1/12/07

Summary of Aerojet MRCT Test Program

The purpose of the Marshall Roll Control Thruster (MRCT) Program was to demonstrate the pulse mode operation of a 400 lbf and 600 lbf thrust class monopropellant engine over a representative Ares I First Stage (FS) mission profile.  The MRCT engine is based on the Aerojet MR-80, which is a qualified radial catalyst bed design nearly identical to those flown in the Viking Program.  Additionally, this engine is currently being qualified for the 2009 Mars Science Laboratory Mission as the Mars Lander Engine (MLE).  The MLE used for this test program was on loan from NASA JPL and tests were conducted in the J-zone at Aerojet, Sacramento.  
The success criteria defined for this test program was four-fold.  The first criteria was to demonstrate the pulse-mode capability over a predefined range of ON times and duty cycles.  The second criterion was to quantify the repeatability of the pulse mode operation.  The final two criteria were to quantify the time to reach 90% of the commanded thrust at startup and 10% of the commanded thrust at shutdown.

The engine was installed on the J-4 test stand at Aerojet, which has the capability to simulate conditions at various altitudes, but was operated at ambient atmospheric pressure.  The test cell was conditioned such that the temperature remained at 70 ± 10oF.  The engine valve used was a Space Shuttle Reaction Control System (RCS) thruster valve.
Two types of tests were performed, Baseline and Performance Mapping.  The Baseline tests were fired at selected intervals during the test matrix in order to ascertain the health of the thruster assembly.  This consisted of a warm-up pulse (or pulses), 10 pulses to qualify the impulse bit, and a steady state run to quantify chamber pressure roughness and identify cat bed degradation.  The Performance Mapping tests were designed to characterize the thruster performance over the following ranges: pulse time (100 ms to 1 second), duty cycle range (10% to 90% duty cycle), and sequence start trigger (ambient (70oF) and 3 second pause).
A total of six tests were performed on December 18th and 19th, 2006, consisting of four tests at 400 lbf thrust and two tests at 625 lbf thrust.  The originally planned sequences and type of test were as follows,

· Test 1: 400 lbf thrust Baseline test, with the flowrate controlled by a cavitating venturi, consisting of 12 total pulses
· Test 2: 400 lbf thrust Performance Mapping test, with the flowrate controlled by a cavitating venturi, consisting of 190 total pulses 

· Test 3: Duplication of Test 1 to check for any degradation of performance

· Test 4: 400 lbf thrust Baseline test, without a cavitating venturi, consisting of 12 total pulses

· Test 5: 625 lbf thrust Baseline test, without a cavitating venturi, consisting of 12 total pulses

· Test 6: 625 lbf thrust Performance Mapping test, without a cavitating venturi, consisting of 190 total pulses

· Test 7: Duplication of Test 5 to check for any degradation of performance

· Test 8: Duplication of Test 4 to check for any degradation of performance

· Test 9: 400 lbf thrust abbreviated Performance Mapping test, without a cavitating venturi, consisting of 40 total pulses

· Test 10: Duplication of Test 4 and 8 to check for any degradation of performance
The planned test matrix was as follows:
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Testing was terminated after sequence 16 in test series 6 due to other than thruster related issues.  

Test results indicated the following:
· A monopropellant engine operating in pulse mode at 400 lbf and 625 lbf thrust was successfully demonstrated.  No significant chamber pressure roughness or degradation was noted in any test and no other characteristics associated with significant thruster degradation were observed in the data.
· Pulse to pulse comparisons indicated very good repeatability.
· There was very little to no observed catalyst bed degradation, as demonstrated by repeatable ramp-up/ramp-down times and minimal changes in catalyst bed pressure drop throughout the test series, indicating an absence of void formation in the catalyst bed
· Slight variations in chamber pressure observed during test were correlated to regulated facility pressure variations 

· No indication of waterhammer-related pressure feedback was observed during the rapid pulsing sequences

Based on the test results, all success criteria were met and the feasibility of utilizing a 400 lbf to 600 lbf thrust class monopropellant thruster under pulse mode conditions representative of the CLV first stage roll control application was demonstrated.
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