
Optimized Autonomous Operations of a 20 K Space Hydrogen Sorption Cryocooler 

J. Borders', M. Prina', D. Pearson', G. Morgante' and P. Bhandari' 

'Jet Propulsion Laboratory, California Institute of Technology 
Pasadena, CA 91 109, USA 

21ASF/CNR - Sezione di Bologna, Bologna, 40129, Italy 

A fully redundant hydrogen sorption cryocooler is being developed for the European Space 
Agency Planck mission, dedicated to the measurement of the temperature anisotropies of the 
Cosmic Microwave Background Radiation with unprecedented sensitivity and resolution. In 
order to achieve this ambitious scientific task, this cooler is required to provide a stable 
temperature reference (-2OK) and appropriate cooling (-1 W) to the two instruments on-board, 
with a flight operational lifetime of 18 months. During mission operations, communication with 
the spacecraft will be possible in a restricted time-window, not longer than 2 hours/day. This 
implies the need for an operations control structure with the required robustness to safely 
perform autonomous procedures. The cooler performance depends on many operating 
parameters (such as the temperatures of the precooling stages and the warm radiator), therefore 
the operation control system needs the capability to adapt to variations of these boundary 
conditions, while maintaining safe operating procedures. 
An Engineering Bread Board (EBB) cooler was assembled and tested to evaluate the behavior of 
the system under conditions simulating flight operations and the test data were used to refine and 
improve the operation control software. 
In order to minimize scientific data loss, the cooler is required to detect all possible failure 
modes and to autonomously react to them by taking the appropriate action in a rapid fashion. 
Various procedures and schemes both general and specific in nature were developed, tested and 
implemented to achieve these goals. 
In general, the robustness to malfunctions was increased by implementing an automatic 
classification of anomalies in different levels relative to the seriousness of the error. The 
response is therefore proportional to the failure level. 
Specifically, the start-up sequence duration was significantly reduced, allowing a much faster 
activation of the system, particularly useful in case of restarts after inadvertent shutdowns arising 
from malfunctions in the spacecraft. The capacity of the system to detect J-T plugs was increased 
to the point that the cooler is able to autonomously identify actual contaminants clogging from 
gas flow reductions due to off-nominal operating conditions. Once a plug is confirmed, the 
software autonomously energizes, and subsequently turns off, a J-T defrost heater until the clog 
is removed, bringing the system back to normal operating conditions. 
In this paper, all the cooler Operational Modes are presented, together with the description of the 
logic structure of the procedures and the advantages they produce for the operations. 

This research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under 
a contract with the National Aeronautics and Space Administration. 


