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Introduction:  The Fission Power System project 

is a National Aeronautics and Space Administration 

(NASA) and Department of Energy (DOE) collabora- 

tion to produce a small reactor-based power system for 

space missions. The program is currently developing 

and demonstrating technology that could be used for 

those power systems. The goal is to develop a reactor, 

reactor control system, and power conversion system 

that will run continuously without maintenance for an 

8-year mission. In the current surface power system 

concept, the reactor power is controlled by a config-

uration of six reactivity control drums, each driven 

by an independently controlled stepper motor. Control 

drums are rotated to insert reactivity for reactor start-

up, operation, and shut-down. The control drive 

assembly must operate on the moon or Mars and be 

capable of withstanding the harsh environmental 

conditions, including vacuum, temperature extremes, 

and radiation. 

Temperatures on the moon vary with time and 

location. At the equator, temperatures can reach up 

to 127˚C, with low temperatures ranging from –315˚C 

to –280˚C. Part of this technology demonstration effort 

is to understand the conditions under which available 

motor technology can be expected to perform and to 

determine when and to what extent the motors and 

control drives may require thermal management. 

A full-scale control drive testbed has been 

developed to test motor and gear reducer technology 

under vacuum over a broad temperature range. The 

motor and gear reducers that make up a control drive 

assembly was tested over achievable extreme tempera-

ture ranges in the test facility to demonstrate proper 

function for a space power application and to attempt to 

discover the limits of the technology. 

System Overview:  The FPS control drums consist 

of a neutron absorber and a neutron reflector contained 

within a cylindrical casing. In 2010, reactivity calcula- 

tions [1] were used to determine the minimum angle 

change required to effectively control reactor power. 

The calculations suggested control steps of approxi-

mately 0.1˚ of rotation every 2 weeks would provide an 

acceptable temperature swing within the system. These 

results were then used to set parameters for control 

drive control system operation. 

A full-scale, working model of a preliminary reactor 

control drive system was fabricated. The mock-up 

consists of a reactor reflector structural assembly with 

with sleeved openings for full-size control drums. A 

control drive assembly consisting of a stepper motor 

and gear reducers is connected to the control drum 

using a series of extended shafts and couplings, as 

shown in Figure 1. The control drive assemblies are 

mounted approximately 2 m above the reactor reflec-

tor assembly on a flat support plate. The support plate 

represents the top of the reactor system shield, and it 

would be level with the lunar (or Martian) surface when 

the system is emplaced. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Photograph of the Assembly 

 

The stepper motors are controlled by National 

Instruments hardware from a computer terminal adja-

cent to the testbed. The control system can currently 

control four control drive assemblies simultaneously. 

The control drive motor is bolted to two inline 30:1 

gear reducers that are mounted on a housing assembly. 

The base of the housing assembly is bolted to the upper 

support plate. The shaft of the lower gear reducer ex- 

tends into the housing where a coupling connects the 

reducer to a torque sensor/coupling that extends below 

the upper support plate. The upper coupling (located in 

the housing) is exposed through an opening in the sup- 

port housing, and an angular ring encoder is mounted at 

this location. The ring encode is read by a noncontact 

sensor through the housing opening. Below the upper 

support plate, the torque sensor connects to the end of 

the housing coupling (above) and to an extended shaft 

(below). The extended shaft connects to a square shaft 

on the top of the control drum. 
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Testing:  Test 1 (Cold). For this experiment the 

motor housing was operated under 2 PSI of helium to 

better thermally connect the motor and gear reducers to 

the chamber wall temperature and to purge air and 

moisture from the chamber. 

The motor was setup to run for a continuous 

120 seconds at 60 RPM when manually triggered. The 

motor turns 120 revolutions during each 2-minute step, 

which results in a 48˚ drum rotation. The temperature 

of the chamber wall and the motor were trended 

throughout the experiment, and the current drawn by 

the motor controller was recorded during each 

movement and each motor step timed. 

After the dry ice was placed around the chamber, 

the motor was exercised for 2 minutes at 5˚C incre- 

ments. At each test the timing and final position was 

noted, and the motor current was recorded. After test- 

ing the motor at –5˚C, the motor power supply was 

disconnected for around 3 hours and the temperature 

began to decrease more rapidly. As the motor tempera- 

ture passed –20˚C, the power supply was reconnected 

and the motor operated through the 2-minute test. 

The test was repeated when the motor temperature 

reached –30˚C. The motor encode indicated that the 

motor turned throughout the 2-minute test but that it 

only rotated approximately ¼ of the commanded dis- 

tance. The drum physically rotated approximately 11˚ 

during the 2-minute test confirming that the motor was 

not functioning properly at –30˚C but the motor en-

coder and gear reducers were. The motor is slipping. 

Test 2 (Hot).  After the cold tests, the assembly was 

allowed to return to room temperature overnight and 

similar tests were performed under heated conditions. 

The chamber wall was heated directly by three band 

heaters until the chamber temperature reached 100˚C, 

and then the heater power was reduced to maintain that 

approximate temperature. 

The 2-minute test was repeated at 10˚C temperature 

increments of the motor temperature. The motor, motor 

encoder, and drum rotation responded as expected for 

each test. The current draw to operate the motor 

increased slightly with motor temperature to a maxi-

mum value of 0.32 to 0.33 Amps. The current draw 

at –20˚C was 0.23 Amps. 

When the chamber temperature reached 100˚C the 

motor temperature was approximately 115˚C, which 

was the highest temperature test run with helium in the 

chamber. After the final helium test, the chamber was 

evacuated and the testing continued with the motor 

under vacuum. The final run was started when the 

motor temperature reached 135˚C. The motor temper-

ature increased to 136˚C during the final vacuum test 

and eventually settled to a temperature approximately 

30.2˚C above the wall temperature. The higher tem-

perature difference is due to a higher current draw 

observed at a higher motor temperature. 

Discussion:  Approximate upper lunar tempera-

tures were achieved with the experimental testbed and 

motor operation with the chamber temperature at 100˚C 

and motor temperature of 115˚C under a helium atmos-

phere and 135˚C under vacuum were successful. The 

motor temperature, when constantly powered, operated 

at between 15˚C and 20˚C above the chamber wall 

temperature when it was filled with helium. The tem-

perature difference is dependent on the current drawn 

through the motor. Under vacuum at the highest test 

temperatures this difference was approximately 30.2˚C. 

The motor current is essentially same when the motor is 

holding position and when the motor is rotating slowly 

under the low-load conditions used for these tests. 

Lower test temperatures are possible but not 

attempted in this series of experiments because the 

operational limit of the motor was reached at –30˚C. 

As seen in the first dry ice test, there exists a long 

response time between chamber temperature and 

motor temperature under vacuum conditions. In 

similar testing in helium, the motor more closely fol-

lowed the temperature of the surrounding chamber. In 

either a vacuum environment or a helium environ-

ment, it appears that motor self-heating is sufficient to 

maintain the motor above operation temperatures if 

the out housing temperature remains above approxi-

mately –45˚C. Thus, if this motor design were used 

for a flight system the housing temperature might 

require thermal management if the reactor were 

required to start during a lunar night. 

Testing demonstrated that the motors do not 

require an inert cover gas to operate when the cham-

ber wall is at 100˚C and the motor temperature is at or 

below 135˚C. 

Future Test Plans:  The remaining testing is 

planned as an endurance test. It is planned to setup the 

motor to make automated periodic drum rotations and 

run this test indefinitely. Motor, shaft, and drum posi- 

tions will be monitored and any discrepancies be-

tween demanded and actual position will be noted. It 

is also proposed to irradiate the second motor to a 

dose beyond that anticipated for the 8 -year lunar 

mission and then run it through the tests that were 

run on the unirradiated motor. Motor performance 

will then be compared to determine if irradiation 

resulted in performance degradation. 
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