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Propulsion Test Program
I.  INTRODUCTION AND PROGRAM OVERVIEW

In May 1994, for the first time in its history, The John C. Stennis Space Center (SSC) was assigned program test responsibility for an engine program – the Space Shuttle Main Engine. In May 1995, as a result of the NASA Zero-Base Review, Stennis Space Center (SSC) was designated the Center of Excellence for Rocket Propulsion Testing. In February 1996, the Human Exploration and Development of Space (HEDS) Enterprise recommended that SSC be established as the Lead Center for Rocket Propulsion Testing. The Administrator approved the assignment in May 1996.

Subsequently, in 1996, the Department of Defense (DoD)-NASA Aeronautics and Astronautics Coordinating Board (AACB) initiated a study to improve coordination of selected DoD-NASA activities. The AACB study recommended, and the AACB accepted, that NASA and DoD establish alliances in large testing facilities. One such alliance was the National Rocket Propulsion Test Alliance (NRPTA).  Under the leadership of SSC, the NRPTA has become a successful alliance between NASA and DoD.

In 1996, the SSC testing program was funded by a number of institutional and program budgets. Investments to complete and modernize the SSC testing complex were accommodated in several fund transfers and adjustments over the next few years. Although the Propulsion Test Program (PTP) began functioning in September 1996, it was not until the FY 2001 budget submission that a PTP Budget Line Item was included in NASA’s budget to fund the core infrastructure capability for the SSC Lead Center role in Rocket Propulsion Testing. Since 1996, the SSC program has grown significantly.  It now includes all of NASA’s rocket propulsion test assets, activities, and resources. It services customers from NASA, other Government agencies, and the commercial sector. The SSC mode of management and operation is consistent with the intent of NPD 7120.4A.  The experiences and progress of the last 6 years provides more than confidence in an emerging activity; it validates the Program’s capability to provide testing services on a national level.

It is anticipated that the PTP will span a generation or more of excellence and accomplishment. In the sections that follow, the scope of the program is detailed as to program objectives, performance goals, requirements, management organizations, program resources, schedules, and controls. Life-cycle costs are not included as they are not predictable for this type of service program. The cost and capability requirements for this program depend on future national level decisions on space transportation requirements.

The NPD 7120.4A Program/Project Management template does not perfectly fit the needs of a PTP  Plan. However, its status as a unique budget line item and a Lead Center activity with supporting activities at other Centers permits reasonable accommodation of NPD 7120.4A requirements with essentially no “tailoring." 

II.  PROGRAM OBJECTIVES

The NASA Strategic Plan contains goals and requirements for low cost and safe reliable space transportation. The propulsion advances and improvements needed to meet those goals require the capabilities to undertake rocket engine testing and qualification. The PTP is the only NASA program capable of providing such capabilities to the Nation. The PTP will provide data to enable validation of technology for customer success.

The program objectives, performance goals and metrics for PTP are summarized as:

A. Accomplish the most efficient and effective usage of NASA's rocket propulsion test  infrastructure and other resources to optimize customer service and to meet national test requirements

B. Maintain world-class excellence in propulsion testing.

C. Provide verifiable and repeatable test services and high-quality, safety-oriented products to all customers.

D. Maximize the return on investments in terms of value added to people, customers, and community at large.

E. Establish mutually beneficial testing partnerships across NASA, with the DoD and the U.S. commercial sector.

1.  Performance goals/metrics 

a. Synergism and cost savings
b. Sensible and practical consolidation and sharing of test assets without compromising the Nation’s needs and capabilities

c. Modern test facilities and testing capabilities, the best in the world

d. Introduction of improvements and innovation in testing techniques

e. Significant contributions to improvements in rocket propulsion system reliability through testing techniques

f. Value added, developments in test tecnology, efficiency and innovation, such as demonstrated flexibility to shift test crews and resources to support customer needs

g. Quality data for validation of technology at both component and system levels

h. Rocket test services on schedule and within budget

i. Continuation and improvements in partnerships with DoD and U.S. commercial industry
j. Safety risk management to the highest standards consistent with the inherent hazards of rocket propulsion testing
III.  CUSTOMER DEFINITION AND ADVOCACY

SSC and supporting NASA centers have provided testing services and data for technology validation to its tenant customers and Space Shuttle Main Engine customers since the early-to-mid 70s. Today PTP has over a dozen major customers from NASA, DoD, and the commercial sector. The total number of potential customers for propulsion testing services is limited to those Government elements, agencies, and commercial firms with rocket engine and component Research, Development, Test, and Engineering (RDT&E) capability and testing requirements. It is estimated that almost two-thirds of this Nation’s potential customers for large-scale rocket propulsion testing are actively engaged with SSC.

The customer advocacy process is simple and effective. A single efficient customer entry point is established in the Propulsion Test Directorate at SSC or at another test site as appropriate. Timely decisions are made as to the most appropriate test site. An official NASA representative is identified to the customer. The NASA representative catalogs customer requirements. The requirements are subsequently analyzed. The NASA representative works with the customer to develop other necessary documentation and more detailed requirements. Most propulsion testing agreements are treated as individual projects.  A Project Testing Requirements Document and any required Space act agreement or formal agreement documentation is developed. The NASA representative interacting with the customer is often referred to as a project-testing manager. The NASA represntative works with the customer through all phases of testing to ensure that a satisfactory product is achieved. In the event of changes in requirements, unavoidable test usage changes, or customer test hardware slips, immediate efforts are undertaken, with customer involvement, to develop suitable contingency plans. The entire process is designed to proactively consult with and involve customers to assure both independently provided precise and repeatable test data and customer satisfaction with the test process. The customer is an integral partner in the testing.

IV.  PROGRAM AUTHORITY AND MANAGEMENT STRUCTURE
SSC is designated as the Lead Center for the PTP.  The Lead Center Director (LCD) reports to the HEDS Associate Administrator (AA) and is delegated the authorities and responsibilities necessary to implement the PTP.  The SSC Center Director is held accountable for program success and chairing the Lead Center Governing Program Management Council (LCGPMC). Additionally, the LCD will establish the Rocket Propulsion Test Management Board (RPTMB) for completing the PTP day to day activities.  The supporting Centers are Marshall Space Flight Center (MSFC), Johnson Space Center (JSC), and Glenn Research Center (GRC), and are represented on the LCGPMC and RPTMB. The Centers are responsible for maintaining test positions to support baseline roles as assigned by the Lead Center. Responsibilities are summarized as follows:

Stennis Space Center

Maintain 11 test positions ready to support national rocket propulsion test requirements. Its baseline test roles are nonhypergolic, ambient, low-altitude testing. 

Marshall Space Flight Center

Maintain five test positions ready to support national rocket propulsion test requirements. Its baseline test roles are emerging technology, testing of in-house designed components, and cryo-structural testing.  MSFC responsibility excludes engine systems and stage testing.

Johnson Space Center-White Sands Test Facility

Maintain nine test positions ready to support national rocket propulsion test requirements. Its baseline test roles are hypergolic, high-altitude testing. 

Glenn Research Center Plum Brook Test Facility

Maintain one test position ready to support national rocket propulsion test requirements. Its baseline test roles are large test articles, high-altitude/space environment testing.

The PTP Manager, reporting to the Lead Center Director (LCD), is responsible for customer advocacy and the cost, schedule, and technical performance of the PTP.  The PTP Manager provides program status and assessment reports to the LCD and the HEDS enterprise. The PTP Manager is responsible for programmatic direction, making test assignments (analogous to project assignments per NPD 7120.4A), and approving investment proposals in rocket test capability. The Propulsion Test Offices located at JSC-WSTF, GRC-PB, MSFC, and SSC answer programmatically to the PTP Manager and are responsible for ensuring that assigned tests are conducted and completed. 

The PTP manager is also the official NASA interface with the DoD on rocket test matters and serves as the NRPTA co-chair.

1.  Program Management Structure

The program management structure starting with the Enterprise AA level is as follows:
a.  HEDS Enterprise Associate Administrator

b.  SSC Lead Center Governing Program Management Council (LCGPMC)

c.  SSC Lead Center Director

d.  PTP Manager

e.  Supporting Center Rocket Testing Site Manager

f.  Specific Project Testing Engineer

2.  Specific Authorities

Specific authorities unique to the accomplishment and performance of the Propulsion Test Program are:

a.  AA/HEDS

(1) Designates Lead Center

(2) Establishes top level requirements 

(3) Delegates appropriate authorities and responsibilities to Lead Center Director

(4) Negotiates a Program Commitment Agreement (PCA) with the Administrator 

(5) Allocates resources

(6) Approves Program Plan

(7) Assesses program performance

b.  LCGPMC

(1) Provide status evaluations to HEDS/AA in the area of rocket propulsion testing.

(2) Review and assess the need for improved testing capabilities recommended by the Enterprises and Centers for implementation.

(3) Review the affordability and recommend to the HEDS/AA new testing capabilities recommended by the Enterprises for significant funding.

(4) Assure compatability of candidate testing capabilities with NASA strategic planning, projected resources available (funding and institutional), and other National Needs.

(5) Assess conformance of the program to the PCA through semi-annual review of program status reports and independent validations.

c.  Lead Center Director (SSC)

(1) Chairs LCGPMC or delegates the authority 

(2) Accounts for overall program success

(3) Recommends program budget to AA/HEDS

(4) Assigns Lead Center supporting institutional resources 

(5) Delegates appropriate authorities and responsibilities to Program Manager

(6) Negotiates Program Plan with the AA/HEDS 

(7) Approves Program Plan submission to AA/HEDS

(8) Assesses overall program performance

d. Supporting Center Directors

(1) Supports LCD and assigns LCGPMC representative

(2) Appoints Site Rocket Testing Office Manager

(3) Approves Testing Project Plan and resource requirements 

(4) Oversees assigned testing activities and resource requirements

(5) Ensures compliance with all implementation policies and procedures  

e. PTP Program Manager

(1) Program planning, including conversion of top level requirements into implementation requirements, establishes guidelines, budgets, schedule milestones, and program level documentation

(2) Develops, recommends, and advocates program resources including both funding and workforce

(3) Establishes testing support agreements

(4) Controls program and changes

(5) Approves testing documentation and performance metrics   

(6) Reviews and reports testing performance

(7) Ensures and assigns single point customer interface 

f. Supporting Center Rocket Testing Site Managers

(1) Primary interface for meeting and satisfying customer requirements

(2) Meets schedules and budgets

(3) Negotiates testing support agreements

(4) Executes testing support plans 

(5) Supports program manager and reports performance and status

(6) Carry out delegated LCGPMC representative responsibility

V.  PROGRAM REQUIREMENTS

Program Requirements are generated from two perspectives. The first focuses on the program management level from a required capability perspective, the second emphasizes the response to the customer- test provider level. Effectively, this latter level of management is equivalent to the project management level identified in NPD 7120.4A. They are:

1.  Program Management Requirements

a. Knowledge and clear understanding of customer requirements and potential customer requirements, both current and future

(1) Planning and priorities

(2) Customer participation and coordination

(3) Data and information needs

b. Efficient management processes that ensure proper allocation and control of test resources, funds, property, and labor

c. Modern test facilities and highly trained crews, sharing best practices and know-how

d. Continual improvement in safety, risk management, testing techniques, test tools, and data capabilities for our customers

e. Uniform test services across all sites performing rocket testing

f. High value-added strategic investments – people, facilities, tools

g. Effective customer entry points

2.  Customer/Test Management Requirements

At this level the focus is on customers requirements and how they are to be satisfied by the customer oriented testing offices. The requirements are:

a. Establish overall test schedule priorities consistent with customer needs

(1) Achievement of negotiated schedule and milestone commitments 

(2) Reasonable and timely notice provided to the customer of unavoidable usage changes

(3) Contingency plans to accommodate changing customer test requirementswhere possible 

b. Ensure meaningful customer involvement and participation in test planning and operations

(1) Customer participation in developing test plans and special test equipment
(2) Joint participation in developing test procedures

(3) Customer participation in test readiness review and preparation of reports
(4) Timely status reports to customer 

c. Obtain data and provide data deliveries that adequately satisfy Customer requirements.

(1) Real-time data read outs
(2) Reduced test data and observations 

VI.  PROGRAM SCHEDULE

All key currently defined test capability milestones, associated with the development and operational activation of rocket propulsion test capabilities, are completed at all testing sites. The most recent schedule commitments associated with the activation of new facilities were satisfied in FY 2000. Future investments resulting in the addition of new or upgraded testing capability with key schedule milestones will be included as the Program Plan is updated. Currently there are no approved plans for new or improved testing capabilities.

Individual customer testing schedule milestone requirements are summarized as part of each rocket test site’s testing plan (equivalent to the Project Plan of NPD 7120.4A). Specific and detailed test milestones are negotiated and documented as part of the customer testing agreement process. This level of the management process is viewed as equivalent to the project management level addressed in NPD 7120.4A. 

The following charts summarize rocket testing facilities being used at the various test sites and the individual propulsion hardware tests planned for the next several years and are updated as appropriate.
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4-Jan-00

Hydrodren Mitigation Test Program

 Boeing   Company

Yes

29-Jan-99

RS-68 Engine Test project

Boeing North 

America -Rocketdyne 

Division

Yes

10-Jul-96

Hybrid Propulsion Demonstration Program 

(HPDP)

Lockheed Martin

Yes

24-Jun-97

Testing and Evaluation of Hydrogen Safety 

Camera
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Program

Rocketdyne
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Laboratory
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Memorandum of Agreements or Understanding

21-Jul-94

Space Shuttle Main Engine Test Program
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Development center 

Yes
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VII.  PROGRAM RESOURCES
For each participating NASA Center, New Obligation of Authority (NOA) to fund core testing infrastructure for test support labor, equipment and supplies, maintenance, facility modernization, general support, and test technology are shown below: 

New Obligation Authority (NOA) in thousands for paticipating NASA Centers

Fiscal Year
2001
2002
2003
2004
2005
2006

Stennis Space Center
20,100
20,100
20,200
20,200
20,200
20,200

Marshall Space Flight Center
3,050
2,850
2,850
2,850
2,850
2,850

Johnson Space Center 
4,350
4,350
4,350
4,350
4,350
4,350

Glenn Research Center
500
500
500
500
500
500

Total NOA (PTP)
28,000
27,800
27,900
27,900
27,900
27,900

The customer pays testing costs not covered above. The customer will generally fund special facility modifications, special contractor support, test articles, special tooling and handling equipment, special test equipment and instrumentation, propellant and materials, the analysis and the interpretation of data. Generally, the customer’s costs represent the marginal costs required to actually conduct testing in a given facility. 

VIII.  CONTROLS
The primary controlling documents are the Project Testing Requirements Documents (PTRD), negotiated between the customers and the appropriate NASA Testing Office. The documents define the functional, physical, operational, and design requirements for the test facilities being used to accomplish the customers’ testing requirements. These documents take precedence in the event of a conflict between requirements. Changes to the content of PTRD require Program/Project Manager approval.

The PTRD are tailored to the specific test hardware of the program/project in a specific facility. Thus, each PTRD specifies a set of unique technical requirements and operations.   In addition to technical and schedule requirements the documents also include functional sections on Safety and Mission Assurance, Logistics, Environmental Considerations, Access Control, Facility Modifications, Test Operations, etc.

The customer is responsible for providing the interface information needed for low-risk safe test planning and operations. The customer must comply with NASA/Center safety requirements. The customer provides and delivers the test articles, special instrumentation measuring equipment, and special connections. Customers must complete a hazard analysis for the test article. The customer is responsible for the quality and reliability of all hardware and equipment furnished. 

Testing requirements changes are brought to the Program/Project Manager’s attention through the mechanism of the existing Rocket Propulsion Test Management Board (RPTMB) where each requested change or investment proposal is logged, tracked, and reviewed for disposition.  Actions and directives are used to determine and implement changes. The RPTMB includes members from all of the testing management Offices. The RPTMB is supported by a virtual management information system that assures day-to-day information is shared across all customers and testing organizations. 

The PTP Budget Line Item is being instituted for the first time as part of the FY 2001 budget. The AA/HEDS approvals currently required are yearly updates of the Program Operating Plan, the PCA, and Program Plan. Updating more frequently can be accommodated if necessary. Management oversight of the program is maintained through periodic reviews and the LCGPMC process. No Allowance for Program Adjustment or reserves are (currently) provided within the budget line item.

IX.  RELATIONSHIPS TO OTHER PROGRAMS AND AGREEMENTS
SSC as Lead Center plays a key NASA role in the NASA-DoD National Rocket Propulsion Test Alliance. Four NASA Centers and four DoD organizations are active participants. A copy of the Charter is available from the NRPTA executive secretary.

Current operative agreements and MOU's are listed in the Attachment. The Attachment lists both nonreimbursable space act agreements and reimbursable agreements.
X.  ACQUISITION STRATEGY

Acquisition of products and services required to support testing requirements are purchased or acquired through the procurement staffs at the test sites. The Procurement Office is involved in the earliest phases of the customer test requirements process. The PTP strategy is to implement contract incentives that provide contractor motivation consistent with the objectives of the program. Increased use of performance-based contracting techniques with clear and measurable performance metrics in the area of testing operations is an implied goal. 
XI.  COMMERCIAL OPPORTUNITIES
Inherently this is a program in which private and commercial opportunities are possible. Over the last few years the commercial sector and elements of DoD have recognized the benefits of consolidating the NASA management of rocket testing under a single program organization. Reimbursable agreements are increasing. Cooperation between industry, DoD, and NASA, is increasing. Cost savings and cost avoidance have been accomplished.  However, further experience and improvements in business management, more efficient customer operations, and more effective support to DoD and the commercial sector need to be demonstrated to promote the study of commercial options. 
XII. TECHNOLOGY ASSESSMENT
PTP is responsible for developing technology for advancing propulsion ground test systems and facilities. Currently investment levels are minimal and an urgent expansion is needed. 

Efforts to convince the Aerospace Technology Enterprises to establish an effective level of investment in rocket testing technology are underway.
XIII.  RISK MANAGEMENT

Because of the inherent hazards associated with rocket engine testing, safety risk management is a critical part of overall risk management.  At each test site, safety risk management receives top priority attention from every level of management.  Independent safety and quality organizations exist with both NASA and the contractor organizations.  Each reports to their respective Center or Contractor Directors.  Senior Safety Management Council has been established to oversee safety risk management and to work safety issues.  Quality Management Council has been established for communicating quality objectives, customer feedback, and lessons learned and quality issues.  Operations Readiness Inspections and Configuration Control Boards are used to encourage and institutionalize safety and quality procedures and practices as part of the overall safety risk management process. 

Risk management is a distributed function with risk management plans developed at each testing location from an operation infrastructure perspective, and for each customer test from a compliance perspective. Each location assesses and mitigates potential risks within its own test complexes and for each assigned test.

Risk management, safety, and mission assurance is a required part of every proposed testing plan. A hazards analysis is also performed to obtain detailed evaluation of the overall test. Guidelines are provided by the Customer Service Manual, operating instructions, and Safety/Risk guidelines.

The program/project manager personally executes risk management responsibilities by chairing an annual review at each location using an independent external assessment team. Risk management focuses on both near-term propulsion tests and long-term strategic improvements.  
XIV.  LOGISTICS
The customer identifies logistic requirements. These requirements are incorporated as a separate section of each PTRD negotiated with a customer. It is the responsibility of the NASA testing managers to ensure required support is indicated and written into appropriate logistics documentation, consistent with each test site’s processes. In most cases existing onsite contractors, using an existing task agreement process and system, provide logistic support. 
XV.  TEST AND VERIFICATION
Analysis, similarity experience, testing when needed, or a combination of these factors precedes and verifies all requirements before hardware testing proceeds. It is further required that each PTRD includes detailed test and verification requirements for the acceptance of test hardware and checkout prior to actual performance of propulsion tests. Verification status and reporting are routinely reported as the test process proceeds to completion, thus trace ability is also ensured. Test documentation generally includes such details as specific process controls and procedures, safety criteria, test criteria, and test operations data requirements. 
XVI.  REVIEWS
The following routine reviews are held:

A. HEDS Management Board reviews, at least annually
B. LCGPMC, no less than two per year

C. Program Manager Reviews, quarterly or more frequent as necessary

D. Rocket Propulsion Test Management Board reviews, monthly

E. Program Operating Plan review, annually

F. Program Manager Risk Management review, annually

TAILORING
Effectively no tailoring of NPG-7120.5A was necessary. An effective program/project management structure was implemented at each NASA testing site. The Testing Office is treated as if were a project office reporting to the SSC Program Manager. This results in the Testing Site (Project) Manager being part of the PTP Management structure, responsible for managing one or more Customer Project Testing Requirements.
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