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Introduction: NASA Glenn Research Center 

(GRC) formed an integrated product team (IPT) to 

develop a Small Radioisotope Power System (SRPS) 

utilizing a single Advanced Stirling Convertor (ASC) 

with a passive balancer for possible use by the Interna-

tional Lunar Network (ILN) program. At that time, the 

ILN program was studying the feasibility of imple-

menting a multiple node seismometer network to in-

vestigate the internal lunar structure. The IPT consists 

of Sunpower, Inc., to provide the single ASC with pas-

sive balancer, the Johns Hopkins University Applied 

Physic Laboratory (JHU/APL) to design an engineer-

ing model (EM) Single Convertor Controller (SCC) for 

the ASC, and NASA GRC to provide technical support 

to these tasks and to develop a lunar lander test stand. 

A single ASC produces approximately 80 We and 

could supply sufficient power for the ILN application. 

A balancer is necessary for single ASC operation to 

balance the dynamic forces produced by the ASC. The 

SCC maintains stable operation of the ASC. It regu-

lates the alternating current produced by the linear al-

ternator of the convertor, provides a specified output 

voltage, and maintains operation at a steady piston 

amplitude and hot-end temperature. The lunar lander 

test stand was designed to characterize the effect of 

ASC vibration on a lunar lander and planetary surface. 

This abstract describes the testing completed and the 

future testing of the SRPS.  

ASC:  ASC-1’s and ASC-L were used for SCC 

testing. The ASC-1 #3 and #4 were used for initial 

testing at GRC and JHU/APL, respectively. The ASC-

1 convertors represent early Sunpower, Inc. designs 

and therefore provide a suitable testbed for a technolo-

gy development project. The ASC-L was used for final 

SCC testing at GRC and will be used in the integration 

test. Both ASC’s are suitable for SCC testing because 

their alternator voltages fall within a range acceptable 

to the SCC design.  

The ASC-L differs from previous designs because 

it has an increased cold side adapter flange (CSAF) 

temperature of 147 °C compared to 122 °C on other 

ASC’s. This temperature was chosen based on simula-

tions of expected lunar day/night temperatures. The 

increased temperature makes the ASC applicable for 

lunar missions. GRC will perform a test to characterize 

the performance of ASC-L at this temperature.   

A single ASC requires mounting to a large mass to 

reduce vibration produced by the convertor. This large 

mass is impractical for spacecraft applications. There-

fore, the ASC-L convertor features a passive balancer, 

designed by Sunpower, Inc., to minimize the force 

generated by moving parts within the convertor. This 

spring-mass system is tuned to balance the convertor 

force at a specific operating point, including piston 

amplitude, temperature, and convertor frequency. Tun-

ing can reduce the emitted force from approximately 

500 N to less than 24 N, minimizing the disturbances 

applied to any sensor packages on the lander. 

SCC EM 1:  The SCC EM1, the first ASC control-

ler designed by JHU/APL, represents an advanced con-

troller because it does not require a physical tuning 

capacitor. Most ASC controllers use a tuning capacitor 

to keep the stator current in phase with the back elec-

tromotive force voltage and piston velocity. These ca-

pacitors have a large mass and volume and are unat-

tractive for spacecraft applications. The SCC was de-

signed for flight use, but only a mechanically-

equivalent, non-flight EM was built. It has one control-

ler board, limited fault tolerance, cannot issue com-

mands, or receive and send telemetry. The goal of the 

SCC EM1 task was to design and build a small, effi-

cient, and reliable controller for use with a single ASC.  

Several tests were performed with the SCC EM1 at 

JHU/APL and GRC at full convertor power output. 

Individual breadboards of the SCC were tested with a 

JHU/APL designed convertor simulator, followed by 

testing with ASC-1 #4. During initial testing, the con-

vertor power output fluctuated on the order of 10 W. 

The root cause was determined and the change was 

incorporated in the design before the next operation of 

ASC-1 #4. After this test, two EM boards (EM1 and 

EM2) were manufactured and tested with ASC-1 #4. 

This testing confirmed that the new design eliminated 

the convertor power output fluctuations. The SCC 

demonstrated successful power transfer from the 

spacecraft to the shunt resistor and recovery from the 

fault. The SCC attempts to reconnect to the spacecraft 

and connects when the spacecraft voltage reaches an 

acceptable range of 22 – 36 V. After reconnecting to 

the spacecraft, the convertor power returned to within 

0.6 W of its original value. After this test, the two EM 

boards were packaged in their chassis and SCC EM1 

was tested with ASC-1 #4. The SCC efficiency was 

calculated as spacecraft bus voltage was changed from 

36 to 22 V in increments of 2 V. The resulting effi-

ciency, defined as power out of the SCC divided by the 
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power into the SCC, range was 88.5 – 93.9%. SCC EM 

1 was delivered to GRC in May 2011. SCC EM 2 re-

mained at JHU/APL for further controller develop-

ment. SCC EM1 was tested with ASC-1 #3 at GRC in 

the same fashion as the testing at JHU/APL. The main 

difference was the integration of the GRC designed 

harnessing between the SCC EM1, ASC, and GSE. In 

addition, SCC EM1 operated with ASC-L at GRC.   

 SCC EM 2 and 3:  The next phase of the SCC de-

velopment included integration of a higher level of 

fault tolerance, commanding, and sending and receiv-

ing telemetry. SCC EM 2 and 3, based on the SCC EM 

1 design, includes these additions. SCC EM 2 and 3, as 

shown in Figure 1, consist of two identical controllers 

in separate chassis. During normal operation, one unit 

actively regulates the ASC and supplies conditioned 

power to the spacecraft. The other provides a redun-

dant backup for use if a fault is detected in the active 

controller for autonomous recovery from the fault. 

SCC EM 2 and 3 were delivered to GRC in November 

2011.  

 
Figure 1. SCC EM 2 & 3 

 

Several tests were performed with SCC EM 2 and 3 

at JHU/APL and GRC. It was tested with the 

JHU/APL convertor simulator and user interface that 

simulates faults in the SCC. Then, it operated with 

ASC-1 #4 at full power. The SCC successfully handled 

various fault conditions, including high or low space-

craft power consumption, total open load or short cir-

cuit, and replacing a failed SCC card while the backup 

maintains control of the ASC. SCC EM 2 and 3 were 

delivered to GRC in November 2011. GRC repeated 

the testing performed on ASC-1 #4 on ASC-1 #3. The 

main difference was the integration of the GRC de-

signed harnessing between the SCC EM 2 and 3, ASC, 

and GSE.  

 Integration Testing: Future plans include vibra-

tion testing at qualification and flight acceptance levels 

up to 12.3 grms, based on the standard RPS profile 

developed by the Jet Propulsion Laboratory. The SCC 

will control the ASC-L to operate at anticipated launch 

power and amplitude conditions but will not be ex-

posed to vibration itself, since it was not built to with-

stand vibration. This will confirm the SCC’s ability to 

control the ASC-L during launch. The EMI test will 

characterize the AC and DC magnetic and electric 

fields emitted by the SCC and ASC-L.   

After completion of the vibration and EMI testing, 

the SCC EM 2 and 3 and ASC-L with the passive ba-

lancer will be integrated with the lunar lander test 

stand.  At this point, the load cells mounted at the base 

of the test stand and between the simulated lander and 

the ASC-L housing will provide data on the vibration 

emitted by the convertor to the lander and lunar sur-

face. A picture of the lunar lander test stand and ASC-

L with housing is shown in Figure 2.  The integrated 

test configuration will enable the characterization of 

the behavior of the system across a range of operating 

conditions, including variations in cold-end tempera-

ture and piston amplitude, including the emitted vibra-

tion to both the sensors on the lunar lander and the 

lunar surface. Then, the system will operate 24/7 over 

a period of thousands of hours to obtain long term per-

formance data.  

 
Figure 2. Lunar lander test stand. 

 

Conclusion:  The SRPS is compatible with lunar 

missions that require a single ASC and have a low vi-

bration requirement. SCC EM1, 2 and 3 testing was 

completed. Plans have been made for integration test-

ing to start in April 2012. The SRPS can be expanded 

for missions that require higher power levels through 

use of dual ASC’s and a dual convertor controller.  
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