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TECHNICAL PUBLICATION

REUSABLE ROCKET ENGINE OPERABILITY MODELING AND ANALYSIS
1. INTRODUCTION

The reusable launch vehicle (RLV) cooperative development program between NASA and the
aerospace industry demands the design of cost-effective vehicles and associated propulsion systems. In
turn, cost-effective propulsion systems demand minimal and low recurring costs for ground operations.
Thus, the emphasis early on in this program should be effective operations modeling supported by the
collection and use of applicable operations data from a comparable existing system. Such a model could
support the necessary trades and design decisions toward a cost-effective propulsion system development
program. These analyses would also augment the more traditional performance analyses in order to support
a concurrent engineering design environment.!-4

In this view, functional area analyses are conducted in many areas including operations, reliability,
manufacturing, cost, and performance, as presented in figure 1. The design engineer is responsible to
incorporate the input from these areas into the design where appropriate. The designer also has the
responsibility to conduct within and between discipline design trades with support from the discipline
experts. Design decisions without adequate information from one or more of these areas results in an
incomplete decision with potential serious consequences for the hardware. Design support activities in
each functional area are the same. Models are developed and data are collected to support the model
analysis. These models and data are at an appropriate level of detail to match the objectives of the analysis.
Metrics are used in order to quantify the output. This is an iterative approach that supports the design
" schedule with results updated from increasingly more detailed design information.

Performance

Design

Manufacturing

Figure 1. Disciplines in design.

_ Reliability




Currently, in aerospace applications, there is a mismatch between the complexity of models (as
supported by the data) within the various disciplines. For example, while good engine performance models
with accurate metrics exist, the use of absolute metrics of reliability for rocket engine systems analysis is
rarely supported. This is a result of the lack of good test data, lack of comparable aerospace systems, and a
lack of comparative industrial systems relative to aerospace mechanical systems. Metrics also tend to be
less credible for reliability. There is, as yet, not a comparable reliability metric that would allow one to
measure and track reliability as the engine specific impulse (Isp) metric allows one to measure and track
engine performance. Performance models such as an engine power balance model or a vehicle trajectory
model tend to be of good detail, with a good pedigree, and the results well accepted by the aerospace
community. The propulsion system designer has to be aware of these analysis fidelity disparities when it
becomes necessary to base a design decision on an analysis.

There is a need to develop models to obtain different objectives. Early in a launch vehicle development
program, a top-level analysis serves the purpose of defining the problem and securing top-level metrics as
to the feasibility and goals of the program. This “quick-look” model effort serves a purpose—it often
defines the goals of the program in terms of performance, cost, and operability. It also is explicit about the
need to do things differently in terms of achieving more stringent goals. A detailed bottom-up analysis is
more appropriate to respond to the allocation based on an indepth study of the concepts. The “quick-look”
model is appropriate if the project manager is the customer; the detailed analysis is directed more at the
design engineer. Both are of value. The “quick-look” model also may serve the purpose of the allocated
requirements model, the model to which comparisons are made to determine maturity of the design. It is
inappropriate to use the data that supported the allocation of requirements to also support the detailed
analysis. Although often done, this is inappropriate and could lead to misleading results.

The acquisition of good data is a traditional problem for the definition of baseline systems for
aerospace launch vehicle operations analyses. For all models developed here, the Space Transportation
System (STS) and the space shuttle main engine (SSME) are used as the source of historical reusable
vehicle and engine systems operations experience. For the detailed model, the approach demands the
identification of the requirements for SSME ground operations and the root source of the requirements.
From this, a reusable engine model is developed that is based on the SSME operations model. This is done
through incremental modification of the baseline operations model based on the proposed changes from
the SSME to the reusable engine. The modifications of these processing activities are based on changes in
hardware configuration and technology, processing technology improvements, and operations philosophy.
The reusable engine system model is then traceable to past requirements and historical experience. This
modeling approach supports credible operations modeling and analysis. In this paper, the baseline SSME
model and a demonstration of its utility are presented.



2. BACKGROUND

The lack of historical data in support of aerospace launch vehicle operations analyses is acute. Data
are either unavailable due to not being collected or not public, or are so highly aggregated as to mask
needed detail at the process level. Top-level models generated by existing data were generally useful only
for supporting programmatic goal discussions. Discrete event simulation models have often been models
of choice.5-7

One approach to aerospace launch vehicle operations analyses is to compare with aircraft data.
This information is generally more readily available and in the proper format with data collected from a
maintainability point of view. Several papers have taken this approach.8® While this data supports good
model development, the question of applicability of results is more of an issue. This is especially true of
rocket and aircraft propulsion systems with major differences in configurations, environment, and operating
philosophy. Specifically, these differences include operating environment; operating temperatures, pressures,
and thrust; ability to idle, taxi, and loiter aircraft engines and vehicles; use of cryogenic fuels on rockets;
large performance margins on aircraft; nonintrusive health management of aircraft propulsion systems;
and, perhaps the major difference, a philosophy of use with aircraft that tolerates test and operational
failures (and even loss of life).

Ground operations analyses have also been conducted for aerospace launch vehicles based on
available STS operations data.10.11 Although the available data were found to be insufficient,12 existing
databases can be augmented by other sources, such as the experience of launch site personnel. This study
builds on this approach. The SSME is regarded as the most directly applicable baseline for comparison
with future and similar liquid oxygen (LO,)/liquid hydrogen (LH;) rocket systems. Thus, for this effort,
extensive data collection was undertaken for STS propulsion systems to augment the existing databases. A
baseline set of propulsion systems ground operations databases has been developed with the goal of
supporting detailed engineering analyses of process and manpower requirements for future propulsion
system concepts.



3. OPERABILITY ASSESSMENT METHODOLOGY

A. Approach

The operability assessment methodology described in this document reflects an end-to-end process
flow model that models the uncertainties inherent in the attributes of the process flows. This approach
attempts to substitute a rigorous and objective structure for more qualitative types of judgments and to
focus design experiences to help determine areas of design confidence. It is to be used upfront in the design
process and combines past flight vehicle experiences with design analysis to determine cost and schedule
parameters of interest. It can be used in the analysis of any process flow where the goal is to optimize
processing in order to minimize cost and schedule impacts.

The continuum of process flow activities includes development through manufacturing, assembly,
and operations. For this modeling effort, the emphasis will be on the operational phase only. Figure 2
presents the flows of the operational phase of a launch vehicle, a subset of which will be the focus of this
analysis.

Mission
Requirements

\
Mission Planning

v ) y ¥ y

- Manufacturing Assembly
Esnu‘c?r‘z::?g and - and OL:g;ﬁ,hn s Flight Recovery
gineering Refurbishment Checkout P

y
Y ' | Y

I Evaluation I , Evaluation J l Evaluation I L Evaluation1 l Evaluation J

Vendor and Part
Obsolescence

Figure 2. Launch vehicle process flow—operational phase.



The process flow model avoids estimates of cost and schedule parameters based upon nonspecific
design characteristics such as weight and the use of integration “scale factors.” In this modeling effort, cost
and schedule indicators will be based upon realistic, high-fidelity process flows targeted against the current
design configuration.

This approach incorporates past vehicle development experiences in terms of experience databases.
These are critical parts of this methodology and are explicitly included in the approach. Since it is often
difficult to obtain historical data to support these design decisions, a significant effort was undertaken to
identify, incorporate, and appropriately structure this information for use with the process flow model.

Figure 3 presents the input flowing to the proposed process flows of a new launch vehicle. The new
vehicle requirements and design configuration contribute in the definition of flows as does information
gathered relative to historical launch vehicle flows. Data and requirements that are applicable from past
launch and flight vehicles, including aircraft, expendable launch vehicles (ELV’s), and the STS, may be
used to generate or edit proposed flows and will be the main source of what is required (attributes) by these
process flows in terms of manpower and schedule. The design and proposed flows will be continually
updated, thus the approach is iterative. Also, historical data will be useful in providing insight into the
traditional problems associated with the proposed process flow. Finally, new systems may require certain
technology or special analyses to determine the operability of the system. This is also input to the process
flow definition process. All of this information is, of course, subject to adaptation and interpretation by the
design, manufacturing, and operations engineers. These groups and others must be involved at the outset in
order for this to be a truly concurrent engineering effort.

Low-Level Analyses Model
Trade Studies Development
L Vehicle Configuration — Technology Activities
o Requirements and Design Requirements
Flight Vehicle Requirements Docs
Other
\
Delta Y
Vehicle
Lessons Atlas Process Flow
—=1  Proposed Process >
Learned Titan I Flows and Attributes Modelng
STS Similarity &
Engineering Quantifiable
Judgment Performance Measures

“Operability
Assessment”

Operability Allocation
Design Alternatives
End-to-End Performance
Measures

Figure 3. Operability assessment methodology.



The lessons learned on other vehicles implicitly affects current design engineering efforts and also
serves to organize the search for applicable historical data. For example, the problems of past hydraulic
systems on flight vehicles may cause the design engineer to attempt to include an electromechanical actuator
(EMA) subsystem into the current design. Also, this “lesson learned” can serve to organize the identification
of historical process flows, requirements, and experiences. Organized appropriately, historic processes
associated with hydraulics can be easily pulled from the database, thus facilitating the analysis of this
problem area by an appropriate design engineering team. This step of the methodology involves more of a
qualitative assessment than a quantitative one. However, there is a structure surrounding the use of “lessons
learned” that reflects the need to evolve and iterate this process with the “lesson learned” information.

Once the process flows and associated attributes have been defined, the modeling of the flows to
generate quantifiable performance measures can be supported. The probabilistic nature of the system is
clear due to the uncertain environment. Sensitivity studies, design change studies, and operability assessment
studies are all supported.

A top-down approach is utilized in identifying and tracing process flows. At the outset, this
hierarchical method is useful in identifying major cost and schedule drivers and assists in the allocation of
scarce resources in the further analysis of the lower-level process flows. The danger of low-level analyses
is the danger of misallocation of scarce resources to analyses that are not clearly important cost or schedule
drivers. A top-down approach creates traceability of functional flows at each level in the hierarchy. It also
serves to document and allocate the top-level program requirements. Its usefulness is limited to a “quick-
look” analysis and for comparison purposes with the detailed analyses.

This methodology is designed to incorporate results from bottom-up analyses. Systematic evaluations
of low-level process flows in terms of cost and schedule attributes will feed a detailed modeling activity.
Once both models exist and comparisons are supported, both goals and actual timelines are subject to
change: the top-down apportionment can be reallocated or changed; and the bottom-up reanalyzed and
adapted to design changes resulting from changes incorporated into the design influenced by this modeling
activity. Given this approach, the initial emphasis of this effort will be on supporting relative comparisons
among design changes. Upon completion of an appropriate level of detail, accurate estimates can be
generated.

Figure 4 provides an overview of this two-pronged approach. First, a goal timeline is created from
a future launch vehicle operations concept. Making this goal reflect an actual design is desirable if such a
design exists. However, these are goals, and as such, are meant as comparison points fora  bottom-up
engineering analysis of a historical baseline system. The second prong is this bottom-up effort, which
provides an experience base and supports traceability to design, technology, and process improvements for
the future launch vehicle propulsion system. This bottom-up effort is the focus of this paper. A previous
paper!3 presented the goal-oriented approach, with both scheduled and unscheduled processing included in
the goal flows. By nature, this approach is iterative. Comparing the historical estimates against the goals
provides an identification of key differences. Design decisions will seek to lessen these differences—
larger differences seeking the most design effort in an appropriate design manpower allocation process.
The design will change and so also will the goals. Unrealistic goals and requirements will be identified and
adjusted. Trades between performance and operations or cost and operations will be key for the overall risk
assessment. A previous paper also laid out an example of such a bottom-up analysis based upon experience
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data.14 Yet another paper points out the need to begin with experience-based requirements for this type of
bottom-up analysis.15

Performance requirements as defined in requirements documents are allocated to a lower level and
serve as goals for the system designer. One of the purposes of this effort is for the quantification of operability
measures to support the comparison of the design against the requirement. Thus, this methodology serves
to verify the relationship between design decisions and the fulfillment of design objectives. Furthermore,
an appropriate quantification can serve to support the analysis of the current design suitability against a
previous design. In this sense, both absolute and relative measures of merit are generated in this modeling
approach. However, before a fully detailed model supporting the generation of absolute measures can be
generated, a top-down flow can support the relative model comparison of critical use to the designer. A
designer involved in a specific area of design can “stub” in the other parts along with their schedule and
cost estimates and work in detail in their appropriate design area.

B. Key Concepts and Definitions

Establishing good measurable metrics is key to any functional area analysis methodology. Following
is a discussion of key operability definitions and metrics.

Operability—the ability to support required flight rates and schedules and to meet a variety of
operational characteristics while minimizing cost and risk. In this definition, operability is not directly



measurable. Common metrics for operability include availability, turnaround time, and dependability. The
definition of operability touches upon several key ideas including those of minimizing cost and risk. Risk
may be defined as an expression of the likelihood and consequence of an event of interest. Risk involves an
attempt to understand the uncertainty in and between the functional areas of the design. This emphasizes
the need to model an end-to-end system.

Dependability—probability of achieving a given launch without sliding the schedule on the next
launch, given that the system is not in postfailure standdown; if hardware, the ability for the hardware to
perform as needed when needed. Often defined in terms of probability of launching within x days of the
originally scheduled launch date.

Availability—{fraction of time the system is operational rather than in standdown or delay; the
probability that a piece of equipment will be capable of performing its mission when needed rather than
being unserviceable due to failure, delays, or intentionally or unintentionally removed from service for
maintenance or testing; is useful as metric for both hardware and processes; inherent is mean time between
failure MTBF)/(MTBF + mean time to repair (MTTR)); operational is mean time between maintenance
MTBM)Y/(MTBM + mean down-time (MDT)); also, scheduled time/(scheduled + unscheduled time). This
latter definition is more aerospace-oriented given its acknowledgment of few vehicles that require extensive
processing due to leading-edge technologies and cryogenic fuel operations. The traditional definition of
availability is directed more at the military and commercial aircraft operations where there are large fleets
of vehicles and preflight operations are relatively minimal. The process definition of availability is more
suitable for this discussion and will be referred to throughout this analysis. Also, in this definition, a system
is penalized only for unscheduled maintenance activities that occur on the critical path.

Turnaround Time—a measure of maintenance having to do with time from last recovery to next
launch.

Reliability—probability of successfully concluding a mission segment; probability that an item
will perform a required function under stated conditions for a stated period of time. Though metrics for
reliability are not often included in operations analyses, reliability of the components and systems plays a
critical role in determining the operability of the system. The operability study in this paper will include
engine reliability measures.

C. Modeling and Uncertainty

The goal of any modeling activity is to accomplish accurate quantification in as realistic an
environment as possible. This involves the need for quantifying in the presence of uncertainty. Thus, the
model should ultimately be reflective of a probabilistic approach. Uncertainty is not only reflected in the
accuracy of the information that exists but also in the availability of information that may lead to an
inability to effectively model the system. These are both important pieces of information—manpower can
be allocated to obtain the data or to complete the analysis that is required to lessen the uncertainty. The
analyses cannot entirely eliminate the uncertainty associated with a process flow but are intended more to
understand the extent of the uncertainty. Indeed, if no uncertainty exists in a design, no decisions are
necessary.



There are several sources of uncertainty inherent to a process flow, including variation of nominal
processing; that is, a process scheduled for 5 hr may actually take 4 hr one time and 6 hr the next. This can
be modeled through the selection of an appropriate process time distribution supported by empirical evidence.
Other realistic scenarios that will affect the schedule and cost include process failures, equipment failures,
and associated unscheduled maintenance activities. Also, delays due to repair times, queuing delays, and
waiting for resources can affect the planned schedule. The weather is a major source of delay at time of
launch.

D. Process Flow Definition

The types of documents and databases used to generate the process flow for this analysis may be
identified. In the case of the world’s only RLYV, the space shuttle, the documents that describe the requirements
and the implementation of the requirements are the Operations and Maintenance Requirements and
Specification Documents (OMRSD) and the Operations and Maintenance Instructions (OMI), respectively.
Applicable process requirements and flows have been obtained from these sources for the specification of
new vehicle operations process flows.

Some attributes of the proposed flows can be obtained from the electronic database system in use
by the STS program. The STS Computer-Aided Planning and Scheduling System (CAPSS)16 contains the
nominal schedule and manpower requirements while the Problem Reporting and Corrective Action
(PRACA)!7 supplies the information on the problems and off-nominal flows that occur throughout STS
processing. Other commercial launch vehicle data such as Titan, Atlas, and Delta operations requirements
documents and operations experience databases, if available, can also support this type of analysis. Data
requirements include both nominal and off-nominal process times and resource requirements. Mean time
to repair along with incidence of repair are typical performance measures derived from such databases.

As stated earlier, the data that supports the allocation process and the data that supports the detailed
design evaluation should come from separate sources. In aerospace analyses, this is often not the case,
primarily due to the lack of good data. While rough parametrics from one detailed source may feed the
allocation process that uses several sources, this kind of analysis should be discouraged. At best, this kind
of analysis is redundant and provides little confidence that the conclusions reached are correct. It could
lead to inaccurate and misleading conclusions, resulting in a misallocation of design resources.



4. MODELING TOOLS

Several good off-the-shelf software packages fit the need to support operations model development.
A process flow model is the model of choice: it allows the analysis of timelines, schedule dependencies,
resource requirements, and supports the generation of measures of operability including recurring costs,
availability, and dependability. The models used here utilize Microsoft® (MS) Project!8 for deterministic
flow analysis and Imagine That!® Extend™ software1? for probabilistic support. The benefit of MS Project™
as a process modeling tool is its ability to graphically represent detailed tasks in Gantt charts, allocate and
track resource levels, and filter project information. Inputs to the model include the task description, resource
allocation, task duration, and establishment of task precedence. MS Project™ is generally all that is required
to do the “quick-look™ analysis—Ilayout top-level requirements and allocations to subsystems and
components. Charts, tables, or reports can be customized to output the level of detail desired by the user.
Extend™ allows us to apply the model in a discrete-event simulation format. It supports ease-of-input
(icon-based), provides good report-generation capabilities, is well supported and tailorable with source
code available, and provides animation capabilities useful for display and debugging purposes.
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5. BASELINE ENGINE OPERATIONS DATA

The data collection process was a considerable part of this activity. This section will discuss this
process and the data in some detail. Data were collected from a task-by-task point of view: what is required
to complete only this task. Often times data are collected from a time-reporting point of view, making it
difficult to determine actual task time. Appendices are provided to this document that will contain the data
collected. An overview of the SSME data collection in support of the operations modeling approach is
shown in figure 5. The analysis consisted of three parts: deterministic model of allocated processing,
deterministic model of unscheduled processing, and the probabilistic model. This section discusses the

A. Data Collection

baseline SSME iodel in ‘the context of the deterministic modeling approach (both scheduled and

unscheduled) and the baseline requirements database that is the foundation for all SSME processing activities.
A complete presentation of the SSME operations database resides in appendices A (requirements),

B (scheduled), C (unscheduled), and D (results).
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Figure 5. Operations modeling and data collection process.
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B. Scheduled Processing

The first step was to define the nominal SSME processing flow. This was accomplished with
flowcharts that identified the OMI-level processes and the location/facility in which the process was
performed. SSME component life limit issues dictate that engine removal be scheduled each processing
flow to allow the SSME’s to be processed offline in the orbiter main engine facility (OMEF). Thus, in
addition to the every flight requirements defined by OMRSD, nominal processing, for the purposes of the
model, included SSME removal in the orbiter processing facility (OPF); SSME processing off-line in the
OMEF,; high-pressure turbopump removal and installation in the OMEF; and SSME installation in the
OPF.

Data collected relative to SSME processing is presented in figures 6-9. Figure 6 identifies the
OMTI’s and the serial and parallel nature of the process flow for the events that occur immediately after
flight in the OPF. The engines are then moved to the OMEEF. Figure 7 presents the processes and flow for
this facility. After processing in the OMEF, the engines are returned to the OPF to be reinstalled on the
vehicle. This process is shown in figure 8. After installation, the engine processing steps that occur during
the vehicle assembly building (VAB) and pad operations are defined (see fig. 9). The detailed SSME
scheduled data that matches the OMI’s in figures 6-9 appears in appendix B. These data are quite extensive,
breaking out process flow dependencies, clock hour, and manpower requirements by type for each engine
process. It should be noted that not all engine processing is fully represented here. Some routine and
periodic actions associated with minor OMI’s, job cards, or deviation approval requests (DAR’s) were
excluded in order to present a system that can be represented in a model as an operational system. It is
arguable as to whether or not the Shuttle system is a fully operational system. There are too many things
that are done that are not necessarily repeatable from a modeling point of view. For example, the exact
order of engine processing in the OMEF is subject to visibility, manpower available, and priorities in place
at the time of repair, making this aspect difficult to model.
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Figure 6. OPF SSME postflight operations.
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Figure 9. SSME VAB/pad processing operations.

The data that were collected were laid out into Gantt charts and task sheets to a lowest level of
detail. Technician, quality control, and engineering resources were identified for each detailed task and the
task duration was quantified based upon National Aeronautics and Space Administration’s (NASA’s) SSME
engineering experience at Kennedy Space Center (KSC). Figure 10 exemplifies the level of detail outlined
in each deterministic process; in this case, the high-pressure fuel turbopump (HPFTP) removal and
replacement. In figure 10, many tasks have been rolled up to subtasks for brevity of presentation.
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Figure 10. Example of detailed model—HPFTP removal and replace.
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Although serial and parallel relationships were established between the detailed tasks and OMI
processes within the Gantt charts, it is difficult to accurately predict overall OMI durations or end-to-end
vehicle or SSME subsystem processing times. Reasons for this include:

1. Lack of all downtime data including logistic delay time, administrative delay time,
and maintenance delays downtime.

2. Interdependence between SSME and other subsystems was not modeled.

3. Other vehicle subsystems not modeled.

While accurate predictions of SSME processing are not always possible with this data, it is appropriate
for future launch vehicle engine analysis since these kinds of attributes need not be modeled. Of interest for
a future system analysis is the definition of an operational system. It is not desirable to model all the
artifacts of the STS processing system as appropriate to the new system. While downtimes will occur for a
future system as well, it is premature, without detail, to model those. Of course, a complete vehicle model
should represent the engine-vehicle interface and other subsystem operations fully.

The baseline SSME model will provide insight into the actual workload, required subtasks, and the
overall processing flow. This actual manhour prediction method differs from top-down manhour estimates
in that manhours of downtime are not accounted for. The utility of determining manhours in this fashion is
that labor-intensive processing activities are readily identified whereas the actual impact of each processing
activity can be masked by downtimes in the top-down approach.

C. Unscheduled Processing

An analysis of SSME unscheduled maintenance operations was performed using the PRACA
database. Unscheduled maintenance information from the PRACA database was obtained for 30 ST'S flights
between 1989 and 1994. During this period there were 3,785 problem reports (PR’s) that were processed.
This is engine PR’s only, thus, ground support equipment (GSE), facility, and spares PR’s relative to the
engine were not included. The PR’s were sorted and grouped by component, malfunction, and disposition
code. This allowed the filtering of this database into 123 PR classes representing 84 SSME processing
flows. PR’s were further classified into six types based upon processing action taken. The six types, the
123 classes, and the number of applicable PR’s are presented in table 1.

Table 1. SSME PR classification summary.

PP Classification Type Number of Classes Number of PR’s
Remove and Replace ' 70 795
MR Repair 13 79
Repair 19 1,121
MR Accept 6 156
Accept 7 137
Waiver/Exception 8 82
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This filtering processed 2,370 PR’s. PR’s that were eliminated from the database during this
classification and filtering process included PR’s from incomplete processing flows and PR records with
insufficient data to allow it to be classified.

Each PR will fall into one of the six classification types. These types were categorized based upon
the disposition code in the PRACA database and limited to the detail provided therein. These represent the
most common actions required for each PR at the lowest level of detail possible. Each classification type
was outlined to identify the basic tasks and resources associated with setup, performance, diagnostics,
administration, review, and delay times. Figure 11 presents an MS Project™ view of the base remove and
replace (R&R) classification type. In addition, an initial attempt at quantifying the resources required was
conducted. Note that these are initial estimates until more accurate data can be made available and collected.
The actual “hands-on” R&R time is represented by a milestone on line 4. This would be replaced in the
model by the actual component R&R timeline.

The classes identify the number of different PR’s that fall into each PR type. These are usually
associated with components or hardware. In the case of an R&R PR type, the 70 different classes are
mostly associated with different hardware or components that require R&R. However, this is not necessarily
the case for the other PR types. For example, a large number of PR’s were generated due to contamination
and corrosion on unidentified hardware. Because the detail in the database did not allow us to associate the
corrosion problems with the hardware or component, the contamination and corrosion PR’s were separated
into five different PR classification types based upon the nature of the disposition (repair, material review
(MR) repair, accept, MR accept, or waiver/exception). The five other PR classifications as well as the
standard R&R operations by component appear in detail in appendix C.
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Figure 11. SSME base R&R.

This PRACA database is limited in that it does not provide resource or task duration information
for unscheduled corrective actions. However, PRACA does provide data to determine the frequencies of
PR’s as well as information to determine what malfunctioned and how the PR was dispositioned. Corrective
action processes, including task descriptions, durations, and resource assignments, were defined and
quantified by SSME engineering in the same manner as the scheduled processes for each PR classification.
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A few low-level processes were set to a standard time for simplicity sake. For example, QC response time
was set to one standard value, when in actuality, this value is more dynamic. The unscheduled data as it
applies to the six PR classifications appears in appendix C and a summary of the results from the data
(relative to SSME) in appendix D.

D. Baseline Requirements Database

Figure 12 describes how the data collected are being applied to the reusable engine analysis. The
applicable requirements identified by the STS OMRSD’s are mapped to major corresponding STS OMI’s
(see appendix A). An iterative review process identifies, task by task, the appropriate processing for the
future engine operations. Future reusable engine-specific operations are added; SSME operations artifacts
are removed; changes to processing facilities and support equipment is identified; and any dependency,
timeline, or resource requirements are also specified. This leads to a traceable proposed operations flow
prediction and resource estimate. Table 2 displays a sample of the OMRSD/OMI database with comments
as to the applicability of the requirements to the reusable vehicle engine.

Requirements Processing Adapt Timelines, Predict Future Engine Operations
Analysis —  Specification = Resources I Requirements, Processes, and
- Add Resource Requirements
- Remove
— Change
SSME SSME Process Flow
OMRSD’s OMI's Model

Figure 12. Requirements to process definition.

Table 2. OMRSD/OMI database with requirements rationale.

OMRSD New OMRSD Deseription OPFOMI's  |Engine Shop OMI's| VAB/PAD OMI’s OMRSD Rationale/Root Causas
Number Engine (V41 Flle Il Dated 8/15/95)
Use
V41BL0.050 n SSME Weld 22 & 24 Lk Ck V1011.05 Seq 07 | V12984.007 Seq 04 [V1046.003 Seq 07 | Due to poor processing, HPOTP balance cavity

standoff welds are leak checked — No leaks ever
verified, but lack of weld penetration up to 90%
has been found on these welds. Standoffs have
heen suspected of leaking and caused return to
Canoga.

V41BL0.060-A n E1 HPOTP Plug Weld Lk Ck V1011,05 Seq 09| V1294,004 Seq 04 V1046.004 Seq 04 | Plug weld leak occurred on a unit — Congern over
these welds leaking either Gox/Helium/Hot gas
into boat tail - therefore all external plug welds on
the housing are checked

V41AX0.020-A | y E1 LO, Feed (Joint 01) I/F Lk Ck v1011,05 Seq 07 V1046.003 Seq 05 | Ensure joint integrity of LPOTP to pump inlet
ducting after engine is installed
V41AX0.020-B y E1 LH, Feed (Joint F1) I/F Lk Ck V1011.05 Seq 05 V1046.002 Seq 04 | Verify pump inlet joint integrity after installing the
LPFTP
V41AX0.020-C y E1 GH, Press (Joint F8.3) I/F LK CK V1011.05 Seq 09 V1046.004 Seq 04 | Joint integrity Post Engine Installation
V418L0.033 y SSME Encapsulation Oxid Sys 1SO Test V1294.007 Seq 04 . System leak integrity check for launch ~ Mat. 1 or
Weld Thru-Crack: Sgal not Sealed - > Crit.
V41BL0.034 y SSME Encapsulation Hot Gas Sys 1S0 V1284.007 Seq 04 System leak integrity check for launch ~ Mat. 1 or
Test Weld Thru-Crack: Seal not Sealed - > Crit. 1
V41BP0.010-A n E1 GO,/GCV Ext Lk Ck & Orifice V1011.04 Seq 07 | V1294.002 Seq 17 |V1046.005 Seq 05 | Establishes leak test of all gaseous oxygen system
Verif joints from the AFV to the orbiter interface on an

each flight basis

V41AQ0.010-A | v E1 Sensor Checkout V1011.06 Seq 02 | V1294002 Seq 06 [V1046.001 Seq 04 | Planned Preflight Checkout
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From table 2, development or definition of an reusable engine operations concept is traced to the
SSME experience. This database was developed to link propulsion system concepts and technology
candidates to the SSME operations experience. The backbone of the SSME experience is the OMRSD
database. Deterministic model data are linked to the OMRSD database for each requirement. Additionally,
root causes and/or OMRSD rationales are provided that allow for rapid determination of those OMRSD’s
affected by technology improvements or hardware configuration changes. From table 2, first row, a
requirement was established for SSME weld and leak checks on the high-pressure oxidizer turbopump
(HPOTP). The root cause of this requirement is a concern for weld integrity. The OMRSD number, three
applicable OMI’s, and an applicability column for the new launch vehicle engine are provided. It is interesting
to note that this requirement was generated well after the design of the SSME and its processing when
potential problems with welds were identified. This specification of postdesign requirements is hkely to
occur in a new launch vehicle engine as well.
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6. MODEL DEVELOPMENT AND RESULTS

The scope of the analysis for this document is a future launch vehicle ground operations analysis
that includes shuttle-based uncertainties associated with scheduled and unscheduled maintenance. The
emphasis is on propulsion systems and the specific topic is the engine which will be modeled in order to be
responsive to the vehicle requirements. Of course, the engine processing is only one part of the overall
vehicle processing. Interactions of the engine processing and other subsystems must be taken into account
to get a proper estimate of vehicle and even engine flows. The results of this analysis reflect the impact of
unscheduled processing on turnaround time in a deterministic model and on launch availability and
dependability in a probabilistic model. The attributes of the maintenance activities will be limited to those
supported by analysis of the STS PRACA, CAPSS, and Marshall Space Flight Center (MSFC) Propulsion
Laboratory operations databases.

Given ground rules and assumptions, key processes were laid out for a fully reusable future launch
vehicle engine concept. To avoid proprietary data considerations and to simplify the presentation, a rough-
cut engine design is assumed for this analysis. It is essentially SSME-like;20 a pump-fed LO,/LLH; high-
thrust engine with pneumatic and EMA valve control (no hydraulics) and health monitoring capabilities.
The proposed launch vehicle uses three such engines with engine processing conducted in parallel. From
this, a logic model associated with the flow of ground processing is developed. A 40-hr, goal-oriented
engine ground flow serves as a baseline to the defined flows. Effectively, this 40-hr timeline was provided
as a requirement (baseline allocation) for this model activity. Figure 13 shows the engine flows and the
success-oriented timelines by processing facility. Three facilities were assumed after landing—a single
processing facility with five bays and two launch pads. From figure 13, engine ground operations processes
include drying; access; visual inspections; leak checks; and closeout on each engine in the processing
facility and purge; flight readiness test; and launch preparation on the engine set on the pad. An unscheduled
maintenance timeline is supported in parallel with the scheduled timeline. Key assumptions and ground
rules to this development were 30 flights per year, a five-vehicle fleet, and 7-day missions. Others included
minimal and automated operations, separate payload processing, depot maintenance every 20 missions,
and automated health monitoring. Manpower assumptions included two shifts per day, 5 days per week for
processing facility operations and three shifts per day, 7 days per week for all other processing.
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Figure 13. Engine operations processing.

A. Deterministic Model

An MS Project™ model was developed to reflect the processing requirements (top-level and
allocated) of the engine system. From the flows defined in figure 13, processing timelines and resources
required were input into the MS Project™ scheduler. The tasks were defined to three levels as subprojects.
Figure 14 presents the top level to the level of detail at one of the lowest level processes defined here—that
of the engine drying operation. Total duration and manpower requirements in the subprocesses of figure 14
can be rolled up to the top level in a very direct fashion. This is the allocated appropriate times and
requirements for those systems within the constraint of the overall requirement, which was provided as a
top-level requirement; in this case, 40-hr total for the engine. Thus, the times and resources reflect a relative
allocation to the subsystems: it remains to be seen, for example, whether or not a gaseous oxygen (gox)
system leak check will take the 1 hr allocated, but the 1 hr allocated to this system is consistent with the
time allocated for the fuel system leak checks (1 hr). Again, this model serves as the goal-oriented model
useful for allocation and comparison with the detailed engineering estimates. In the approach identified in
figure 4, this is the top half—the goal-oriented model.
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Duration Work Dec. 1, 1887 Dec. 8, 1997 Dec. 15,1997 Dec. 22, 1997
1D Task Name () | (Man-hr) [TTW[TIF[S[SIMITIWIT]FIS[SIMITIWITIF|S]IS'MITIWITLFLS

1 Vehicle Engine Processing 48 848
2 Runway Operations 2 6

Processing Facility Operations 30 310
Pad Operations 8 32

Duration Work 1, 1997 Dec. 8, 1997 Dec. 15, 1997 |Dec. 22, 1997
1D Task Name () | (Man-hr) [TTFISISIM[T W] T]FIS]SIM[TIW]T FISISIM[T W[T]F
1 |Engine Processing Facility Op 30 310 1
2 Start 0 0
3 Engine Drying 3 20
Access to Engine 2 8
Visual Inspections 8 32
Leak Checks 8 32
Connect/Monitor Eng HM Sys & Data 20 40
Corrective Action 24 144
3 Closeout Access and Inspections ) 32
- Move to Pad 1 2
i
i Task Name Du{;:)on (M“;:E:,)
1 |Vehicle Eng. Drying Operation 3 20
2 | Vehicle in Proper Location in Facility] 0 0
3 | Estabiish Access to Engine 0.5 2 Tech{4]
4 Init'i'é'erower-Up 0.5 1 1 Tech{2]
5 | Establish Gr. Sup. Sys. for Drying 0.5 2 Tech[4]
6 | Conduct Drying Operations 25 i5
7 Mate GN, Purge to Engine 0.25 1 Tech{4]
8 Assemble/Mate Hoses/Fiiters 0.25 1 Tech[4] |
9 Install Plugs/Gages/Drain Lines 0.25 1 3
10 Activate Pneumatics/Valves 1 1
11 Conduct Ox. Sys.Drying Purge 1 4
12 | Conduct MCG/FPB/Nozzle Drying Purge0.25 4
13 Perform Dryness Verification 0.25 1
14 Demate Drying Setup 0.25 1
15 Dissassemble Test Setup 1

Figure 14. Hierarchical engine model.

This type of modeling often predominates, especially early in design. With an emphasis on new
ways of doing business, this goal-oriented modeling is often the only type of modeling undertaken on a
program. There are several reasons for this. It can be time consuming and resource intensive to conduct a
bottom-up analysis and difficult to present an unpopular result. The weakness of the goal-oriented modeling
should be apparent. It often has no basis in reality. One example of how misleading goal-oriented modeling
can be was that for the STS program. Early modeling predicted up to 60 flights per year with a 2-wk
turnaround time,2! very different from current shuttle capabilities.

Sensitivity studies of the MS Project™ model and even simple “back of the envelope” analysis can
shed some light on the sensitivity of this system. For example, increasing scheduled uncertainty to
S0 percent increases total duration, for what is essentially a serial flow, a proportional percentage—from
40- to 60-hr duration with personnel manhours increasing from 319 to 478.5. Concerns with meeting
availability and dependability requirements increase also. However, even a 50-percent increase in scheduled
processing may not be a serious impact. Adjustments in scheduled timelines or built-in holds can be included
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to deal with this. Even if dependability is defined as launch within 2 days of scheduled launch, such
variation is manageable—an extra 20-hr duration is still within 2 days, if there are multiple shifts per day.

Much more significant is the variation in unscheduled processing. In the baseline case, the
unscheduled processing is designed to be in parallel to scheduled processing. Even this can tolerate some
additional unscheduled processing before impacting overall flow. However, this assumes sufficient manpower
to handle problems in parallel and that problems will occur in parallel. Such an assumption is not credible.
For example, if four to six engineers are allocated to handle processing, the extra unscheduled activities
cannot be conducted entirely in parallel without a schedule slip—there simply is not enough manpower.
Also, if problems occur late in launch to critical path operations, there is a serial effect—problems must be
resolved before any more normal launch processing can be supported. Built-in holds can also mitigate the
problem of unscheduled processes, especially early in the flow. Late processes, such as pad processes,
must attempt to minimize all unscheduled activity.

In this deterministic model, the unscheduled maintenance activities were added to reflect these
issues. A notion of unscheduled maintenance considerations should be incorporated into the requirements
allocation for accuracy sake. Table 3 lays out the SSME-based experience and the impact per OMI for this
analysis. For example, from the historical SSME record, twice as much time is spent on unscheduled
maintenance during the visual inspection OMI (V1011.02) than for scheduled maintenance. Table 4 presents
the results of this analysis including a run with the unscheduled maintenance data. The first column of the
table presents the baseline results—both clock hours and personnel manhour requirements. The second
column adds in unscheduled timelines based on STS SSME experience. If the unscheduled activities are
assumed to be done in parallel, the overall impact to the timeline is small. That which is not on the critical
path has little impact, while adding unscheduled maintenance activities to critical path operations is realistic
and has a significant impact. The impact to the overall dependability and availability metrics can also be
considerable as will be seen in the next section. Keep in mind that many of the SSME OMTI’s have already
been excluded and that the baseline processing time is allocated. The result in table 4 is more of interest in
a relative sense—the duration and manhour requirements practically doubled with experience-based
unscheduled maintenance included in the analysis (from 40- to 70-hr duration, 348 to 615.6 man-hour
total). Further and more detailed analysis is clearly necessary.

Table 3. SSME unscheduled maintenance experience.

% Additional

Task Unscheduled

Description OMI Number Processing*
Envir. Cover Install $0028 10
Engine Drying V1011.01 10
Assess 10 Engine V5058/v5057/V5087 10
Visual Inspections V1011.02 200
Leak Checks V1294.xx 100
Closeout $1287/v5057 50
Purge Sequences V9018.001 10
Flight Readiness Test V1046/v5057/V/9002 75
Launch Prep & Start $0007 10

* Per SSME Experience,1989-1994
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Table 4. Goal-oriented engine operations timelines.

40-Hr Baseline With
40-Hr Goal-Oriented Unscheduled Maint.
Baseline Included (SSME-Based)*
Task Name Duration, hr | Man-hr Duration, hr Man-hr
Processing Assessment 40 348 70 615.6
« Landing Operations 2 6 2.2 6.6
¢ Processing Facility Operations 30 310 59 573.8
- Engine Drying 3 20 33 22
~ Engine Access 2 8 22 8.8
" —Inspections 8 32 24 96
- Leak Checks 8 32 16 64
- HM Monitor [20] 40 [22] 44
- Unscheduled Aliocation [24] 144 [48] 288
- Closeout 9 34 13.5 51
* Pad Operations 8 32 8.8 35.2

* 1989-1994
[ ] Not on critical path

This concludes the discussion of the goal-oriented model and analysis results. Turnaround time and
resource requirements have served as primary metrics to this point. Operability metrics such as availability
and dependability are more appropriate to a detailed probabilistic model. The probabilistic model and its
results are the topics of the next section. |

B. Probabilistic Model

1. Overview

The following analysis serves to illustrate the probabilistic approach—modeling to include uncertainty
in the analysis. As in the earlier deterministic analysis, the scope of this analysis is a future engine operations
analysis that includes uncertainties associated with unscheduled and scheduled maintenance. Consistent
with the overall process, requirements were generated from the STS requirements list applicable to this new
engine system. Engine design data were assumed for this application and use no proprietary information.
Identical to the engine used for the deterministic model analysis, the future engine system is a pump-fed
LH,/LO, system with EMA and pneumatic valve actuation (no hydraulics), and active health monitoring. A
three-engine vehicle is also assumed for this analysis. The emphasis is on the engine processing, with the
vehicle operations requirements allocated out to the engine level. The interest here is on the impact of
engine scheduled and unscheduled processing on engine dependability and availability. The data used as
baseline for this analysis are those of the shuttle engine system.
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2. Operations Concept

Given ground rules and assumptions, key processes were laid out for a fully reusable future launch
vehicle concept. These are the same as those laid out for the deterministic model of the previous section
with detail of depot maintenance now included. A logic model associated with the flow of ground processing
was developed and figure 13 shows these engine flows by processing facility. The assumptions and ground
rules are the same as in the deterministic case except for the following. Depot maintenance consists of
engine removal and replacement, more detailed tests and checkout, and generally takes 30 days. Automated
health monitoring is assumed, although this would only affect diagnostic and isolation time for unscheduled
activities. Three vehicles may be on orbit at one time and two vehicles can be in depot maintenance at one
time. The resources have been designed for minimal bottlenecks. This includes manpower, which is assumed
available when and where needed, given shifting constraints. The block flows reflect periodic and depot
maintenance operations that utilize parallelism and adequate manpower. For example, the engine processing
for the three-engine vehicle is done in parallel. This provides a much shorter process clock time; however,
manpower must be calculated accordingly. Typical engine operations include engine drying, inspection,
and leak checks for the routine turnaround operations and engine removal and replacement for the depot
maintenance operations. This discrete-event logic flow will be represented in a simulation model to be
developed as part of this analysis. This flow will be modeled over a 20-yr lifetime. Results will be presented
from a set of Monte Carlo runs.

3. Model Development

A computer program that supports discrete-event simulation on a personal computer was used for
this analysis. This package, Extend™, allows icon-based time and event modeling. The package is available
commercially and provides ease of use in building models and in specifying output parameters. It supports
probabilistic modeling and hierarchical levels of detail for complex systems.

The logic of the operations processes timelines was incorporated into the Extend™ modeling language
and runs were made to analyze the parameters of interest. All simulations for this analysis were performed
on a PowerMac 7600. This operations model was developed fully from Extend™ library building blocks.
Figure 15 presents the top level of the ground operations modeled. The model is reflected in a hierarchy,
the lowest level of detail for the processing facility, as presented earlier in figure 13. From figure 15, the
processing facility with five bays (three for nominal, two for depot); the two pads; the runway; and vehicle
tows are evident. The five vehicles come in as scheduled in the new vehicle block to the appropriate routine
processing in the upper three bays or the depot processing in the lower two bays.

This probabilistic detailed model serves as an experience-based model outlined in the approach of

figure 4 (lower half of schematic). Results from it are intended to be compared against the goal-oriented
model results.
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Figure 15. Extend reusable engine operations model.

4. Data and Metrics for Analysis

For this analysis, the data as described in section 5 were used for model data support. As stated
earlier, this database keeps track of the ground operations unscheduled and scheduled maintenance activities
for SSME processing. Distributions around the scheduled and unscheduled maintenance processing are
modeled with a triangular distribution,22 selected due to its “conservative” nature. Evidence exists that for
process simulation the lognormal distribution may be the most appropriate.23-24 Such evidence also exists
relative to some aerospace applications;2526 but without actual operational data to support this, the triangular
distribution has been chosen. The triangular distribution requires a minimum, a maximum, and a mode.
For this application the mode is the selected STS value, the minimum is 5 percent less than the mode, and
the maximum 10 percent greater than the mode. These values were accepted during the data collection
process by the system engineers as generally representative of actual shuttle engine task processing
uncertainty. Extend™ supports many distribution types including the definition of a user input type. If
desired, distribution types and parameters can be easily varied as part of a sensitivity study.

Metrics for this analysis include measures of merit for availability and dependability. The measure
of availability deemed most suitable for this analysis is the one described earlier in the metrics discussion
for process availability—nominal processing divided by total processing which includes nominal and
off-nominal processing times. Off-nominal processing time includes unscheduled maintenance, queuing
delays, and standdown times due to failures. This is a measure deemed more suitable to spacecraft processing
systems due to the processing-intensive nature of cryogenic-fueled rocket systems and small fleet sizes.
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The dependability measure is a characterization of the on-time launches. This is reflected in a probability
that all vehicles are launched on time (from an engine processing point of view), measured as within 2 days
of original launch date.

Requirements for engine processing were collected via the STS requirements list. There are three
engines per vehicle with an engine out at liftoff capability. The only unique engine operation process
proposed and not covered by STS operations is an engine-to-engine mate process which slightly expands
the timelines for inspection and engine R&R.

The reliability of the engine will be modeled as will any associated standdown time due to failures
to illustrate the impact of reliability on operability. Standdown time in this case is 4 mo and is a required
result of any vehicle failure. A range of reliability values and their impact to the overall processing system
will be presented. Appendix E presents the engine out reliability analysis and its impact on engine set
reliability that is used in this analysis.

5. Results

The simulation time for the model was set to 20 yr and run in a Monte Carlo environment. A
relatively evenly spaced flight manifest spanning this duration served as input for the model. Vehicle
flights were staggered so that, at most, three flights were on orbit and, at most, two vehicles (engine sets)
would require depot maintenance at any given time.

It was apparent from back of the envelope analysis that the use of the complete shuttle engine
database would present a processing timeline that was a factor of 10 over the allocated requirement.
Availability for such a system is approximately 70 percent and dependability is very low unless processing
start dates were backed up to allow for this extra processing. If enough time is allowed up front, any system
can be made technically dependable. Implicit in the measure of dependability is an acceptable and minimal
turnaround time. This is a problem in using the STS system. The inherent philosophy and conservatism
associated with this manned system leads to intense processing requirements due to extensive checking
and double-checking. Using shuttle experience data results in a vehicle that is only capable of five flights
per year at the outset. The required processing times preclude any more. This also assumes processing
manpower available to process all vehicles in parallel to support a maximum of 25 flights per year. This
would result in a prohibitively expensive system. Thus, for this analysis, a decision was made to just use
the “active” process conducted on the shuttle engines for this model. This excludes all vehicle setup and
access time (except that explicitly allowed); all GSE setup; test setup; and of course, shuttle-specific
operations. Clearly as important to the processing requirements for the future engine system is the philosophy
of operation. Philosophy changes create the most significant process changes; of course, it remains to be
seen whether these changes can be maintained when the actual system is in operation.

Given the above ground rule, a baseline case with no off-nominal (unscheduled maintenance) time
was first established. The results for the probabilistic analysis for the operability parameters are presented
in table 5. This turnaround baseline required, on average, 109.6 hr per flight. When adjusting for manpower
shifting, this translates into just over a 6-day turnaround. The dependability measure assumes launch on
time if launch occurs within 2 days of the original scheduled data. This system is appropriately rated at
100 percent for both availability and dependability. Without unscheduled processing time, the only
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uncertainty in this system is in normal processing and this is not enough to affect on-time launch. It is
interesting to note that the original goal for the turnaround of the engine system as presented in the
deterministic model was 40 hr. Even with extensive and optimistic ground rules, the projected turnaround
is over twice that without considering any unscheduled processing. Extra manpower may make up some of
the difference but this also raises the cost to the processing system. Clearly, the original goal must be
adjusted to be more realistic.

Table 5. Results of probabilistic analysis.

Case Availability (%) Dependability (%)

Full-up STS 70 Low (Assumption Dependent)
Active Processes

Only (No Unscheduled) 100 100
Active With STS

Unscheduled 82 0
Active With 25% of

STS Unscheduled 94 78

When the shuttle-based, off-nominal times were incorporated into the model as reflected in table 5,
the turnaround increased to an average of 171.5 hr which translates into a 12-day turnaround (a weekend
added since processing facility time goes past 1 wk). With only 6 days allowed for turnaround time with a
2-day buffer, the dependability of this system is zero. Availability of this system is at 82 percent.

It is reasonable to assume that improvements in unscheduled processing and hardware will result in
something significantly better than for the shuttle. From table 5, the case where 25 percent of the shuttle
unscheduled processing is assumed, the dependability is at 78 percent and the availability at 94 percent.
Improvement to 10 percent of shuttle unscheduled processing improves the measures to 100 percent and
96 percent, respectively. The general relationships of process time, dependability, and availability for this
system are presented in figure 16. A typical requirement (95 percent) for availability and dependability is
also included in this figure. Availability varies from 100 to 82 percent, based upon the amount of unscheduled
processing time. Dependability displays a unique shape—almost a step function. Only between 23 and
27 percent of STS unscheduled process time is any variation evident. This range is reflective of the variation
in nominal and off-nominal processing. As such, dependability is a very sensitive measure. First, it is
sensitive to the time allowed for processing—in this case, 6 days. Also, it is sensitive to the buffer amount;
amount of uncertainty; and staffing schedules. Dependability can be improved by an early processing start
or by the use of timing control mechanisms such as built-in holds. It is interesting to note that, traditionally,
engine processing delays are not key to the vehicle launch delays and dependability. Weather is the
predominant cause of vehicle launch delays.

Other typical results from a discrete event simulation model include resource estimates of interest
such as facility utilization rates, manpower usage, and queuing delays. In order to identify areas of
improvement for operations, a Monte Carlo analysis of each process was performed by reducing the
unscheduled maintenance from the shuttle-based percentage to a 10-percent target. Total manhours, cost
per flow, and launch delay time per flight were used to provide a quantifiable measure of improvement.
The resuits from these analyses are shown in table 7 for each engine task in the current processing flow.
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Figure 16. Operability measures by process time.

6. Effect of Uncertainty

Table 6 presents the impact of the incorporation of uncertainty in the model. As discussed earlier,
the purpose of modeling this uncertainty is to provide for a more realistic model. The hours presented are
the total for the system over the 20-yr period (600 flights). The uncertainty in this case has little impact on
the availability measure, given that availability is a ratio of values, both changing in similar fashion. In this
case, the impact is small since the processes modeled have relatively low uncertainty in both scheduled and
unscheduled activities. Also, consistent with earlier conclusions, the dependability measure shows a high
sensitivity to the amount of uncertainty. Indeed the use of the maximum amount of uncertainty for the case
here drops this value to zero. Upon further analysis, this was determined to be an effect of processing
facility operation being extended past 5 days, resulting in the addition of a weekend to the processing time.
. These two events were enough to push the launch time past the 2-day buffer allowed. The dependability
value is controllable to a large extent through the use of different ground rules, built-in holds, earlier start
dates, or additional manpower.

Table 6. Probabilistic model uncertainty impact.

Case Sched Hr Unsched Hr | Avail (%) | Dep (%)
25% of 8TS 166,460 11,482 93.5 78
Unscheduled Mode
25% — Min 162,348 10,764 93.8 95
25% — Max 171,552 12,402 93.2 0

7. Reliability Impacts

When a measure of reliability is added to the model, impacts to operability are apparent. In this
case, reliability is measured relative to catastrophic failure of the engine, and catastrophic failure of any
engine leads to failure of the vehicle. The ground rule at the outset was that the system went into standdown
of 4 mo after a failure in order to diagnose, isolate, redesign, or mitigate the problem causing the failure.
The reliability impact of lost launches is presented in figure 17. Besides the failures, launches for the next
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4 mo are delayed. Out of the 600 launches (rescheduled now over a longer period of time), 126 were
canceled given an engine reliability of 0.95. For a reliability of 0.999, the number of lost launches is 1.8.
Clearly, a reliability value much lower that 0.999 would be unacceptable to a launch system such as this
one. Certain vehicle characteristics mitigate these failures (holddown, engine out), but the engines must be
very robust for consistent acceptable operability scores. The relationship of reliability, dependability, and
availability of this system as generated from the Extend™ model runs is presented in figure 18. The reliability
estimates used for this analysis were as derived in the analysis of table 21 for the engine out at liftoff and
catastrophic failure probability of 0.1 case. Clearly, reliability is the single biggest determinant of the
operability of the system.

Average
Missed Launches

0.95 0.97 0.99 0.999
Reliability

Figure 17. Impact of reliability on operability.
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Figure 18. Operability metrics by reliability.

These results indicate the impact of scheduled and unscheduled processing and reliability on the
launch system. Values of acceptable availability and dependability requirements would likely be around
95 percent. Considerable improvements in traditional spacecraft engine processing and design are necessary
to meet this requirement.
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These results indicate a potential manhour cost savings of approximately $115.3K per flight along with a
7.4-hr reduction in the launch delay for the engine set modeled in this flow. The shuttle manpower data
were used for this analysis. Figure 19 provides a graphical view of the manhour cost reductions and launch
delay reductions for engine processing. While potential reductions are greatest in earlier processes (e.g.,
visual inspections), it is important to note that later processes may be more critical (e.g., pad activities).
Timing controls such as built-in holds will be more effective earlier in the process flow. There is less
opportunity for controlling delays late in launch.

Table 7. Engine processing manhours and launch delay reduction.

Process | Process Process | rarget Cost | Launch
D:s’:ﬁ;ffo . MHRS | MHRS ;V'ggsin?;; Reduction | _DeElay
Sched Total - K
(Sched) | (Total) | -En ($K) (H
Engine Drying 154 169 20.2 1.7 0.03
Engine Access 20 22 2.6 0.2 0.05
Visual Inspections 374 1,120 134.4 80.7 1.6
Leak Checks 216 432 51.8 234 24
Closeout Access 140 210 25.2 7.6 1.2
Engine Purge 52 57 6.8 0.2 08
Flight Readiness Test 52 90 10.8 14 0.5
Launch Preparation 40 44 5.3 0.1 0.8
Mhr Cost 25
90 < Reduction ($K) 1%
80 Launch Delay
70 [_ Reduction (Hr) —>=1,
z 60— z
o
= 50(— - 152
8 | @
a0}~
20 r —do05
10 :
0 i

f o AR A
Engine Engine Visual Leak Closeout Engine Flight Launch
Drying Access Insp. Check Access Purge Read- Prep.
iness

Engine Operations Test

Figure 19. Engine operations manhours/cost analysis.
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By using the shuttle-based results and the process target results, a relationship between percent
nominal processing and clock hours or manhour cost can be determined for each process analyzed. This
type of relationship provides a means to estimate how much improvement is needed to reduce the manhour
cost of a given process to a specified target value, and where the improvements are most needed.
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7. CONCLUSIONS

Deterministic and probabilistic operations models of engine processing flows have been constructed
to illustrate the methodology defined in this document. The goal was to select appropriate metrics, develop
a model, and conduct an appropriate design operations analysis. This supports design trade studies where
operations will be considered equally with performance analyses. Traditionally, this has been a serious
shortcoming of disciplines such as design operations. It has not been understood how to conduct such an
analysis and what measures of merit to use. This analysis presents such an approach and applies it to a
future engine concept. These models support trade and sensitivity studies allowing users to investigate
“what if” scenarios to support design decisions. With the availability and dependability measures, it provides
a means to quantitatively analyze scheduled and unscheduled maintenance activities for operations analysis.

The applications of this approach illustrate the traditional outcome in aerospace launch vehicle
operations modeling. The difference between processing goals and initial historical-based operations
estimates is large. This is at least in part due to the lack of good and accepted operations modeling techniques
which use well-understood and interpretable metrics. The approach described here attempts to correct this
problem by offering a rigorous process and good baseline data to identify operations concerns.

The results presented here represent a first iteration in an operations analysis process outlined in
figure 4 for a hypothetical engine concept. Deterministic, goal-oriented modeling provides a top view of
the requirements and allocations. The bottom-up, probabilistic analysis provides the operations processing
estimates to compare against the goals and requirements. The first iteration involved the use of the STS
engine (SSME) experience base. Further iterations will adjust this baseline to better estimates based upon
actual design decisions. All specifications of processing are subject to requirements traceability via the
STS requirements database.

Engine system scheduled and unscheduled maintenance impacts in the proposed launch vehicle
flows have been identified. Critical path processes will have the greatest impact on launch delay. It is
interesting to note that noncritical path processes defined in the initial operations concept may end up as
critical path processes once an incidence of historical unscheduled maintenance activities is considered.
From the results it is clear that the single biggest determinant of operability measures is reliability. While
hardware reliability improvements are critical to improving operability, these results also point to
improvements in corrective maintenance processing activities as critical to improved turnaround times and
operability measures for future launch systems.
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APPENDIX A—Engine Operations Requirements Database

Table 8 presents SSME operations requirements (OMRSD’s) and other pertinent information to
support definition and traceability for future engine requirements.
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Table 8. Engine requirements database.
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V4180082 %B'!arE ENCAPSULATION FUEL 8Y8 180 Systam V1204.007 6q 04 ENGINE Bystem leak Inlsgrizd chackTo for Taunch - Mat i or Weld Thri- Aft Compartment overpressusization o fire
TS . o _ . L Crack; Seal not Seated -> Crit.
V41BL0.033 SSME-ENCAPSULATION OX!D 8Y8 iS¢ F Bystem V1204.007 §aq 04 ENGINE sysmm lmk lmaamy chock lnr Taunch - Mat. ! or Weld Thru- At Compartment overpressirizalion o fire
| V4iBL0034  |AGMEENCAPSULATION HOTGASSYE 80— TIF - Bystam V2841007 Bag 04 ENGINE aymm leak lnlsgmy chuck oh - Mat. or Weld Theu-
o ST U . (O I L Grack; Seal not Seated > Crit 4 ___
VATEPOOTC-A (€Y GOZ/GEV EXT LK CK & ORIFICE VERIF EKSE, i Valves Vi014.04 809 07 V1204002 8oq 17 V046,005 Bag 05 Vi204.006 59q 05 |Estabishes laak tast of all gaseous axygen systam lalms [T
i the AFV 1o the orbiter Interfacs on an each flight basts.
o EKBC, ER LRIJ . Instrumentation Vi011.06 89002 V120400286408 V1046904 S8q 04 VBO01VL4 Bag 02 AVIDNICS Planned Prafiight Chegkout B
VHAODIEA (B oﬁAﬂuoNNAL NSTRUMENTATION AER T T ingtrumentation T V1046.001 690 04 VO00IVLS Seq02  |AVIONICS Instrumantation |ma§'ﬂ?y checkout - o
_______|VERIFICATI . N B S, -
__VATBUOZBOA ingtrumantation 102 8a0 07 * X us shutdaws, io
BP0.020-A Vi011.04 Sag 02 V120400382503 V1046005 824 08 HEX Mat.! (stringen) or WBId mru -Crack; HPDTP lnslalhtlon impact . Uncontalned angins fai
——— S T PR I NS § e = Holg -> HG fo Tank, Orit. 1 _ S R
TV«BPO.W) PLRY HEX V¥{011.04 8eq 03 V1046.005 Beg 07 HX ;m l(s’:réngnn or Wald Tnm Grack; HPOTP installation Impact Fire, Uncontainad englne failure
- _ I . _ _|Hole->HGfoTank; Crit. 1 I
VA1BUG.088  |HEXEDDY NT TIONg (T T “ViD11.0260q 11 HEX ‘Thin Wiatls from Bragkat Wear, Manuf > Thru Crack, HG Fire, Uncorfainad engine failure
e ) T HEX Bracket Wear -» Thrii-Grack > Hfo
‘Tank, Crit 1; Turn. Vana Cracks -> Loss of Vana Impact MI
_ Ao o _ | Post -> Damage or Crit 1. -
PLRU HEX HPOTP Installation Impact Hols -> HE fo Tank; Crit. 7~
" V4TBUDO75 A PKSC V101,02 Seq 08 TURBOPUMPS Verify no inlat or discharge sheot matal cracking: no nozzle Fire, Uncontained engine failure
cracking or erosion; no blade cracking, platform cracking, or
srosiom; N fishmalith seal cracking or missing pigces; no
. S . _ l2ld cracking. {Al inspecions comploted with [
v418U0.078 [ ¢, BSE TURBOPUMPS Vemy o blads cracking dus 10 previous occurrenoes of airioll Fire, Uncontained engins failure
o __|INSPECTION . R _ L - cracking e
V41BL0.080 HPFTP TURBINE INGPECTION (TIME & PKSC VBEOS Baq 14 TURBOPUMPS Vertty no inlet or dischargs sheet metal cracking including wald Fire, Uncontalned engine faliure
CYCLE) 450 and the turning vanes; 60 nozzie cracking of grosion; no
blade cracking, piatform cracking, or eroslon; no fishmouth
I R oo I » _ _ . | seal eracking or missing plu{s._nu_bo![wts shieldcrackngvia {0
V418U0.087 HPFTP BELLOWS HEIGHT VERIF PLRU HPFTP V5E06 088U 2 e to provide proper pmlnan onthe Fite, Uncontained engina fajlure
bellows atinstallation, fncorporated 45 a result af  pravious
S R, N L L o _ . falfors of the betiows. e
V41080.050-A E1 HPFTP TURBINE BEARING DRYING EXSC HRFTP V011,81 8ag 03 VG018.002 Saq 04 V1038VL.2 §ag 07 Ensure all moisfure ls removed from the bearing area after a testAfight Firs, Uncontalned engins fallure
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIPTION OMRSD Component OPF OMI's ENGINE SHOP VAB/PAD OMI's OTHER OM!'s RT OMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Cause Categories
__NUMBER _| (V41 FILE Il DATED §/15/95) EFFECTIVITY o OMI's ] CODE _ T
Va1BU0390-A |E1 LPFD OVALITY CHECK F ) Lines/Ducts V1011.02 Seq 10 V9018.002 Seq 10 DUCTS Contingancy test performed only when the LPFD hellum barrfer]  Fire, Uncontained engine foiiure

systom has been damaged. Object is fo detect potential duct
collapse or separation from the layer of Insulation by measuring|
IO R S R T I I L mamundnassolmwnd.\iﬁ
“TVAIBUDAG0 | PERFORM LPFD XRAY INSPECTION F ) Lines/Discis TBD oucTs ribngency reqmit preformed only when the ovality check Fire, Uncontained engine failure

lndlmoa that some damage or collapse has oecumred in the
LPFD. The cross secton is X-rayed in an sttempt to verlfy _

EKSC, Rl PLRU HPOTP VBEOZ Seq 25 TURBOPUMPS Repiacod by V41B50.040-A o
E 7 |HPOTR_ T 3! VEED2 S0q 25 TURBOPUMPS | Replaced by VA1BS0.042
ssms LPFD TRIPOD LEGS INSPEGTION | DCE - Lines/Ducts TBD e DUCTS  |Perlormed to Insure LPFD structural integrity. |nspeetltm is
| performed i post flight dals evalustion reveals HI
B S i - unacceptable synchronous frequencles. . o
‘ Fya‘sﬁ?&%’!&cx Il HPOTP INTERNAL PKSC, NRAT HPOTP V1011.02 Seq 08 TURBOPUMPS No HPOTP/AT Intemal inspections were mads during

ication. Inspections of the turbine, mainstage pump and
PBP Inlats, and all three bearings have been added only
and because

- TURBOPUMES
TURBOPUMPS i o . onisined
V10 0g 77 L TURBOPUMPS ~ | e, Uncontained
Vi011.01 Seq 03 V018,002 Seq 04 TURBOPUMPS Veﬂfy i molstura is removed from the besring aree Fire, Uncontained engine failure
V101103 8eq04 | T ) TURBOPUMPS ~ i If the sp Fire, Uncontained engine faiiure

exceeded - tomue chock fnllum gensrally Im-oﬂ seal blndlngnf

I L _.__ . _. .|tebyesal - copper plating ub [
VBE23 TURBOPUMPS Done ko enisure rotor Is rat bound up priar to atert — concarn | Fire, Uncontalned enginie fallie

over contamination i high and also start characteristics if rotor

s slow to spin - contamination has been found that bound the

rotor end baaring wind-up can 8lso routinely causes failure of

"v1011.08 Seq 05 TURBOPUMPS | Performed to free the rotar if pon!ble - doneoniy i needed — | Fire, Uncontained engine fallurm
o _7 o N must make torque retumn to nor lue of pumpis removed | o
_fwote | V101103Seq05 | VBE23 TURBOPUMPS | Bearing wear on LPOTP thrust beaﬂ w3t be monitored Fire, Uncontalned er .
Wsin injochor V1011.02 Seq 0B COMBUSTION LOX Poat integrily check - impacted or Delected Post Flugged | | Fire, Unconlsined engine failire
& Plug Damausd -> Loss of Plug, Increase Damage to Post >
Loss of Post, G -
Main Injector V101102 Seq 04 COMBUSTION Undsr Bl (wm) -> Flow Erosion MCC HIG Wall -> Repalror | Fire, Unconiained engine fallure
- ot o A ORI S, F, N Leak: Under Blas - Combustion Parformancs Loss
V41BG0.165 | MCC ISOLATION LEAK TEST F MGG V254,003 Seq 06 COMBLSTION g:‘L sl gam;: @ Lner A% > Ropai, UAI Performance Loss; Fire, Uncontained engire failure
I N - _ Giit1 I[inorease. RS
T V41BQ0.240-A ' |E1 MCC LINER CAVITY DECAY CHECK | EKSC, LRU MCC V1204.003 Seq 05 COMBUSTION Burst Digphragm Damegs, ntornal Liner o Structure Thru- | Firs, Uncontained éngin failure
VédiBuo.oa1a |E1 Mcc BONDLINE ULTRASONIC EKSC MCC V1011.02 Seq 05 V1038VL2 Seq 08 COMBUSTION lntemal Debonds -> Emplosion, Crit 1; Extemal Lesk, UAI fo Fire, Uncontalned englne faiiure
V5E0B Seq 12 COMBUSTION lnapm whon HPFTP Removed " 7 7|7 Fire, Uncontained engine failurs
o T VBEDZSeqid | COMBUSTIGN | Inspect when HPOTP Removed ~Fire, Uncontained engine fallure
MCCNozle' V1200041 56q08 |~ Vi04B.004 Seq 04 VI038VL2 Soq 08 COMBUSTION Cold or Hot Wall Thru-Crack; Degraded Liner Mat.| or Bebond!  Fire, Uncontained engine faliuns

> Repair; UAI Performanca Loss; Crit 3 to Crit 1 if Increase. ff
no action required then data used to adjust engine performance|

nspec “Fire, Uncontained englne fallure
OMBUS 3 Inspoct Fire, Uncontalned engina faliure |
COMBUSTION =~ | Damaged Posts Pinned, Loss of Pins - increase Damageto | Fire, Uncontained engine failure
Post -> Loss of Post Into Turbine, Crit- 1 or Intemal Leakage ->!
Overheat Turblne, Crit. 1 _ . L
Dameged Posts Pinnad, Loss of Fins - > incroase Damst Fire, Unconialned engine faliure
Pest->PIugPost&UseurLosso'PosﬂmnTurbine.CnL 1or
R . _ . |internal Leakage Overhest Turbine, Crit. 1
FPB INJECTOR OXID POSTS INSP T Preburmer V5EQS Seq 12 COMBUSTION Damaged Posts Pinned, Loss of Pins > Increase Damage to Fire, Uncontained englne fallura
Post > Plug Post & Use or Loss of Post Into Turbine, Crit. 1or
ms Leek&ge Overheat Turbine, Crit. 1

" ViDiil058eq 08 V1046.004 Seq 08 TION | Deg ime d englr O
COMBUSTION Gald ar Hot Wall Thru-Crack iike Cruwn Erosion, Brazeless Fire, Unconialried engine faiiure
I I e ~ . TubeEndsaRapalrUAlPednnnaneeLnsa Crit3to Crit 14
Vi019.02 Seq 08 VI036VL.2 Soq 08 Erosed Tube Crawns => Leakage up io Gri 1: Tuba Bulges = | Fire, Uncontained engine faituro
Trip HG Flow or Shock Wave > Dyn. Destruction N2, Crit 1; Re|
[ I I o N 7_ amryAnnsallng <> Mat'l by tion, Burst -> Crit. 1 .
Vi0i1.025eq05 V1038VL2 Seq 08 GOMBUSTION Erosad Tubo Crowns -> Lealmge up to Crii 1; Tube Buiges > | Fire, Unconteined engine fallura
Trip HG FluworShock 'ave > Dyn. Destruction NZ. Crit 1 Rel
__entry Annealing > Mat:1 D Burst > Crt. 1
__|tnspe n HPFTP Removed Flre, Uncontsined engine failure
inspect when HPOTP Removed - "~ Fire, Uncontained engine fallure
B COMBUSTION Inspoct whon HPFTF Remrioved Fire, Uncontained engine failure
COMBUSTION i " Fire, Uncontained engine faiiure
COMBUSTION fallre ~

V41800085 |

[ Prebumer *

T VA15UD.088 | SSME EUEL P8 INJEGTOR ELEMENT INSP. WSE T T |Prebumer T CoFeo T TR COMBUSTION'
(IF ONE OR MORE PINS FOUND MISSING)

V41BU0.105

Va1BU0570 |FPB DIFFUSER INSPECTION  |BCE Bl . [ . :

COMBUSTION mt parformad to inspect for cracks n FPE Flre, Uncontsined engine faliure

dlﬁuun Thls raqmt will be invoked only if date evalustion of

I K . DY DU R N L _|HPFTP turbine discharge temp deems it nwy ] i
V41BUD.032 |OPB FACEPLATE FLATNESS CHECKS DCE Preburner COMBUSTION |msarily check after “POR* . "POP* Damage , B Fire, Uncontained engine failura

Indication of Braze Cracks < Loss of Element Inm Tumlne, Crit

1; of intomat Leakage -> Overfieat Turbine, Crit. 1

Va1BLI0040-A |E1 COMPONENTS INTERNAL INSPECTION Systom | Vitii.02 5eq 08 | T . dBf“mmp: rlyllipecﬂon of accessible engine aress wiliout | Fire, Uncontalned engine falire
158 omt
""VAICEDD20-A |E1 ENVIR GLOSURE INSTALLATION | EKSC " System T s0028Seqie | 7T 7 50026 Insurs that LPFD helium barrier systam is funcional to preciudd  Fire, Uncontained engine faiiure
cnlrlamplng in the event of a launch scrub which can lead toa
collay
) Periodic (very 10 starts).” To verlfy that the RIV shaft seals Fire, Uncontained engine fallure
N maitain override opening Ppressure within the RIV. _
V1048.005 Seq 05 .
V1046.005 Seq 05 .
) N _ 1046.006 Seq 04 V1011.06 Seq 03 VEE17 Seq 09 | vaiverse integrity Check = """ "1™ ~
V41BQ0.171 Vi L ISO TE: R N Isolation check i the V41BQ0.170-A leakage iimits are Flm. Unconteined snalna falire
| "VA1BRO.030-A__|E1AFV CRACKING PRESSURE TEST [EKSC,IRU__~_—~ Velves V1011.04 Seq 07 ___{Verify proper AFV operafion - Crit 1 Fire, Uncontained engins failure
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESGRIPTION OMRED Component OPF OMI's | ENGINE SHOP | VAB/PAD OMI's | OTHER OMI's RT OMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Causg Categories
NUMBER | (Va1 FILE I DATED 9/15/95) |  EFFECTIVITY ) oMI's CODE o B
V41BU0.220-A |AFV FILTER INSPECTIONS A Valves Vi011.04 POSU S V1294.002 POSU 6 V1046.005 POSU 2 Cor:l‘;;nll:,atl:n ehﬁck o Sﬂy that fitter is not uluggad which Fire, Uncontained engine fallure
| | JEOR SR S I - . .| could laad to g collapse 18 H U S S
VA1BUO.220-D | AFV FILTER REPLACEMENT A Valves V1011.04 Soq 07 V1046.005 Seq 05 V5005 POSU 3 V5087 Task 28 Oon!ar:al:alion check tum "IBI filtor s ot pluggad which Fire, Uncontained engine failure
S — e e N NS S e L A could lead to a collapes o A e
V41BQO.010-A |E1 FUEL TP LIO/MFV BALL SEAL LK TEST |EKSC, ER HPFTP, LPFTP, MFV V1011.05 Seq 05 V1294.007 Seq 03 V1046.002 Seq 03 Verify no LPFTP or HPFTF iiftoff seal carbon nosa leakage o Hazardous gas bulldup

main fuel vaive ball seal leskage. (Fuel systemn pressurized,
R I . measure leakage Into hot gas system)

L . Isolation check Ifthe V41BQ0.010-A feakege limits are
V1011.05S6q 05 | V1264.005 Seq 03 V1046.002 Seq 06 Verify no LPFTP or HPFTP large dlameter secondary seal
leakage or Naflox or MFV Jeakage (Fuel system pressurizad,
A of the fus! component drain)
V1011.05 Seq 05 V1284.005 Seq 03 V1046.002 Seq 08 fsolation check if the V41B(0.020-A leakage limits are _ Hmvﬂnus nBs Mllldup
V1011.05 Seq 09 V1294.005 Seq 08 V1046.004 Seq 04 'Verify no LPFTP or HPFTP small dlameter secondary seal Hazardous gas bulidup

leakage or other systam leakages {Hot gas system pressurized,|
.| measure leakage out of the fusl component draln)

V101103 Seq 08 | V5EG2 Seq25 ) ' TURBOPUMPS

11.09 qu 06| " VBE028eq25 TURBOPUMPS

S _ .| ctation check ifthe V4TBO0.050-A leakaga imitsoro_ azardous ges buidup
V1014, 05 Seq 08 V1294.005 Seq 06 V1046.004 Seq 04 Venify no reverse LPFTP or HPFTP carbon nose leakage (Hot Hazardous gas buildup
pas system pressurized, measure leakage into fue! system)
Incorporated when the pump end to turbine end leak check did
not detect existing carbon nosa lsakago.

Isolation check if the V415(30.052+A leakage iimits ary

R 11.05 Seq ( - V1046.002 Seq 05 VslvaLeakagtaChsek R I S
V1011.02 Seq 04 Handiing Demage, Clesrence Checks, Looss Spof Welds onor
S - . L (MelledTPS _______ S
V1011.02 Seq 04 aandllnu Damage, Clearence Checks, Loose Spot Welds onor |
| VAibao.0sz __|FUEL BLEED VALVE BELLOW: - fVaives T T T VAOH 8 Seq 10 | VAZ04005 Seq 03 | VIDAGG0 - | |LRU-Removasnd roplace voritcation ___ Hazerdousgasbulidup |
V41BUD.0A1-8~ |E2ZMCC Eg#DLINE ULTRASONIC EKSC V1011.02 Seq 05 V1038VL2 Soq 08 COMBUSTION ‘I:l;;emal Debonds -> Emplosion, Crit 1; External Leak, UATTo |
{NSPECTION ek - PV |- . IS
FVﬁeuo.osw €3 Mcc BONDLINE ULTRASONIC EKSC [ V1571.02 Saq 05 Vi038VL2 Seq 08 COMBUSTION tl:nmmal Debonds -> Emplosion, Crit 4; Extemal Leak, UAlto
V4180034 gxp: p_LgED VALVE BELLOWS LEAKTEST [IRU 7 "IVahes 7 TI"Vi011058eq 11 | V1294.006 Seq 03 V1048.003 Seq 09 . |LRU-Remove and repisco vedficaton " | Hezardous gas bulldup
“VA1BSO E1 HPFTP TORQUE TEST A, RI,PLRU HPFTP V1011.03 Seq 09| V5E0G 0SSU 1 'TURBOPUMPS Vartty the rotor s free to rofate pﬂw to lasﬂrlg improper start, Ox rich resulting in
O S U - _ . o o angne fire
V41880021 | HPFTP INVESTIGATIVE TORQUE F HPFTP V1011.03 Seq 08 VBEQE OSSU 1 " TURBOPUMPS chacik ¥ th fimits aro improper start, Ox gd‘n resuitingin
N— N SO U e B - excosbed_ _ ] _engnefie
V41AL0.010-A |E1 GIMBAL ELECTRICAL BONDING TEST |LER Avionlca V5005 Seq 08 AVIONICS Verifies proper electrical grounding conditions exist betwaen Unschedulad Malntenanca Action o
the SSME gimbal bearing and the orbiter structure. Test Launch Delay
S DU SRR . e . o e | performed each me the bonding straps ere distutbed. _
VA1ALO.020-A |E1 ELECTRICAL INTERFACE PANEL ~ ILER Avionica V5005 Seq 08 AVIONICS Verifies proper elecirical grounding conditions axist between Unscheduled Maintanance Action or
BONDING TE? the SSME electrical Interface panel and the orblter structure. Delay
[ R [ I (R S N . . . . . __|Testparformed each time the bonding straps sre disturbed. |
VA1AL0.030-A | E1 SSMETVC ELECTRICAL BONDING. A LER Avionics. S4287 OSSU 3 AVIONICS Verilies proper elecirical gmund]ng condilions exist between Unscheduled Malntenance Action or
TEST the SSME TVC actuator atiach points and the orbiter structure. Launch Delay
. R T _ e _ o _ Test performed each time the bonding straps sredisturbed. |~
V41AN0.010-A | E1 SSME CONTROLLER POWER A, Avionics V8001VL4 Seq 02 |AVIONICS Defines the proper sequencing of cockpit switches for Unscheduled Malntenance Action or
APPLICATION application of SSME controfler power s well s the values of Launch Delay
the monftored responses. Identifles the constralats for cooling
IR, N S P B - R _ . ._|@rendPACOSpower. _ __ _________ —
" V41AN0.020-A '|E1AC POWER REDUNDANGY A ER Avionics. V1048001 Seq 04 VII0IVLA Seq 02 | AVIONICS Provides for SSME AC power re whie | U Action or
o ._____|VERIFICATION . . I s - L ,, controligrs are under power load. _ _ ___ taunch Delay.
V41ANQ.022-A  [E1 CONTROLLER POWER SUPPLY ALRU Avionics V1011.06 Seq 02 V1284.002 Seq 08 V1046.001 Seq 04 V9001VLd Seq 09 | AVIONICS Performs a redundancy verification of ihe SSME eommller | Unscheduled Malntenancs Action or
REDUNDANCY VERI power supplies. Gontroller channels ASC and B! Launch Delay

wverified. This procedure also verifles the bsukup smn
power is functional and varifies the AC supplisd +10 V

V41ANC.023-A |E1 CONTROLLER 28V MEMORY TEST LRU i Avionics V1204.002 $aq 03 AVIONICS Verifies the capabillty of the : C and battery systems ans|  Unscheduled Maintenance Action or
O SO S F ST S SR _ _ .. ._.holding up the controlier memory. ) Launch Delay
V41ANO.035-A ‘E::‘ %#M&NDED CONTROLLER A, ER,LRU Avlonica V1204.002 Seq 07 V1048.001 Seq 04 V9001V14 Seq 09 | AVIONICS 1 Controlior Changeout Verification. Findtional hardware and UnsmeduleLdn Mairtananca Acton or
JeWeckouy L. .. . - I re checkout. . Delay
| V&1zA0010 | SSME HARNESS REPLAGEMENT RETEST |LRU Avionics V5EE Seq 27 AVIONICS ofines the continuily and insulstion rosistance tests tobe |~ Unscheduied Maintenance Action o
| S S S [ P, - - R SO ... |performpdon any replacement hamess Installed onanengine | teunchDelay |
VIZAR0G20-A |EIU Y READINESS TEST ARG Aviorics V3001VL4 Seq 02 AVIONICS Unscheduled M{mwnnm Action o
U
VA1AL0.060-A 4 E1 GIMBAL BEARING SENSOR o Instrumentaiton o ’ B VA04B 004 Seq 12 V9001VLe Seq 02 | AVIONICS” instrumeniation integiity checkout | Unacheduied Maintenance Action of
| _|CHANNELIZATION VERIF [ R R N i . i i S R unch Dele: _
VATAUD.OSDA |E1 POST-FLT STRAIN GAGE CHECKOUT  [A, EKSC instrumentaiton V1011.02Seq 04 AVIONICS Part of this chack is Weid #3 Strain Gage checkout — neededto| Unschedufed Mainanacs Actcn or
. . . . N - .[ansure glectrical continulty of gege after bond Js assured | unchDelay |
V41AU0.080-D | ET POST-FLIGHT SENSOR CHEC VI001VLE Seq 02 |AVIONICS Instrumentation ntegrity checkout uﬂsmmumga Mael;'lts&anea ‘Action or
B . S S, R I T el R unch Detay _
12 . \% ';.1[905 1lgllgmuMENTATloN Instrumentation V1046.001 Seq 13 V001VLA Seq 02 | AVIONICS Instrumentation (ntegrity checkout “Unscheduted le:'mnanea Action or
ICA Deley
VATAUD.GZ0-A |E1SKIN TEMP CHANNELIZATION sﬁ LRU o instrumentation Vi011.06 8eq 06 | Vizhd.00z POSU 11 V1045.001 Seq 13 AVIONICS instrumantation integrity checkout Unschadui:: Malnﬁ;:lsnce ‘Adtion or
[VERIFICATIO! I [ I L o o unch Delay
VATAUDGA2-A |E1HPOTP s'nwu 'GAGE DEBOND TEST | Instrumentation VEE02S0q 27 & AVIONICS Weld #3 Strain gage in place to dafect Uneven bearing weer— | “Unscheduled Maintenance Action or
] S | w2es002 [ . ____. . . .___|deband test needed to ensure acceptabladatzonnextfight |  launchDelay
VaTAPO.0Z0-A | E1 MFVA PRIHEATER POWER ON T Valves AVIONICS Changeout Verification Unsthaduled Maintenance Aciion or
_  _Jeowwawo " | | Tl I L _J " Launch Delay
VA1APDGZ0-D |E1 MFVA SEC HEATER PGWER ON T Vaivas AVIOHics Changeout Verfication Unecheduled Malntonande Action o
COMMANI I I . U taunchDelay |
VA1BUD.35° McC V103812 Seq 08 COMBUSTION & Liner Roughness from Intense Environ. > Erosion -> | Unscheduled Maintenance Action or
I U R A . e - — Le«knaev Performance Loss . ___Performance loss
V4iBUG.352A |E1 PRELAUNCH MCC LINER POLISHING  |A McE $i287 0SSU'® coMBUSTION Remove Surface Oxiditation - Eroslon = Leskage, | Unscheduled Maintenance Action or
e | . - | __| Performanca Loss Performance loss
VA1BU0.0%5 ~ |HGM FUEL SIDE DYE PEN INSP (PHASE 1) | 7€ Powerhoad V6D Seq 12 GOMBUSTION Liner Matl & Transfer Tubs Weld Thru-Cracks -> By-pass Fiow| Unscheduid Maintenance Astion or
O S _ . - . , \Performanceloss o Perfiormanteloss
V41BU0098  |HGM OXID SIDE DYE PEN INSP (PRASE Il | TG Powerhead V5ED2 Seq 14 GOMBUSTION Liner Mal1 & LTransrar Tube Weid Thru-Gracks > By-pass Fiow Unsdxedlgat:' Maintensnoo Action or
os8 arformance loss.
VAI1BUG.087 HGM FUEL SIDE DYE PEN INSP (PHASE [T T | VBE0B Seq 12 ) COMBUSTION ™ ~[Liner Mat | & Transfer Tube Weid Thru-Cracks - By-pass Fiow] Unscheduied Malnienance Action or
S S . S v | . s o ...|Performance Loss Performance loss
Va1BU.558 HGM GXib SIE GVE PEN INSP (PHASE 1) 1C Powerhead VEED2 Seq 14 COMBUSTION Uuar Mau & Transfer Tube Weid Thru-Gracks -> By-pass Fiow| Unscheduled Maintenence Action or

R _ N R B . . Performenceloss
LRU Avionics NO00IViA Seq 02 AVIONICS

SME 1/EWU 1

A
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Table 8. Engine requirements database (Continued).

I — _— e .
Component 'OPF OMI's ENGINE SHOP VABI/PAD OMI's OTHER OMI's RT OMi's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Cause Categorles
oMrI's CODE i
N . o VS001VLY Seq 02 AVIONICS T
N B SO017VL13 Seq 42 AVIONICS
B ) B VB001VL4 Seq 02 AVIONICS
Hoat Snisld $1287 Seq 04 HEAT SHIELD
| Heat Shisid . V4140018 o . ) HEAT SHIELD
Lines/Ducts V1284.002 Seq 18 V1046.001 Seq 13 HYDRAULIC
" |Unesiucis T V9002.06 Seg 03 HYDRAULICS ™~
VEBAGO.121-8 Uinesfucts e o V9002.06 Seq 03 HYDRAULICS
[~ VBBAGO.AZZ-A | Lnes/Ducts - o T - V8002.06 Seq 03 HYDRAULICS ~ |
) T B Unes/Ducis o ~ V9002.08 Soq 08 HYDRAULCS | © " )
VATCBO.0BO-A | E1 MGC INJEGTOR INSPECTION B 7; mMeeT T vioiiai | POSUS | V1284.008 Seq 02 V1038VL2 Seq 08 | comausTION H20or Contsmmgn} n ngusnc Cavities -
VATCBO.OGS-A |E2 SSME NOZZLE BUMPER Nozio T 7|7 S0038eqid | o 50028 VI038VL2 Seq 14 |COMBUSTION unmu Protactive Bumpers for Ground Transport prior i 575 |
. _nstAuawON o I L Stack > Aft Manifold Impact, Thm—Crsck -»legkagotoor [
VA1BQO.G80-A | E1 PCA FUEL SIDE iNTERNAL LEAK TEST 3 FCA VA011.058eq12 | V1264.002Seq 10 V1046.006 Seq 04 V1011.08 Seq 08 Combined tast
PAV vent port saal is not Ieaklng beyond acceptable lnits.
_____ I R . . - R o Also chacks fuel purge and bleed vave solencids endfusl |
| VATBQO.061-A |E1 PCA LOZ SIDE INTMHPV STISET SLLKG | EXSC, LALY PCA V1011.0580q12 | V/1284.002 Seq 10 V1048.008 Seq 04 V1011.08 Seq 03 Combined test demonstrates that the emergency shufdown
sotenoid vent port seaf is nm feaking beyond awaplxhle fimits.
) Also the HPV poppet and —_— B .
_.|FCA | R R, L N D, . ... __._|Performedonly
S0, o Paeumatios Vi011.0650q04 |~ VA204.002 Seq 11 V1048.001 Seq 06 ENGINE Planned Prefligh Checkout o
T VaTBUO.O7IA |Ef PNEUMATIC VENT FLANGE [TG.RU " 7 " lPreumates” T~ [T . TTViZi4002Seq 10 T | Fiow Verification - T T
... |VERIFICATION _ 5 - - D, O DU —_
VA1BLO.OID-A | E{ COMPONENTS EXTERNAL INSPECTION| EKSG Systom V101102 Seq 08 Handlln.,g_P Dsamsgs. Ciearence Checks, Loose Spat Weids onor
ST : . - MeitesTPS S e
B _|Bystem Vid11628sq04 | ) o o i
Systom T 51287 Seq 06 V8018.002 Seq 07 oucrs | " )
Systom vwsasoq %
B B o
_ | E1 SSME-TO-EMHS CLEARANCE CHECK Systom HEAT SHIELD R S e
E{ PREPS FOR OPF ROLLOUT Systom Verifies that the ngine Is configured for tansier from
| TVC achsator locks mstraln engine movements and covers
T I R I SR I . . R ___.|protect against contamination ]
Va1BW3.034 | INSTL SSME STORAGE/SHIPFING COVERS| ERS Systom VE0ST Detines the conditions governing use of the subject protective T
N PO SR S — I SR o covers ——_
[GPENING GLOSEOUT COVER EW T | System V5057 . -
L 41CE0.010 | SSME POSITONING POSTLANDING _|pLCL 7 Systom . . o $0026 | Miimizo rain of ather contaminants entry inio ihe nozie
V4ICBO.GIZA |E1 an BARRIER SYS INSPECTION POST  |EXSC Syatom T vi2g3Seq 04 . 'V8018.002 Soq 07 V1038VL2 Seq 06 DUCTS 7 |Verily Bag Intact T
) | Syatom X A V103BVL2 Seq 06 ) . - . P Fy
System V1294.008 Sog 04 COMBUSTION Controls the criteria tised to perform englne drying operations

following each flight. Pressures, temperatures, minlmurm

. I . s .. _{@urations and configuretions am defined

System V1294008 Seq 04 COMBUSTION Controis the criteria used to perform engine drying operations
following each fight. Pressures, tempersatures, minimum
I . durations and configurations sra: deﬁnsd

Systom : 1 Vi294,008 Seq 05 COMBUSTION ~  |Requires a verification of dryness, defined by a maxi - o "
moisture criteria. to be performed following completion of drying
Systems VIO11.0850q08 |  Vi204.002 Seq 13 V1046001 Seq 08 ENGINE Planned Proflight Chackout
EKSC, ER, LRU ’ -

Systems V1011.08 Seq08 |  V1294.002 Seq 19 V1046.001 Seq 13 ENGINE - Plenmdpmnlgmchm.t . A

ST < P - . o
“|eksC.er,TRU V161106 Seq 6 | * Vi284002 Seq 12 V1046.001 Seq 07 ENGINE Planned Preflight Ch

T|ERSC.i Vi0T1.0550q08 |~ V1204012 8eq 04 V1048.004 Seq 04 V1294.005 Seq 06 : Check Valve Failure - Gontamination; S18.55 abort
| mesT I PSS R L N _[Investigation risk mitigation S
VA1BGG.04T | OXIDIZER PROP VLVE/IPRG CIV IGOLATIONF Viives V1394.012 Seq 04 fsciaion crsk f e V' BGO.040-A Teakage iimits are

" viz2d4.007S0q03 | Vi046.003Seq04

V1045.003 Seq 08
V1046003 Seq 06
V1046.003 Seq 06

VEE17 Seq 09 o s}s@pgy} Loop Command

VEE18 " "{Sets Open Loop
51287 0SSU B Finl iook before fsunch

" ViZ204.00250q14

~V41BLO.5T0-A | ET AFT CLOSEGUT INSPECTION L
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Table 8. Engine requirements

database (Continued).

OMRSD OMRSD DESCAIPTION OMASD Component OPF OMI's ENGINE SHOP VAB/PAD OMI's OTHER OMI's RT OMI's SUBSYSTEM OMASD RATIONALE/ROOT CAUSES Root Canse Categories
NUMBE (V41 FILE Il DATED EFFECTIVITY ome £ODE
R SH595) ]

V41BLO.050 SSME WELD 22 & 24 LEAK CHECK PKSC, NRAT HPOTP V1041.05 Saq 07 V1284.007 Seq (4 V1046.003 Seq 07 Due to poor pracessing, HPOTP balance cavity standoff Aft Compartment
weids are leak chacked -- No jeaks evar verified, but lack overprassurization or fire
of weld penetration up to 90% has been found on these
welds. Standoffe have beon suspacted of leaking and
caussd retum to Canoga

V418L0.060-4 E1 HROTP PLUG WELD LEAK CHECK PRST, NRAT HPOTP V1011.05 Seq 08 V1284.004 Saq 04 V1046.004 Soq 64 ¥1294.005 Seq 07 Plug weld laak occurrad on a ualt -~ Concarn over thase Aft Compartment
walds Iseking either Gox/Helium/Hat gas Into boattall ~ overpressurization or fire
therefore alt extemnal plug welds on tha housing are
checked

V41AX0.020-A E1LO2FEED (JOINT O1) VFLK CK ER, PR, OMDP Lines/Ducts V1011.05 Seq 07 V146,003 507 05 DucTs Ensura joint integrity of LPOTP to pump Infet ducting AR Compartment
after engina is installed overpressurization or firg

VA1AXD.020-8 E1 LH2 FEED ({OMT F1) UF LK CK ER, PR, OMDP LinowBucts V1011.0550q 05 V1046.002 52q 04 nucts inti AR Comparmant
Verily pump inlat joint integrity aftar instaling tha LPFTF ovarprassurization o fire

VATAXD.020-C E1 GH2 PRESS (JOINT F3.3) IFF X CK. ER. PR, OMBP Lines/Ducts V1011.05 Seq 09 V1045.004 Saq 04 DucTS Joint Integrity Post Engine Instaliation At Gompmmlm"

e

V41AX0.020-D €102 BLEED {JOINT O15) UF LK CK £R. PR, OMOP Linea/Dusts. Y4011.05 Seq 07 ViB46035eq 05 bucTs Joint Intagrity Past Engine installation Aft Compartmant

fire

V41AX0.020-E Et LH2 BLEED (JOINT F4.3) UF LK CK ER, PR, OMDP Lines/Ducts. V1011.05 Seq 05 V1046.002529 04 pucts Joint Intsgeity Post Engine Instellation Aft Compartment

fire

VEIARD.020F 1 HELIUM {ODINT P1) VF LK CR ER, PR, OMDP LinewDucts V1011.05 Soq 12 V1046.001 569 05 VI046.006 Seq 04 0ucTS Joint Integrity Post Engine instaliation Aft Gompartmant

fie

VATAX0.020-G E1 GN2 (JOINT N1} VF LK CK &8, PR, OMDP Lines/Ducts VIt49 8 15 V1046.006 Seq 03 BUCTS Joint trtegrity Post Engine Instaiation Alt Compartment

& fira

VA1AX0.020-H €1 HYD - PRESS (JOINT H1) IF LK CK ER, PR, OMDP Lines/Ducts VSE17 Seq 08 VSE18 V9002.06 Seq 05 ucTS Joint Irtegrity Post Engine Installation At Compartment

overprassurization or firs

VA14X0.020-1 E1 HYD - RETURN (JOINT H17) UF LK €K ER, PR, OMDP Linss/Ducts VSE17 50009 VEEIR ¥3002.05 Sea 05 oueTs Jolrt tntageity Post Englne dnstallation Aft Compariment

fire

VA1AXD.050-A E£1 602 ORB/SSME INTERFACE FLANGE AR Lines/Ducts V1046.005 55q05 DUCTS Joint Integrity Post Engine Installation Aft Compartment

LEAK CHECK zation ot fire

V418L0.031 SSME ENCAPSULATION POWER HO LEAK €K EKSCLER Powsrheed 1294007 Seq 04 ENGINE Systam feak Integrity chack for l2unch - Mat. | or Weld Aft Compartment
Thru-Crack; Seal not Seated -> Crit. 1 I fire

V41BL0032 SSME ENCAPSULATION FUEL SYS 150 TEST F System V1294.007 Seq 04 ENGINE Systam leak Integrity chack for fatnch - Mat.'| or Weld At Compartment
Thiu-Cratk, Soa) not Swated > Crk. 1 fire

VATBLODR 3SME ENGAPSULATION OXID SYS ISG TEST F System V1294.007 Seq 04 ENGINE Systom leak Integriy check for faunch - Mat."| or Weld AR Compartmerd
Thru-Crack; Seal not Seated -> Crit. 1 overps firs

V41BL0.034 SSME ENCAPSULATION HOT GAS SYS 150 TEST F Systam V1284.007 Seq 04 ENGINE System leak Integriy check for launch - Mat. i ot Wald AR Comp:

Thru-Grack; Ssal not Seated -> Crit. 1 averpressuiization or fire

V41BPO.010-A £1 GOAGOV EXT LK CK & ORIFICE VERIF EKSC, | Vaives V1011.04 Saq 07 V1284.002 Seq 17 V1046.005 50q 05 V1294.006 Seq 05 Establiahes leak test of all gasaous oxygen system joints Aft Compartment
from the AFV to tha artster intorface an an sach fiight basis. ‘ovarpresaurization or fir

VMAQO.0I0-A E1 SENSOR CHECKOUT EKSC, ER, LRU Instrumartation V1011.06 Seq 02 V{204,002 Saq 06 V1046.001 S1q 04 VB0O1VLA Seq 02 AVIONICS Prannsd Preflight Checkout Erraneous shutdown, loss of vehicle
iALOBA  |E1 AR Instrumaration VID46.001 S1q.04 VB001VLA Seq 02 AVIONICS Tostrumeatation [ntagety chacknat Erroneous shutdown, s of vahicls

VAIBUD.250-A | E SENSOR IR VERIFICATIONS EKSC, LRU Instremantation V101,02 Saq 07 Functional chieck of each furbina discharge temp Eroneous shutdow, less of vehicle

VA1BPO.020-A E1 HEX COIL LEAX TEST A, EKSC, PLARU HEX V1011.04 Seq 02 V1294.000 Seq 03 VAB4E.005 Seq 06 HEX Mat.'l (siringer) or Weld Thru-Crack; HPOTP Installetion Fire, Uncontalned engina tailure
impact Hole -> HG to Tank; Crit. 1

V418P0.020 SSME HEX COIL PROOF TEST PLRU HEX Vi011.04 Saq 03 V1284.003 Seq 4 V1046.005 Seq 07 HEX Mat. T (stringer) or Weid Thru-Grack; HPOTP Instaliation Fire, Uncontained enging fallure
Impact Hole -> HE to Tank, Crit, {

VA1BU0.086 HEX £0DY CURRENT (NSPECTIONS (TIME & CYCLE) )7C HEX V011,02 Seq 11 HEX Thin WEU‘B ﬁ.‘rom Bracket Wear, Manuf -> Thru-Grack, HG. Fire, Uncontained engine faliure

o to Tank, Crt, 1

VA1BUO.1S HEAT EXCHANGER INSPECTION T HEX VSE02 Seq 14 HEX Visibla impact Damage, Bracket Waar -» Thru-Grak -> HG Fire, Uncontained engine tallure
o Tank, Crit 1; Turn, Vane Cracks -> Los of Vane impact
M) Post -> Damags or Crit 1.

VA1BUO.125 HEX VISUAL INSPECTION PLRU HEX VSED2 Seq 12 HEX HPOTP installation impact Hola -> HG to Tani Grit. 1 Fira, Uncontained enging faltura

VA1BUD.O75-A E1 HPFTP INTERNAL INSPECTION PXSC HRFTP V1011.02 50q 08 TURBOPUMPS. Vestfy a6 iniet or dischargs shoet matal cratidng; no Fire, Uncontalned engine fallure
nozzie cracking or syoston; no blads cracking, platform
cracking, of eroslon; o fishmouth seal cracking or
missing pieces; no tellows shisld cracking. (Al
Inspaciions compiated with turbopump Ins

V418110.079 HPFTP FIRST STAGE BLADE 22X Te, DCE HPETP VSEOB Seq 14 Verity dng due to pravious occurrances of air ofl cracking Fire, Uncontalnad angins fallure

V41BU0.080 'HPFTP TURBINE INSPECTION (YIME & CYCLE) PKSC HPFTP VBEDG Seq 14 TURBDPUNRS Vorify o inlet o tlachargs shast metal cracking Fire, Uncontained engine fallure
insiuding weld 450 and the tusring vanes; no nozze
cracking or erasion; no blada cracklng, platform cracking,
of etoslon; no fishmeuth seal cracking or missing pisces;

1o bellows sl cracking via dy

V41BLD.0BT HPFTP BELL VERIF PLRU HPFIP VBE06 0S5U 2 ty L provide proper Fire, Uncontalned engine fallurs
preioad an the bellaws at instaliation, Incorporated asa
tesul of & pravious aliars of ihe beltows.
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Table 8. Engine requirements database (Continued).

OMRSD
NUMBER

OMRSD DESCRIPTION
(VA1 FILE I ATED
9r15M5)

Compenant

OPF OMi's

ENQINE SHOP
OMi's

VAB/PAD OMI's

DTHER OMi's

RT OMI's

SUBSYSTEM
cope

OMRSD RATIONALE/ROOT CAUSES

Roct Gause Categories

VA1CB0.050-A

E1 HPFTF TURBINE BEARING DRYING

EXSC

HPFTP

VI011.01 Seq 03

V0018.002 Saq 04

V1038VL2 Seq 07

TURBOPUMPS

Ensure all melstura Is ramoved from tho bearing area
aftera testAlight

Fire, Uncontained engine falfure

V41BRD.110-A

E1 HPOTP PRIMARY OXID SEAL LEAK

PKSC, NRAT

HPOTP

V1011.06 Seq 07

V1204,008 Seq 03

¥1046.009 S0q 07

Chacks for excessive leakage of LOX/GOX from the
HPOTP geal - Protects againet excessive flaw
ovarcoming the barrier seal and from having excessive
tankaga loases during the chili down ot the engine. Kl
F seal does wear during opartion.

Fire, Uncontuined engine faflure

V41850.040-A

E1 HPOTP TORQUE TEST

EKSC, RI, PLRU, NRAT

HPOTP

V1011.03 Seq 06

V5ED2 Seq 25

TURBOPUMPS

Done to enaure rotot Is ot bound up priof to start -
concern over contamination if high and also start
characterlatics I rotor Is siow to spin - contemination
has been found around the rotor but only ence enough
to uifact start {rusted P/E bearings)

Fire, Uncontained englne fallurs.

V41B30.042

HPDYP INVESTIGATIVE TORGUE

F, NRAT

HeotP

Vi011.03 Seq 08

VSEQ2 Seq 25

TURBOPUMPS

Done only to run in & kigh torque pump to bring the

V41850.043-A

E1 HPOTP IMPELLER LOCK VERIF

PKSC, PLAY, NRAT

HPOTP

V1011.03 Soq 08

VSED2 Seq 25

torgua value befow epec requiremants

Fire, Uncontained engina failure

Locking n 2 HPOTP PSP impaller
bolt fock during torque testa/spinning of pump for
Inapections. Recurrence contral Ia to only turn the
pump in the bolt tightening direction during (nspectiona.
and to check the lagking festure after a)

Fire, Uncontained englne failure

V41850.045

HPUTP MICROSHAFT TRAVEL

PKSC, NRAT

Heaw®

V1011.03 Seq 06

TURBOPUMPS

|

V41800.110-A

£1 ATD BLOCK 1/l HPOTP
PRIMARY OXID SEAL LEAX TEST

PKSC, NRAT

HPOTP

V1011.05 Seq 07

V1204.006 Seq 03

V1046.003 Seq 07

Turblne bearings have womn very quickly in past -- this
measurement J& to snsure thut the bearings ace st
capable of 1 flight prior to a launch,

Fire. Uncontained angine feflure

‘This feak check was never performed during HPOTR/AT
certification, The data obtained is erratic and I probably

y &
most likely be detectod through torque checks). Itls
currently an OMRSD requirsment

Fire, Uncontained englne falure

V418U0.065-A

E# HPOTP INTERNAL INSPECTION

PKSC, NRAT

HPOTP

V1011.02 Soq 08

TURBOPUMPS

Viual Inspections of turbine hardware (sheetmetsl/
negzles/ biudes) due to cracking and ercaion seen n the
past, of the main pump Inlet / inducer due to cavitation
damage and contamination found in the past, of the PEP
impelier inlot duo to focking Teat

Fite, Uncontained engine feilure

VA1BU0.086-A

E1HPOTP TiP SEAL RETAINER

PKSC, NRAT

HPOTP

TURBOPUMPS

Verifies 15t stage tlp sea) retainer screws have not
rotated. Could lead to blad failuo.

Fire, Uncontained engine fallure

V41BUO.390-A

E1 LPFD OVALITY CHECK

F

Llnes/Ducts

V1011.02 Seq 10

V9018.002 Seq 10

bucTs

Contingency test perfarmed anty when the LPFD helium
barrler system hag bosn damagsd, Objectis fo detect
potential duet collapse o separation from the layer of
insulation by measuring the voundness of the duct.

Fire, Uncontalred eagine fallure

V418U0.400

PERFORM LPFD XAAY INSPECTION

Lines/Ducts

78D

pUcTs

Contingancy reqmt preformed enly when the ovaiity
check indicates that some damage or collapss haa
oteurred In the LPFD. Tha cross section is X-rayed In an
itsmpt to verlfy prosence of damago.

Fire, Uncontuined engins failura

HPQTP/AT TORQUE TEST

V41BUD.405

| HPOY/AT INVESTIGATIVE TORQUE
SSME LPFD TRIPOD LEGS INSPECTION

|HPQTE

¥1511.03 Sea 0§

YHEQ2 $00 25

placed by V418S0,040-A

HPQTP

¥1041,08 §9q 08

VSEO? S0a2§

gplaced by

£lrg,

DCE

Linea/Ducts

T80

I
oucTs

Porformod to insure LPFD structural Integrity.
lospertion I parformed if post flight data evaluation
réveals HPFTP unacceptabla synchronous frequencies.

V41BU0.085-A

E1 ATD BLOCK Wl HPOTR
INTERNAL INSPECTION

PKSC, NRAT

HPOTP

V1011.02Seq 08

TURBOPUMPS

Flrg,
Fire, Uncontalned eagine failure.

No HPOTP/AT Intsrnal Inspections were made during
certification. Inapectlons of the turbine, mainstage
pump and PBP Inlets, and alt three bearings have been
added only becanse the Inspections aren't time.
consuming and because some *human etror” could be

E11; JORQUE TEST

A BLPS)LER PIRL
F

V101103 Seq 04

jerify rotor is free to rotate ptior to testl

VA1BUO.127

HPOTP/AT PBP TIEBOLY LOCK

HPOTP

Vi011.03

TURBOPUMPS

Flza, fallyrg.
Fire, Uncontalned englne fallure

VA1¢B0.085

SSME HPDTR/AT TURBINE BEARING
D

APKSG

¥1011.0? $9092

TURBOPUMPS

fita,

PKSC

HPOTP

ViGi1.01 Seq 63

V1204.008 Seq 04

V8018.002 Soq 04

TURBOPUMPS

Verity sll moisture is removed from the bearing aren

Fire, Uncontainad engine faliure

sftar a teatAlight.

V41850.011

LPFTP TORQUE

E

LPFTP

V1011.03 Seq 04

check if the limite ars
exceeded - torqua check failure generaly ift-off sea!
Hinding or laby sea) - copper plating rub

Fite, Uncontalned englre fallure
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Table 8. Engine requirements database (Continued).

n "
OMASD OMB3D DESCRIPTION OMRSD Component OPFOMI's ENGINE 8HOP VAB/PAD OMI's OTHER OMI's RTOMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Caues Categoriss
NUMBER {v4$ FILE Il DATED EFFECTIVITY oMy CODE
v4ro80,030-4 £ LPOTP TOAOUE TEBT RI,PSI,ER, PLAY eore V101109 Bea 05 veEzs TURBOPUNPE ‘Dona 1o anture rolor ta nat baund up priar to Hhart - Fire, Uncontuined sngine fliure
enven avar EantL RN It Nigh ang also sert
chnractarioticn I rator o alew ta ppin - contamination
o 4aan fount 1hat Bound the cotor and Mearing wind-
up ean yie rautinety caures Tylore of
LPOTP INVERTIGATIVE TORGUE F LaoTe TuRBOPUMPY Partorm e 1o tras the rator it paseibla - Sona anly If Fire, Uncontained anging tallare
201840 -+ munt muke taraue retusn ta pormal valva of
Pimp b removad
VA1980.022.-0 E{ LPOTP 8HAFY TRAVEL A ER.PLAY pote V101163 809 05 stz TURBOPUMPE Sien, Gnconmuinag enging itare
VATERO.S4D-A E1 MAIN (HJEGTOR LOX POST YATUUM oLP Mais Injector V1011.02 89708 LOMBUBTION LOX Post ntegrity shuck - Im pacied or Gatecisd Po Firs, Uncantained angine miiur
aecAv Plugged & Plug Damagad -> Loas of Plag, Incrs
Damags 1 Past -> Lase a1 Paxt, . t
V41800044 E1 MAIK INJEGTOR LOX POBT B1ABIND £ Wi dnjecter EEHEY Y coupuaTION Uncur Bias {cxt) -» Flow Erovlon MEC KIG Wall -» Repale Fire, Unsontaland angine falurs
o Cen. 3 LAK: Undar Blas -> Comdustion Pertormants
Varaae.res MEC (8OLATION LEAK TEBT ; T3 cameusTian 411 Dabune © Liner AlN > Aepalc UA) Partrmance Fire, Uncontained emgine eilurs
Lows; Grit 310 et I ingre
VA1800.240-4 €1 MGC LINER CAVITY DECAY CHECK EXRC, LAY woe Vi204,003 8ug 05 COMBUBTION Buret Qugnrgm 0 , intesnat Linar To Strusture Fies, Unconiained engioe saiture
Thruceack
V418000314 €1 MGG SONOLINE ULTAASONTE EKSC [T VIOTL2 8ea 05 VABINAT Ban 08 ToMBUBTION Inteznel Datands -» Empianion, G2 1; Extarnsl Leak, UAT Fire, Unconaines sngine s
ingpeTION e
VdiBun.0n A MCC INSECTON INGPECTION WITH HPFTP PLAY uece VSEOD B0q 12 COMBUBTION Inupesi whan HPFTP Removed Fira, Uocontained engina teiivre
REMOVED
VAIBUC.002-A MCG (NJEGTOR INBPECTION WITH HFOTP PLRY [T VEER2 809 10 cougusTioN Inpust what HPOTP Aaeovbd Fite, Uncantslned engine iluce
REMOVED
VA1900.460-A €1 THRUBT CHAMBER NOZZLE LEAK TEST BT MCCMenin V1011.05 840 08 V1284011 Beg 08 VI048.004 812 04 MULCLLL comeusTION Cold or Has Wall Theu-Crask; Dagradad Linwr atlor Fire, Urcantatnes eng lae failuce
Babond > Repri; A actarmanas Lovs; S 3 10 Tt
7 inzrexss. 1 n action required then data use to
Aduet engina prclormance prediations
VA1B00.200-A E1 MG TO KOZZLE BEAL LEAK TEST EXIC LAY, | MCCINozzin V101,05 geq 02 V1204004 807 03 VE048.004 Bag 08 COMBUBTION 616 BanIThermel Dagragetlon -» Aft Campartmuat Fire, Uncontainad snglns talluce
Lok Cot t
V4B 0AME NOZZLE ENGAPBULATION LEAK € Home V1204070 03 03 coMBUBTION ol o1 Hot Wall TNfu-Grack Ik Crown Eroafon, Brazale Fiew, Unsontelned engin telere
TEaT Tubs Enda »> Rusuir; UAI Periarmencs Loes; Ciit3 sa Grit
I Ingrea
vAtBU.363-0 NOZZLE VIBUAL INSPECTION EKST derte V101102 8¢9 26 AACITTTEYY COMBUBTION Eronsd Tub# Crowne -> Letkege vy to Grit 1 Tude Fira, Uncanteined eng ng falluze
uiges -> TAp H Flow or Bhazk Wave - Dyn.
Denttuttion NZ, Crit1: Re-entry Araasting -> Mat(
Sagrswiey, Bumt > ry 1
VAIBUD.353-E MOZZLE PARENT METAL DIBCOLORATION e Nauw VIDNL02 84205 V1038VLE Bag 0¥ couzuRTION Eroand Tubs Growna -> Lenkage up to Crit 3: Tube Firs, $1contuOnd ang lne feilura
NePECTION Bulges -> Trip HG Fiaw or Bhock Wave - Dy
Deateustinn NZ, G 1: Ra-sniry Anaraliag -> Mar't
Qegregation, Buret -» Gt 1
VBB FUEL BIDE TRARMFER TUBE INSPECTION PLAU Powachisd VEEO Baa 12 COMBUSTION Inspact when HPFTP Removed Fira, Uncontained engine nalure
vAI8UD.0I2E @XMOIZER S10E TAANSFER TUPE Lo Powsrhuad VEEC2 84 14 COMBUETION Inapest when HROTP Removed Fire, Unaantained angine tailute
ImaPECTION
vaiBUeoR.C FUEL FREBURNER NSPECTION PLAY Prsus Ve B2 12 comecation wher HFTP Removad Fue, Uacoatune engina tadirs
vA1BURIND P9 LINER INBPECTION LAY Praburnar VSEDK 80012 COMBUBTION Tnspectwhat HPFTP Ramovss Fire, Uncontained angina faure
V4180U0.002-C OXi0IZER PREBURNER (RBPECTION LAy Pravurner VSE02 Mg 14 COMBUSTION Inbpest when HPOTP Remaved Fire, Unaoatined engina tullurs
Vaiaus.0iz0 075 LINER INBPECTION LAY Praburnar VsE02 Bes 13 comBuaTION Insgect whea HPOTP Ramoved Fire, Uncomulned sngine fuure
v41800.005 XID P/E INJECTOR ELEMENT ING? Tc,Mop Praburmer vsE28rn 14 cowavaTion Damaged Paste Pinnnd, tavs of Pire -3 Instesse O Fire, Uncontained ong ns fature
10 Port > Leae af Past Inty Turbina, Cri 1 o7 totersal
Lesags > Srahen Tunin, Ty
PRIy A8ME FUEL P72 RIECTOR ELTMENT W37, war Produmer Ter comeusTioN Qurmaged Peats Pinned, Lass of Pios > nerat e Damags Fire, Uncontalned snging faitors
(IF ONE 0 KORE PINS FOUND MUABING) 1o Pant-> PIup Past s Une arLos of Povt 10 Turbine,
i1 or Intaraal Lexkags dvathust Turbipy, Ceit. 1
VA1BUB.105 FPB INJECTOR OXID FOSTS (NBP ™ Praburnae VEEDE dne 12 COMBURTION Damaged Pasts Planes, Lavs of Pine -> lacrasae Uamage Fire, Uncontatnes eng Ins faifure
1a Past > Plug Poat & Una ue Love of Pont iNia Yurbing,
Erf. 1 or Intyrnat Lankyge Overhest Turbioe, G 1
VA1BUD5TD FPB DIFFUBER INBPECTION (23 Prekurner 00 comeusTION Comlingancy rvam1 pertarmed to langact far Eracke in

FPR gitasar, This seams will be invokeg only  data
eniltution of HPFTP turbing dlschurge tomp deame it
naceanry

Fia, YnEonrmaS ¥ngine Taure
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Table 8. Engine requirements database (Continued).

OMRShH OMRSD DESCRIPTION OMRSD Companent OPF OMI's ENGINE SHOP VAB/PAD OMI's OTHER OMI's RTOMI's SUBSYSTEM OMRSD RATIONALE/ROUT CAUSES Root Cause Categorios
NUMBER (VA1 FILE Ill DATED EFFEGTIVITY OoMl's COBE
9/15/95)
V41BUO.032 0P8 FAGEPLATE FLATNESS GHECKS OCE Preburner COMBUSTION Intsgrity check aflar ‘POP" - "POP* Damape , Bowing Fire, Uncontained engine failure
Indicatian of Braze Cracks -> Loss of Element Into
Turblne, Crtt 1; of interrl Leekaga -> Ovesheat Turbine, Ciit.
V41BUD.O40-A €1 COMPONENTS INTEANAL INSPECTION EXSC Systam V1011.02 Seq 08 Baroscopa inspection of accassible sngine areas without Fira, Uncorttained englne fallure
VA1680.020-A E1 ENVIR CLOSURE INSTALLATION EKSC System 50028 Seq 19 S0026 Insure that LPFD helium barrler eystem I8 functional to Fire, Uncontalned engine fature
precuds cryopumplng In the avert of g launch sorub
wihlch can tsad o & collepss of Hia duict.
V41800.080 RIV OVEARIDE SEALS LEAK TEST (TIME & T Veves 8D Perlodic (every 10 starts). To verify that the RIV shaft Fire, Uncontalned engine failura
LYCLE) seals i ing pressere within the RIV.
| AFY SEAT AND SHAFT SEAL | EAKAR [ Valves VI011.04 Saq 07 V1046.005 S0 05 No LOX In HEX pragtart - Grit 1 it failure
V41800.101 AFY SHAFT AND SEAT ISOLATION F Vaives VI011.04 Seq 07 V1046.005 Seq 05 Isolation check if the V41B00.100 leaiage s ara excesded fire, Uncontalned engine faflure
VA1B0D.170-A €1 PROP VALVE ACT PNEU SEAL LEAK EKSC, LAY Vaiven V1611.05 Sog 12 V1284002 8eq 10 V1045.006 884 04 V1011.08 $99 02 VBE7 8oq 09 Valve/Seal Leakags - LRU Itegtlty Check Fire, Uncontained sngina fallure:
TEST.
VA1B00.171 PROP VALVE ACT PNEL SEAL 150 TEST 3 Vatvs 80 \solaion check if the V41B0.170-A Isakags limits are xceeded Fire, Uncontained engine faliure
EX5C, LRl Valvee V101104 §a0 07 V1234000 Sen {7 V{045,005 80 05 Vrlty proper APV gperation - Crit 1 fire,
V41BUD.220-A AFVFILTER INSPECTIONS A Valves VI0H.04 POSUS V1294002 POSU 6 V1046005 POSU 2 Cortaminatlon check to vertfy that fitter 15 nat plugged Fire, Uncontzined englno fillurs
which could lead tn 2 coliapsa of the HEX. B
VA1BU0.220-0 | APV FILTER REPLAGEMENT A Valves ViD11.04 5eq 07 V1046005 Seq 05 V5005 POSU 3 V5087 Task28 Contamination check to varify that fiter is not plugged fire, Uncontained engine faflura
which could fsed to a collapse vf e HEX. =
V41800.010-A E1 FUEL TP L//MFY BALL BEAL LK TEST EKSC, ER HPFTP, LPFTP, MV | V1011.05 8005 V1284.007 50 03 V1046002 5aq 03 Verlty no LPFTP ar HPFTP Iif-0f seal carbon nose Hazardous gas buildup
Ieakage or main fusl vatve ball seal teakage. (Fusl
system preasurized, measure leakage Into hot gas system)
V41800011 FUEL TP L/O/MF SEALS ISQLATION F HPFTP, LPFTP, MFV T80 [solation check if the V41B00.010-A leakaga lims are Hazardous ges buildup
excopded
VA1B00.020-A 1 RUEL TP PISTANFLEXIMV LK CX EKSC HPFTP, LPFTP,MFV | V10110588005 V1284.005 889 03 V1046002 540 06 Verilly no LPFTP ar HPFTP large diameter secandary seat Hazardoua gas bulldup
teakape of Naflex or MFV leakage (Fusl systern
pressurized, me2sure leakage out of tha fusl companent
drain}
V41B00.021 FUEL TP PIST/NAFLEX/MFY 180 TEST F HPFTP,LPFIP. MFY | VIO11.05 8eq 05 V1204,005 Seq V1045002 S8 06 Isolation check i the V41BO0.020-4 leakags limits are Hazasdots gas bulidup
excteded
VA1BRD.0SO-A E1 COMB HOT GAS 5Y5 SEAL LEAK TEST EKSC, LAY System Vi011.055eq09 V1284005 Seq 06 V1D46.004 Seg 04 Voerify no LPFTP or HPFTP small diamatar secondary seal Hazardous gas buildup
lekage or other {Hot gas ayste
pressurizad, measure leakage uut of the fuel component drain)
(418800439 | ERHPOTPIMPELLERLOCKVERIE . | \a TUBBOPUMPS
! PIRY, NAAT V101105 Soq 0B §o025 TURROPUMPS,
V41800.051 SSME HOT GAS 5VS SEAL LK IS0 TEST £ Systom 80 Isolation check ttthe V41800.050-A lsakage fimits ara Hazardous gas buildup
axconted
V41600.052-4 E1 SSME COMB HOT GAS 10 FUEL 8YS PKEC System VI011.05 52209 V124,005 509 05 VID4B.004 Saq D4 Varity no reversa LPFTP or HPFTP carbon nass leakage Hazardous gas bulldup
REVLK €K (Hot gas systam pressurized, measuru legkags Into fusl
system) Incorporated when tha pump end to turbine
end not detoct e
V41800053 SSME HOT GAS REVERSE 150 LX €K F System i1} I the A lsakage Hazardous gas bulldup
V41800 030-A Valves V1011.05 Saq 04 V1284.005 Saa 03 V1045002 San 0% Valye Leakage Check Hazardous gas busitdy
VA1BUD030-B | E2 COMPONENTS EXTERNAL INSPECTION EXSC V1011.02 50604 Handiing Barmage, Clearence Girecks, Looss Spot Walda
on or Metted TPS
V41BUO.030-C | E3 COMPONENTS EXTERNAL INSPECTION EKSC V101,02 Seq 04 Handllng Damage, Claarsnce Checks, Loose Spot Welds
on or Malted TP§
V418Q0.082 FUEL BLEED VALVE BELLOWS LEAK LRY Vaives V101105509 10 V1294005 8o 03 V1045002 Saq 07 LRU - Remove and replacs verification Hazardous gos bulldup
|TEST __
V41BUOO31-8 | E2 MCC BONOLINE ULTRASONIC. EXSC V111,02 S8q05 VI038VL2 Saq 08 COMBUSTION Imzmal Debonds -> Emploslon, Crit 1; Extemal Leak, UAY
taCit1
VAIBUDO31-C | 3 MCC BONOLINE ULTRASONIC EKSC V101,02 $aq 05 V1038YL2 Seq 08 COMBUSTION Imernal Debonds -> Emploslon, Orit 1; External Leak, UAI
ot
VAIB00.034 01D BLEED VALVE BELLOWS LEAK LAY Valves Vi011.058eq 11 V204,006 Seq 03 V1046.003 Seq 39 LRU - Remova and teplace verification Hazrdous gas buildup
TEST
V41BS0020-A 1 HPFTP TORQUE TEST ARl PRY HPFTP V10110356909 VSEDE 085U 1 TURBOPUMPS Veity tha rotor is freata rotzta prior to testing Impraper start, Ox rich resutingin
ngna f
021 HeFTP TORQUE F HPFIP V1011.03 50909 VSEOB 058U 1 heck if limits tempraper stast, O rich resulting in
sngna fire
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Table 8. Engine requirements database (Continued).

aMASD OMRSD DESCRIPTION OMASD Component OPF OMI's ENGINE 8HOP VAB/PAD OMI's OTHER OMi's RTOMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Roet Gause Categoties
NUMBER (V41 FILE |1l DATED EFFECTIVITY OMi's CODE
8/15/95)

VA1ALBOI0-A E1 GIMBAL ELETRICAL BONDING TEST \ER Avionics V5005 Seq 05 AVIONICS Vertfies proper electrical grounding conditions exist Unacheduled Malrteriance Action
bekwoen 1ho SSME gimba) bearing and the orbiter orLaunch Deley
structure. Test parformed each tme the bonding siraps
arsdisturbed.

V41AL0.020-A E1 ELECTRICAL INTERFACE PANEL LR Avionics V5005 5eq 06 AVIONICS Vetifiea proper electsical grounding condhions axist Usschedulod Malntenzsce Action

BONDING TEST betwsan the SSME electrical Intarface panel and the of Launch Delay
orbiter structure. Teat performed sach time the

VATALD.030-A €1 SSME/TVG ELECTRICAL BONDING TEST ALER Avionics 1287 085U3 AVIORICS Ve itions st Unscheduled Malntenance Adtion
betwean tha SSME TVC actuatar attach polnte and the ar Launch Delay
orhiter structure. Test parformed each tims the
bonding straps are distusbed.

VAIANOOI0-A | E1 SSME CONTROLLER POWER AER Avionics VIODIVLA Seq 02 AVIONICS Defines the proper saquencing of cockplt switches for Unschoduled Malntenance Action

APPLICATION application of SSME corraller power a8 well aa tha or Launch Delay
wvaluas of the monitored raspanses. Idsntifles the
constraints for cooling alf and FAGOS powsr.
A E1AC P AER danles VIDIGOOY Soq D4 VO001VL4 S2q 02 AVIONICS Provides for SSME AC powsr redundancy verlfication Unschedutod Maintenance Action
VERIFICATION hi Mlers ara under power loag. otl
VAIANOO22-A | E1 CONTROLLER POWER SUPPLY ALRY Rvlonics V1011.06 Saq 02 V1294.002 82q 08 V1046.001 a0 04 Va001VL4 52499 AVIONICS Porlorma a redundancy vertfication of the SSME Unscheduled Melntenance Action
REDUNDANCY VERIF cantraller pewes supplies. Gortzaller channais ARC ara or Launch Dalay
B&G ase verified. This procedure also verifies the backup
memory power fs functional and verifisa the AC supplied
+10V refarence diode.

VAIAND.O2Z-A E1 CONTROLLER 2BV MEMORY TEST LAY Avionics V1284.002 Seq 03 AVIDNILS Verifies the capablity of the 28 valt DG and hattery Unscheduied Maintenancs Action
systems arg holding up 1he cortrollsr memory. or Launch Delay

VAIANO.035-A Bl LER CHECKOUT A,ER, LAY Avionics V1011.05 Seq 02 V1294.002 Seq 07 V1046.001 52 04 Va0D1VL4 Seq 09 AVIONICS Contrallas Changeout Verification. Functionat hardwars Unschedulad Meintenance Action
and software checkout., o Launch Delay

V41ZA0.010 ‘SSME HARNESS REPLACEMENT RETEST LAY Avianics VEEO2 Seq 27 AVIONICS [ A
be performed on any replacement harness installed on an snging or Launch Delay

VI2A00.020-A EIU 1 READINESS TEST ALRY Avionica VB001VL4 Seq 02 AVIONGS Unscheduled Malntenianca Action

or Latmh Delay

VATASO.060-A | E1 GIMBAL BEARING SENSOR R, LAY Inglrumentalton V1046,001 Saq 12 VI0DIVLA Seq 02 AVIONICS Instrumentation Integrity checkout Unschaduled Malntanancs Action

or Launch Dalay

VAIAUDO90-A | E1 POST-FLT STRAIN GAGE GHECKOUT A,EKSC Instrumentatton V101,02 Seq 04 AVIONIES Part ot thla thackcis Weld #3 Sireln Gage checkout ~ Unscheduled Maintanance Action
needed to ensure elactrical continuity of gage after or Launch Delay
bond is assured

VAIAUO.000-D | E1 POST-FLIGHT SENSOR GHECKOUT A EKSC Instrumentaton VS001VL4 Seq 02 AVIONICS Instrumentation inteqrity chackout linscheduled Mairterancs Action

or Launch Delay

VAAUO.016-A | E1 MADS INSTRUMENTATION VERIFICATION A ER Instrumentation V104,00 St 13 VI001VL4 San 02 AVIONICS Instrumertation Intagrity checkout Unachaduled Maintenanes Action

o Launch Dalay

VA1AUD020-A | E1 SKIN TEMP CHANNELIZATION VERIFICATION | ER, LU Instrumentation V1011.06 Soq 08 V1294.002 POSU 11 V1046.001 Sq 13 AVIONICS Instrumentetion irtegeity chackoit Unschaduied Malntenancs Action

o Launch Delay
VAIAUD.042A | E) HPOTP STRAIN GASE DEBOND TEST A, PLRU, I, NRAT Instrumentation VSEO2 Seq 27 & AVIONICS Wold #3 Strain gage In place to datect uneven bearing Unscheduled Maintenarics Action
V1284002 wear —~ debond tost neadud1o ensuro acosptable dafa or Launch Datay
on tiext fight

VAAPOSZC-A | Y MFVA PRI HEATER POWER ON COMMAND [ Valves AVIONICS Changeout Verification Unschedulsd Malntnance Action

or Launch Delay

VAIAPO.CZ0-D | E1 MFVA SEC HEATER POWER ON COMMAND t Valves AVIONICS Changeout Vertficatior: Unschaduled Melntatrance.

or Lauch Detay

VAIBUD351-A | E1 POST FLIGHT MGG LINER POLISHING EKSG [T V1011.0250q05 VID3EVL2 Saq 08 COMBUSTION Remove Liner Roughness from Intanss Environ. -> Unscheduled Malntersrics Action
Erogion -> Leakage, Porformancs Loss of

V41BUD.3SZ-A E1 PRELAUNCH MCC LINER POLISHING A Mce §1267 08509 COMBUSTION Flemove Surface Oxidttation -> Erasion -> Leakags, ynschaied Malntanancs Action
Parformance Logs or Parformancs loss

V418U00%8 HGM FUEL SIDE DYE PEN INSP (PHASE If) Paworhead VSEO6 Seq 12 COMBUSTION Liner Mt.| & Transer Tube Wold Thry-Cracks -> By-pass Unscheduted Malntenance Action
Flow Pariormanca £.oss ot
VA18U.096 HGM OXID SIDE DYE PEN INSP (PHASE 11) ™ Powerhead VSE02 Seq 14 {commusTion Lines Mt & Transfer Tube Wetd Thru-Cracies -> By-pass Unscheduled Malntamance Action
Fow Performancs Loss of Performancs loss.
V41BU.097 HGM FUEL SIDE DYE PEN INSP (PHASE lls) © Powerhead VBEQG Seq 12 COMBUSTION Liner Mat.'| & Teanster Tube Weld Thru-Cracks -> By-pass Unacheduied Malntenance Action
Flow Performance Loss or
V41800088 HEM OXID SIDE DYE PEN INSP (PHASE Il+) Tc Powsrhead VSE02 500 14 COMBUSTION Liner Mat.") & Transter Tube Weld Thru-Cracks -> By-pass Unscheduled Maintenancs Action
Flow Parformance Loss or

V72AQ0.040-A VERIFY SSME 1/E1U 1 COMMAND PATH AR Alanics VI0O01YL4 Son (2. AVIONICS

VIZAQD050-A | VERIFY SSME 1/EIU 1 STAT CHANNEL PATH ALRY #vionics V900124 Seq 02 AVIONICS

V7PA00.060-A €U 1 P SYSTEM INTERFACE DATA, LRY Avionics, SO017VL13 Sond2 AVIONICS
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Table 8. Engine requirements database (Continued).

OMRSD OMRBSD DESCRIPTION OMASD Component OFF DMI's ENGINE SHOP VAB/PAD OM)'s OTHER DMI's AT OMy's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Causs Calegories
NUMBE (V41 FILE 11l DATED EFFECTIVITY omi's CODE
R
VIZAW0.030-A £IU 1 POWER REDUNDANCYVERIFICATION A LR Avienlen VOO0IVLA Beg 02 AViDNICS
V41U0.420-A E1 HEAT BHIELD BLANNET INSRECTION A Hant Bhinid 21207 84q 04 HEAT BHIELD Thermal Ovtormations -> Att Lonk ta Atmosphare ->
ACrin 12
VA18UD.421-A £1 EMHB INGFECTION A HextBniend vai-doota HEAT SHIELD
v4120.050 HYDRAULIC ORAIX LIKE INBPECTION i inasfDucts Vi204.002 3, V1048.001 94q £2 HYDRAULIC Pariodio inepaction {avary 10 teats) of hyceaulis
(TIME & CYOLE) actator shaty
VSAGO21A BUPPLY 0D PRE-WATE INBPECTION | LineniDusts WYoRAULICE Varity Canfiguration
V58AGD.121-8 AETURN 00 PRE-MATE INBPECTION ] LineeDuets HYDRAULICS Verity Conliguration
VEDAGD.123-A BUFPLY 00 DEMATE IR8PECTION ' vinaeDucts HYDRAULICS
V53AGD.123-3 RETURN QD DEMATE INSPECTION | Qusta V9802.06 84q 03 HYDRAULICE
V41C80.080-A E1 MCC INJECTOR INEPECTION EK8C mee V1011,81 PORU 5 V1204,008 840 02 V1034VL2 Beg 08 COMBUETION H20 or Contminnnts in Acoustic Cavit
VA1€00,068-A €2 8RME NOZZLE BUMPER sLeL Norls 30026 VI038VL2 Brg 14 COMBUBTION Inate!l Pratective Gumpsre Jos Graund Transpars prior to
INBYALLATION BTE Btack -> Alt Manitold I past, Thro-Grack -> Leakags
10 or Butst Crit 4
V41300.000-A E1 PCA FUEL 81DE STERNAL LEAK TEST Exac, LAY PCA V1011.06 Bag 12 Vi264.002 0 V1046008 8eq 04 V1011.00 3vq 03 Combined 1est damonatsater thatthe smurguncy
*hutdown PAV vent part exal is st leaklng bryond 5
sccaptuble fimite. Alvo chuoks fur) yurge and bleed
valve selanoids sod fual purge PAV.
V41800.091-A €1 PGA LD2 BIDE INT/HPY BT/BFT 8L exse, LAY oA V101108 Baq 12 ¥1204.002 803 10 V1048.008 uq 04 Comblnad tart demonstraten that the amergency
LXG shutdewn naknoid ventgortasal v nto leaking beyond
ateeptable lmits, Alns the HPV poppetond shattarsts B
are varitisg.
vi18a grz A 102 SIDEATFY LKB IBOLATION 3 oA o0 Partorned anly when comained st indisaten excassive
Inukags
VAIABL.020-4 ET FAEUMATIC CHECKOUT EKSG, EA, LAY Fravmatier V1011.08 Bag 04 ¥1264.002 80q 11 V1046005 Bug 0B ENGINE Planasd Praflight Chackact
VATBUO0.073-A £1 PRECMATIC VENT FLANGE e, LRY Prsumatics V1204.002 850 10 Flow Varilicatlon
VERIFICATION
V4180U0.030-A €1 COMPONENT® EXTEANAL INPECTION EXBC Byetem ¢ Spot Welda
an ar Muid 178
VATBU0.033 FUEL BYSTEM LAl INSPECTION £K8E Byt V4011.02 8aq 04
VA1B50.380-A E HELIUM BARBIER BYS INSPEGTION A LAY Systim 81247 80q 08 VBQ18.002 Beq OF oucTs Varily Bag Intsct
VA1BU0.610-A €3 BBME T0 DROITER GIMBAL CLEARANGE R, MDD, LAY Bystum V1089 81g 14 Intarferanse Chack
CHECK
V410uD. 5204 £1 GIM BAL GLEARANGE GHECK €A, MOD, LAY Bysum V1083 8ea 14
V41810 $30:A £ CLEARANGE CHECX A Bystam ¥41.50024 HEAT SHIELD
VA18WE,001-A Ed PAEPA FOR OPFAOLLOUT L3 V41-20003 Verifiss that sha angina i cosfigurad for tran
the OPF, TVE sctuator looke eeatraln angin® movamante
s covens
V41BW 0,004 HBTL BOME BTORAGE/BKIPPING COVERS EAS Bystam ysos? Dafises the conditione governing une of the ewbject
proteotive covars
VAIAW0.060 OPENING CLOSEOUT COVERS ENV Sym V6057
vaicao.ai BBKE POBITIONING POST LARDING PLEL Bysten san28 Minimizs rain or athar cantsminsnta entry Into the
nuaml
VA1680.012.A E1 HE BARAIER BY8 INGRECTION POBT 3 Syoun V1263 %00 04 V3012.002 8ag 07 V1038VL2 84n 05 bucTs Verlty Bag (ntast |
FLIGHT
V41£00,030 FERRY FLIGHT 3T tNOTALLATION EF Systsm V1038VL 8eq 08 (narel) ste. far ‘Biggy. Beek” Fly
V41680.000-0. ENGINE DAYINE - 18T FURGE (FHARE Il ) EXsC Byaam coMBUBTION Contrals the criterin wasd 1o parform engins drying

parations follawing ench fiight. fr

i
taen paratuses, minicsum durations ond configuretions are

datineg.




Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIPTION OMRSD Component OFF OMI's ENGINE $HOP VAB/PAD OMI's OTHER OMI's RT OMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Cause Categories
NUMBER (V41 FILE I DATED EFFECTIVITY OMI's CODE
QHEMEE)
V410B0.080-E ENGINE DRYING - 2ND PURGE (PHASE I} EXSC System V/1204.008 Saq 04 COMBUSTION Controts the criteria usad to perform engine drying
operations following each filght. Pressures,
. defined
V41080.081 DRYNESS VERIFIGATION (PHASE Il) EKSC System ¥1284,008 Seq 05 COMBUSTION Requlres & verification of drynesa, dfined by a maximum
moigture eriterla. to ba performed following completion of drying oparatior
VA1ASD.030-A E1 FRT_CHECKOUT EKSC, ER, LAY VID11.06 Seq 06 V1284.002 Seq 13 V1045001 S0q 08 ENGINE Planned Praflight Checknut
VATAS0.030-D €1 FAT PNEUMATIC SHUTDOWN SEQ EKSC, ER, LAU Systams V1011.06 5eq 08 V1284.002 Seq 18 V046,001 Seq 13 ENGINE Planned Prefiight Checkout
_DATAVERIF
| £1 YAW MPS TVCA A IGMENT LR 15T e T
V4&18UD 3, FLEITCH MPS TVCA Al IGNMENT LBU, IS8T e 180
VAIASD.010-A E1 ACTUATOR CHECKOUT EKSE, ER, LRU Valves V101106 Saq D5 V1284,002 8ag 12 V1046.001 Seq 07 ENGINE Planned Prafiight Checkout
VA1BO0.040-A E1 OXIDIZER PROP VLVS/PRG GV LEAK EKSC, ) Valves VI011.05 509 09 V1254012 Seq 04 VID4B.004 Seq 04 V1284005 Seq 06 Chack Valvs Failure - Cortamination; STS-55 abort
ST rigk mitigation
VA1800.041 OXIDIZER PROP VLV/PRG GV ¥ Valves V1294012 589 04 the A leakage limit
ISOLATION TEST
VAIBO.120-A E1L02 PROP VALVE BALL SEAL LEAK EKSC, ER Valves. V101105 Seq 07 V1264007 569 03 V1046.003 Seq 04 Valve Leakage - LOX system intogrity check
TEST
V41800.121 L02 PROP VALVE BALL LG ISOLATION F Valves THD Isalation check if the V41B00.120-A leakags limits are exceeded
TEST
v41800.130 RIV SHAFT BEAL LEAK TEST (TIME & T Vatves T8D Valva Leakags
CYCLE)
VAIBO0 140-A E1 RIV SEAT FLOW TEST EKEL Valvos V1046003 Sa0.06 Vaive Leaige
VA1EALIAEA E1 OBY SEAT {EAK TEGT EKSE,RY Nahves Y1PA4.05 Sen 08 V1046 003 San 06 ‘Vilve} a2knge,
V41800 150-8 F1.GCV CHECK VAIVE | EAK TEST EXSC LB Vatves V1011.04 Saq 0f V1294 006 Saq 03 Valve | aaka
V41800180 HPY CHECK VALVE L EAK TEST e Valves TAD Vaive Laaage
V41800.150 OPOV SLEEVE TEST & WINDOW CALIB | LAY Vaives 141264,002 Seq 14 VEE17 S0q 09 Seta Open Loop Command % - Usad to adjust start sequence
V41800.191 FPOV SLEEVE TEST & WINDOW CALIS | LRY Valves V1284.002 Seq 14 VBES Sels Open Loop Command % - Ussd to adjust start saquence
VA1BUD.070-A E1 AFT CLOSEOUT INSPECTION. A Vaives £1287 055U 8 final look before launch




APPENDIX B—Scheduled SSME Operations Data

The following spreadsheets present the detailed data collection from SSME processing experience
at KSC relative to scheduled activities. Tables 9—12 present the summary information relative to figures 6
through 9. Following that, the specific processing tasks for the four flows appear in tables 13—16. Finally,
an example of the existing level of detail supporting the flow layouts is presented in table 17. Note also that
a zero in a work column only reflects that no engine processing personnel are required for that task.
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Table 9. OPF SSME postflight planned operations.*

pretoas an the beliawe el Instalition. Incorporeted as &
Fosuft of u provicus fallure of tha batiowa.

OMRSD OMRSD DESCRIPTION OMRSD Component OPF OMI" ENGINE SHOP VAB/PAD OMF's OTHER OMI", AT oMI's. SUBSYSTEM OMRASD RATIONALE/AODT CAUDES Root Cauge Catagories
NUMBE (V4T FILE Il DATED EFFECTIVITY amr CODE
an18/08 u
V41BLO.0SQ BEME WELD 22 & 24 LEAK CHECXK PKSC, NRAT HPOTR V1011.05 Beq 07 V1R04.007 Baq 04 V104P.003 Joq 07 to poor procsesing, HPOTP baiancs cayily etandoft et
hacked -t laeka sver verified, bt taak ovarpressurizasion orfire
oF el paneretian up 19 00% i bown fund o these
ave tan suepacied of taking
Ta1B.080 A 1 HPGTP FLUG WELD LEAK CHERK PHOG, NRAT HRGTR V151,08 803 00 V1294004 Bea 04 V1048.004 8eqod V1204005 643 07 — Cancern over thess AR Companment
2 into bosttall -~ e ot e
arstore all exera) plug walde on the houstng ars.
chaclad
Va1 A%0.020 A 1 LOZ FEED (JOINT DY) UF LK ©X €, P, oMOP CrewDonta VI011.08 Seq 07 V1045003 2eq 08 DucTe Enaure oint Inmegrity of LPOTP 1o piimp et dusting  Compenmen
after srvgics ta instailed
V&1AX0.026-8 €1 LH2 FEED (JOINT F1) UF LKCK ER, PR, OMOP UinawDucte VIO11.06 8eq 05 V1049.002 843 04 pueTa Varlty pump lalat foint Intogrity atar Installing the LPFTF Aft Com partment
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Table 10. OMEF SSME planned operations.*

OMRASD OMRED DEBCRIPTION OMRAD Companent OPF OMi's ENGINE SHOP VAR/PAD OMI's OTHER OMP AT OMI's BUBSYSTEM OMASD RATIONALE/ROGT CAUSES Root Cause Categories
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* OMEF data reflects single-engine processing, For complete model, processing timelines must consider number of engines per vehicle.
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Table 11. OPF post-SSME installation planned operations.*

* Based upon three-engine set

Process Sub-Process Process Description Duration (PD) Tech MHrs QC MHrs Engr MHrs Total MHrs
V5005 NI | SSME Instaliation Preps . 24,00 3 3 13 8t
o o .|vs057_ _ | Stiffarm Bracket & TVCA Support Installation 4.00 8 A e 12
V5087 - _ Engine 1 Installation Handling GSE Operations 5.00 19 4 11.5 345
V5005 _ __.\____|Engine 1 Installation Operations 7.00 42 12| )
V5087 ) o | Engine 3 Installation Handling GSE Operations 5.00 19 AL
V5005 . _._ .l|Engine3 Installation Operations__ . 7.00 42 12
V5087 ] o ‘Engine 2 Instafiation Handling GSE Operations 500 19| B 4
vsQ05 _ Engine 2 Installation Operations 7.08 42 12y
V5085 Post-SSME Installation Operations 32.00 88 56
V9002.06 SSME Hydraulic OD Demate Operations 4.00 4 4
V1011.03Run3 _ __ LPOTP Post-Installation Torque Check 12.00 12 12|
V1011.03 Run 3 __.__| LPFTP Post-Installation Torque Check ~ 6.00 [ 1 P
viotes | |Orbiter/SSME Interface Verification 72.25 59 50.5
V101104 | SSME GOX System Leak Checks____ . . .. _ 14.00 200 12y
V3001VL4 Orbiter/SSME Electrical Interface Verification 8.00 kY 8]
. . ..____| Heat Shield Installation Operations _ _ 126.00 704 32 -
e _.___| SSME Gimbal Clearance Checks . 17.50 345 315 |
V5057 TVCA Pinning Operations 4.00 8 4
e v9002.06 SSME Hydraulic QD Leak Checks 1.00 1 1
V41-20003 o _|SSMEOPFRoll-Outlnspections. .. _ . 19.00 1] 11
i V5057 ~ Thrust Chamber & Miscellaneous Cover Instaitation 4.00 4 4)
V5057 TVCA Midstroke Lock Installation 4.00 8l 4
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Table 12. SSME VAB/pad processing planned operations.*

Process Sub-Process Protess Description Duration (PD) TechMHrs  QC MHrs Engr MHrs Total MHrs
s0008 huttle interface Testing 38.00 0 0 0 0
V1149 GN2 Interface Leak Check & Trickle Purge Ops 30.00 9.75 11.25 1275 33.75
V5057 Thrust Chamber Cover Removal & Installation 1.00 1 0 1] 1
$0009 Launch Pad Validation 44.00 4 4 4 121,
V1046.001 i i 21.60 2 9 12 23
V9002.06 3.00 2 0 1 3|
V5057 TVCA Midstroke Lock Removal 4.00 8 4 [ 12
Vo001Vi4 - rati 2.00 0 6 8 4
|V1046.002 LH2 System Ball Seal Leak Check 3.00 g §.5 4 15.5
V9002.06 SSME/TVC Actuator Hydraulic Power Dwon Securing Rgmts 2.00 1 0 1 2
V5057 TVGA Midstroke Lock Installation 1.50 3 1.5 0 45
Pumma L02 1.00 1 2 2 5
| v9002.06 SSME Hydraulic QD X-Rays 4.00 4 4 0 8
V1202 Orbiter Aft Helium Signature Test 34.00 7 5.5 55 18
S$1005 LO2 Propetlant System Conditioning 6.50 3.75 0 0 3.75
V5057 j 2.00 2 2 0
$1006 LH2 Propellant System Conditioning 950 0 0 0 0
V3001VL4 SME Controller Power-Up Operations 2.00 0 2 4 6
$1287 Qrbiter Aft Closeout for Flight 100.00 48 42 66 156
V9018.001 MPS & SSME Initial Preps for Propellant Loading 8.40 8 8 8 2
\'] TVCA Midstroke Lock Removal 34.00 34 0 102
7 SSME Protective Cover Removal 8.00 8 0 0 8
$0007 Shuttle Launch Countdown Operations 181.37 12 83 153 248 |
V9018.001 MPS & SSME Fina! Preps for Propellant Loading 8.00 3 3 0.25 6.25 |-
$1003 LO2 Propellant System Loading Operations 24.87 0 24,87 _49.75 74.62
S1004 LH2 Propellant System Loading Operations 24.87 0 0 0 0
* Based upon three-engine set
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Table 13. OPF rollin to SSME removal tasks.

10 Task Name Duration Work Predecessors Resource Names
1 OPF Roll-n to SSME Removal 271.9h 1305h
2 Orbiter at OPF Door/S0028 0Oh Ch
3 HPFTP Bearing Drying Operations/V1011.01 24.75h 98.25h
4 Extend Platforms 10§ and 19S/V1011.01/V35xx 0.5h 1.5h Tech[2],QC
5 Remove SSME Environmental Closures 0.5h 0.5h 4 Tech
6 Mate Bearing Drying Flexhoses 2h 4h 5 Tech,QC
7 Retract Platforms 10S and 195/V1011.01/V35xx 0.5h 1.5h 6 Tech[2],QC
8 MCC Acoustic Cavity Inspections/Install Throat Plugs 4h 8h Tech,QC
q Mate Bearing Drying Exhaust Duct 4h 12h 8 Tech[2],GC
10 Install SSME Bellows and Miscellaneous Covers/V5057 3h 6h 19 Tech,QC
11 Establish Safety Clears 0.25h 1.25h 9 Tech[2],QC,Safety,Engr
12 HPFTP Bearing Drying Purge Initiated Oh Ch 11
13 Perform SSME Bearing Drying 8.5h 42.5h 12 Tech[2],QC,Safety,Engr
14 Perform Filter Inspection and Cleaning 2.5h 5h 13 Tech,QC
15 Disassemble Test Setup and Remove Throat Plugs sh 16h 13 Tech[2]
16 Establish Aft Access 5h Oh
17 Install Entry Level Platforms/V35-00001 2h Oh
18 Install Floor Leve! Platforms/V35-00001 3h Oh 17
18 Aft Access Available Oh Oh 16,18
20 OPF Bay Open for Normal Work Oh Oh 19
21 Orbiter Initial Power-Up Oh Oh
22 Helium Baggie Leak Check/V1263 12.5h 43.75h 20
23 [nstall TVCA Midstroke Locks/V5057 3h oh 20 Tech[2],QC
24 Verify Throat Plugs Removed and MPS/SSME Helium Tanks Pressurized 0.25h 0.75h QC,Engr[2]
25 SSME Controller Initial Power-Up/Va001VLA 4h 8h Engr,QC
26 Establish Safety Clears for Helium System Activation 0.25h 1.5h 24,25 Tech,QC[2],Safety,Engr[2]
27 Perform SSME 750 psi Helium System Activation 0.75h 4.5h 26 Tech,QC[2]),Safety,Engr{2]
28 Perform LPFD Helium Barrier Inspection per V41€B0.012 3h 15h 27 Tech,QC[2],Engr{2]
29 Perform SSME 750 psi Helium System Securing 0.5h 1h 28 QC,Engr
30 instail LPFD Purge Blanking Plate Adapter/Remove Baggies 4h 4h 29 Tech
31 SSME Drying Operations/V1011.01 455h 173h 22
32 Mate GN2 Purge QD to Orbiter @ PD14 4n 12h Tech[2],QC
33 Install Heise Gages @ TP24 and TP25 1h 2h 32 Tech,QC
34 Assemble/Mate 15 Purge Hose/Filter Assemblies 8h 16h 20 Tech,QC
35 Remove Joint F6.10/F6.11 Plugs/Boroscope for Moisture 2h 4h Tech,QC
36 Install Joint F6.10/F6.11/G4.3/N16 Adapters 1h 2 35 Tech,QC
37 Loosen Bolts @ Joint N14 Plate 0.5h 1h 36 Tech,QC
38 Install LPFTP Anti-Rotation Tool 0.75h 1.5h 37 Tech,QC
39 Install Shim @ Joint D35.2/N11.2 Transducer Stack 0.75h 1.5 38 Tech,QC
40 Install Shim @ MCC Pc Transducer/Inspect for Moisture 3h 6h 39 Tech,QC
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Table 13. OPF rollin to SSME removal tasks (Continued).

1D Task Name Duration Work Predecessors Resource Names
1 Install Throat Plug/Monitor Gage/Drain Line Adapters 3h 6h 34 Tech,QC
42 Mate Flexhoses @ HPOTP Turbine Primary Drain Adapters 1h 2h 41 Tech,QC
43 Mate Flexhoses @ Joints F6.10/F6.11/G4.3/N16 Adapters 2h 4h 42 Tech,QC
a4 Mate Throat Plug/HPOTP Ox Seal/Turb Sec Seal to OPF Vent System 3h 6h 4 Tech,QC
45 Perform Engineering/Safety Walkdown of Drying Setup 2h 6h 44 Safety,Engr{2]
46 V1011.01 Call to Station ih 7h 45 Tech{3},QC,Engr[3)
[.4) Configure/Prep GSE Panels 1h 7h 46 Tech([3],QC,Engr[3]
48 Establish Safety Clears for SSME Pneumatics Activation 0.25h 2h 46 Tech([3],0C,Safety, Engr(3]
49 Activate SSME Pneumatics/Verify SSME Valive Positions 0.5h 3.5h 48,47 Tech[3],QC Engr(3]
50 Apply MPS LO2 and LH2 System Blanket Pressure 1h 7h 49 Tech[3],QC,Engr{3]
51 Establish Safety Glear of Level 10/19 Platforms 0.25h 2h 50 Tech[3),QC,Safety,Engr[3]
52 Initiate HPOTP Turb Pri Seal/Ox System Drying Purge per V41CB0.080 0.75h 5.25h 51 Tech[3],QC,Engr([3]
53 HPOTP Turb Pri Seal/Ox System Drying Purge Active Monitoring 2h 6h 52 Tech,QC,Engr
54 Secure HPOTP Turb Pri Seal/Ox System Drying Purge 0.25h 1.75h 53 Tech[3],QC,Engr{3]
55 Switch Flexhose from Turbine Primary to Turbine Secondary Adapters 0.5h 35h 54 Tech[3],QC,Engr[3]
56 Mate Turbine Secondary Seal to OPF Vent System 0.5h 3.5h 56 Tech[3],QC,Engr[3] .
57 Initiate MCC/FPB/Nozzle Drying Purge per V41CB0.080 0.75h 5.25h 56 Tech{3],QC,Engri3]
58 MCC/FPB/Nozzle Drying Purge Active Monitoring 2h 6h 57 Tech,QC,Engr
59 Secure MCC/FPB/Nozzle Drying Purge 0.25h 1.75h 58 Tech[3],QC,Engr{3]
60 Perform HPOTP Dryness Verification per V41GB0.081 2h 6h 59 Tech,QC,Engr
61 Demate Flexhases @ Joints F6.10/F6.11/G4.3/N16 Adapters 0.5h 1h 60 Tech,QC
62 Torgue Joint N14 Plate 0.25h 0.5h 61 Tech,QC
63 Remove Shims/Terque MCC Pc Transducer and D35.2/011.2 Stack 1h 2h 62 Tech,QC
64 Tee-Connect Turb Pri to Turb Sec/Connect to Lo Press Manifold 1h 2h 63 Tech,QC
65 Perform MCC/FPB/Nozzle Dryness Verification per V41CB0.081 2h 6h 64 Tech,QC.Engr
66 Disassemble Test Setup/Route Filters for Bubble Point Analysis 12h 24h 65 Tech,QC

67 SSME Inspections and Checkouts in OPF/V1011.02 44h 140h 31
68 Perform Megger GR1864 Setup 8h 8h Tech
69 Perform E1 External Inspections (excluding Nozzle) per V41BU0.030 4h 8h 68 QC Engr
70 Remove E1 Internal Inspection Port Hardware 4h 4h 69 Tech
Fal Perform E1 Quick Look internal Inspections 8h 16h 70 QC.Engr
72 Secure E1 Inspection Port Hardware 4h 8h sl Tech,QC

3 Perform E2 External Iinspections (excluding Nozzle} per V41BU0.0630 4h 8h 68,69 QC.Engr

74 Remove E2 Internal Inspection Port Hardware 4h 4h 73 Tech
75 Perform E2 Quick Look Internal Inspections 8h 16h 74,71 QC,Engr

75 Secure E2 Inspection Port Hardware 4h 8h 75 Tech,QC
11 Perform E3 External Inspections (excluding Nozzle) per V41BU0.030 4h 8h 68,69,70 QC,Engr
78 Remove E3 Internal inspection Port Hardware 4h 4h 77 Tech
9 Perform E3 Quick Look Internal Inspections 8h 16h 78,75 QC,Engr

80 Secure E3 Inspection Port Hardware 4h 8h 78 Tech,QC
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Table 13. OPF rollin to SSME removal tasks (Continued).

1D Task Name Duration Work Predecessors Resource Names
81 Perform HPOTP Strain Gauge Bonding Inspections per V41AU0.090 4h 12h 68 Tech,QC,Engr
82 Perform TDT Sensors Resistance Measurements per V41BU0.250 4h 12h 81 Tech,0C,Engr
83 SSME Past-Flight Low Pressure Pump Torque Checks 18h 54h 67
84 Engine 1,2,3 LPFTP Targue Checks/AV1011.03 Run 1 6h 18h Tech,OC,Engr
85 Engine 1,2,3 LPOTP Torque and Travel Checks/V1011.03 Run 1 12h 36h 84 Tech,QC.Engr
86 SSME Heat Shield Removai Dperations/V41-40021,22,23 24,25 26 58h 276h T 67
87 Remove DMHS Carrier Panels/V80-05907,33,35 40h 120h 23 Tech{2},QC
88 Remove DMHS Splice/Perimeter Hardware/V41-40021,22,23 ' 4h 12h Tech[2],QC
89 Install E1 Lower Splice Platform on Onh
90 Pasition Davit Crane to 19W Platform 2h 6h Tech[2],0C
91 Begin Heat Shield Removal Operations Oh Oh 87,88,89,90 ‘
92 Remove E1 Left Hand DMHS/V41-40021 1h 10h a1 Tech[6],QC,Safety, Engr[2]
93 Remove E1 Lower Splice Platform Oh Oh 92
94 Remave E2 Left Hand DMHS/V41-40022 1h 10h 93 Tech([6],QC,Safety,Engr]2]
95 Remave E2 Right Hand DMHS/V41-40022 1h 10h 94 Tech[6],0C.Safety,Engr{2]
96 Remove E2 Right Hand EMHS/V41-40025 1h 10h 85 Tech[6],QC,Safety,Engr{2]
97 Remove E2 Left Hand EMHS/V41-40025 1h 10h a8 Tech{6],QC, Safety,Engr{2}
98 Reposition Davit Crane to 19E Platform 2h 6h 97 Tech[2],QC
99 Remave E3 Right Hand DMHS/V41-40023 1h 10h 98 Tech(6],QC,Safety,Engr{2]
100 Remove E3 Left Hand DMHS/V41-40023 1h 10h 99 Tech([6],QC,Safety,Engr[2]
101 Remove E3 Left Hand EMHS/V41-40026 1h 10h 100 Tech[6],QC,Safety,Engr[2]
102 Remove E3 Right Hand EMHS/V41-40026 th 10h 101 Tech{6],QC,Safety,Engr[2]
103 Install E2/E3 Lower Splice Platform oh oh 102
104 Remave E1 Right Hand DMHS//41-40021 1h 10h 103 Tech{6],QC,Safety,Engr[2]
105 Remove E1 Right Hand EMHSV41-40024 1h 10h 104 Tech[6],QC,Safety,Engr{2]
106 Reposition Davit Crane to 19W Platform 2h 6h 105 Tech[2],QC
107 Remove E1 Left Hand EMHS/V41-40024 1h 10h 106 Tech[6),QC,Safety,Engri2)
108 Remove E2/E3 Lower Splice Platform ' Oh Oh 107
108 Stow Davit Crane ) 2h 6h 108 Tech[2],QC
110 SSME Removal Operations 64h 520h 109,86
1M Engine Removal Preps ) 12h 1201
112 Demate SSME Hydraulic QD's/Va002.06 ‘ 7h 2%h 86
13 Perform Orbiter Hydraulic System Venting 4h 20h Tech,Safety,Engr{3]
114 Demate E1 Hydraulic Return QD @ Joint H17 0.25h 0.75h 113 Tech,QC,Engr
115 Perform E1 Hydraulic Return QD Demate Inspection per V58AG0.123-D 0.25h 0.75h 114 Tech,QC,Engr
116 Demate E1 Hydraulic Supply QD @ Joint H1 0.25h 0.75h 115 Tech,QC,Engr
17 Perform E1 Hydraulic Supply QD Demate Inspection per V68AG0.123-A 0.25h £.75h 116 Tech,QC,Engr
118 Demate E2 Hydraulic Return QD @ Joint H17 0.25h 0.75h 117 Tech,QC,Engr
118 Perform E2 Hydraulic Return QD Demate inspection per V58AG0.123-E 0.25h 0.75h 118 Tech,QC,Engr
120 Demate E2 Hydraulic Supply QD @ Joint H1 0.25h 0.75h 119 Tech,QC,Engr




Table 13. OPF rollin to SSME removal tasks (Continued).

€S

1D Task Name Duration Work Predecessors Resource Names
121 Perform E2 Hydraulic Supply QD Demate Inspection per V58AGO0.123-B 0.25h 0.75h 120 Tech,QC,Engr
122 Demate £3 Hydrautic Return QD @ Joint H17 0.25h 0.75h 121 Tech,QC,Engr
123 Perform E3 Hydraulic Return QD Demate Inspection per V58AGO.123-F 0.25h 0.75h 122 Tech,QC,Engr
124 Demate E3 Hydraulic Supply QD @ Joint H1 0.25h 0.75h 123 Tech,QC,Engr
125 Perform E3 Hydraulic Supply QD Demate Inspection per V58AGO0.123-C 0.25h 0.75h 124 Tech,QC Engr
126 Orbiter Interface Hardware Verification (Aft) 4h 8h Tech,QC
127 LH2 Foam Removal (Aft) 8h 16h Tech,QC
128 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh
129 PVD Controlfer Duct Removai (Aft) 6h 18h 128 Tech{2],QC
130 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 129
131 Calibrate Force Gages (Roc) 8h 16h Tech,QcC
132 Orbiter Preps (Roc) 4h 8h Tech,QC
133 Electrical Interface Demates (Aft) 4h 8h Tech,QC
134 Engine Preps (Roc) 4h ~&h Tech,QC
135 Orbiter Helium Handvalve Instalfation (Aft) 2h 4h 133 Teeh,QC
136 Terminate Aft Compartment ECS Purge Air per V3555 Ch Ch 135
137 Demate Fliuid System Interfaces (Roc) 2h 8h 136,131,127 Tech[31,QC
138 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh oh 137
139 Install Interface Support Panel (Roc) 2h 6h 138 Tech[2],0GC
140 Engine 2 Removal GSE Handling Operations (Roc)/V5087 8h 36h M
141 Verify Lift Truck, Carrier and Rail Table Proofload Validations 0.5h 1h Tech,QC
142 Install Lift Spoon 0.5h ih 141 Tech,QC
143 Mount Rail Table on Lift Truck th 4h 142 Tech{2],0C,Engr
144 Mount Carrier on Rail Table/Lift Truck 2h 8h 143 Tech[2],QC,Engr
145 Perform Dummy Load Brake Test without Engine 3h ” 2th 144 Tech{4],0C,Safety,Engr
146 Transport Lift Truck/Hyster to OPF for Engine 2 Removal 1h 1h 145 Engr
147 Engine 2 Removal Operations 8h 75h 140
148 Positian installer for Engine 2 Removal 2h 10h M Tech[2),QC Engr{2]
149 Mate Installer to Engine 2 2h 30h 148 Tech[7],QG[2],Safety[2],Engr(4]
150 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh 149
151 Demate Engine from Orbiter 2h 30h 150 Tech([7],QC[2] Safety[2],Engr{4]
152 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 151
153 Transport Engine 2 to VAB th 1th 152 Engr
154 install Orbiter Engine 2 Interface Covers 2h 4h 151 Tech,QC
155 Rotate Engine 2 to Horlzontai Handler/ V5087 2h 14h 153
156 Install Rotating Sling and Unload Carrier/Engine 0.5h 3.5h Tech[4],QC,Safety, Engr
157 Mount Carrier on Skid 0.5h 3.5h 156 Tech{4],QC,Safety,Engr
158 Transfer Engine 2 to Horizontal Handler 1h 7h 157 Tech[4],QC,Safety,Engr
159 Engine 3 Removal GSE Handling Operations (Roc)/V5087 6h 30h 158
160 Mount Carrier on Rail Table/Lift Truck 2h 8h Tech[2],QC,Engr
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Table 13. OPF rollin to SSME removal tasks (Continued).

D Task Name Duration Work Predecessors Resource Names
161 Perform Dummy Load Brake Test without Engine 3h 21h 160 Tech{4},Q0,Safety,Engr
162 Transport Hyster to OPF for Engine 3 Removal 1h 1h 161 Engr
163 Engine 3 Removal Operations 8h 75h 14
164 Position Installer for Engine 3 Removal 2h 10h 162 Tech([2),QC.Engr[2]
165 Mate Installer to Engine 3 2h 30h 164 Tech[7],QC[2),Safety[2],Engr{4]
166 Terminate Aft Compartment EGS Purge Air per V3555 Oh Oh 165
167 Demate Engine from Orbiter 2h 30h 166 Tech[7],QC[2],8afety[2],Engr[4]
168 Relnitiate Aft Compartment ECS Purge Air per V3555 Oh Ch 167
169 Transport Engine 3 to VAB 1h th 168 Engr
170 Install Engine 3 Interface Covers 2h 4h 167 Tech,QC
17 Rotate Engine 3 to Horizontal Handler/V5087 2h 14h 169
172 Install Rotating Sling and Unload Carrier/Engine 0.5h 3.5h Tech[4),QC,Safety, Engr
173 Mount Carrier on Skid 0.5h 3.5h 172 Tech{4],QC,Safety,Engr
174 Transfer Engine 3 to Horizontal Handler 1h 7h 173 Tech{4],QC,Safety,Engr
175 Engine 1 Removal GSE Handling Operations (Roc)/V5087 6h 30h 174
176 Mount Carrier on Rail Table/Lift Truck 2h 8h Tech[2],QC,Engr
1m Perform Dummy Load Brake Test without Engine 3h 21h 176 Tech[4),QC,Safety,Engr
178 Transport Hyster to OPF for Engine 1 Removal 1h 1h 177 Engr
179 Engine 1 Removal Operations 8h 75h
180 Position Installer for Engine 1 Removal 2h 10h 178 Tech[21,QC,Engr[2}
181 Mate Installer to Engine 1 2h 30h 180 Tech[7],0C[2],Safety[2],Engr{4]
182 Terminate Aft Compariment ECS Purge Air per V3555 0h Oh 181
183 Demate Engine from Orbiter “2h 30h 182 Tech[7],QC[2],Safety[2],Engr[4]
184 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 183
185 Transport Engine 1 to VAB 1h 1h 184 Engr
186 Instalt Engine 1 interface Covers 2h 4h 183 Tech,QC
187 Rotate Engine 1 to Horizontal Handler/ V5087 6h 30h 185
188 Install Rotating Sling and Unload Carrier/Engine 0.5h 3.5h Tech[4],QC,Safety, Engr
189 Mount Carrier on Skid 0.5h 3.5h 188 Tech]4],Q0C,Safety,Engr
190 Transfer Engine 1 to Horizontal Handler 1h 7h 189 Tech([4],QC,Safety, Engr
191 Stow SSME Handling GSE/V5087 4h 16h 190 Tech[2],QC,Engr
192 Post-Engine Remaval Operations 6h 12h 179
193 Interface Hardware Inspections 4h 8h 186 Tech,QC
194 Gimbal Bolt/Nut Torque Cycle 2h 4h 186,193 Tech,QC
195 SSME Removal Operations Compiete/OK to Proceed with MPS Operations Oh Oh 193,194
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Table 14. Engine shop turnaround tasks.*

D Task Name Duration Work Predecessors

1 Engine Shop Turnaround! 252.75h 1330h

2 Nozzle Tube Leak Checks/V1294.0051 3h 6.5h

3 SSME Inspections in Engine Shop (continued)/\V1011.02! 252.75h 135.75h

4 Vertical Stand Available Oh oOh

5 Transfer Engine to Vertical Stand/V5087! 3h 32.5h 4

6 HPOTP Post-Flight Torque Check/V1011.03 Run 1! 3.75h 11.25h 5

7 HPFTP Post-Flight Torque Check/V1011.03 Run 1! 3.5h 10.5h 6

8 HEX Coil Post-Flight Leak Check/V1294.003! 8h gh 7

9 MCC Liner Cavity Decay Check/V1294.003! 3.25h 8.25h 8
10 HPOTP Removal and Replacement/V5E02! 97.75h 435h 6,8,9
1 HPFTP Removal and Replacement/V5E06! 101.25h 375.75h 7.8,9
12 Fuel and Hot Gas System Internal and External Leak Checks/V1294.005! 8.75h 21.25h 1
13 LOX System Internal and External Leak Checks/V1294.006! 8.5h 20.25h 12
14 SSME Flight Readiness Test and Checkout/\V1294.002! 50.25h 124h 13
15 GOX System Internal and External Leak Checks/V1294.002! 2.75h 12h 14
16 Rotate Engine to Horizontal Handler/V5087! 4.25h 38.5h 15
17 Fuel and LOX Ball Seal Leak Checks/V1294.007! 3.5h 7.5h 16
18 Move Engine to VAB Transfer Aisle! Oh Oh 17
19 Engine Encapsulation Leak Check/V1294.007! 23.5h 68.5h 18
20 Move Engine to Engine Shop! Oh Oh 19
21 LPFTP Torque Check! 1.25h 3.75h 20
22 LPOTP Torque and Shaft Travel! 3.25h 9.75h 21

* Lowest level of detail not shown but available for all subtasks. See table 17 for examples.
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Table 15. Engine installation to OPF rollout tasks.

D Task Name Duration Work Predecessors Resource Names

1 Engine Instaliation to OPF Roll-Out! 40.09d 2207h

2 Engine Installation Operations/V5005! 115d 733.5h

3 Engine Installation Preps! 3d 241h

4 Installation Preps in OPFI 3d a3h

5 Remove/Inspect Orbiter Interface Covers (Aft)! 24h Oh

6 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh

7 Remove PVD Controller Duct 2h 4h 6 Tech,QC

8 Photegraph Fluid Interface Panels per V41DC0.030 1h 2h 7 QC.Engr

9 Remove Test Plate/inspect Orbiter LO2 Feediines per V41BU0.360 4h 12h 8 Tech,QC,Engr
10 Remove Test Plate/Inspect Orbiter LH2 Feedlines per V41BU0.360 4h 12h 9 Tech,QC,Engr
1 Inspect SSME Controlter Purge Line 1h 2h 10 Tech,QC
12 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 1
13 Remove Test Plate/Inspect Orbiter |L02/LH2 Bleed Lines 4h 8h 12 Tech,QC
14 Remove Test Plate/Inspect Orbiter LO2/LH2 Pressurization Lines 4h 8h 13 Tech,0C
15 Remove Test Plate/Inspect Orbiter GHe/GN2 Supply Lines 4h 8h 14 Tech,QC

16 Perform MPS Test Requirements (Aft) 4h 8h QC,Engr
17 Perform Engine Interface Flange Leak Check Port Verification (Aft) 4h 8h Tech,QC
18 Perform Orbiter Preps for SSME Installation (Rac)l 0.5d 21h

19 Verify Body Flap Full Down Oh Oh
20 Perform Gimbal Interface Nut/Boit Verification L 1h Qc
21 Install Stifarm Brackets and TVC Actuator Supports per V5057 4h 12h Tech[2],QC
22 Perform Pre-Installation Inspection of Joint 01/F1 Interface Seals 4h 8h Tech,QC
23 Installation Preps in Engine Shap! 15d 148h
24 Install AFV/Helium Baggie Purge Adapters 4h 8h Tech,QC
25 Install Liquid Air Insulators 12h 24h Tech,QC
26 Perform SSME Engineering Walkdowns 12h 108h Tech[3],QC[3],Engr[3]
27 Remove/inspect Engine Interface Covers 4h 8h Tech,QC
28 Engine 1 Installation GSE Handling Operations/V5087! 0.63d 345h 5
29 Verify Lift Truck, Carrier and Rail Table Proofioad Validations 0.25h 0.5h Tech,QC
30 Transfer Engine to Carrier from Horizontal Handler 1.5h 6h 29 Tech[2],QC,Engr
3t Establish Safety Clears for Engine Lifting Operations 0.25h 3h 30 Tech[7],QC,Satety,Engr[3]
32 Mount Carrier/Engine on Rail Table/Lift Truck 2h 24h 31 Tech[7],QC,Safety,Engr[3]
33 Transport Hyster to VAB for Engine 1 Installation 1h 1h 32 Engr
34 Engine 1 Installation Operations! 0.88d 75h 28
35 Position Hyster/Installer for Engine 1 Installation 2h 26h Tech([71,0C[2],Satety,Engr[3]
36 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh 35
37 Engine 1 Mate to Orbiter 4h 52h 36 Tech[71,QC[2],Safety,Engr[3]
38 Reinitiate Aft Compartment ECS Purge Air per V3555 0h Oh 37
39 Transport Hyster to VAB 1h 1h 38 Engr
40 Engine 3 Installation GSE Handling Preps/V5087! 0.63d 34.5h 39
11 Verify Lift Truck, Carrier and Rail Table Proofload Validations 0.25h 0.5h Tech,QC
42 Transfer Engine to Carrier from Horizontal Handler 1.5h 6h 41 Tech[2],QC,Engr
43 Establish Safety Clears for Engine Lifting Operations 0.25h 3h 42 Tech[7],QC,Safety,Engr{3]
M Mount Carrier/Engine on Rail Table/Lift Truck 2h 24h 43 Tech[7],QC,Safety,Engr[3]
45 Transport Hyster to OPF for Engine 3 Instaliation 1h 1h 44 Engr
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Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Name Duration Work Predecessors Resource Names
46 Engine 3 Installation Operations! 0.88d 7% 34
47 Pasition Hyster/installer for Engine 3 Installation 2h 26h 40 Tech({7],GC{2],Safety,Engr(3]
48 Terminate Aft Gompartment ECS Purge Air per V3555 Oh Oh 47
49 Engine 3 Mate to Orbiter 4h 52h 48 Tech{7],QC[2],Safety,Engr[3}
50 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 49
51 Transport Hyster to VAB for Engine 2 Installation 1h 1h 49 Engr
52 Engine 2 Instailation GSE Handilnu Preps/V5087! 0.63d 34.5h 51
53 Verify Lift Truck, Carrier and Rail Table Proofioad Validations 0.256h 0.5h Tech,QC
54 Transter Engine to Carrier from Horizontal Handler 1.5h 6h 53 Tech[2},GC,Engr
55 Establish Safety Clears for Engine Lifting Operations 0.25h 3h 54 Tech[7],QC,Safety,Engr(3]
56 Mount Carriet/Engine on Rail Table/Lift Truck 2h 24h 55 Tech[7],QC,Safety Engr[3]
57 Transport Hyster to OPF for Engine 2 Installation 1h 1h 56 Engr
58 Engine 2 Installation Operationsi 0.88d 7%h 52
59 Position Hyster/Installer for Engine 2 Installation 2h 26h Tech({7],QC[2],Safety,Engr(3]
60 Terminate Aft Compartment ECS Purge Air per V3555 Oh oh 59
61 Engine 2 Mate 1o Orbiter 4h 52h 60 Tech(7],QC[2],Safety,Engr{3}
62 Reinitiate Aft Gompartment ECS Purge Air per V3555 Oh Oh 61
63 Transport Hyster to VAB 1h 1h 62 Engr
64 Att Swings Closed Oh Oh 63
85 SSME 1,23 Interfaca Securing Operations! 4d 152h 64
66 Interface Hardware [nstallation/GSE Removal 32h 96h Tech[2],0C
67 Gontraller Coolant Duct Installation 8h 16h 64 Tech,QC
68 Electrical Interface Connection 16h 32h 64 Tech,QC
69 Mate Hydraulic QD's per V58AG0.121/V9002.06 4h 8h 64 Tech,QC
70 SSME Interface Securing Complete Oh Oh 66
71 SSME/MPS integrated Testingi 11.28d 246.5h 70
72 Low Pressure Pump Post-Installation Torgue Checks/V'1011.03 Run 3! 2.25d 54h
73 Engine 1,2,3 LPFTP Torque Checks 6h 18h Tech,QC,Engr
74 Engine 1,2,3 LPOTP Torque Checks 12h 36h 70,73 Tech,QC,Engr
75 Orbiter/SSME Interface Verification) 9.03d 192.5h
76 GSE Configuration for Leak Checks/V1011.04 4h 4h 74 Tech
771 Fuel Interface Leak Check/V1011.051 0.44d 11h 76
78 Install Throat Plugs 2h 2h Tech
79 Activate MPS 750 psi Pneumatics 0.25h 1.5h 78 Tech[2),QC[2],Engr{2]
80 Pressurize MPS LH2 Manifoid 0.25h 1.5h 79 Tech[2],QC[2],Engr{2]
81 Perform Fuel Feed Joint F1 I/F Leak Checks per V41AX0.020/.030/.040 0.5h 3h 80 Tech[2],QC[2],Engr{2]
82 Perform Fuel Bleed Joint F4.3 I/F Leak Checks per V41AX0.020/.030/.040 0.5h 3h 81 Tech[2],QC{2},Engr(2]
83 LH2 Manifold Decay Test/\V1009.051 1d Oh 77
84 Perform LH2 Manifold Decay Test per V41... 8h Oh
85 Vent Fuel System Manifold 0.25% Oh
86 Secure MPS 750 psi Pneumatics 0.25h Oh 82
87 SSME Electrical interface Verification/V9001VL4 8h 16h 86 QC,Engr
88 GOX System Interface Leak Check/V1011.04] 1d 33.5h 87
89 Mate Pneumatic Flexhoses/Leak Check Setup 2h 6h Techf2],aC
90 Close LO2 Prevalves and Pressurize GO2 Pressurization System 0.5h 3h 89 Tech[2],QC[2],Engr[2]
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Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Name Duration Work Predscassors Resource Names
91 Power Up SSME Controliers per V8001VL4 0.5h 35h 90 Tech{2],0C(2],Engr{3]
92 Perform AFV Crack/Full Open Test per V41BR0.030 0.5h 3.5h 91 Tech[2],@C{2],Engr([3]
93 Power Down SSME Gontrollers per V9001VL4 0.5h 3.5h 92 Tech{2],QC[2],Engr[3]
94 Perform G02/GCV Ext Leak Check and Orifice Verif. per V418P0.010 0.5h 3h 93 Tech[2],0C{2) Engr[2]
95 Perform GO2 I/F Temperature Xducer Leak Check per V41AY0.320 0.5h 3h 94 Tech[2],GC[2],Engr[2]
86 Perform GO2 \/F Flange Leak Check per VA1AX0.050 0.5h 3h 95 Tech]2},QC12],Engr]2]
97 Perform Combined AFV Seat/Shaft Seal Flow Test per V418Q0.100 0.5h 3h 96 Tech[2],QC[2),Engr[2]
98 Disassemble Test Setup 2h 2h 97 Tech
99 Install Joint 018.1 Flight Plates/V1011.04! 2h 5h 88
100 Install AFV Filter/Seal per V418U0.220 1h 3h Tech,QC,Engr
101 Secure Joint 018.1's th 2h 100 Tech,QC
102 LOX Intertace Leak Check/V1011.051 7h 32h 99
103 Gonfigure SSME Drain Lines 1h ih Tech
104 Perform MPS 750 psi Pneumatic System Activation 0.5h 3h 103 Tech[2],QC[2],Engr[2]
105 Perform LO2 Manifeld Pressurization 0.5h 3h 104 Tech[2],QC{2},Engr{2}
106 Perform LO2 Feed Joint 01 I/F Leak Checks per V41AX0.020/.030/.040 1h 6h 105 Tech[2],QC{2] Engr{2]
107 Perform LO2 Bleed Joint 015 I/F Leak Checks per V41AX0.020/.030/.040 1h 6h 106 Tech[2],QC[2},Engr[2]
108 Perform LO2 System Interface Mass Spec Leak Checks 1h 6h 107 Tech[2],QC[2],Engr[2]
109 Perform Joint 018.1 External Leak Check 0.5h 3h 108 Tech[2],QC[2],Engr[2]
"o Vent 102 Feed and MPS 750 psi Systems 0.5h 3h 109 Techi2),0C12).Engri2]
111 Secure LO2 Leak Check Setup 1h th 110 Tech
12 GSE Configuration for Hot Gas Leak Checks/V1011.05 2h 2h 102 Tech
113 Install Throat Plugs/v1011.05 2h 4h 112 Tech,QC
114 Hot Gas System Interface Leak Chacks/V1011.05] 6h 22.5h 113
115 Configure SSME Drain Lines 0.5h 0.5h Tech
116 Configure GH2 Pressurization System for Flow Test 0.5h 0.5h Tech
17 Perform GH2 Pressurization System Flow Test per V41B20.080 0.5h 1.5h 116 Tech, 00 Engr
118 Perform GH2 I/F Pressure Xducer Leak Check per V41AY0.350 th 6h 17 Tech[2],0C{2] Engri2]
118 Perform GH2 Press Joint F9.3 I/F Leak Check per V41AX0.020/.030/.040 1h 6h 118 Tech[2],0C[2].Engr[2]
120 Perform GH2 System Interface Mass Spec Leak Ghecks 0.5h 3h 119 Tech[2],QC[2],Engr{2]
121 Vent Hot Gas System 0.5h 3h 120 Tech[2],QC{2],Engr{2]
122 Perform PD16 Hardware Installation 1h 1h 121 Tech
123 Secure Hot Gas Leak Check Setup 1h 1h 122 Tech
124 Throat Plug Removal/V1011.05 2h 2h 114 Tech
125 Pneumatic System Interface Leak Checks/V1011.051 3.5h 12.5h 124
126 Configure SSME Drain Lines 0.5h 0.5h Tech
127 Perform SSME 750 psi Pneumatic System Activation 1h 5h 126 Tech,QC[2] Engr[2]
128 Perform Pneumatic I/F Joint P1 Leak Check per V41AX0.020/.030/.040 1h 5h 127 Tech,QC[2],Engr[2]
128 Secure SSME 750 psi Pneumatic System 1h 2h 128 QC,Engr
130 Fuel System Interface Insulation Installation/V1011.05 24h 48h 125 Tech,QC
13 SSME Enging and Dame Mounted Heat Shield Installation Qparations! 126h 1056h 125
132 Position Davit Crane on 19R/G41-20017 2h 12h Tech[4],QC[2]
133 Install E-1 R/H EMHS/V41-50024 2h 12h Tech[4],QC[2]
134 Install E-3 L/H EMHS/V41-50026 2h 12h 133 Tech{4],QC[2]
135 Install E-3 R/H EMHS/V41-50026 2h 12h 134 Tech[4],QC[2]
136 Verify £-3 EMHS Splice Line Hardware Torque Compiete/Verify Bolt Frotrusion Com plete Oh oh 135 Tech{4],4C{2]
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" Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Name Duration Work Predecessors Resource Names
137 Install E-3 R/H DMHS/V41-50023 2h 12h 136 Tech{4],aC[2]
138 Install E-3 L/H DMHS/V41-50023 2h 12h 137 Tech([4],QC(2]
139 Position Davit Crane on 19L/G41-20017 1h 6h 138 Tech{4],0C(2]
140 Install E-1 L/H EMHS/v41-50024 2h 12h 139 Tech([4],QC[2]
141 Instali £-2 L/H EMHS/V41-50025 2h 12h 140 Tech[4],0C[2]
142 Install E-2 R/H EMHS/V41-50025 2h 12h 141 Tech[4],QC[2]
143 Verify E-1 EMHS Splice Line Hardware Torque Complete/Verify Bolt Protrusion Complete Oh Oh 142 Tech[4],QC[2]
144 Verify E-2 EMHS Splice Line Hardware Torque Complete/Verify Bolt Protrusion Complete Oh Oh 143 Tech[4],QC[2]
145 instal) E-1 LUH DMHS/V41-50021 2h 12h 144 Tech[4],QC(2)
146 Install E-2 R/H DMHS/V41-50022 2h 12h 145 Tech[4],QC[2]
147 Install E-2 L/H DMHS/V41-50022 2h 12h 146 Tech[4],0C[2]
148 Position Davit Crane on 19R/G41-20017 1h 6h 147 Tech[4],0C[2]
149 Install E-1 R/H DMHS/V41-50021 2h 12h 148 Tech[4],QC[2]
150 Lower Davit Crane from Level 19/G41-20017 2h 12h 149 Tech[4],0C(2]
151 Heat Shield Securing/Splice Line Configuration/V41-5002x 48h 288h 150 Tech{4],QC{2}
152 Install Carrier Panels/v80-95907,33,35 98h 588h 150 Tech[4],00[2]
163 SSME Gimbal Clearance Checks! 17 5h 123h
154 Pin TVC Actuators/V1063/V5057 4h 12h 152 Tech{2},QC
155 Instail Marking Tape on SSME Nozzle Tubes 2h 2h 154 Tech
156 Perform SSME Heat Shield Verification 1h ih 155 Tech
157 Hydraulic System Power-Up/V1063/¥8002.01 2h 20h 156 Tech[3],QC[3],Engr[4]
158 MPS TVC Full Excursion Gimbal Clearance Checks/V1063 4.5h 45h 167 Tech[3],QC[3],Engr[4]
159 SSME TVC Toe-In Glearance Checks/V1063 1.5h 15h 158 Tech{3],QC[3],Engr[4]
160 SSME TVC Actuator Drift Test/V1063 1.5h 15h 159 Tech[3],QC[3},Engr[4]
161 Orbiter Hydraulic Power-Down/V1063/V3002.01 1h 10h 160,162 Tech{3},QC[3],Engri4]
162 Hydraulic QD Leak Checks per V41AX0.020/.030/.040/v9002.06 1h 3h 157 Tech,QC,Engr
163 SSME OPF Roll-Out Inspections/V41-20003) 19h 4sh 153
164 Perform SSME Valve Position Verification 2h 10h Tech,QC Safety Engr[2]
165 TVC Actuator Midstroke Lock Installation/\V5057 4h 12h 164,162 Tech[2],0C
166 Thrust Chamber Cover Installation/V5057 2h 4h 165 Tech,QC
167 Verify Thrust Chamber Covers Installed per V41BW0.031 0.25h 0.5h 166 Tech,QC
168 Verify Bellows Covers Installed per V41BW0.031 0.25h 0.5h 167 Tech,QC
169 Verify TVC Actuators Connected per V41BW0.031 0.25h 0.5h 168 Tech,QC
170 Verify Midstroke Locks Installed per V41BW0.031 0.25h 0.5h 169 Tech,QC
m Install Miscellaneous Covers per V5057 2h 4h 170 Tech,QC
172 Visually Inspect Engine Components for Damage 8h 16h 171 Tech,QC
173 Ait Closeout for OPF Roli-Out Complete Oh Oh 163
174 Orbiter Roli-Out to VAB Oh Oh 173
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Table 16. VAB rollin to launch tasks.

D Task Name Duration Work Predecessors Rescurce Names
1 VAB Roll-In to Launch! 484 .87h 592.35h
2 Orbiter/ET Mate Operations/S0004! 144h Oh
3 Orbiter in Transfer Aisle Oh Oh
4 Connect Sling/Preps for Orbiter Lift 8h 0h 3
5 Rotate Orbiter to Vertical/Disconnect Aft Sling 8h Oh 4
6 Orbiter/ET Softmate gh Oh 5
1 Orbiter/ET Hardmate 4h Oh 8
8 Sling Removal 4h Oh 7
9 TSM Gonnect 16h Oh 8
10 Umbilical Mate 16h oh 8
1 Monaoball Connect/Closeout 24h Oh g
12 Hazardous Gas Leak Checks 8h Oh 9
13 Ultrasenic Inspections 4h Oh 10
14 TSM Static Measurement 8h Oh 9
15 External Umbilical Can Closeout 8h Oh 12,14
16 Ready for Orbiter Power-Up Oh oh 15
17 Umbilical Foaming 40h 0Oh 15
18 Purge Curtain Installation 40h Oh 17
19 Shuttle Interface Testing/S0008! 38h oh
20 Shuttle Interface Testing Preps 18h Oh
A Orbiter Power-Up Oh Oh 20
22 Orbiter System Checks 8h Oh 21
23 $0008 Testing 4h 0Oh 20
24 ET/SRB Power-Up Oh 0Oh 23
25 ET/SRB Systemn Checks 8h Oh 24
26 SRB TVC Actuator Testing 4h oh 25
27 Connect SRB TVC Actuators 4h Oh 26
28 timbilical interface Leak Checks/ii1491 30h 33.75h
29 Umbilical Interface Leak Check Prepsl 12h 2h
30 Perform GN2 Fiowmeter Setup 4h Oh
31 Perform LO2/LH2 TSM Line Verification 4h Oh
32 Perform SSME Trickle Purge Activation 15h 2h 3
33 Verify PD14 GN2 Purge T-0 Disconnect Mated Oh 0Oh
34 Perform Thrust Chamber Cover Removai/V5057 1h 1h Tech
3 Activate/Verify SSME Trickle Purge per $00000.100 0.5h 1h 34 Tech,QC
36 Perform TP8 Gonfiguration 4h Oh 31
37 Perform PD4/PD5 HUMS Leak Check Preps 8h Oh 31
38 Perform Mass Spec Leak Check Preps 8h Oh 31
39 Perform Mass Spec Leak Check Machine Preps 2h Oh 3
40 Umbitical interface Leak Check Operations] 18h 31.75h 29
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Table 16. VAB rollin to launch tasks (Continued).

1D Task Name Duration Work Predecessors Resource Names
41 Orbiter MPS Helium Fill QD Leak Check 2h Ch
42 17 Inch Disconnect Timing Checks/200 psi Leak Checks 8h Oh 41
43 MPS LOXFil! and Drain QD Leak Check 4h Oh 42
44 MPS LH2 Fiil and Drain QD Leak Check 4h th 43
45 SSME GNZ Healer Chreckoul/GN2 Leak Chiecksi 4h 25.75h
46 Configure Heater Power Circuit Breakers 0.25h 1h Tech,QC,Engr{2]
47 Verify Panel Valve Configuration 0.25h 1h 46 Tech,QG,Engr{2]
48 Perform Automated GN2 Panel Valve Checkout 0.5h 2h 47 QC,Engr[2],Tech
49 Close TSM GN2 Supply Valve 0.25h 1.25h 48 Tech[2],QC,Engr[2]
50 Pressurize GN2 Pane! 0.25h 1h 49 Tech,QC,Engr[2].
51 Establish Safety Clears 0.25h 2h 50 Tech[2],QC{3],Safety,Engr[2]
52 QOpen TSM GN2 Supply Valve 0.25h 2h 51 Tech[2],QC[3],Engr{2) Safety
53 Verify No Leakage @ PD14 GN2 Purge Interface per S00000.020 0.25h 2h 52 Tech[2],QC{3],Engr[2],Safety
54 Perform Bubble Soap Leak Check of TSM GN2 Lines 0.25h 2h 53 Tech[2],QC[3],Engr[2],Safety
55 Perform Orbiter GN2 Joint Leak Check 0.25h 2h 54 Tech]2],QC{3],Engr[2],Safety:
56 Perform SSME GN2 Joint Leak Check 0.25h 2h 55 Tech[2],QC[3],Engr[2],Safety-
57 Perform GN2 I/F Joint N1 Leak Check per V41AX0.020/.030/.040 0.25h 2h 56 Tech[2],QC[3],Engr[2],Safety
58 Perform SSME GN2 Heater Checkout 0.5h 4h 57 Tech{2],QC[3],Engr[2],Safety
59 Secure GN2 Flow 0.25h 15h 58 Tech({2],QC[2],Engr{2]
60 SSME MFV Heater T-0 Interface Verification! 2h 6h 59
61 Power Up Distributor Panels 0.25h 0.75h QC,Engr{2]
62 Close Panel Circuit Breakers 0.25h 0.75h 61 Tech,QC,Engr
63 Perform MFV Heater Checkout per $00000.101 th 3h 62 Tech,QC,Engr
64 Open Panel Circuit Breakers 0.25h 0.75h 63 Tech,QC,Engr
65 Power Down Distributor Panels 0.25h 0.75h 64 QC,Engrf2]
66 VAB Roli-Out Operafions/A5214! 44h Oh
67 Roll-Qut Preps 24h Oh 2
68 Shuttie Transfer to Launch Pad 12h Oh 67
69 Crawler Transport Operations 8h Oh 68
70 Launch Pad Validation Preps/S0009 POSU's 12h Ch 67
7 Shuttle 1st Motion to Pad Oh Oh 68
72 MLP Harddown at Pad! Oh Ch 71,69
73 Launch Pad Validation/S00091 44h 12h 72
74 Perform PD15/PD16 Connect 44h Oh
75 Perform A2202 Firex Verification 8h Oh
76 Activate Pad Helium Supply Panel 8h Oh
71 Activate SSME Trickle Purge 4h 12h Tech,QC,Engr
78 Activate T-Q Trickle Purge 8h Oh
79 Perform LDB Safing Panel Verification 8h Oh
80 Perform Prapeliant System Switch Validation 8h Oh
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Table 16. VAB rollin to launch tasks (Continued).

D Task Name Duration Work Predecessors Resource Names
81 Perform Recirc Pump Switch Validation 8h Oh
82 Perform ET Ol Power Up 8h Oh
83 Perform ET Ol Instrumentation Checks 8h Oh
84 Perform ET Level Sensor Cals 8h Oh
85 Perform Valve Verifications for G2340 LO2/LH2 Gheckouts 8h Oh
86 Perform ET O} Power Down 8h Oh .
87 ‘ Extend RSS Oh Oh 73
88 Engine Flight Readiness Testing/V1046.0011 21h 52h
89 Preps for SSME Hydraulic Operations/V9002.06 7h 15h
90 SSME Engineering Determine Configuration Required Configuratian for Hydraulics 1h 1h Engr
91 Perform TVC Actuator Preps for Hydraulic Operations/V5057 4h 12h 90 Tech[2],QC
92 Remove Drain Line Adapters and Environmental Throat Plugs th th 91 Tech
a3 Perform SSME LPFD Helium Barrier Purge System Venting 1h 1h 92 Tech
94 SSME Controller Power-Up/V9001VL4 1h 7h 89 QC[3],Engr[4]
95 Shuttle Flight Control System Activation Gomplete Oh Oh 94
96 SSME Controller Load and Sensor Checkout/V3001VL4 1h 7h 95 QC[3].Engr[4]
97 Hydraulic System Pressurization Complete Oh Oh 96
98 Activate SSME 750 psi Pneumatics 0.5h 3.5h 97 QC[3],Engr[4]
99 SSME Hydraulic System Conditioning and Actuator Checkout 0.5h 3.5h 98 QC[3),Engr(4]
100 SSME Flight Readiness Test 2h 16h 99 Tech,QC[3],Engr{4]
101 SSME Controller Power-Down Oh Oh 100
102 Hydraulics and Flight Control Closeout Operations! gh 0h 101
103 Aerosurface and SSME Cycling/V1308 3h Oh
104 Hydraulic System Compressibility/V3002.07 15h Oh 103
105 Frequency Response Testing/V1034 3h Ch 103
106 Hydraulic System Closeouts and Securing/vV9002.02 3h Oh 105
107 SSME Pneumatics Secured Oh oh 105
108 SSME Ball Seal Leak Check Operations/V1046.002/V1046.003! 4h 27h 88
109 Install Base Heat Shield Access Ladder/V35-00008 1.5h 4.5h 106 Tech{2],QC
110 SSME/TVC Actuator Hydraulic Power-Down Securing Reguirements/\/9002.06 3.5h 6.5h
m SSME Engineer Determine Required Power Down Configuration 1h 1h Engr
112 Install Midstroke Locks/V5057 15h 4.5h 111 Tech[2],QC
13 Vent Bleeder Plug at Joint P20.2 1h 1h 112 Tech
114 Install SSME Throat Plugs/V1046.002 2h 6h Tech,QC,Safety
115 Fuel Valve Ball Seal Leak Check/V1046.002 1h 5h 114 Tech,QC[2),Engr[2}
116 Oxidizer Valve Ball Seal Leak Check/V1046.003 th 5h 115 Tech,QC{2],Engr{2]
117 SSME Hydraulic QD X-Rays/V9002.06 4h 8h 116 Tech,QC
18 LO2 Feed/SSME Pneumatics Vented oh Oh 114
119 LH2 Feed Vented Oh Oh 115
120 GO02 Blanking Plate Installation/T1402! 6h 0Oh 119
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Table 16. VAB rollin to launch tasks (Continued).

1D Task Name Duration Work Predecessors Resource Names
121 GH2 Blanking Plate Installation/T14011 6h Oh 120
122 Orbiter/ET 17 inch Disconnect Cavity Purge Verification/V1149! 8h Ch 120,121
123 Helium Signature Test/V12021 34h 18h 120,121
124 SSME Praps for Helium Signature Test! 7h 18h
125 Install Drain Line Closures th 1h Tech
126 Establish Safety Clears/OK for Thrust Chamber Entry 1h 3h 125 Tech,QC,Safety
127 Perform MCC Liner Taping 2h 6h 126 Tech,QC, Safety
128 Install Throat Plug and Monitor Gage Manifold 2.5h 7.5h 127 Tech,QC, Safety
129 Mate Flexhose Between Supply Panel and Manifold 0.5h 05h 128 Tech
130 Perform PV13 GN2 Panel Setup 7h Oh 127
131 Haz Gas Detection System Preps 3h Oh 130
132 Pre-Test Helium Intrusion Test 4h Oh 131
133 MPS GH2/L02 Feed and SSME Hot Gas System Test 3h oh 132
134 GO2 System Test 2h Ch 133
135 LH2 Feed System 2h Oh 134
136 Orbiter Post-Test Operations gh Oh 135
137 G02 Blanking Plate installation/T1402! 6h Oh 135
138 GH2 Blanking Plate Installation/T1401! 6h Oh 137
139 Ordnance Instaliation Operatlons - Part 11 40h Oh
140 Ordnance Installation/PIC Resistance Checks/S5009 16h Oh 138
141 Ordnance Closeouts/S5009 24h Oh 140
142 Pre-Launch Hypergolic Propellant Loading Operations/S00241 64h 0h
143 Propellant Loading Operations/S0024 40h ‘ Oh 14
144 Propellant Loading Closeouts/$0024 24h Oh 143
145 Ordnance Installation Operations - Part 2! 48h oh
146 SRSS System Test 8h Oh 144
147 Ordnance Connect/PIC Resistance Checks/S5009 16h Oh 146
148 Ordnance Closeouts/S5009 24h Oh 147
149 LOX System Dewpoint and Conditioning/$1005! 6.5h 7.15h 148
150 SSME Thrust Cover Removal/Drain Line Adapter Installation/V5057 2h 4h 147 Tech,QC
151 Rocketdyne Tech on Station for Dewpoints 2.75h 2.75h 150 Tech
152 Orbiter and ET Ol Power-Up 0.5h Oh 150
153 SSME Trickle Purge Securing 1h 1h 162 Tech
154 MPS 750 psi Pneumatics Activation 1.5h Oh 152
155 ET LOX Tank, SSME, TSM Vent and Engine Bleed Dewpoint 1.5h Oh 153
156 Main Fill and Drain Dewpoint 1.75h Oh 154
157 LOX ET Pressure Maintenance 2.5h Oh 154
158 LH2 System Dewpoint and Conditioning/S1006! 9.5h 6h 149
159 LH2 and MPS/SSMEC Power-Up 2h 6h 150 QC,Engrf2]
160 ET/Orbiter Purge and Sample 5h Oh 159
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Table 16. VAB rollin to launch tasks (Continued).

0] Task Name Duration Work Predecessors Resource Names
161 Transfer Line Purge and Sample 1.5h Oh 160
162 Vaporizer Purge 1h Oh 161
163 Orbiter Aft Closeout/S1287! 100h 290h 148
164 Aft Confidence Test - Pre-Door Installation 12h Oh 148
165 SSME MCC Polishing 8h 24h 164 Tech,QC,Safety
166 TVGC Actuator Flight Closeout and Insulation Installation/V5057 34h 102h 164 Tech[2],QC
167 MPS Engineering Verification and Walkdown 8h Oh 164
168 MPS initiat Preps for Flight/v8018.001 8h Oh 167,
169 PD15/PD16 ET Standby Pressure Monitor Securing 8h Oh 167
170 EMHS Insulation Inspection per V41810.420 8h 24h 168,169 Tech,QC,Safety
m SSME Engineering Walkdown 8h 40h 170 Engr[5]
172 SSME Initial Preps for Flight/v9018.001 8h 24h 171 Tech,QC,Engr
173 SSME Quality Walkdown per V41BU0.070 16h 32h 17 Tech,QC
174 MPS VJ Line Checks/V9019 8h Oh 173
175 Verify Midstroke Locks Removed Oh Oh 173
176 LPFD Baggie Installation 6h 18h 173 Tech,QC,Engr
177 LPFD Baggie Leak Check per V41BU0.380 2h 10h 176 Tech,QC[2],Engr{2]
178 EMHS Debris Shield Removal gh 8h 177 Tech
179 MPS Protective Cover Removal/V35-00002 16h Oh 176,174
180 SSME Protective Cover Removal/\VV5057 8h 8h 179 Tech
181 MPS Solenoid Protective Cover Removal/V35-00003 8h Oh 179
182 Install Aft 50-1/50-2 Doors for Hight 4h Oh 181,180,181
183 MPS Functional Verification for Flight - Past-Door Installation/V9018.001 8h Oh 181
184 80007 Launch Countdown Operations! 364.87h 137.85h
185 $0007 Launch Countdown Preps! 80h 36h 163
186 $0007 Launch Countdown Preps 80h Oh 163
187 SSME Drag On Panel Purge Preps/S0007VL1 POSU 8 12h 36h i Tech,QC,Engr
188 $0007 Seq 14: T-43 hours to T-11 hours! 64h 6.25h 163,186 QC,Engr{2}
189 $0007 Seq 15: T-11 hours to T-6 hours! 7h 21h 188 QC,Engr{2]
190 $0007 Seq 16: T-6 hours to Launch! 8.87h 26.6h 189 QC,Engr[2]
191 Shuttle Liftoffl! Oh Oh 190
192 50007 Seq 17: Post-Launch Securing Operations 16h 48h 191 QC.Engr[2]
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Table 17. Example of detailed data for scheduled processing in OMEF.

1D Task Name Duration Waork Predecessors Resource Names
1 SSME Inspections in Engine Shop (continued)/V1011.02! 67.98h 135.75h
2 External Inspections! 67.98h 36h
3 Perform Nozzle External Inspections per V41BU0.030 8h 24h Tech,QC,Engr
4 Perform Liquid Air Insulator inspections per V41BU0.033 2h 4h 3 QC,Engr
5 Perform Main Injectar LOX Post Bias Checks per V41BU0.034 4h 8h 4 QC,Engr
6 MCC and Nozzle Inspections! 17.5h 34.5h
7 instait Thrust Chamber Protective Liner 0.5h 0.5h Tech
8 Perform Post-Flight Nozzle Inspections per V41BU0.353 2h 4h 7 QC,Engr
9 Perform Post-Flight MGG Liner Inspection per V41BU0,351 4h 8h 8 QC,Engr
10 Perform Post-Flight MCC Liner Polishing per V41BU0.351 8h 16h 9 Tech,QC
11 Post-Polishing MCC Liner Inspection per V41BU0.351 1h 2h 10 QC,Engr
12 Perform MCC Bondline Ultrasonic Inspection per V41BU0.031 2h 4h 11 QC,Engr
13 Internal Inspections! 16.25h 65.25h 6
14 Perform Flow Recirculation Inhibitor Inspection per V418U0.040 1h 1h Engr
15 Perform Main Injector Face Side Inspections per V41BU0.040 4h 4h 14 Engr
16 Perform Main Combustien Chamber inspections per V41810.040 2h 4h 156 QC,Engr
17 Perform Fuel Preburner Internal Inspection per V41BU0.040 4h 8h QC,Engr
18 Perform Oxidizer Preburner Internal Inspections per V41BU0.040 4h 4h Engr
19 Perform Main Injector Internal inspections per V41BU0.040 4h 4h 17,18 Engr
20 Verify Heat Exchanger Coils Internal Inspection performed per V5E02 0.25h 0.25h 18 Qc
21 Perform HPFTP Internal Inspections per V41BU0.075 8h 24h Tech,QC,Engr
22 Perform HPOTP Internal Inspections per V41BU0.065 8h 16h Tech,Engr
)] Task Name Duration Work Predecessors Resource Names
1 HPFTP Post-Flight Torque Chieck/V1011.03 Run 11 35h 10.5h
2 Remove HPFTP Thrust Bearing Housing @ Joint F3.1 0.5h 1.5h Tech,QC,Engr
3 Install HPFTP Torque Tool 0.5h 1.5h 2 Tech,QC,Engr
4 Perform HPFTP Torque Check per V41BS0.020 0.5h 1.5h 3 Tech,QC,Engr
5 Perform HPFTP Shaft Position and Axial Travel per V41BS0.020 1.5h 4.5h 4 Tech,QG,Engr
6 Install Protective Cover @ HPFTP Joint F3.1 0.5h 1.5h 5 Tech,QC,Engr
V] Task Name Duration Work Predecessors Resource Names
1 HPOTP Post-Flight Torque Check/V1011.03 Run 1! 3.75h 11.25h
2 Remove HPOTP Torque Access Plate @ Joint 09.1 0.25h 0.75h Tech,QC,Engr
3 Perform HPOTP Torque Check per V41BS0.040 0.5h 1.5h 2 Tech,QC,Engr
4 Perform HPOTP Shaft Travel Measurement per V41BS0.044 2h 6h 3 Tech,QC,Engr
L] Perform PBP Impeller Bolt Lock Inspection per V41BS0.043 0.5h 1.5h 4 Tech,QC,Engr
6 Install HPOTP Torque Access Plate @ Joint 08.1 0.5h 1.5h 5 Tech,QC,Engr




APPENDIX C—Unscheduled SSME Operations Data

Figures 20-24 and tables 18—19 present the detailed data collected from SSME processing experi-
ence at KSC relative to unscheduled activities. Figures 20—24 present the remaining unscheduled process-
ing classification types. The sixth, base R&R, is presented in section 5. Following these figures, an un-
scheduled summary data table (table 18) is presented. Finally, an example of the existing level of detail

supporting the flow layouts is presented in table 19.

Duration y[Wednesday] Thursday | Friday | Saturday | Sunday |
ID | () | Man-hr [4T12[8 [4 (12]8[4 (128 [4 [12[8 4 (12[8[4 12
1 24.43 1 ' 1) We——— IR Accent Performance Timel;
2 | 025 025 | : QC : Determine PR Condition ! !
3 025 : 025 E QC ulnitiate PR Paperwork | 5
4 05| 05 | ! | 0.5h 1 Apply MR ID (if Reqwred) !
5 051 05 | 0.5h=w MR Agcept Administative Time!! i
6 05 05 | ! Engr 1 QF Research/Validate PR | E
7 | 1198 . 12 i 12h wee—— R Accept Diagnostics Timel i
8 8 . 8 | EngrE Engr/Mgt Review, Assess PR |
9 4 4 \ E Engr Engr/Mgt Determine Corrective Action |
10 139 | 0 5 g Oh wew=—y MR Accept Delay Time!
11 1 0 i ! BEngr Disposition PR/MR Accept Rationale
12 8 | 0 ; i Engr Route PR through Signature Loop
13 2 0 : i Oh b Engr Disposition PR Closure
4] 051 0 | ; Ohi QE Close PR ;

Figure 20. Base MR accept.

Duration v |Wednesday| Thursday | Friday | Saturday | Sunday |
ID | (hr) | Man-hr (4712]8 4 :12]/8 [412[8 T1z[ |4'ﬁs]4’1z
1 (3342 1 ; 1hw . v MR Repair Performance Timel
2 025 ; 025 ! 0.25h : Determine PR Condition i |
3| 025 025 | 0.25h  Initiate PR Paperwork : :
4 0 0 ; i . ® Time/Resources for Correctlve Action (Varies)
5 05 05 | : i 0.5h 1 Apply MR ID (if Required) |
6 | 1198 1 12 i r12h v Mr Repair Diagnostics Time! E
7 8 | 8 i | 8h Engr/Mgt Review, Assess PR |
8 41 4 | | 4h & Engr/Mgt Determine Gorrective Actidn
9 | 3243 | 125 ! 12.5h y— [|R Repair Adminstrative 'ﬁme'
10 05 ¢ 05 | ! 0.50 1 QE Research/Validate PR
11 4 i 4 5 : i 3 Engr Disposition PR/MR RepaeratlonaIe (Varies)
12 8 . 8 5 | Engr Route PR through Signature Loop
13 25 ! 0 : § Oh w MR Repair Delay Time! !
14 20 0 | ! Oh @ Engr Disposition PR Closure
5] 05¢ 0 || E Oh 1 QE Close PR |
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Figure 21. Base MR repair.




Duration Wednesday| Thursday | Friday | Satirday | Sunday |
ID | (h) | Man-hr 15190 T8 14 .12]8 [4.12]8 |4 |12]8 |4 12]8 4 12
1| o048 05 | 0.5h ¥ PR Performance Time i |
2 0.25 0.25 | 0.25h 1 Determine PR Condition : {
3| 025 | 025 | . 0.25h 1 Initiate PR Paperwork | !
4 05 05 | 0.5h w PR Administrative Time | |
5 05 05 | | 0.5h 1 QE Research/Vaildate PR : |
6 5 5 | '5h we=y PR Diagnostics Time ! !
7 4 4 . ! 4h = Engr/Mgt Review/Assess PR | :
8 1 1 : ! 1h1 Engr/Mgt Determine Corrective Action |
9 | 948 95 | | ! 9.5h we==my PR Delay Time ! !
10 4 4 { ! 4h == Engr Disposition PR ! !
11 4 4 | ! 4h =|Engr Rt PR through Signature Loop |
12 1 1 | ! 1h g Engr Disposition PR Closure !
13 05 0.5 | | 0.5h ¢ Engr Disposition PR Closure !
Figure 22. Base PR accept.
Duration Wednesday| Thursday | Friday | Saturday | Sunday
ID [ “(hr) [ Man-hr 3795 g4 :12]8 4 128 |4 (12]8 [4 :12]8 [4 (12
1 6.98 0.5 0.5h w==¥ PR Performance Time i :
2 025 | 025 0.25h 1 Determine PR Condition ; i
3] 025 | 025 | ! 0.25h 1 Initiate PR Paperwork | ;
4 0 0 i & Time/Resources for Corrective Action (Varies w/PR Classification)
5 2 2 ! 2h =y PR Diagnostics Time i i
6 1 1 1hi Engr/Mgt Review/Assess PR | |
7 1 1 i th 1 Engr/Mgt Determine Corrective Action ;
8 6.5 45 i 4.5h =y PR Administrative Time | |
9 0.5 05 | ! 0.5h 1 QF Research/Validate PR i i
10 0 0 i i & Engr Disposition PR (Varies with Repair Classification)
11 4 4 i i 4h = Engr Rt PR through Signature Loop |
12 1.5 0 i i Oh =w PR Delay Time | 1
13 0 0 | ! Oh g Engr Disposition PR Closure} i
14 05 o | i OhgQE Close PR i ;
Figure 23. Base PR repair.
Duration Wednesday| Thursday Frida Saturday | Sunday
D | (hr) | Man-hr 719278 [412]8 [4 (12]8 (4 12[B (4 12[8 4 12
1 048 : 05 0.5h =¥ Waiver Performance Time i
2 025 : 025 ! 0.25h 1 Determine PR Condition
3 025 | 025 | i 0.25h 1 Initiate PR Paperwork ;
4 05 05 i 0.5h = Waiver Administrative Time i
5 0.5 i 0.5 ' 0.5h § QE Research/Vaildate PR E
6 [ 11.98 i 12 i 12h ey Waiver Diagnostics Time |
7 8 8 | ! i 8h Engr/Mgt Review/Assess PR
8 4 4 i i 4h = Engr/Mgt Determine Corrective Action
9 16.5 0 ; ! Oh peem——y Waiver Delay Time
10 1 0 ! i Oh 1 Engr Disposition PR/Waiver Rationale
11 12 ! 0 i i Oh Engr Rt PR/Waiver Rationale through Signature
12 19 0 | ! ! Oh @ Waiver Presentation ;
13 21 0 | ! ; ! Ohn Engr Disposition PR Closure
14 05 | 0 | i ; i Ohp QEClosePR |

Figure 24. Base waiver/exception.
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Table 18. SSME unscheduled processing summary.

Tech ac Engr Engr Total Tech Engr Total
Base Base Base Base Qc Pert Total No. No. No.
D] 8SME PR Ciassification N Base Perf Perf Porf
Parf Pert Diag Admin Mirs Miirs MHrs MHrs Mirs MHrs Techs aCs  Engrs
MHrs MHrs MHrs MHrs
1_| 48hr Drying OMRSD Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
2 | AFV Filter R&R 0 0.5 2 6.5 9 1 1 8.5 10.5 19.5 1 1 1
3 | Baggie Hose R&R 0 0.5 2 6.5 9 1.25 1.25 0 2.5 115 1 1 0
4 [Baggie Hose Repair 0 0.5 2 4.5 7 1 1 0 2 9 1 1 0
5 | Baggie R&R 0 0.5 2 6.5 9 1.5 1.5 0 3 12 1 1 0
6 | Baggie Repair 0 0.5 2 4.5 7 0.75 0.75 0 1.5 8.5 1 1 0
7 | Baitery R&R 0 0.5 2 6.5 9 1.25 1.25 0 2.5 1.5 1 1 0
8 | Burst Diaphragm R&R 0 0.5 2 6.5 9 0.5 0.5 0 1 10 1 1 0
9 | Contamination MR Repair 0.5 0.5 12 12.5 25.5 1.25 1.25 0 25 28 1 1 1]
10 [ Contamination Repair 0 0.5 2 4.5 7 1.75 1.75 [i] 35 10.5 1 1 0
11 | Contamination/Corrosion Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 0
12 | Contamination/Carrosion MR Accept 0.5 0.5 12 0.5 13.5 0 0 0 0 13.5 0 0 0
13 | Contamination/Corrosion Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
14 | Controller R&R: Post-FRT Q 0.5 2 6.5 9 154.5 74.25 93.25 322 331 na na na
15 | Controller R&R: Pre-FRT 0 0.5 2 6.5 9 35.5 14.5 13 63 72 | na na na
16 | Coolant Diffuser R&R 0 05 2 6.5 ] 2 2 0 4 13 1 1 0
17 | Coolant Duct R&R 0 0.5 2 6.5 9 2 2 0 4 13 1 1 0
18 | EDNI Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 1
19 | EDNI MR Repair 0.5 0.5 12 125 25.5 5.5 55 0 1 36.5 1 1 1]
20 | EDNIR&R Q as 2 8.5 9 7 7 1] 14 23 1 1 0
21 | EDNI Repair 0 0.5 2 4.5 7 6 6 0 12 19 1 1 0
22 | Elliptical Plug R&R 0 0.5 2 6.5 9 1 1 1 2 11 1 1 0
23 | Engine Assembly R&R i 0.5 2 6.5 ] 8 8 8.5 245 335 1 1 1
24 | Engineering Change 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
25 | Flange Sealing Surface MR Repair 0.5 0.5 12 125 25.5 3.5 3.5 245 315 57 1 1 1
26 | Fiange Sealing Surface Repair 0 0.5 2 4.5 7 4 4 6.5 14.5 215 1 1 1
27 | FPB Oxidizer Supply Duct R&R: Post-HPOTP 0 0.5 2 6.5 9 22.5 14.5 1 38 47 | na na na
28 | FPB Oxidizer Supply Duct R&R: Pre-HPOTP 1] 0.5 2 6.5 9 13 ] 0 22 31| na na na
29 | Fuef Bleed Duct R&R 0 05 2 65 9 5 5 0 10 19 1 1 i
30_ | Functional Failure Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 0
381 | Functional Failure Glean/Adjust 0 0.5 2 45 7 4 4 0 8 15 1 1 0
32 | Functional Failure MR Accept 0.5 0.5 12 0.5 13.5 0 0 0 0 13.5 0 0 1]
33 | Functional Failure Reperform/Retest 0 0.5 2 4.5 7 25 2.5 0 5 12 1 1 0
34 | Functional Failure Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
35 | GCV Assembly R&R 0 0.5 2 6.5 9 3 3 0 [ 151 na na na




Table 18. SSME unscheduled processing summary (Continued).

Tech ac Engr Engr
Total Tech Engr Total
8SME PR Classlfication Base Base  Basa Base Base Pert aC Pert P:'f Pert Total No. — No.  No.
Pert Pert Diag Admin MHrs MHrs Techs QCs  Engrs
MHrs MHrs MHrs MHrs MHrs Mes Miirs Mrs
Hardware Configuration Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 0
Hardware Configuration MR Accept 0.5 0.5 12 0.5 13.5 0 0 0 0 13.5 0 0 0
Hardware Configuration MR Repair 0.5 0.5 12 12.5 25.5 2.5 25 0 5 30.5 1 1 0
Hardware Configuration Reinstallation ) 0 05 2 45 7 3 3 0 6 13 1 1 0
Hardware Configuration Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
Hardware Crack/Weld Defect MR Repair 0.5 0.5 12 12.5 25.5 75 75 0 15 40.5 1 1 o)
Hardware Crack/Weld Defect Repair 0 0.5 2 45 7 8 8 0 16 23 1 1 0
Hardware Damage Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 =0
Hardware Damage MR Accept 0.5 0.5 12 0.5 13.5 0 0 0 0 135 0 0 1]
Hardware D ge MR Repair 0.5 0.5 12 12.5 25.5 3.5 3.5 0 7 32.5 1 1 0
Hardware Damage Repair 0 0.5 2 45 7 4 4 0 8 15 1 1 0
Hardware Damage Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 )
Harness Accept 0 0.5 5 0.5 6 0 0 1] 0 6 0 0 -0
49 | Harness MR Accept 0.5 0.5 0.5 0 0 0 0 135 0 0 -0
§0 | Harness MR Repair 0.5 0.5 12.5 2 2 0 4 29.5 1 1 0
51 {Harness R&R: Post-FRT 0 0.5 65 11 4 4 19 28 [na na na
52 | Harness R&R: Pre-FRT 0 05 2 65 9 3 3 0 6 15 1 1 0
53 [ Harness Repair 0 0.5 2 45 7 2.5 2.5 0 5 12 1 1 0
54 | Heat Shield Clip/Bracket R&R 0 0.5 2 6.5 9 1 1 0 2 1 1 1 0
55 | Hot Gas Manifold R&R 0 0.5 2 6.5 g 4 4 8.5 16.5 255 1 1 1
56 | HPFD R&R: Pad [\ 0.5 2 6.5 9 70.75 27,25 9 107 116{na na na
57 | HPFD R&R: Shop Post-FRT 0 0.5 2 6.5 9 37.25 26.75 8 72 81[na na na
58 |HPFD R&R: Shop Pre-HPFTP R&R 0 0.5 2 6.5 9 23.25 13 25 38.75 47.75 |na na na
59 | HPFTP Bellows Shield R&R 0 0.5 2 6.5 9 2 2 0 4 13
60 | HPFTP R&R: Pre-R&R 0 0.5 2 6.5 9 0 0 0 0 9|na na na
61 | HPFTP Thrust Bearing Housing R&R 0 0.5 2 6.5 9 8 8 0 16 25
62 |HPOTP Preburner Volute R&R 0 0.5 2 6.5 9 16 16 0 32 41 0
63 | HPOTP R&R: Pre-R&R 0 0.5 2 6.5 9 0 0 0 0 9|na na na
64 [ HPOTP Turbine Housing R&R 0 0.5 2 6.5 9 2 2 0 4 13 1 1 1]
65 | HPV Assembly R&R 0 0.5 2 6.5 9 8 8 0 16 25 1 1 0
66 | Hydraulic 0D R&R 0 0.5 2 6.5 9 6 6 0 12 21 1 1 0
67 | Igniter R&R 0 0.5 2 6.5 9 2 2 0 4 13 1 1 0
68 | Line Assembly R&R 0 0.5 2 6.5 9 5 5 [\ 10 19 1 1 0
69 | LOX Post Support Pin R&R 1] 0.5 2 6.5 9 0 10 8.5 18.5 27.5 0 1 1
70 | LPFD R&R: OPF/Pad 0 0.5 2 6.5 9 64.75 24.75 5.5 95 104 [ na na na
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Table 18. SSME unscheduled processing summary (Continued).

Tach ac Engr ‘Engr
Base Base Bass Base Total Tech QG Pert Engr Total Total No. No. No.
1D SSME PR Classification Bass Perf Perf Parf
Pert Perf Diag Admin MHrs MHrs MHrs MHrs MHrs MHrs Techs QCs  Engrs
MHrs MHrs MHrs MHrs
71 | LPFD R&R: Shop Pre-HPFTP R&R 0 0.5 2 6.5 9 23.5 11.5 25 375 46.5 |na na na
72 | LPFT Discharge Duct R&R 0 0.5 2 6.5 9 26 10 0 36 45 [ na na na
73 | LPFY Drive Duct R&R 0 0.5 2 6.5 9 25 10 0 35 44 |na na na
74 | LPFTP R&R 0 a5 2 68 ] 53.8 29 115 94 103 | na na na
75 |LPOD R&R 0 0.5 2 6.5 9 57.25 26.25 4 87.5 96.5 ina na na
76_| LPOTP R&R 0 0.5 2 6.5 9 52.5 28.5 13 94 103 | na na na
77 | Main Injector Assembly R&R 0 0.5 2 8.5 9 4 4 8.5 16.5 25.5 1 1 1
78 | MCC Assembly R&R 0 0.5 2 65 9 4 4 8.5 16.5 25.5 1 1 1
79 | MCC Roughness Repair 0 05 2 4.5 7 4 4 6.5 145 215 1 1 1
80 | Miscellaneous Hardware Config. MR Repair 0.5 0.5 12 12.5 25.5 2 2 0 4 29.5 1 1 4]
81 | Miscellaneous Hardware Config. Repair 0 0.5 2 45 7 2.5 25 0 5 12 1 1 0
82 | Miscellaneous Hardware Damage MR Repair 0.5 0.5 12 125 255 2 2 0 4 28.5 1 1 0
83 | Miscellaneous Hardware Damage Repair 0 05 2 45 7 25 2.5 0 5 12 1 1 0
84 | Miscellaneous Hardware R&R 0 05 2 6.5 9 6 6 0 12 21 1 1 0
85 | MOVA R&R: Pad 0 0.5 2 6.5 9 79.5 50.25 62.75 192.5 201.5!na na na
86 | MOVA R&R: Shop 0 0.5 2 6.5 9 29.25 18.75 35 51.5 60.5 na na na
87 | Nozzle FRI R&R 0 0.5 2 6.5 9 2215 119.25 54 394.75 403.75 | na na na
88 | Nozzle R&R: Post-Testing 0 0.5 2 6.5 9 245 133.75 65 443.75 452.75 [na na na
89 | Nozzle R&R: Pre-Testing 0 0.5 2 6.5 9 213.5 111.25 54 378.75 387.75 | na na na
90 | Nozzlge TPS MR Repair 0.5 0.5 12 12.5 25.5 5.5 5.5 0 11 36.5 1 1 0
91 | Nozzie TPS R&R 0 0.5 2 6.5 9 8 8 0 16 25 1 1 0
92 | Nozzle TPS Repair 0 0.5 2 4.5 7 4 4 1] 8 15 1 1 1]
93 | Nozzie Tube Leak MR Accept/Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 1} 1}
94 | Nozzle Tube Leak MR Repair 0.5 0.5 12 12.5 25.5 7.5 7.5 24.5 39.5 65 1 1 1
95 )} OPB Oxidizer Supply Duct R&R 1) 05 2 §.5 9 | 4 1] 10 191na na na
86 | Orifice R&R 0 0.5 2 6.5 9 2 2 0 4 13 1 1 0
97 | PCA Assembly R&R 1] a5 2 6.5 g 12 12 a 24 33 1 1 0
98 | Pogo Baffle R&R 0 0.5 2 6.5 9 51.25 24.25 4 795 88.5 [na na na
99 | Pawerhead Assembly R&R [ a5 2 6.5 9 4 4 8.8 16.5 2558 1 1 1
100 | Requirement/Documentation Change 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
101_| RIV Assembly R&R 0 0.5 2 6.5 9 6.7% 6.75 0 13.5 22.5) na na na
102 | Seal R&R 0 6.5 2 6.5 9 1 1 0 2 11 1 1 0
103 | Sensor Accept i] 0.5 5 0.5 6 0 0 4] 0 6 Q Q 0
104 | Sensor Mount R&R 0 05 2 6.5 g 1 1 0 2 11 1 1 1]
105 | Sensor MR Accept 0.5 0.5 12 0.5 135 0 0 0 0 135 (1] 0 0
106 | Sensor R&R: Post-Checkouts 1} 0.5 2 6.5 9 19 8 8 35 44 | na na na
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Table 18. SSME unscheduled processing summary (Continued).

Tech ac Engr Engr Total Tech En
Base Base Bage Base Qg Perf or Total Total No. No. No.
ID SSME PR Classification Pert Part Diag Admin Base Perf Hrs Perf Perf MHrs Techs QCs  Engrs
MHrs  MHrs  MHrs  MHs T MHrs Miirs MHrs

107 | Sensor R&R: Pre-Checkouts 0 0.5 2 6.5 9 1 1 0 2 ik 1 115 0
108 | Sensor Repair 0 05 2 45 7 2.5 25 0 5 12 1 11" 0
109 | Stud/Bolt R&R 0 0.5 2 6.5 9 3 3 1] 6 15 1 1 0
110 _| Surface Corrosion MR Repair 0.5 0.5 12 12,5 25.5 3.5 35 0 7 325 1 1 0
111 | Surface Gorrosion Repair 0 05 2 45 7 4 4 0 8 15 1 1 0
112 | Surface Discoloration MR Repair 05 05 12 12.5 255 35 35 0 7 325 1 1 0
113 | Surface Discoloration Repair 0 05 2 45 7 4 4 0 8 15 1 1 0
114 | Threads Damage Repair 0 0.5 2 4.5 7 3 3 0 6 13 1 1 0
115 | TVCA Pin R&R 0 05 2 6.5 9 5 5 0 10 19 1 1 0
116 | Valve Actuator R&R: Pad Post-Testing 0 0.5 2 6.5 9 99.5 63 74 236.5 2455 |na na na

117 | valve Actuator R&R: Pad Pre-Testing 0 0.5 2 6.5 9 49.25 315 14.75 955 104.5 |na na na

118 | Valve Actuator R&R: Shop Pre-Testing 0 05 2 6.5 9 48.25 31.5 14.75 95.5 104.5 [na na na

119 | valve R&R: Pad 0 0.5 2 6.5 9 127.75 80.25 93.5 3015 3105 [ na na na

120 | Vaive R&R: Shop Post-Testing 0 0.5 2 6.5 9 127.75 80.25 93.5 3015 3105 |na na na

121 | Valve R&R: Shop Pre-Testing 0 0.5 2 6.5 9 775 48.75 18.25 1445 1535 {na na na

122 | HPFTP R&R: Post-R&R g 0.5 2 6.5 9 197 122.75 56 375.75 384.75 [na na na

123 | HPOTP R&R: Post-R&R 0 05 2 6.5 9 239.5 142.25 53.25 435 444 | na na na
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Table 19. Example of detailed data for unscheduled processing.

D Task Name Duration Work Predecessors Resource Names
1 LPFTP Removal and Replacement/V5E24] 37.5h 94h
2 LPFTP GSE Removal Prepsi 2h Bh
3 Verify Proofload 2h 4h Tech,QC
4 Perform LPFTP Receiving inspection 1h 2h Tech,QC
5 LPFTP Remaoval Preps! 205h 256.5h
6 LAl Removal 2h 2h Tech
7 Disconnect LPFTP Drain Line @ Joint D17 0.5h 0.5h 6 Tech
8 Disconnect LPFD @ Joint F2 3h 3h 7 Tech
9 Support LPFD 0.5h 0.5h 8 Tech
10 Disconnect LPFT Drive Duct @ Joint F8 3h 3h 9 Tech
1 Support LPFT Drive Duct 0.5h 0.5h 10 Tech
12 Disconnect LPFT Discharge Duct @ Joint F9 3h 3h 11 Tech
13 Support LPFT Discharge Duct 0.5h 0.5h 12 Tech
14 Demate Gonnectors @ LPFT Speed Transducer Joint F1.1 1h 1h 13 Tech
15 Install Handler Sling 1h 1h 14 Tech
16 Reference Check Joints F2, F§ and F9 5h 10h 15 Tech,QC
17 Herizontal Handler Removal Preps 0.5h 0.5h 16 Tech
18 LPFTP Remaval from Engine! 7.25h 23.5h ]
19 Establish Safety Clears for LPFTP Removal 0.25h 1.5h Tech{3],QC,Safety,Engr
20 Conngct J-Hook to Handler Sling 1h 6h 19 Tech[3],QC,Safety Engr
21 Lower LPFTP to Floor 1h 6h 20 Tech[3],QC Safety Engr
22 Install LPFTP into Shipping Container 5h 10h 21 Tech,QC
23 LPFTP Installation! 2.25h 13.5h 21
24 Establish Safety Clears for LPFTP installation 0.25h 1.5h Tech[3],QC,Safety,Engr
25 Connect J-Hook to Handler Sling 1h 6h 24 Tech[3],QC,Safety,Engr
26 Install LPFTP onto Engine 1h 6h 25 Tech[3),QC,Safety,Engr
27 LPFTP Securingi 11.5h 24.5h 23
28 Torque and Stretch Joint F9 2h 4h Tech,QC
29 Torque and Stretch Joint F8 2h 4h 28 Tech,QC
30 Torque and Stretch Joint F2 2h 4h 29 Tech,QC
n Install LPFTP Speed Transducer @ Joint F1.1 1h 2hn 30 Tech,QC
32 Perform Electrical Connector Mates 2h 4h 3 Tech,QC
33 Secure LPFTP Drain Line @ Joint D17 0.5h 1h 32 Tech,QC
34 Perform LPFTP Torque Gheck 1.5h 45h 33 Tech,QCEngr
35 RTV Bolt Heads @ Joints F2, F8 and F9 and Reinstall LAl 0.5h 1h 34 Tech,QC
36 Retest Verification! 1h 1h 27 Engr




APPENDIX D—Pertinent SSME Results From Analysis of Data Collected

Figures 25-28 present examples of the fidelity of results supported by the data collected. These
results, of course, apply to SSME processing and are subject to the assumptions, ground rules, and constraints
described in section 5.
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*Based upon three-engine processing

Figure 25. Total SSME manhours by process type.*
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APPENDIX E—Reliability of Engine Sets With Engine Out Capability

The reliability estimates of future launch vehicles can be further refined upon receipt of more
accurate estimates of engine reliability, catastrophic failure probabilities, coverage time, and trajectory
requirements. This is a discussion of the effect of engine out capability and time of engine out on the
reliability of aerospace vehicles. This study looks at sample data, sets out basic formulas, and presents
results related to the issue of engine out. For the purpose of this study, only engine data will be considered.
Upstream component reliabilities such as tanks, feed systems, power systems, etc. will be omitted.

Certain definitions are important to this discussion. Engine failure is failure to provide the level of
thrust desired at the time desired. Catastrophic failure in an engine is a failure that results in a failure of a
second engine in an engine set. Benign failure is the proportion of failures where failure does not result in
catastrophic failure. Time of engine out refers to the time at which an engine can be shut down and the
remaining engines will still provide the necessary thrust to achieve the desired orbit. Time of engine out
refers to a known event.

Engine out capability is generally believed to provide increased overall engine set reliability. For
example, using a binomial distribution?7:28 to analyze the example of three engines with one engine out at
launch is as follows:

R = p" + np™1(1-p); where R is the engine set reliability, p the engine reliablity, and » the number
of engines with one engine out capability.

A comparison between a two-engine set with no engine out capability and a three-engine set with
one engine out capability is presented in table 20.

Table 20. Engine out capability comparison.

Engine Two Engines/ | Three Engines/
Reliability No Out One Out
(A (R=p2) (A
0.95 0.903 0.993
0.97 0.941 0.997
0.99 0.98 0.9997
0.999 0.998 0.999997

With a baseline engine reliability at the above values, there is a significant gain displayed by a
three-engine set with one engine out as opposed to the two-engine set with no engine out capability. The
gain diminishes as the engine reliability improves.
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This analysis is now expanded. The cases need to be examined where catastrophic failure fraction

and coverage times are varied. The formula that incorporates time of engine out and benign failure fraction
10.29
s:

REo =S"T 'R 1+T,1bn(R—<-1)] .
The parameters in the formuila are:

R = Engine reliability

REo = Engine set reliability

S = Startup reliability

T4 = Throttle-down reliability
T, = Throttle-up reliability

b = Benign failure fraction

¢ = Coverage

n = Number of engines.

For the following analysis, the formula will be simplified by setting both the throttle reliability and
and startup reliability to 1. It is assumed, in this case, that throttling is accomplished within design margins
and that startup reliability is ensured by some event such as holddown, both reasonable assumptions.

One study of the SSME3C has suggested that such a catastrophic failure could occur in the main
engines approximately 17 percent of the time (benign failure fraction of 83 percent). This is derived data
based on a small amount of data—almost all main engine tests have occurred singly and the study concluded
that only 3 of 17 failures could have resulted in a second engine failure. This conclusion was generated
based on the incidence of explosions and test stand damage that occurred. The small amount of data,
typical in the aerospace industry, makes it difficult to draw definitive conclusions or to use confidence
intervals.

Another factor to be considered in overall engine set reliability is the time of engine out. If all three
engines are needed for 100 sec of flight and then only two are necessary to obtain orbit, this time of engine
out translates to an increased reliability for the engine system.

With example engine reliability, table 21 can be generated. Two conclusions can be drawn. First the
probability of catastrophic failure rather quickly degrades the increase of reliability gained due to engine
out capability. From table 21, at 0.97 reliability and engine out at time O, a catastrophic failure probability
increase from 0.1 to 0.25 results in a decline in reliability from 0.9889 to 0.9762 for the three-engine case.
Still, this is considerably higher than the two-engine, no out case reliability of 0.941.

Second, it is evident that reliability can be gained if some engine out time is possible. For example,
if engine out is possible for two-thirds of the flight (0.97 engine reliability and 0.2 catastrophic failure
factor), then the reliability goes from 0.913 to 0.9578—a significant gain. Note that the engine reliability at
t=1 for all catastrophic failure factor values is equal to the n engines/no out capability since this is equivalent
to all engines being necessary for the full-duration flight.

78



Table 21. Engine out and time of engine out comparison.

Engine Catastrophic Engine Out Three Engines/
Reliability Failure Probability Time One Out Reliability

0.95 0.1 0 0.9792
0.33 0.9383

0.67 0.8969

1 0.8574

0.2 0 0.9657

0.33 0.9293

0.67 0.8925

1 0.8574

0.25 0 0.9589

0.33 0.9248

0.67 0.8903

1 0.8574

0.97 0.1 0 0.9889
0.33 0.9635

0.67 0.9376

1 0.9127

0.2 0 0.9804

0.33 0.9578

0.67 0.9348

1 0.9127

0.25 0 0.9762

0.33 0.9550

0.67 0.9334

1 0.9127

0.99 0.1 0 0.9968
0.33 0.9880

0.67 0.9790

1 0.9703

0.2 0 0.9938

0.33 0.9860

0.67 0.9780

1 0.9703

0.25 0 0.9924

0.33 0.9850

0.67 0.9776

1 0.9703

0.999 0.1 0 0.9997
0.33 0.9988

0.67 0.9979

1 0.9970

0.2 0 0.9994

0.33 0.9986

0.67 0.9978

1 0.9970

0.25 0 0.9992

0.33 0.9985

0.67 0.9977

1 0.9970
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