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Figure 11. OCO-2 Observatory.

Figure 12. OCO-2 Observatory in TVAC Configuration.

The observatory thermal vacuum test was successfully performed during December 2-19,
2013. After a decontamination period of 60 hours, the FPAs were cooled from decontamination
temperatures of approximately 301 K to 120 K in approximately 21 hours. This easily meets the
OCO-2 requirement that the FPAs be stable to within 0.5 K per 98 minute orbit within 72 hours
after starting the transition out of decontamination.
As shown in Fig. 13, the TMU motor drive level increased at a fast rate of +1.3%/day (again
likely due to the short decontamination period and remaining water contamination within the
CSS) during the spacecraft hot thermal balance test phase (341:14:00 – 342:09:00). With the
TMU reject temperature and optical bench temperature remaining constant, the spacecraft
transitioned to its cold thermal balance test phase (342:09:00 – 344:13:00), resulting in the TMU
motor drive level dropping to a rate of +0.6%/day. After the cold thermal balance test phase was
completed, the spacecraft transitioned into another hot test phase. During this test phase
(344:18:00), the cold block temperature set point was lowered from 110 K to 107.5 K in order to
bring the FPA temperatures closer to the 120 K range. The cold block setpoint change resulted
in the TMU increasing its drive level by 0.8% in order to lower the cold block setpoint by 2.5 K.
Also, the TMU motor drive level dropped its rate to +0.3%/day. As the spacecraft transitioned
into another cold test phase (346:15:00), the TMU motor drive level remained stable
momentarily then continued to rise at a rate of +0.3%/day.

Figure 13. OCO-2 Observatory Thermal Vacuum Test with FPAs at Operating Temperature.
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With improved conditions in space relative to water content, and a planned initial
decontamination cycle of 30-40 days, water is expected to outgas from the FPAs, MLI and
thermal link, exit the instrument shroud and vent pipe, and vent into space, never to return to the
CSS. After the initial FPA on-orbit cooldown, it is predicted there will be a 0.1%/day increase in
TMU drive level due to residual water on the MLI and thermal link during the initial phase of the
mission. This rate will decrease to acceptable levels over time and after a FPA decontamination
cycle, which will likely be necessary during the two-year mission.
After the completion of the observatory thermal vacuum test, the OCO-2 project allowed the
TMU drive limit to be increased from 47% to 50% for the mission, in order to allow for a rapid
on-orbit cooldown of the FPAs, and to reduce the possibility of decontamination periods in the
mission in response to limitations in the spacecraft power budget.
After successfully completing observatory-level testing, the OCO-2 observatory was
delivered to Vandenberg Air Force Base in California for integration onto a ULA Delta II launch
vehicle, in preparation for a July 2014 launch.
SUMMARY
The OCO-2 observatory requires that its three focal plane arrays be cooled to 120 K for the
duration of its two-year mission. The OCO-2 project selected the NGAS HEC pulse tube
cryocooler to fulfill this requirement. Qualification and characterization of the cryocooler
system was undertaken at NGAS and JPL. The resulting TMU and CCE can produce 2.4 W of
cooling at 110 K with 45 W of power at the input to the CCIE, which meets the key OCO-2
cryocooler system requirement of cooling at the beginning of the mission to 110 K with no more
than 63 W of power at the CCIE input.
Implementation of vent tubes connecting the cryogenic surfaces to the observatory exterior
has been shown to effectively outgas water from within the instrument shroud during instrument
and observatory thermal vacuum tests. With lessons learned from instrument and observatory
thermal vacuum testing, improved conditions in space relative to water content, and given an
extended decontamination cycle (30-40 days) immediately after achieving orbit, it is predicted
that the TMU drive level will increase at a rate of 0.1%/day after the initial on-orbit cooldown of
the FPAs. This rate will decrease to acceptable levels over time and after a FPA
decontamination cycle, which will likely be necessary during the two-year mission.
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