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Microsat cryocooler system  
M.H. Jambusaria, A.A. Burkic, M. J. Ellis, J. Dominguez, and C.S. Kirkconnell 

 

Iris Technology Corporation, 2811 McGaw Avenue, Irvine, CA USA 92616 

ABSTRACT  

As the scientific requirements of microsatellites migrate closer to those of larger, more-expensive traditional satellites, 

the technical requirements on the key enabling components and subsystems are becoming more demanding.  If the utility 

of microsatellites is ever to expand to include high performance mid-wave infrared (MWIR) and short-wave infrared 

(SWIR) sensors, significant advancement in the state of art of small cryocooler systems is required.  The Microsat 

Cryocooler System (MCS) is a radiation hard, space-qualified integrated cryocooler assembly (ICA) for CubeSat and 

microsat applications.  The ICA includes a high reliability tactical cryocooler, a miniature set of Low Cost Cryocooler 

Electronics (mLCCE), the thermal management components, and the isolation structure.  As is the case with the larger 

LCCE from which it was derived, the mLCCE supports any of a wide range of linear cryocoolers in its design output 

power range (nominally 25W).  With minor adaptation, rotary coolers are also supported. 

 

This paper presents the initial results from the brassboard phase of the MCS Program.  A high fidelity set of cryocooler 

electronics with a well-defined upgrade path to a space-compatible design has been built and tested with the target 

cryocooler.  Those data are presented.  In addition to reducing risk for the spaceflight design to follow, these electronics 

are being released as an intermediate product for high-end tactical applications where the plug-and-play operability 

among different coolers and the enhanced level of control and programmability (relative to typical tactical cooler 

electronics) are desired. 

 

The overall CubeSat-compatible mechanical subsystem design is also presented, including descriptions of the thermal 

management and vibration isolation approaches.     

 

Keywords: cryocooler, cryocooler electronics, CCE, digital controller, miniature electronics, microsat, CubeSat 

 

1. INTRODUCTION  

Miniature satellites, once limited to university labs, have begun demonstrating higher performance and increased 

reliability resulting in dramatic growth in commercial and government markets.  Private companies are marketing 

imagery and surveillance capabilities, and continue to explore additional applications for microsats.  Skybox Imaging 

and Planet Labs, for example, are providing optical and near-infrared imagery as well as full-frame video collected by 

small satellites to capture Earth imagery.
1  

The US government has also taken interest in potential low-cost, low-risk 

microsat missions for both defense and science initiatives.  The National Reconnaissance Office (NRO), NASA, and the 

U.S. Air Force, among others, are investing in small satellite research and development for the purpose of science data 

gathering, weather monitoring, surveillance and reconnaissance, and navigation.  Figure 1, courtesy of the Aerospace 

Corporation, captures this growing interest and increasing launch rate of miniature satellites. 

 

With the increase in space-bound missions, radiation hardness and reliability are receiving greater attention, and 

addressing these concerns tends to conflict with the other expressed needs for reduced subsystem Size, Weight and 

Power, and Costs (SWaP-C) on smaller spacecraft buses.  Additionally, the growing promise of CubeSats has resulted in 

more aggressive mission scope, requiring a sizing down of advanced sensors, instrumentation, and supporting 

infrastructure.  In preparation, NASA’s 2015 SBIR solicitation specifically targeted improvements in enabling 

technologies for small satellites.  For example, active cryogenic control is presently limited because available solutions 

such as closed-cycle cryogenic refrigerators (cryocoolers) violate the SWaP requirements of modern microsats.  Optical 

payloads, as a result, tend to feature only visible and near-infrared cameras because cryogenic cooling of photon-detector 

arrays is not yet available.  If the utility of microsatellites is ever to expand to include high performance mid-wave 
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infrared (MWIR) and short-wave infrared (SWIR) sensors, significant advancement in the state of art of small cryocooler 

systems is required.   

 

 

 
Figure 1. The number of miniature satellites launched in the last 20 years has increased. All 1U CubeSats are counted as picosats,   

and all larger CubeSats are nanosats.1 

 

The vision of the Microsat Cryocooler System (MCS) Program is to provide the key technology building blocks that will 

enable a suite of solutions for single focal plane array (FPA) dewars on microsat, CubeSat, and UAV platforms.  The 

range of missions of interest is broad.  Therefore, it is essential that the proposed approach be modular and configurable. 

Over the course of the past two years, Iris Technology has leveraged the electronic architecture from our highly 

successful Low Cost Cryocooler Electronics (LCCE) to develop a proof-of-concept miniature (nominally 25W) set of 

electronics for this application.  The Iris architecture is unique in that motor drives and filtering circuits are readily 

scalable and customizable between applications with minimal nonrecurring engineering (NRE).  Further, the mLCCE 

telemetry excitation and conditioning circuits are inherently flexible to accommodate different sensor types, and most 

importantly, the user can set an expansive range of control parameters available through the RS-422 interface to 

ultimately dictate the behavior of the cryocooler control electronics.  These features permit easy interchange of 

cryocooler options to best satisfy a given set of mission requirements. 

  

Under the MCS Program Iris Technology is developing a complete cryocooler system for use on CubeSats.  Iris has 

already proved out the concept for the mLCCE, and is underway in developing a system which includes as its key 

elements maturing the electronics to TRL 6 and integrating a proven tactical cryocooler into a 2U CubeSat volume (to 

support an overall 3U satellite configuration).  With respect to the electronics, this paper documents an intermediate step 

where we have developed a high fidelity “path to flight” set of brassboard electronics.  Whereas previous proof-of-

concept electronics were built with all COTS components, the new mLCCE features a combination of upgraded rad-hard 

components and COTS components with rad-hard equivalents that define a part-for-part path to space compliance.  We 

also present the design of an integrated cryocooler assembly (ICA) and preliminary test results of the new mLCCE 

brassboard with an AIM SX030 cryocooler.  
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2. TECHNICAL BACKGROUND 

The progress presented herein represents the continuation of efforts commenced at Iris in 2013 under a USAF Phase I 

Small Business Innovative Research (SBIR) Program.  The overall goal of the effort is to develop a low cost, radiation 

hard cryocooler system to support deployment of small-scale cooled infrared sensors on small satellites, all the way 

down to 3U CubeSats (10 cm x 10 cm x 30 cm).  Considerable efforts are already underway in the mechanical 

cryocooler community to develop miniature (<500 g total mass) linear cryocoolers, particularly in response to the 

emergence of hot mid wave infrared (HMWIR) detectors capable of operating as warm as 150K.  This temperature is 

attainable with much smaller, lower power coolers as compared to the previously dominant standard advanced dewar 

assembly (SADA) type, nominally 80K coolers.  With the plan being to leverage off these developments, the focus of 

Phase I was on the development of the electronics portion of the cryocooler subsystem.  These electronics have been 

termed the miniature low cost cryocooler electronics (mLCCE), reflective of the design heritage as essentially a 

miniaturization of its LCCE predecessor.
2
  

A proof of concept (POC) COTS-based brassboard version of the mLCCE was designed, built, and tested during Phase I.  

This version of the mLCCE was successfully used to drive and control four different cryocoolers, namely the AIM 

SX030, the Lockheed Martin Microcryocooler, the AIM SF100, and the Thales LPT9510.  The first two of these are 

appropriate size matches for the nominally 25W output mLCCE; the latter two were tested primarily just to verify the 

inherent flexibility, i.e. cryocooler agnosticism, of the design.  These results have been previously published, including at 

the 2014 SPIE Defense and Security Symposium.
2,3

 

The POC version of the mLCCE successfully demonstrated the scale-down of the LCCE to more optimally support this 

small satellite class of missions.  The POC mLCCE circuit card assembly weighed only 20 grams with a planar area 20% 

that of the LCCE predecessor.  However, as a proof of concept design and not a true “path to flight” brassboard, the 

Phase I concluded with a recommendation that a second brassboard be designed and built.  A version with a direct part-

for-part upgrade path to spaceflight is now in test, a critical risk reduction step prior to proceeding on with the final 

development and qualification of the spaceflight mLCCE.  That work, along with the integration of these electronics 

with a particular cooler into a CubeSat-compatible package, is presented in the sections to follow.  

        

3. MCS PROGRAM 

The development of the Microsat Cryocooler System has been evolutionary in nature with most of the focus to date on 

the electronics.  A cryocooler system fundamentally consists of two major subsystems, the electronics and the 

mechanical cooler, often called the thermal-mechanical unit (TMU).  The past Phase I focused on the development of a 

COTS mLCCE board as a proof-of-concept given the higher relative maturity of available TMU options, as previously 

described. During Phase I, the MCS did not include a detailed TMU design, or even system level specifications.  

The continued development of the MCS, which is addressing these and other additional considerations, is being 

accomplished under Phase II of the USAF SBIR program.  A new, high fidelity mLCCE brassboard design has been 

built using a hybrid of space-grade and COTS components that define a path to a full radiation hardened design. In 

addition a TMU has been selected, the AIM SX030 cryocooler.  At its present state of maturity, with a high-quality 

mLCCE and proven TMU, this cryocooler system is ready for deployment on UAV platforms.  The present tactical 

design provides identical cooling capability to sensors and data gathering equipment as the eventual space MCS without 

the additional cost and schedule constraints of space qualification. 

The MCS will reach its final evolutionary stage in the fall of 2015 with the development and test of a fully space 

qualified flight model.  The flight model will be complete with a full radiation hardened design that will undergo all 

requisite environmental testing for end use on miniature spacecraft.  The missions supported include environmental 

sensing, intelligence, surveillance and reconnaissance, missile warning, planetary exploration and virtually any low cost 

spaceflight IR sensing application.   

The primary specifications which provided the design envelope for the MCS are summarized in Table 1.  This summary 

table only includes the primary drivers of the design; the full list of requirements is much more exhaustive and not 

documented in this paper.  It was critical the MCS be designed for low weight and minimal size given the lower SWaP 
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requirements for CubeSat platforms.  The system-level performance specifications (cooling temperature, stability, and 

capacity) drove the TMU selection, while the packaging (volume, mass) and heat rejection specifications drove the 

mechanical layout for the integrated cryocooler assembly (ICA) support structure.  Of course packaging specifications 

were also drivers in the TMU selection and mLCCE design.  

 

Table 1. Primary system level specifications of the MCS. These are the drivers for the MCS design. 

 

 

 

4. MINIATURE LOW COST CRYOCOOLER ELECTRONICS 

Consistent with the overall program emphasis, the Phase II MCS development remains focused on the mLCCE as the 

key technology requiring maturation to enable the objective missions.  The primary specs driving the electronics design, 

summarized in Table 2, have been updated from the Phase I mLCCE based on results from the development effort and 

supplemented by CubeSat payload and cryocooler research.  For example, the Iris’ LCCE product family supports a 

range of operating input voltage from 22 to 37V, and the original mLCCE specification previously published reflected 

that range.  A more functional range of input voltages for miniature spacecraft was found to cover a broader spectrum, 

and the specifications for the mLCCE were adjusted accordingly.  A study was conducted to determine the low-end for 

the input voltage, where added complexity, weight, and size were traded for functionality.  Nine volts (9V) was 

determined to be the low-value at which the mLCCE is still capable of supporting a variety of cryocoolers and be 

compatible with projected host miniature satellites, while avoiding a significant increase in the complexity of the 

electronics design.  Similarly, the max output voltage specification was adjusted from a uniform Vpp value to 

acknowledge that the low-end of the operating input voltage necessitates a lower maximum output voltage amplitude.  

Performance results from Phase I testing helped inform and refine the specifications for mass, efficiency, and total 

harmonic distortion (THD) of the current design.  Several differences in the electronics design between the boards 

account for the additional margin kept for efficiency in the current mLCCE spec relative to the original brassboard 

design, which performed well above 90% efficient over the operational power range for the AIM SX030 cryocooler. 

The initial POC COTS-sourced Phase I brassboard described earlier provided the framework from which to develop a 

low-risk mLCCE brassboard with a true path-to-flight design.  The functional block diagram seen in Figure 2 is the same 

across the original Phase I board and the Phase II board covered in this paper. Several modifications were made, 

however, to the original brassboard design to adhere to best practices of the more mature LCCE product portfolio, and to 

incorporate components that preserved a design path for the space environment
4
.  Specifically, the Phase II brassboard 

has an updated H-bridge motor drive circuit design, a modified auxiliary circuit to allow for lower input voltages, and 

upgraded ICs to better align with LCCE design practices and to meet future space grade requirements.  
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Table 2. Primary mLCCE specifications. The full electronics specs are more exhaustive and are not included here. 

 

 

Whereas the original Phase I board utilized physically small COTS components, such as 0402 resistors and capacitors, as 

well as small package ICs to minimize the size of the PCB, the updated Phase II board design reverts back to the 

common LCCE component family, which has a path to rad-hard but is physically larger.  The minimum size for resistors 

used on the new design, for example, is 0603 while the smallest size for capacitors is 0805.  For the H-bridge motor 

drive circuit design, a new gate drive was chosen, one that had an equivalent rad-hard component equivalent, while the 

old design used a smaller gate driver which had no such equivalent.  

Other ICs that were modified from the Phase I board were the FPGA and RS422.  The ICs initially selected in Phase I 

were all COTS components; this choice can be attributed to their ease of acquisition and low cost.  The most significant 

design change that was made for the Phase II board was selecting a new reprogrammable FPGA.  While it is slightly 

larger than the old design’s FPGA, it is more importantly available as a rad-tolerant component, has more than twice the 

number of system gates as its predecessor, and has legacy to other Iris designs, enabling almost 100% VHDL code reuse. 

Other less-critical COTS components were also replaced with those that had space compatible equivalents to maintain 

consistency and uniformity across the LCCE family, and to ensure a low-risk design for future development. 

Relative to the Phase I mLCCE, these modifications resulted in a larger footprint to accommodate the updated circuitry 

and larger space compatible components.  Nonetheless, as seen in Figure 3, there is still a considerable size and weight 

savings with the updated design for CubeSats as compared to the LCCE hardware.  The assembled mLCCE brassboard 

circuit card measures 8.4 cm by 8.4 cm and only weighs 93.5 grams.  This represents a reduction in area of 55% relative 

to the LCCE.  When integrated into a chassis, the total weight is about 317 grams, much less than the overall 790g 

weight of the LCCE.  

The initial board characterization at a nominal bus voltage of 28 VDC was accomplished using a resistive and inductive 

load to simulate a cryocooler load.  The goal of this step is to capture the mLCCE performance isolated from the non-

idealities introduced by an actual cryocooler.  A 5.3 ohm resistor in series with a 470 H inductor were selected for the 

single motor drive channel.  A lab computer with customized GUI was also set-up to communicate to the mLCCE 

through the onboard RS422 circuit.  The output AC drive frequency of 60Hz was set up through this computer, in an 

effort to mimic the spacecraft or payload computer in this set-up.  A Sorensen XPH 35-4D power supply provided the 

input bus voltage.  The input and output currents were measured using a Tektronix TCP0030A probe.  Additionally, a 

Yokogawa WT333 power meter was used to verify both input and output power measurements.  Resistive losses in the 

connector cables are taken into account so that reported efficiencies are independent of connector length.  The mLCCE 

was operated over the specified range of input voltage and output power levels up to the safe current handling capability 

of the electronics.  
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Figure 2. The electronics functional block diagram was preserved from the original Phase I mLCCE design to the updated Phase 

II mLCCE design. 

 

 

Figure 3. The mLCCE (right) offers significant size savings relative to its LCCE predecessor (left). 

 

The tare power, which is the power draw when the unit is only receiving and transmitting data without driving a motor, 

was measured at 1.1W at the 28VDC input condition.  This is slightly higher than the POC Phase I mLCCE, and higher 

than the 0.9W target, largely due to the fact that the FPGA and RS-422 components were taken from the larger LCCE 

family of products to avoid the need to update the firmware and communications protocol during the present budget-

constrained Phase II program. Achieving lower tare is possible in a future design by incorporating “right sized” digital 
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integrated circuits, if required.  Power conversion measurements were then taken at the same 28 VDC input condition.  

The results are provided in Figure 4, with the tare power subtracted, i.e., 

 

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 − 𝑡𝑎𝑟𝑒 𝑝𝑜𝑤𝑒𝑟
 

 

 

 

Figure 4. Efficiency data plotted against mLCCE output power gathered from mLCCE testing with a resistive and inductive load at 

an input voltage of 28V. 

 

The efficiency of the mLCCE board was measured well above 85% for an input power greater than 5 W at an input 

voltage of 28V.  After characterizing the board in isolation successfully, the mLCCE was integrated with an AIM SX030 

cryocooler for full system characterization, as described in the next section.  

 

5. INTEGRATED COOLER – ELECTRONICS DESIGN AND TEST 

The TMU selected for the Phase II demonstrator is the AIM SX030, a highly-miniaturized single-piston Stirling 

cryocooler, developed primarily for terrestrial HMWIR applications.
5
  The compressor vibrations are damped at the 

drive frequency by a passive tuned mass damper.  The SX030 is ideally suited for this application because of its compact 

size, low cost, high reliability (>25000 hours mean time to failure (MTTF)), and high maximum allowable ambient 

temperature (85
o
C).  This last characteristic simplifies the thermal design, as noted below. 

One of the essential constraints of the project is that the MCS fit conveniently within a 3U CubeSat frame, which is the 

smallest practical payload volume anticipated for a space IR imaging application, at least at this time.  Figure 5 clearly 

illustrates that this constraint has been satisfied.  The envelope of the MCS is roughly 10 cm x 20 cm x 6 cm, fitting 

within a 2U section at approximately half height.   
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     Figure 5. MCS configured within a 3U CubeSat. 

 

 

     Figure 6. 3D rendering of the MCS to highlight integration features. 

 

Figure 6 extracts the MCS from the CubeSat frame to better reveal the key integration features.  The TMU and mLCCE 

are mounted on individual heat rejection radiator plates, which would be positioned on the satellite / CubeSat to have a 

favorable view to deep space.  The plate is mounted to the CubeSat frame with thermal isolators to minimize heat leak 

into the CubeSat structure and the resulting possibility of thermally-induced mechanical distortions and sensor 

misalignment.  The electronics are intimately mounted to the plate to provide a robust heat rejection path.  The TMU has 

a more challenging thermal design in that the compressor must be mounted on thin flexures so it can “float,” i.e., act 

against the dynamic balancer.  The ability of this cryocooler to operate safely and reliably at high rejection temperature, 

as well as the low required input power given its high efficiency, permits the use of a high-compliance thermal rejection 

strap (not shown).  The thermal requirements for the strap will be determined based upon upcoming system-level 

performance testing.     

It might be noted that the present prototype design includes two features that will most likely not be retained for flight, 

namely the mLCCE mechanical housing cover and the TMU coldfinger dewar.  The dewar is obviously a tremendous 

convenience for ground testing, but it is not required in the vacuum of space, and in fact introduces unnecessary weight 
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and the optical nonidealities of the dewar window.  Depending on the details of the future spaceflight mission, 

specifically the integration plan, testing concept of operations, and the payload requirements (performance and physical), 

the dewar may well be eliminated.  With respect to the electronics housing cover, it would be perfectly acceptable for 

most CubeSat applications to simply mount the circuit card assembly directly to the radiator plate with only a thin 

electromagnetic interference (EMI) shield to contain the radiated emissions, rather than a robust structural housing as is 

presently used.  The approach shown was selected for this program because Iris and USAF project future applications for 

the mLCCE working with other coolers in more traditional applications.  This approach permits satisfaction of the 

immediate requirements while also qualifying the mLCCE as a separate electronics product for those other missions. A 

photograph of the mLCCE and the AIM SX030 together is provided in Figure 7. 

 

 

     Figure 7. mLCCE (left) to be integrated in the MCS with the AIM SX030 cryocooler (right). 

 

Initial integrated testing of the new “path to flight” Phase II brassboard with the SX030 cryocooler was recently 

performed to verify the proper operation of the combined system prior to procuring the expensive radiation hard 

electronic components for the flight-design mLCCE. Automatic cooldown, transient response, and temperature stability 

were characterized, similar to the previously presented POC mLCCE testing
2
. It should be noted that the temperature 

control proportional (P) and integral (I) coefficients were not optimized for this initial test; the values used were a first 

guess based on past LCCE testing. Tuning these coefficients for the SX030, which is readily accomplished though the 

user interface via the RS-422 communications port, can reasonably be expected to yield improved results. Even with this 

coarse setting, the performance achieved was deemed quite satisfactory.   

Figure 8 shows the automatic cooldown of the SX030 from room ambient to the user-programmed temperature setpoint, 

in this case 140K.  The output voltage was limited, again through a user interface (UI) command, to 8 Vpeak so as to 

stay well within the safe operating range for the cryocooler during cooldown.  No external load was applied to the cold 

tip during this test.  Cool down was achieved in about 2 minutes with stability achieved around the 8 minute mark.  With 

tuning of the P and I coefficients, we would expect to eliminate the second undershoot and achieve stability in about 4 

minutes.   

A test was then performed to assess the response of the system to changes in temperature setpoint.  The results are 

indicated in Figure 9.  To start the test, a heat load of 0.3W was applied while maintaining the 140K setpoint used for 

initial cooldown.  New setpoints of 120K, 100K, and then back to 140K were entered though the UI; the system 

responded as expected, successfully achieving and stabilizing at each new setpoint within a few minutes. 

 

Proc. of SPIE Vol. 9451  945123-9
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 02 Feb 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Time (sec)

170

160

150

0.3W Heat
load applied

á
120E

110

100

ii

.V r
III

Il
I
140K Setpomt

120K Setpoint

100K Setpoint

90

1500 1700 1900 2100 2300 2500 2700 2900 3100 3300 3500
Time (sec)

 
 

 

 

 

     Figure 8. Cryocooler cooldown data from ambient to a 140K setpoint. 

 

 

     Figure 9 Cryocooler response data to a changing temperature setpoint under a 0.3W heat load. 

 

 

Figure 10 is a zoom in of the transient that occurred with the initial addition of the 0.3W heat load. The system settled 

back out at the 140K setpoint within 4 minutes of the heat load application. Additional heat load values were investigated 

as shown in Figure 11, still operating at 140K.  The response was in all cases acceptable and expected. 
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     Figure 10. Cryocooler temperature stability data in response to a 0.3W applied heat load. 

 

 

 

     Figure 11. Cryocooler temperature stability for varying heat loads between 0.1-0.5W. 

 

Finally, the temperature stability was examined under constant 0.5W heat load at 140K, displayed in Figure 12.  The 

temperature stayed reasonably stable after about the 3300 second mark, maintaining within a +/- 0.4K band.  Given that 

the P and I coefficients were taken from a different set of electronics for a different cooler, this is deemed an acceptable 

initial test result.  Additional tuning is underway to meet the +/- 0.1K requirement. 
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     Figure 12. Initial temperature stability under a 0.5W heat load at 140K. 

 

The testing to date has been with the bare mLCCE circuit board and the SX030 all on a benchtop at room ambient 

temperature. Successful checkout of the brassboard mLCCE at this level is the necessary milestone for triggering the 

final design of the radiation hard, spaceflight mLCCE. The next test steps for the brassboard MCS are to integrate the 

electronics into its chassis, assemble the complete system as shown in Figure 5, perform characterization testing in a 

thermal chamber, and to measure the exported vibration of the complete system. This last step will be used to inform 

whether the final design needs to provide structural isolation from the CubeSat frame, along with the previously 

indicated thermal isolation. The design preference is that the passive balancer is alone sufficient. 

 

6. CONCLUSION 

A growing rate of microsat launches and missions over the past decade demands that supporting technologies, such as 

cryocooler systems, be matured to meet the requirements of smaller satellites. This paper discusses the advancements 

made towards a Microsat Cryocooler System envisioned to enable advanced sensors and instrumentation ideal for small 

platforms such as CubeSats and UAVs. As part of the MCS, Iris is pushing the envelope by developing space qualified 

mini-LCCE electronics to drive any class of small cryocoolers. The mLCCE now has an updated design that preserves a 

low-risk transition path to fully space-compliant hardware, and preliminary brassboard testing has produced efficiencies 

above 90%. The MCS design, optimized for thermal and vibrational considerations, allows for the full integration of the 

electronics and SX030 TMU. This configuration has also been presented, revealing a complete system housed within a 

2U CubeSat structure. Initial testing of the MCS reported herein confirms temperature control and stability were 

successfully achieved. Additional tuning to the control coefficients is awaiting implementation, which will achieve 

improved MCS temperature control.  

The MCS is in the intermediate stages of development.  The testing results of this phase will help inform the final design 

and integration of the space unit, which is scheduled to reach TRL 6 by January 2016. Several high-probability 

commercialization paths have been identified with industry partners and are being pursued for both space (microsat) and 

tactical (UAV) platforms. 
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