
NONREIMBURSABLE MEMORANDUM OF AGREEMENT 
BETWEEN 

THE PENNSYLVANIA STATE UNIVERSITY 
THE APPLIED RESEARCH LABORATORY AT THE PENNSYLVANIA STATE 

UNIVERSITY 
AND 

NASA 
FOR 

COLLABORATION ON THE DEVELOPMENT AND IMPROVEMENT OF 
REACTION CONTROL ENGINES 

ARTICLE 1. AUTHORITY AND PARTIES 

In accordance with the National Aeronautics and Space Act (51 U.S.C. 5 201 13), this 
Agreement is entered into by the National Aeronautics and Space Administration, 
Lyndon B. Johnson Space Center, located at 2101 NASA Parkway, Houston, Texas 
77058 (hereinafter referred to as "NASA JSC," "JSC," or "NASA") and The 
Pennsylvania State University, The Applied Research Laboratory located at P.O. Box 30, 
State College, PA 16804-0030 (hereinafter referred to as "Partner" or "Penn State"). 
NASA and Penn State may be individually referred to as a "Party" and collectively 
referred to as the "Parties." 

ARTICLE 2. PURPOSE 

NASA JSC and Penn State wish to collaborate on the further development of a JSC in- 
house designed liquid oxygen (L02)lliquid methane (LCH4) reaction control engine 
(RCE) to characterize its performance over an expanded range of operating conditions. 
The engine was originally developed under the NASA Propulsion Component Advanced 
Development (PCAD) project and is being further developed by the JSC Propulsion 
Systems Branch under the AES Morpheus project. Penn State is seeking an RCE for 
their Lunar Lion vehicle as part of its participation in the Google Lunar X-Prize. 

NASA JSC will loan up to five L021CH4 RCE and supporting hardware to Penn State. 
NASA JSC will also provide input into Penn State's test plans and test constraints. The 
test constraints will emphasize limiting potential damage to the loaned hardware. Penn 
State will test the engine in accordance with the agreed to test plans. As the Penn State 
test program provides periodic engine performance data to NASA JSC, NASA JSC may 
modify the engine's design. Modified versions of the engine may then later be provided 
on loan to Penn State for testing. Perm State will perform the engine testing at its 
facilities at no cost to JSC and share the resulting data and analysis. 

The testing will benefit Penn State in assessing vehicle control characteristics for their 
Lunar Lion vehicle and provide an opportunity to engage its students in hands-on engine 
testing. JSC will benefit by receiving additional test data on the engine over an expanded 
range of operating conditions and will provide an opportunity to investigate performance 
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improvements from design changes that may result from JSC and/or Penn State's analysis 
of the test data. The JSC Propulsion Systems Branch and the Penn State Applied 
Research Lab will both benefit through enhanced interaction and collaboration on 
L02lCH4 engine technology. 

ARTICLE 3. RESPONSIBILITIES 

NASA will use reasonable efforts to: 

1) Loan to Penn State for testing up to five (5) RCEs and supporting hardware. 
2) Provide to Penn State supporting test and design data for each loaned engine. 
3) Collaborate with Penn State on the development of test plans and test matrices, 
including definition of test constraints to limit potential damage to the hardware. 

Penn State will use reasonable efforts to: 

1) Collaborate with NASA on the development of test plans and test matrices, including 
definition of test constraints to limit potential damage to the hardware. 
2) Perform testing on the JSC provided engines. 
3) Provide resulting test data, data analysis, and any written test reports to NASA JSC. 
4) At the end of this agreement, return all loaned hardware to NASA . 

ARTICLE 4. SCHEDULE AND MILESTONES 

The planned major milestones for the activities defined in the "Responsibilities" clause 
are as follows: 

NASA to provide one engine assembly and supporting 
testldesign data to Perm State. 

Penn State to perform initial L02/LCH4 reaction control 
engine hot fire testing. 

Penn State to perform Variable Throttle Testing on initial 
engine. 

Perm State to perform Variable Oxidizer-to-Fuel Ratio 
Testing on initial engine. 

Penn State to perform Turbo-pump Pressurization 
Operational Testing on initial engine. 

On or about 2 weeks after 
the Effective Date of this 
Agreement. 

On or about August 201 3 

On or about December 
2013 

On or about January 2014 

On or about April 2014 
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