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RELIABILITY ROCKET ENGINE TECHNOLOGY
PRACTICES TEST BED PRACTICE

Practice:

Conduct highly instrumented tests of O,/H, rocket engine systems to: (1) evaluate and verify
new propulsion technologies; (2) validate or modify analytical models; (3) more fully
understand the operation of rocket engine systems under varying performance conditions, and
(4) ensure engine reliability and operability.

Benefits:

Highly instrumented engine system tests of varying configurations under varying conditions
provides engine system level validation of advanced propulsion technology concepts prior to
incorporation of these concepts into development or production units; provides an opportunity
for greater understanding and fine-tuning of analytical tools that characterize engine
performance; results in the development and improvement of diagnostic methods; and increases
the depth of available knowledge about the inner workings, sensitivities, and detailed
performance characteristics of liquid rocket engine systems. The overall benefit are the
validation of technology, improved system performance, high system reliability, and mission
safety.

Programs That Certified Usage:

Space Shuttle Main Engine (SSME), and Technology Test Bed (TTB) Program.

Center to Contact for More I nfor mation:

Marshall Space Flight Center (MSFC)

| mplementation M ethod:

Experience in the planning and conduct of propulsion technology tests using the Space Shuttle
Main Engine (SSME) has resulted in a systematic and methodical procedure for planning,
testing, data analysis, and reporting the results of test bed activities. Asseenin Table 1, the
testing has ranged from evaluation of new engine components and features, to advanced
diagnostic and sensor techniques, to the development of systems for

anomaly and failure detection. A key to the continued success of this ——
program has been atechnology integration process that places emphasison  maRSHALL
integration requirements and costs at an early point in the process. Figure SRACIE IFLIE AT

1isaflow diagram that depicts the technology integration process. Once CENTER
an —



PRACTICE NO. PT-TE-1427
PAGE 2 OF 5

ROCKET ENGINE TECHNOLOGY TEST BED PRACTICE

engine technology item has proceeded through the concept evaluation process to a point where a
decision is made to pursue test bed evaluation, it is presented by the principal investigator to the
Test Bed project manager for prescreening review and then a technology item screening review.

Table 1. Typical Typesof Technology Test Bed Testing

° Engine condition monitoring through engine exhaust analysis:

- Nozzle exit plane spectroscopy

- Plume imaging

- Optical plume anomaly detector (OPAD)

- L aser-induced fluorescence technique

System for anomaly and failure detection (SFAD)

Prototype expert system for pretest, main stage, and post-test monitoring
Optical access to the main combustion chamber flow field

Fabry-Perot interferometric spectrometer

Advanced engine controller as a platform for assessment of health monitoring algorithms
Fluid film bearing for the high pressure oxidizer pump

Optical propellant sensing device for LH, run tank

Non-intrusive turbopump shaft speed sensor

Miniature, solid-state hydrogen leak detection sensors

Self-diagnostic piezo-electric accelerometer

Long-life silicon nitride ball bearings

V ortex-shedding flow meter for liquid oxygen

In the screening review, an engine technology candidate is judged by its technical merit and
potential benefit, the risk of testing the item on the Technology Test Bed engine, and the cost of
integrating the item into the engine or facility. Key milestones in the process are this
Technology Item Screening, the Technology Item Final Design Review, the Integration Design
Review, and Hot Fire Testing.

Technology Item Final Design Review:

Once the technology item is accepted as an output of Technology Item Screening, technology
item devel opment proceeds with the conduct of analytical studies, component testing, and the
incorporation of design revisions, if required. Then a Technology Item Final Design Review is
conducted in which four subject areas are presented and discussed: (1) Technology Item
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Concept Prescreening Review Technology Item Technology Item Integr ation Design
Evolution Screening * Dev elopment Initiation
- Concept -Log-infor TTB INPUTS -Analytical studies - Task assignment
Developed Testing - Merits/Benefits - Component initiation
- Concept Proved - Identify integ rati on -Schedule testing -Scope of work for
-Decision to issues 8! - Safety/Hazards/ -Design revisions {—{@l engine modifica-
pursue Test Bed - Establish Ri sks -Final design tions and assembly
Validation screening review -Funding review *
requirements -Integration -Technology item
requirements and fabricati on
costs - Readiness
_OUTPUTS declaration
- Preintegration test
requirements T
- Prioritization
-Technology Item
Acceptance
Hot Fire Testing * Fabrication/Delivery Integr ation Design
Review *
Evaluate D ata 4_
-Conduct "Delta" -Fabricate/ - Engine design
Test Readiness assemble engine modifi cations
Publish test Re view hardware -System impacts of
results -Conduct Pretest - Conduct 4— technology item
Readiness Review Hardware - Risk assessment
Firing and database Readiness Review -ECP to ECR
Conduct generation -Delivertest article initiation
Results Review

* Key milestones

Figure 1. Technology Test Bed Technology I ntegration Process

Design Description; (2) Technology Item Design Verification; (3) System Issues; and

(4) Safety/Quality Issues. The Technology Item Design Description includes the design
configuration and characteristics; the design intent or function; the design requirements,
materials and processes, drawings and an integrated design configuration. The Technology Item
Design Verification consists of the qualification approach, test and verification plans and results,
supporting analysis and assurance that the design and performance meets the intent of the
requirements. System Issues include system requirements, system compatibility issues,
integration plans and issues, constraints, and Technology Test Bed test operational requirements.
Safety/Quality Issues include quality assurance provisions such as fabrication processes and
controls, traceability, vendor qualification, and nondestructive evaluation techniques; technology
item life; risk assessment; hazards analysis; failure modes and effects analysis; risk mitigation;
materials certification; and supporting analyses. When the technology item final design review
is successfully completed, fabrication can proceed and readiness certified upon acceptance.

Technology Item I ntegration Design Review:

The integration review is conducted to verify that the technology item can be accommodated
safely and effectively into the TTB. It consists of: (1) an Integration Design Description;

(2) Integrated Design Verification; (3) System Issues, and (4) Safety/Quality Issues. The subject
areas covered in the Technology Item Integration Design Review are similar to those for the
Technology Item Final Design Review except that all factors are viewed from the standpoint of
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interaction of the technology item with the Test Bed and its related subsystems, facilities,
instrumentation, software and data.

Hot Fire Testing and Results:

A test plan is prepared for each test series, and it is reviewed at a pretest readiness review before
each test. Instrumentation is configured in accordance with an Instrumentation Program and
Command List (IP&CL). A test resultsreview is held after each test and atest report is
prepared. When two or more tests are combined into atest series, atest series report is prepared.
Examples of these documents are included in the list of References for this practice.

Technical Rationale:

In the conduct and analysis of over fifty tests conducted in the Technology Test Bed program by
MSFC since September 1988, the SSME TTB program has proven to be an indispensable tool in
the validation of propulsion technology advances for large liquid oxygen/liquid hydrogen rocket
engines. The program has also yielded numerous advances in measurement and diagnostic
methods that are continuing to be used in the TTB program and are applicable to other similar
test and evaluation scenarios. The TTB’s highly instrumented engine employs over five times
the number of measurements used for an acceptance test of aflight engine. Thisin-depth
instrumentation using flow meters, steady state pressure transducers, high frequency pressure
measurements, thermocouples, strain gauges, accelerometers, and sophisticated laser and optics
techniques has provided an unprecedented amount of detailed knowledge of the performance
subtleties of large O,/H, engines under widely varying conditions. The program has yielded
results that have permitted the incorporation of state-of-the-art technology advances without
compromising engine reliability.

| mpact of Nonpr actice:

Failure to conduct technology testing could result in the absence of reliability enhancing
improvements in the engine configuration and could cause subtle failure modes or performance
limits to be unnoticed until critical points in the engine development or flight schedule.

Related Practices:

None
Refer ences:
1 "SSME Improved Characterization Using Highly Instrumented Engine Test Data," B. Piekarski and J.

Leahy, Martin Marietta, AIAA/SAE/ASME/ASEE 28th Joint Propulsion Conference, July 6-8, 1992,
Nashville, TN, AIAA # 92-3451.



PRACTICE NO. PT-TE-1427
PAGE 5 OF 5

ROCKET ENGINE TECHNOLOGY TEST BED PRACTICE

"Space Shuttle Main Engine Technology Test Bed Overview," H.V. McConnaughey, Advanced Earth-to-
Orbit Propulsion Technology Conference, 1992, Huntsville, AL.

"Technology Test Bed Program: Engine 3001 with Instrumented Turbopumps,” NASA/MSFC Test Series
Report No. TTB-DEV-EP93-001, January 15, 1993, Huntsville, AL .

"Technology Test Bed Test Report: Engine #3001," NASA/M SFC Report # EP52(92TR-033), August 1992,
Huntsville, AL.

"Technology Test Bed Program: Instrumentation Program and Command List," NASA/M SFC Document
1618, November 1989, Huntsville, AL.



