
2218R2
2218R2
2032R1
2032R1
2032R1
2228
2228
2228
2035
2035
2218R2
2218R2
4008
2026R2
2035
9306R1
9306R1
9306R1
9306R1
9306R1
9306R1
9306R1
4306R1
4009
4009
2218R2
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A20549
A20550
A20551
A20552
A20553
A20554
A20555
A20556
A20557
A20558
A20559
220561
A20564
A20565
A20566
A20567
A20568
A20569
A20570
A20571
A20572
A20573
A20574
A20575
A20576
A20577
A20578
A20579
A20580
A20581

POWER LEVEL KEY:
TEST #

DATE
12/16/91
01/14/92
02/04/92
02/18/92
03/11/92
03/24/92
04/08/92
04/22/92
05/05/92
05/15/92
05720792
06/10/92
07/14/92
07/24/92
08/07/92
08/01/92
09/12/92
10/03/92
10/15/92
10/28/92
11/09/92
12/02/92
12/12/92
02/19/83
03/11/93
03/25/93
05/25/93
06/15/93
07/14/93
07/24/93

TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

DUR ENG #
300.0 2206
300.0 2206
300.0 2017
550.0 2017
300.0 2107
300.0 2107
260.0 2035
300.0 2107
300.0 2107
300.0 2107

80.0 2107
300.0 2107
300.0 0218
135.0 0218

80.0 0218
300.0 2018
550.0 2018
300.0 2107

80.0 2107
300.0 2107
300.0 2107
550.0 2109
300.0 2109
300.0 2015
300.0 2015

80.0 2015
300.0 2015
300.0 2015
300.0 2015
300.0 2015

HPOTP
2030
4108
9210
2031
2621
4109
2218
4012
2218
2218
4108
2326
4110
4207R1
6109R1
4013
2405R2
4602
2028R3
2032
2033
2405R3
2525
4405
2426
4108R2
4606
2034
2032R2
2405R3

HPFTP
4604
6108
2032
4107
2227
6108
2033
4209
2034
4406R2
4406R2
2326
4107R1
4406R2
4406R2
2035
2323R3
6107
2323R3
6103R1
4213
2323R3
4111
6109
2322
2322
2036
4309
4211
4112R1

I11-54

LPOTP
2106R1
2106R1
4009
4008
4203
4203
4203
2128
2125
4203
4203
4203
2130
2130
2312
2206
2206
2034
2210
2210
2210
2031
2031
4401
2306
2306
2210R1
2210R1
2210R1
2210R1

LPFTP
2218R2
2109RS
2215
2215R1
4101
4101
930S
9305
9305
9305
9305
2125
9305
9305
9305
4105
5001
2123
2123
2126
2123
2034R1
2034R1
4110
2217
2217
2217
2217
2217
2217

- i

]






TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

SSME DIAGNOSTIC DATA BASE DIRECTORY
A4 TEST STAND
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4=104%; $=109%; 6=111%

TEST # DATE DUR ENG # HPOTP HPFTP LPOTP LPFTP 123456
A40002 04/09/88 25.0 2206 2118 2908 4103R1 82106 X
240003 04/20/88 220.0 2206 2118 2908 4103R1 82106 XX
A40004 04/30/88 350.0 2206 2118 4206 4103R1 82106 X XXX
A40005 05/09/88 520.0 2206 2118 4205 4103R1 82106 X XX
A40006 05/13/88 520.0 2206 2118 4206 4103R1 82106 X XX
A40007 05/20/88 520.0 2206 2118 0509 4103R1 82106 X XX
A40008 06/01/88 503.0 2206 0407 4206 4103R1 82106 XXX
A40009 06/04/88 754.0 2206 0407 4206 4103R1 82106 XX
A40010 06/13/88 $20.0 2206 0407 2908R1 4103R1 82106 X XX
A40011 06/17/88 603.0 2206 0407 2908R1 4103R1 82106 XXX
240012 06/24/88 503.0 2206 0407 2908R1 4103R1 82106 XXX
A40013 06/28/88 520.0 2206 0407 2908R1 4103R1 82106 X XX
Ad40014 07/05/88 520.0 2206 0407 4206 4103R1 82106 X XX
A4001S 07/26/88 1078.0 2206 0407R2 0S09R1 90502 82106 XXXX
A40016 07/30/88 1078.0 2206 0407R2 0508R1 90502 82106 XXXX
A40017 08/03/88 2017.0 2206 0407R2 0509R1 90502 82106 XXX
A40018 08/15/88 2016.9 2206 9311R3 0509R1 90502 82106 XXX
A40019 08/20/88 1692.0 2206 9311R3 6301 90502 82106 XXX X
240020 08/29/88 332.0 2206 9311R3 6301 90502 82106 XXX
240021 09/10/88 220.0 2206 9311R3 6301 90502 82106 X XX
A40022 09/15/88 50.0 2206 9311R3 6301 90502 82106 X XX
A40023 09/21/88 220.0 2206 9311R3 6301 0209 82106 X XX
240024 10/06/88 220.0 2206 0407R4 4305 0209 82106 XXX
A40025 10/19/88 350.0 2206 4202 6003 0209 82106 X XXX
240026 11/22/88 15.0 0212 2216R1 4304 2117 4001R1 X
240027 12/17/88 5$50.0 0212 6202 4008 0209 4001R1 X XXX
A40028 01/10/89 550.0 0212 2125 2027 2126 2030 X XXX
240025 01/26/89 14.0 0212 2216R1 4305 90501 9205R1 X
A40030 02/10/89 5$30.0 0212 9209R1 4305 90501 9205R1 X XXX
A40031 02/27/89 550.0 0212 6302 4305 90501 S205R1 X XXX
A40032 03/11/89 530.0 0212 2126 5502 90501 9205SR1 X XXX
240033 03/18/89 530.0 0212 2205 5502 90501 82106 X XXX
A40034 03/25/89 530.0 0212 2223 5502 4103R1 9205R1 X XXX
A40035 03/31/88 530.0 0212 2324 4305 4103R1 9205R1 X XXX
240036 04/11/89 170.0 0212 4406 4010 4103R1 9205R1 X XXX
240037 04/19/89 170.0 0212 2126R3 4305 90502R2 9205R1 XXX
740038 05/04/8% 550.0 0212 2225 4305 90502R2 9205R1 X XXX
A40039 05/18/89 530.0 0212 2216R1 12008 90502R2 9205R1 XXXXX
A40040 05/25/89 19.0 0212 2216R1 4206R2 90502R2 9205R1 XX
A40041 06/09/89 1022.0 0212 2216R1 4206R2 90502R2 9205R1 X XXX
A40042 06/13/89 1022.0 0212 2216R1 4404R1 90502R2 9205R1 X XXX
A40043 06/17/89 390.0 0212 2216R1 5502R1 90502R2 9205R1 XXX
240044 06/23/89 1270.7 0212 2216R1 S502R1 90502R2 9205R1 X XXX
240045 07/11/89 550.0 2031 4007 6102R1 2120 2120R1 X XXX
240046 08/01/89 530.0 2031 4402 2027 2120 2120R1 X XXX
A40047 08/11/89 550.0 2031 6402 2027 2120 2120R1 X XXX
A40049 09/16/89 530.0 0213 4402R2 2027 2311 2411R1 X XXX
A40050 09/28/89 220.0 0213 9209R2 2027 2305 2411R1 XX
A40051 10/03/89 530.0 0213 9209R2 2027 2305 2411R1 X XX
240052 10/07/89 754.0 0213 9209R2 2027 2305 2411R1 XX
A40054 10/21/89 754.0 0213 9209R2 2027 2305 2411R1 XX
A40055 10/25/89 2060 2027 9209R2 2027 2305 2411R1 X XX

II-55
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POWER LEVEL KEY:

TEST #
A40114
A40115
A40116
A40117
A40118
A40121
A40122
A40123
A40124
240126
Ad40127
A40128
A40129
A40133
A40134
A40135
240136
A40137
A40139
A40140
A40141
240160
A40142
A40143
240144
A40145
A40146
A40147
A40148
A401459
A40150
A40151
A40152
A40153
A40154
Ad40155
A40156
A40157
A40158
A40159
A40161
A40162
A40163
Ad40164
A40165
240166
A40167
A40168
240169
A40170
A40171
A40172
A40173

(TEST AN

DATE
04/15/91
04/24/91
05/01/91
05/06/91
05/14/91
06/11/91
06/19/91
06/25/91
07/08/91
08/03/91
08/13/91
08/22/91
08/28/91
10/15/91
10/23/91
10/31/91
11/07/91
12/02/91
12/721/91
01/07/92
02/08/92
02/16/92
04/07/92
04/28/92
05/07/92
06/03/92
07/21/92
07/23/92
07/31/92
08/11/92
08/31/92
09/04/92
09/19/92
09/25/92
10/01/92
10/26/92
10/29/92
11/11/92
11/23/92
12/03/92
12/22/92
01/13/93
02/01/93
02/03/93
02/05/93
02/18/93
03/01/93
03/08/93
03/10/93
03/12/93
03/17/93
03/30/93
04/01/93

TABLE 2-1. LOG OF SSME HOT FIRINGS

DUR ENG #
754.0 0213
400.0 0213
513.0 0213
771.0 0213
195.0 0213

13.0 0213
210.0 0213
310.0 0213
105.0 0213
221.0 0213
125.0 0213
175.0 0213
358.0 0213

45.0 0213

45.0 0213

45.0 0213

45.0 0213

25.0 0213

13.0 0213
222.0 0213
158.0 2206
520.0 0218

67.3 2206
150.0 2206

99.4 2206
240.2 2206

46.0 2206
520.0 2206
520.0 2206
109.8 2206
520.0 0218
$20.0 0218
520.0 0218
520.0 0218
520.0 0218

79.8 0218
210.2 0218
166.0 0218
520.0 0218
187.8 0218
293.7 0218
520.0 0218
520.0 0218
754.0 0218
503.0 0218
258.6 0218
754.0 0218

40.0 0218
754.0 0218
850.0 0218
860.0 0218
850.0 0218
-850.0 0218

HPOTP
2510R1
2510R1
2510R1
2510R1
2510R1
2408
2408
2408
2408
2408
2408
2408
2408
2408
2408
2408
2408
0810R1
8006
8006
8006R2
8106R1
8007R3
8007R3
8102R1
8007RS
8007R6
8007R6
8007Ré
8007R6
8003R1
8003R1
8105R2
8105R2
8003R3
8202
8202
8105R3
8003R4
8003R4
8003RS
8107
8107R1
8107R1
8107R1
8008
8107R2
8003R7
8003R7
8003R7
8003R7
8107R3
8107R3

A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

HPFTP
0807
0807
0807
0807
S602R1
8104
8104
8104
8104
8005
8005
8005
8005
8005
8005
8005
800S
8005
8006R1
8006R1
8006R1
5303
4406R2
5004
5004
5004
5004
5004
5004
5004
5004
5004
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
6202
5303
5303
5303

II-56

PPN PID DD D DN

LPOTP
2222
2222
2222
2222
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
2312
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
4104R2
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
2312
9104
2217
2217
2217
2217
2217
2217
2217

D FLIGHT) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
2411R1
4101
4101
4101

4101
4101
4101
4101
4101
4101
4101
4101
9305
8305
9305
9305
9305
9305
9305
9305
9305
9305
9305
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1

123456
X XX
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PAGE 4

POWER LEVEL KEY:

TEST #
A40174
A40175
A40176
240177
A40178
A40179
A40180
240181

DATE
04/13/93
04/27/93
04/30/93
05/10/93
05/14/93
05/19/93
05/26/93
06/16/93

TABLE 2-
(TEST AND FLIGH

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

DUR
219.0
520.0

73.5
520.0
265.0
$20.0
850.0
520.0

ENG #
0218
0218
0218
0218
0218
0218
0218
0218

HPOTP

8008R2
8202R3
8202R3
8202R3
8202R3
8202R3
8202R3
8105R6

P

HPFTP
2227R1
2031
2031
2031
2031
2031
2031
5104R1

II-57

LPOTP
2217
2217
2217
2217
2217
2217
2217
2217

LPFTP

2022 R1
2022 R1
2022R1
2022R1
2022R1
2022R1
2022R1
2022R1






POWER LEVEL KEY:

TEST #
STS001El
STS01E2
STS001E3
STS02E1
STS002E2
STS002E3
STS003El
STS003E2
STSO03E3
STS004EL
STSO04E2
STS004E3
STSOSE1l
STS00Q5E2
STSO0SE3
STS06E1
STSO06E2
STSO6E3
STSO07El
STSO07E2
STSO7E3
STS08E1l
STS08E2
STS0BE3
STS11lE1l
STS11E2
STS11E3
STS13El
STS13E2
STS13E3
STS41DElL
STS41DE2
STS41DE3
STS41GEl
STS41GE2
STS41GE3
STSS51AEl
STS51AE2
STSS1AE3
STSS51CElL
STSS51CE2
STSS1CE3
STSS1DEL
STSS1DE2
STSS1DE3
STSS1BElL
STSS51BE2
STSS1BE3
STSS51GEl
STS51GE2
STSS1GE3
STSS1FELl

DATE
04/12/81
04/12/81
04/12/81
11/12/81
11/12/81
11/12/81
03/22/82
03/722/82
03/22/82
06/27/82
06/27/82
06/27/82
11/11/82
11/11/82
11/11/82
04/03/83
04/03/83
04/03/83
06/18/83
06/18/83
06/18/83
08/30/83
08/30/83
08/30/83
02/03/84
02/03/84
02/03/84
04/06/84
04/06/84
04/06/84
08/30/84
08/30/84
08/30/84
10/05/84
10/05/84
10/05/84
11/08/84
11/08/84
11/08/84
01/24/85
01/24/85
01/24/85
04/13/85
04/13/85S
04/13/85
04/30/85
04/30/85
04/30/85
06/17/85
06/17/85
06/17/85
07/29/85

TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

SSME DIAGNOSTIC DATA BASE DIRECTORY
STS TEST STAND

DUR ENG # HPOTP

520.
514.0
520.0
520.0
520.0
520.0
520.0
$20.0
520.0
514.0
514.0
514.0
514.0
518.0
518.0
505.0
505.0
505.0
505.0
505.0
505.0
528.0
528.0
528.0
520.9
520.9
.9
0
0
0
0
0
0
0
0
0
0
8
8
0
0
0
0
0
0
0
0
0
0
0
0
7

520

510.
510.
510.
521.
521.
521.
536.
536.
536.
520.
5189.
519.
518.
518.
518.
538.
538.
538.
S21.
521.
521.
523.
523.
523.
-349.

0

2007
2006
2005
2007
2006
2005
2007
2006
2005
2007
2006
2005
2007
2006
2005
2017
2015
2012
2017
2015
2012
2017
2015
2012
2109
2015
2012
2109
2020
2012
2109
2018
2021
2023
2020
2021
2109
2018
2012
2109
2018
2012
2109
2018
2012
2023
2020
2021
2109
2018
2012
2023

0007R1
2404
2105
0007R1
2404
2105
0007R1
2404
2105R1
0007R1
2404
2105R1
9009R3
2404
2105R1
9010
2015
2016
9010
2015
2016
9010
2015
2016
2020
2015
2016
2020
2021
2016
2020
9211
4001
2019R1
2021
4001
2020
9211
9110
2020
2018R1
9110
2115
2018R1
9110
2019R1
2021
4001
2115
2016R3
9110
2019R2

HPFTP
9006R1
0306R2
0009R1
9006R1
0306R1
0009R1
9006R1
0306R2
000SR1
2009
0306R2
0009R2
2009
0306R2
9006R2
9110
2315
2213R1
2315
9211
2213R1
2315
9211
2116R2
5101R1
9211
2116R2
5101R1
2018
2116R2
2020R1
2017R2
4001R1
2515R1
9311R1
4001R1
2020R2
2017R2
2118
4202
2017R2
4003
4202
2017R2
4003
2515R1
9311R1
2216
2121
4201
4003R1
2515R1

II-58

LPOTP
2006
0008
2004
2006
0008
2004
2006
0008
2004
2006
2009
2004
2006
2009
2004
2211
2113
2012
2211
2113
2012
2211
2113
2012
2018
2113
2012
2018
0208
2012
2018
2020
2019
2015
0208
2019
2018
2020
2012
2018
2020
2012
2018
2020
2012
2015
0208
2019
2018
2020
2012
2015

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

LPFTP
2006
2007
0007
2006
2007
0007
2006
2007
0007
2006
2007
0007
2006
2007
0007
9106
2211
2016
9106
2211
2016
9106
2211
2016
2117
2211
2016
2117
2019
2016
2117
4001R1
9105R1
2020
2019
2021R1
2117
4001R1
9206
2117
4001R1
9206
2117
4001R1
9206
4002R1
2018
2021R1
2117
4001R1
5206
4002R1

23456
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PAGE 2

POWER LEVEL KEY:

TEST #
STSS1FE2
STSS1FE3
STSS51IEl
STSS1IE2
STSS1IE3
STSS51JE1
STSS1JE2
STS51JE3
STS61AEl
STS61AE2
STS61AE3
STS61BE1
STS61BE2
STS61BE3
STS61CE1l
STS61CE2
STS61CE3
STS51LEl
STSS51LE2
STSS1LE3
STS026E1
STS026E2
STSO026E3
STS027E2
STS027E3
STS027E1
STS02%E1
STS029E2
STS029E3
STS030E1l
STS030E2
STSO030E3
STS028E1
STS028E2
STS028E3
STS034E1
STS034E3
STSO034E2
STS033E1l
STS033E2
STSO33E3
STS032E2
STS032E1
STS032E3
STSO036E1
STS036E2
STSO036E3
STS031E1
STSO031E2
STS031E3
STS041E1
STS041E2
STSO041E3

(TEST AND FLIGH

DATE
07/29/85
07/29/85
08/27/85
08/27/85
08727785
10/03/85
10/03/85
10/03/85
10/30/85
10/30/85
10/30/85
11/27/85
11/27/85
11/27/85
01/12/86
01/12/86
01/12/86
01/28/86
01/28/86
01/28/86
09/29/88
09/29/88
09/29/88
12/02/88
12/02/88
12/02/88
03/13/89
03/13/89
03/13/89
05/04/89
05/04/89
05/04/89
08/08/89
08/08/89
08/08/89%
10/18/89
10/18/89
10/18/8%
11/723/89
11/23/89
11/23/89
01/09/90
01/09/90
01/09/90
02/28/90
02/28/90
02/28/90
04/724/90
04/24/90
04/24/90
10/06/90
10/06/90
10/06/90

TABLE 2-

588

588.

514

514.
514.
518.
518.
518.
521.

521
521

517.
517.
517.
508.
508.
508.

81.

81

81.

519
519

519.

520
520
520

51S.

515
515
516
516
516
521
521

521.

519
519

519.
513.
513.
513.
519.
519.
519.
516.

516

516.
518.
518.
518.
517.
517.

517

.0
0
.0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
.0
0
.0
.0
0
.0
.0
.0
0
.0
.0
.0
.0
.0
.0
.0
0
.0
.0
0

0
0
0
0
0
0
0
.0
0
0
0
0
0
0
.0

2020
2021
2109
2018
2012
2011
2019
2017
2023
2020
2021
2011
2019
2017
2015
2018
2109
2023
2020
2021
2019
2022
2028
2030
2029
2027
2031
2022
2028
2027
2030
2029
2019
2022
2028
2027
2029
2030
2011
2031
2107
2022
2024
2028
2018
2030
2027
2011
2031
2107
2011
2031
2107

HPOTP
4003R2
4001R1
2115
2016R3
2018R2
2022R2
9211R2
4102R1
2019R2
4003R2
2020R3
2022R2
9211R2
4102R1
2018R2
2504
2115
2019R2
4003R2
2020R3
4106R1
2025R1
2121R1
2122R2
9109R1
2124R2
9209R1
2222
4105
6302
2223R1
4302
2126R4
4406R1
2324R2
2225R1
6003R1
2321R1
420SR1
6402R1
2422R1
2305R1
4107R1
2323R1
4406R3
2324R5S
2225R3
2027R1
4008R1
2226R1
2027R2
2521R1
2305R3

HPFTP
4202R1
2216
2121R1
4201
4003R1
5301
2120
2218R1
2515R1
4202R1
2216
2413R2
2120
2218R1
4003R1
4201R1
2121R1
2515R1
4202R1
2216

2026R1 |

5203
4007
2323
2112R2
6102
2125
5203
4007
6102
2323
6003
2125
5203
4007
4008
6003
2323
4012R1
6102R1
4011
4010R2
6007
2126
6008
6003
4010R2
5203R1
6102R1
4011R1
S203R1
4010R3
6003R1

ITI-59

LPOTP
0208
2019
2018
2020
2012
9005
2017
2211
2015
0208
2019
9005
2017
2211
4101R1
2020
2018
2015
0208
2019
2025R1
2104R1
2027R1
2216
2106R1
2124
4105
2104R1
2027R1
2124
2216
2106R1
2025R1
2104R1
2027R1
2124
2106R1
2216
2128
2120
4105
2104R1
2028
2027R1
2025R1
2216
2124
2126
2120
4105
2126
2120
2216

1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%
DUR ENG #

LPFTP
2019
2021R1
2117
4001R1
9206
2115
2022
2020
4002R1
2019
2021R1
2115
2022
2020
2116
4001R1
2117
4002R1
2019
2021R1
2025R1
2024R1
2026R2
2027
2029
4005
2022R1
2024R1
2026R2
4005
2027
2028
2025R1
2024R1
2026R2
4005
2029
2027
82207
2120R1
2117R1
2024R1
2131
2026R2
2022R1
2027
4005
2030
2120R1
4007
2030
2120R1
4007

123456
X XX

B

POOd D D b D B¢ D¢

B B e e S RS M R RS RSB RSMR R Bl

><><b<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><

B B B B B B B RS RO RO S RO S M RO RS R RS RSB B BO BS






TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

II-60

PAGE 3
POWER LEVEL KEY: 1=65%; 2=90%; 3=100%; 4-=104%; 5=109%; 6=111%
TEST # DATE DUR ENG # HPOTP HPFTP LPOTP LPFTP
STS038E1l 11/15/90 517.0 2019 2323R4 6008 2025R1 2022R1
STS038E2 11/15/90 517.0 2022 4107R3 6007R1 2104R1 2024R1
STSO038E3 11/15/90 517.0 2027 9309R1 4109R1 4302 4005
STS035E1 12/02/90 $19.0 2024 4205R3 4008 2106R1 2131
STS035E2 12/02/90 519.0 2012 6003R3 4007R3 4306 4006
STSO035E3 12/02/90 $15.0 2028 4502R1 6009 2027R1 2026R2
STS037E1 04/05/91 520.0 2019 9309R2 6008 2025R1 2022R1
STS037E2 04/05/91 520.0 2031 2027R3 4010R3 2120 2120R1
STS037E3 04/05/91 520.0 2107 2521R2 6003R1 2216 4007
STS039E1 04/28/91 520.0 2026 2226R3 4012R2 2224 2025R2
STS039E2 04/28/91 $20.0 2030 4506R1 4011R2 2030 2027
STS039E3 04/28/91 520.0 2029 4008R3 2126R1 2121 2029
STS040E1 06/05/91 $17.0 2015 4010R3 4013R1 4401 2216
STSO040E2 06/05/91 517.0 2022 4502R2 6007R1 2104R1 82207R1
STS040E3 06/05/91 517.0 2027 6008R1 4109R1 4302 4005
STS043E1 08/02/91 514.0 2024 4009R3 6102R3 2028 2131
STS043E2 08/02/91 514.0 2012 2425R1 4007R3 2213 4006
STS043E3 08/02/91 514.0 2028 2405R1 6009 2027R1 2228
STS048E1l 09/12/91 523.0 2019 2424R4 5203R1 2025R1 2022R1
STS048E2 09/12/91 523.0 2031 2226R4 2323R2 2120 2120R1
STS048E3 08/12/91 523.0 2107 430SR1 6003R1 2216 4007
STS044E1 11/24/91 516.0 2015 4010R4 4013R1 4401 2216
STS044E2 11/24/91 516.0 2030 4506R2 4011R2 2030 2027
STS044E3 11/24/91 516.0 2029 6103R1 2322 2121 2029
STS042E1 01/722/92 516.0 2026 2425R2 4012R2 2224 4008
STS042E2 01/22/92 516.0 2022 4502R3 6007R2 2129 82207R1
STS042E3 01/22/92 516.0 2027 6008R2 2225 4302 2026R2
STS045E1 03/24/92 517.0 2024 4305R2 2323R3 4205 2131
STS045E2 03/24/92 517.0 2012 4207 4108 2213 4006
STS045E3 03/24/92 517.0 2028 2405R2 6009R1 2027R1 2228
STS049E1 05/16/92 516.0 2030 4506R3 4011R2 4008 2027
STS049E2 05/16/92 516.0 2015 2030 4015 4401 2216
STS049E3 05/16/92 516.0 2017 2031 2032 4009 4009
STSO0S0E1L 06/25/92 514.0 2019 9409 4110R1 2126 2022R1
STS0S0E2 06/25/92 514.0 2031 2423R1 4014 2120 2120R1
" STSO50E3 06/25/92 514.0 2011 2127 4016 4406 2030
STS046E1l 07/31/92 516.0 2032 6007R1 2028 2035 2033
STS046E3 07/31/92 S16.0 2027 6008R3 2225 4302 4007
STS046E2 07/31/92 516.0 2033 9210 2029 2032 221SR1
STS047E1 09/12/92 520.0 20286 4109 4012R2 2224 4008
STS047E2 09/12/92 520.0 2022 4012 2033 2129 82207R1
STS047E3 09s12/92 520.0 2029 6103R2 2322 2121 2029
STS052E1 10/22/92 519.0 2030 4111R3 2326 4008 2124
STS052E2 10/22/92 519.0 2015 2030R1 4107R1 4401R1 2216
STSO052E3 10/22/92 519.0 2034 4207R1 2030 2033 2032R1
STSO054E1 01/13/93 $17.0 2019 9409 4110R1 2126 2125
STSO54E2 01/13/93 517.0 2033 9210 2029 2032 2215R1
STSO054E3 01/13/93 517.0 2018 4602 2035 2130 4105
STSO056EL 04/08/93 520.0 2024 4111R4 6108R1 4205 2131
STS056E2 04/08/93 520.0 2033 6109R2 6107 2032 2215R2
STSO056E3 04/08/93 520.0 2018 4602R1 2035 2130 4105
STS055E1 04/26/93 517.0 2031 2423R1 4014 2120 2120R1
STSO055E2 04/26/93 £17.0- 2109 2525R1 6103R1 2031 2035
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PAGE 4

POWER LEVEL KEY:

TEST #
STS0S5E3
STS057E1
STSO057E2
STSO057E3

(TEST AND FLIGH

DATE
04/26/93
06/21/93
06/21/93
06/21/93

TABLE 2-1. LOG OF SSME HOT FIRINGS
T) THROUGH OCTOBER 1993 (Continued)

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

DUR ENG #
517.0 2029
518.0 2019
518.0 2034
518.0 2017

HPOTP HPFTP
440SR1 4015
2426R2 2033
4602R1 2030
4109R1 2029

II-61

LPOTP
2121
2126
2033
4007

LPFTP
2029
2125
2032R1
4009

123456
XX

XX
XX
XX






POWER LEVEL KEY:

TEST # DATE
TTB0O04 02/25/89
TTBOO0S 04/06/89
TTBOO6 04/26/89
TTBOOS8 06/22/89
TTBOOS 07/15/89
TTBO10 08/03/89
TTBO011 08/17/89
TTBO12 11/08/89
TTBO13 12/07/89
TTBO15 02/15/90
TTBO16 02/22/90
TTBO17 03/20/90
TTBO18 03/26/90
TTBO19S 04/12/%0
TTBO21 03/15/91
TTB023 09/18/91
TTB024 10/22/91
TTB025 11/26/91
TTBO26 12/10/91
TTB027 12/19/91
TTB028 01/24/92
TTBO31 04/15/92
TTB032 04/28/92
TTBO33 05/14/92
TTB034 05/28/92
TTBO03S 06/11/92
TTBO36 09/04/92
TTB037 09/17/92
TTB038 09/729/92
TTB039 01/14/93
TTB040 02/11/93
TTB041 04/08/93
TTB042 04/30/93
TTB043 07/08/93

TABLE 2-1. LOG OF SSME HOT FIRINGS
(TEST AND FLIGHT) THROUGH OCTOBER 1993 (Continued)

SSME DIAGNOSTIC DATA BASE DIRECTORY

TTB TEST STAND

1=65%; 2=90%; 3=100%; 4=104%; 5=109%; 6=111%

45.
120.
140.

40.
120.
160.
145.
160.
160.
150.
165.
160.
160.
160.
170.
112.

20.
205.
170.

41.
210.

85.
205.

17.
210.
200.

51.
114.
138.
210.

0

0208
0208
0208
0208
0208
0208
0208
0208
0208
0208
0208
0208
0208
0208
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001
3001

DUR ENG # HPOTP HPFTP
2704 2714
2704 2714
2704 2714
2704 2714
2704 2714
2704 2714
2704 2714
2408 2318
2408 2318
2408 2318
2408 2318
2408 2318
2408 2318
2408 2318
4304R3 2814
9705 2604R1
9705 2604R1
8705 2604R1
9705 2604R1
9705 2604R1
9705 2604R1
4404 2814R2
4404 2814R2
4404 2814R2
4404 2814R2
4404 2814R2
9705 8301 A
8705 8301 A
8705 8301 A
2722 4406R2
2722 4406R2

180.
202.
203.
19¢0.

0
0
8
0
0
0
0
0
0
0
0
0
0
0
9
5
0
0
9
0
0
0
8
0
0
0
0
0
0
0
0
0
0

3001
3001
3001
3001

8105R5 A 4406R2
8105R5 A B8006R1 A
8202R3 A 4406R2

II-62

LPOTP
2112R1
2112R1
2117
2117
2117
2117
2117
2117
2117
2117
2117
2117
2117
2117
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2218
2218
2218
2218
2218

LPFTP

9306R1
9306R1
9306R1
9306R1
9306R1
9306R1
9306R1
S306R1
9306R1
9306R1
9306R1
9306R1
9306R1
9306R1
4004R2
4004R2
4004R1
4004R2
4004R1
4004R1
4004R1
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2
4004R2

123456
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APPENDIX A

REPORTS AND PRESENTATIONS PREPARED BY WYLE
IN SUPPORT OF SSME DYNAMIC EVALUATIONS
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