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Deep-space probes need to deal with short-term changes in the thermal environment 

caused by sunlight and umbra in orbit and long-term changes during an interplanetary 

mission as the sun's distance changes significantly. To meet this challenge, thermal louvers 

and Smart Radiation Devices (SRDs) have been used, but they are difficult to mount on deep-

space probes because of mass and thermal performance. In our research, we propose a Shape 

memory alloy-driven Thermal Louver (STL). Since conventional thermal louvers use a coiled 

bimetal element as the drive source, it has a large mass. It is necessary to control the 

temperature of the element with a heater. However, STLs are compact, lightweight, and have 

a high effective emissivity On/Off variation using a shape memory alloy. This device uses a 

reversible actuator as the drive source that combines a single-crystal shape memory alloy 

(SCSMA) and a bias spring, enabling autonomous thermal control according to the 

temperature of the equipment. In addition, it is lightweight and simple because it consists only 

of an aluminum frame, deployable wings, and reversible actuators. We designed, fabricated, 

and tested a 50 W STL for this study. This paper presents our test and analytical results. 

Nomenclature 

AMLI = area covered with MLI 

Arad = radiator surface area 

Qload = heat load to heater 

Qloss = heat loss from MLI surface 

THTR = heater temperature 

TMLI = MLI surface temperature 

Tshroud = shroud temperature 

eff = effective emissivity of STL 

 = effective emissivity of MLI 

 = Stefan-Boltzmann constant 

RTP = Reversible Thermal Panel 

SCSMA = Single Crystal Shape Memory Alloy 

SRD = Smart Radiation Device 

STL = Shape memory alloy-driven Thermal Louver 

VER = Variable-Emittance Radiator 

 

I. Introduction 

PACE probes need to deal with short-term thermal changes in orbit caused by solar radiation and its absence and 

long-term changes during interplanetary travel. In addition, developing planetary exploration by small spacecraft 

is expected to be frequent, and low cost will be an essential consideration. To this end, powerless thermal control 

technology can make a significant contribution. Many spacecraft have been equipped with variable emissivity devices 

to respond to changes in the temperature of onboard equipment or the external thermal environment. Examples of 
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these thermal control devices include thermal louvers1, which control the amount of heat dissipation by opening and 

closing blades with low-emissivity surfaces, and Smart Radiation Devices (SRDs)2, which change the total 

hemispherical emissivity with the temperature of the material itself (Figure 1). However, these devices are troublesome 

to implement in small space probes. Thermal louvers use the deformation of a bimetal element with temperature 

change to control the blade opening/closing mechanism. The deformation of the element makes it difficult to use 

thermal louvers in a small space probe because of its complex mechanism based on a coiled-shape spring sand its 

large mass per unit area. SRDs are stand-alone devices, and their emissivity changes according to the temperature of 

the monitored equipment, so it is lightweight and requires no power. However, the difference between the emissivity 

at low and high temperatures (On/Off variation) can be only 0.4, and it also has low maximum IR emissivity and high 

solar absorptance. Therefore, there is an urgent need for a compact, lightweight Variable-Emittance Radiator (VER) 

to expand the capabilities of next-generation small space probes. 

Recently, VERs for space applications using Shape Memory Alloy (SMA) have been studied. SMA changes its 

shape in response to temperature change, enabling compact, lightweight actuators with the advantages of large shape 

change and high output load generation. One typical VER using SMA, the Reversible Thermal Panel (RTP)3,4 shown 

on the right side of Figure 1, can control heat dissipation autonomously according to the temperature of the installed 

equipment, but it has large thermal hysteresis due to its stowing and deploying mechanism using SMA and complex 

linkage mechanisms5. 

Table 1 compares the thermal control performances of a conventional VER and the target of this study. 

 
Figure 1. Variable emittance radiator: (a) Thermal louver1, (b) SRD2, (c) RTP5. 

Table 1. Mass, On/Off effective emissivity difference, On/Off temperature difference, solar 

absorptance/maximum emissivity of each device. 

Devices Weight/area, kg/m2 𝜀eff_high − 𝜀eff_low 𝑇𝜀eff_high − 𝑇𝜀eff_low, °C 𝛼S 𝜀eff_high⁄  

Thermal louver 8.1 0.6 14 0.16/0.74 

SRD 0.45 0.41 >50 0.81/0.64 

RTP 3.75 0.4~0.7 40~60 0.22/0.77 

This work target <3.0 >0.6 <20 <0.16/>0.75 

II. Proposal for a thermal control device using shape memory alloy 

This study proposes a Shape memory alloy-driven Thermal Louver (STL) as a compact, lightweight thermal 

control device: that combines a high on/off change with an effective emissivity equivalent to or greater than that of 

thermal louvers but with less than half their mass (Figure 2). The main feature of an STL is that it can control the 

temperature of installed devices autonomously and without power. At low temperatures, the aluminum wings on the 

top of the STL cover the radiation surface, exposing the low-IR emissivity surface and suppressing the amount of heat 

dissipation. When the temperature is high, the wings deploy to expose the radiation surface, increasing the amount of 

heat radiation. The wings are opened and closed by a reversible actuator combining SMA and bias springs, which are 

highly reliable, compact, and lightweight because of their simplicity. In the STL, the SMA, which is the driving source 

of the reversible actuator, needs to deform a large amount of strain of 3% or more and recover it. 

In this paper, we report the following tests and evaluation results. 

1. Heating and cooling test results of the reversible actuator to understand the mechanical properties of SCSMA 

under bending stress. 

Radiator
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2. Thermal vacuum test (TVT) result of 50 W STL prototype conducted to confirm the effectiveness of the VER 

proposed in this study. 

3. Evaluation of STL thermal performance using a thermal mathematical model and TVT results. 

 
Figure 2. Schematic diagram of STL operation. 

III. Single-crystal Cu-Al-Mn alloy 

Since the STL maximizes the effective emissivity on/off change by a large deformation of its reversible actuator 

as the driving source, the SMA must tolerate large deformations. SCSMA is a candidate for this purpose, but it has 

had disadvantages, such as high cost and difficulty of procurement. A single-crystal Cu-Al-Mn alloy was selected 

(Figure 3). The single-crystal Cu-Al-Mn alloy was developed in Japan in 2017, and it can be fabricated from a large 

polycrystalline bar, which provides a high degree of freedom in shape, low cost, and high availability6. The 

transformation temperature can be controlled from room temperature to cryogenic temperatures by alloy composition 

and aging treatment7. In addition, a large strain rate of 8% or more can be tolerated because it is a single-crystal alloy8. 

Figure 4 shows the results of specific heat capacity and thermal conductivity measurements of a single-crystal Cu-

Al-Mn alloy with an 𝐴f (Austenite finish) temperature of -40°C, which was determined as part of this study. From the 

results of specific heat capacity measurements, the transformation temperature is -40°C when the temperature rises 

and -60°C when it falls. The temperature hysteresis of the material itself is 20°C. The temperature hysteresis of the 

single-crystal Cu-Al-Ni alloy, a typical SCSMA, is 20 to 30°C. The temperature hysteresis of the single-crystal Cu-

Al-Mn alloy is about the same as that of the single crystal Cu-Al-Ni alloy. The thermal conductivity is about 15 W/(m･

K) at room temperature, which is as low as stainless steel. 

 

 
 Figure 3. Appearance of Cu-Al-Mn alloy single-crystal SMA before processing. 
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Figure 4. (a) Specific heat capacity and (b) thermal conductivity of Cu-Al-Mn. 

IV. Heating and cooling test of SMA actuator 

To clarify the mechanical properties of the Cu-Al-Mn alloy single-crystal SMA used in this study, heating and 

cooling tests of the reversible actuator combined with SMA and bias spring were conducted to evaluate the 

temperature-deployable angle characteristics of the reversible actuator. Figure 5 shows a Cu-Al-Mn alloy single-

crystal bar, beryllium copper bias spring, reversible actuator combined with these materials, and the schematic diagram 

of the output relationship between SMA and bias spring used in this test. This actuator is very simple, consisting of a 

rod-shaped SMA and a curved bias spring fixed at both ends. At low temperatures, the output load of the SMA is 

small, and it deforms to an angle that is balanced with the output of the bias spring. However, when the temperature 

is high, the output load of the SMA is large, and it deploys until it is balanced with the output load of the bias spring.  

 
Figure 5. (a) Cu-Al-Mn alloy single-crystal bar, (b) Be-Cu bias spring, (c) reversible actuator for stand-alone 

testing, (d) graph of the power output relationship between SMA and bias spring. 

A. Test setup 

The exterior and interior of the test apparatus are shown in Figure 6. The test was conducted in a small vacuum 

chamber equipped with a cryocooler. The cryocooler and a circular sheet heater attached to an aluminum fixture 

controlled the cryocooler cold head in the range of -120 to +50°C. The cold head was connected to the jig by bolts, 

and a temperature controller built into the cryocooler adjusted the cold head temperature. A rotary pump evacuated 

the inside of the chamber, which reached a vacuum of 10-2 Torr. Temperature measurements were collected at two-

second intervals using five T-type thermocouples (at the cold head of the cryocooler, the test fixture, the heater, the 

SMA, and the atmosphere inside the chamber). The fixed-point camera installed outside the chamber photographed 

the actuator during the test when the SMA temperature reached a steady state. The deployment angle was obtained 

from the captured images using angle measurement software. Figure 6 on the right shows an image of the measured 

deployment angle. 

Cu-16.5% Al-10.6%Mn (it means Cu:Al:Mn=72.9:16.5:10.6 in atomic percentage) alloy single-crystal SMA was 

used in this test. The aging time of SMA and the width of the bias spring were varied to evaluate the effects of different 

aging conditions and applied stress on the actuator behavior. As preliminary, similar tests were conducted on SMAs 

with different alloy compositions (Cu-17.9%Al-11.4%Mn), but the 𝐴f temperature was too low (-40°C), so SMAs 

with metal compositions that could be expected to operate at room temperature were used for the present tests. Table 

2 shows the pattern of the tested actuators. 
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Figure 6. (a) External view of the heating/cooling test apparatus, (b) internal view of the small chamber, and 

(c) an example of deployment angle measurement. 

Table 2. Test conditions of SMA actuator. 

No. Aging profile Thickness, mm Bias spring width, mm 

1-1 125°C -0.5h 1.0 15 

1-2 125°C -1.0h 1.0 15 

1-3 125°C -2.0h 1.0 15 

2-1 125°C -0.5h 1.0 10 

2-2 125°C -1.0h 1.0 10 

2-3 125°C -2.0h 1.0 10 

B. Test results 

Figure 7 shows the results of the heating and cooling tests. The left side of Figure 7 shows the relationship between 

SMA temperature and deployment angle, and the right side of Figure 7 shows the open/close condition of the actuator 

of No.2-1 (SMA aging condition 125°C-0.5 h and bias spring width 10 mm). The upper left of Figure 7 shows the test 

results of Nos. 1-1–1-3, and the lower left shows the results of Nos. 2-1 and 2-3 (No. 1-1 and No. 1-3 are also shown 

for comparison). The graph of No. 2-2 is not shown for better visibility. 

As shown in the graph in the upper left of the figure, the temperature hysteresis during heating and cooling is 10°C, 

and the On/Off temperature difference is 40 to 50°C; these are the basic characteristics of actuator operation. Here, 

the On/Off temperature difference refers to the temperature difference between the start and end of deployment. 

Comparing the results of the tests, the displacement profile of SMA shifted to a higher temperature with a longer aging 

time. This result indicates that the transformation temperature of SMA can be freely controlled within a given range 

by varying the aging time. 

The graph at the bottom left of the figure shows that the temperature of SMA at a 55º deployment angle was 7.5°C 

lower in No. 2-1 than in No. 1-1. In addition, comparing the temperatures of Nos. 1-3 and 2-3, the temperature of No. 

2-3 was about 20°C lower than that of No. 1-3. As the width of the bias spring is decreased (i.e., the load applied to 

the SMA is reduced), the 𝐴f temperature shifted lower. This indicates that the 𝐴f temperature with preloading was 

higher than when no load is applied. When the SMA is driven as an actuator with a bias spring, it is necessary to 

consider this when designing the actuator. In addition, the 𝐴s  temperature (i.e., the austenite transformation start 

temperature) does not change significantly even if the applied stress decreases, indicating that the On/Off temperature 

difference decreases as the applied stress decreases. Therefore, if the stress applied by the bias spring is reduced, the 

output power of the actuator itself is reduced. On the other hand, the On/Off temperature difference can be reduced. 

Thus, we conclude that adjusting the aging conditions and the applied load of SMA can control the transformation 

temperature and the deployment angle. 
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Figure 7. Relationship between SMA temperature and deployment angle: Nos. 1-1–1-3 (upper left), 2-1 and 2-

3 (lower left), and the open/close condition of No. 2-1 during the test (right). 

V. Thermal vacuum test 

To demonstrate the effectiveness of the STL proposed in this study, a prototype was fabricated, and a thermal 

vacuum test was conducted. Considering the thermal analysis results from the thermal mathematical model and the 

reversible actuator heating and cooling test, the combination of SMA and the bias spring of No. 2-1 were used as the 

actuator incorporated in the device (see V-A. Test setup for details). This considers the thermal contact resistance of 

each part and the increase of the transformation temperature with the deployable wing added. 

A. Test setup 

Figure 8 shows the STL prototype and thermocouple positions, and Figure 9 shows the test apparatus. The test 

was conducted in a thermal vacuum chamber. A cryocooler cooled an aluminum shroud to maintain the shroud 

temperature between -200 and -180°C. A rotary pump and a turbomolecular pump evacuated the chamber to less than 

10-5 Torr. Temperature measurements were collected at two-second intervals by 28 T-type thermocouples (20 on the 

STL prototype and 8 on the shroud). A polyimide sheet heater (200 x 300 mm) attached to the backside of the 

aluminum base plate (t5.0 mm) applied the heat load, and the STL was insulated with 10-layered MLI except for the 

radiation surface. A small camera installed inside the shroud captured images of the STL at ten-minute intervals during 

the test. Figure 9 shows the STL and the specimen setup in the thermal vacuum chamber where the test was conducted. 

Table 3 lists the components of the STL and their dimensions and masses. 

The plan was to use SMA that had been aged at 125°C-0.5h. However, the transformation temperatures of two of 

the four aged SMAs (Wing B1 and Wing B2) became too high, so the aging history was reset by heat treatment and 

then re-aged under the condition of 125°C-0.25h. Note from the above that the SMAs of Wing A1 and A2 were aged 

at 125°C-0.5h, and those of Wing B1 and B2 were aged at 125°C-0.25h, respectively. 
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Figure 8. STL prototype model with thermocouple locations. 

 
Figure 9. STL prototype model in space chamber and an example of specimen photography using a small 

camera. 

Table 3. STL specifications. 

Component Material Dimension and mass 

SCSMA Cu-Al-Mn alloy (Single crystal) 50×6.0×t1.0 mm, 2.5 g/piece 

Bias spring Be-Cu alloy 50×10×t0.25 mm, 0.7 g/piece 

Deployable wing A1050 250×110×t0.2 mm, 31.8 g/piece 

 A5052  

Main frame A5052 410×260×30 mm, 140 g 

Surface finish Ag/Teflon (10 mil) 400×250×t0.26 mm 

Base plate radiator A6061 410×260×t5.0 mm, 1550 g 

 Ag/Teflon (10 mil)  

 Polyimide sheet heater (300×200 mm) 

Total mass (Include base plate radiator) 1848 g 

 (Exclude base plate radiator) 298 g 

B. Test conditions 

Table 4 shows the test conditions for this test. First, the transient deployment and stowing characteristics of the 

STL were obtained by applying a heat load from the low-temperature state for a specific time and then cooling the 

STL by setting it to no load. Next, a stepwise up/down test was conducted to obtain the heat dissipation performance, 

the deployment angle at each heat load, and the temperature hysteresis characteristics during the heating and cooling. 

Finally, a power cycle test was conducted to evaluate the repeatability and responsiveness of the variable heat 

dissipation. 
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Table 4. Test conditions. 

No. Test Applied power, W 

1 Deployment and stowing test 2.5 – 40 – 0 

2 Stepwise up/down test 2.5 – 5 – 10 – 20 – 30 – 40 – 50 – 60 –  

50 – 40 – 30 – 20 – 10 – 5 – 2.5 

3 Power cycle test 20 – 40 – 10 – 40 – 10 – 40 – 20 

C. Test results 

1. Deployment and stowing test 

Figure 10 shows the temperature profile of the deployment and stowing test and the deployment state of the STL 

corresponding to the elapsed time. The test started from a low-temperature steady state with a heat load of 2.5 W, then 

40 W was applied to almost fully deploy the deployment wings. The heater power was off, and then the STL was 

cooled until the wings were fully stowed. From the test results, it can be confirmed that the wings gradually deployed 

as the heater temperature (HTR3) of the STL increased during the heating process. During cooling, the wings were 

gradually stowed as the heater's temperature decreased. It was confirmed that the wings deployed and stowed 

according to the heater temperatures. At the time of complete deployment and stowing, the heater temperature was 

29°C and -48°C, respectively. 30 minutes later, Wings A and B started deployment at different times. As mentioned 

above, Wing B1 and B2 were heat treated under different aging conditions so that the transformation temperatures 

were similar to those of WingA1 and A2, but the transformation temperature of Wing B1 and B2 SMAs were 

considered too low. Figure 10(b) shows that the temperature profiles of SMA2 (WingA2) and SMA3 (WingB2) are 

different. This is due to the difference in transformation temperatures. WingB2, which has a lower transformation 

temperature, starting to deploy first, resulting in a lower temperature. Since the completed deployment angles are 

similar, the temperatures at 120 min are equal for both SMAs. Although SMA1 has the outermost location and 

therefore a lower temperature, the temperature profile is very similar to that of SMA2 because the aging conditions 

are the same. 

 
Figure 10. (a) Temperature profile during the deployment and stowing test, (b)SMAs and Wings temperature 

profile during heating and (c) deployment state of the STL corresponding to the elapsed time. 
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2. Stepwise up/down test 

Figure 11 shows the temperature profile during the stepwise up/down test. From the temperature profile, it can be 

seen that the temperature change suddenly becomes gradual at 10 W and 30 W during heating and at 20 W and 10 W 

during cooling. This temperature change is due to the radiation surface's exposure and hiding by the wings' opening 

and closing. 

The graph on the left side of Figure 12 shows the steady-state test results, organized by the heater temperature and 

heat load. The solid red line is the step-up plot, and the solid blue line is the step-down plot. The results demonstrate 

that the STL controls the amount of heat dissipation autonomously by deploying and stowing its wings in the 

temperature range of -50°C to +30°C. It was found that the On/Off temperature difference was large, about 80°C. This 

was probably because SMAs with different transformation temperatures were used in this test. The On/Off temperature 

difference can be reduced using SMAs with similar transformation temperatures. In addition, the On/Off temperature 

difference was governed by the performance of the SMA (per MPa/°C), but the degree of freedom of installation could 

be improved by changing the type of SMA according to the mission. It was also confirmed that the temperature 

hysteresis during heating up and cooling down was small, about 10°C. 

The graph on the right side of Figure 12 shows the change in the effective emissivity of the STL. The following 

equation (1) shows the effective emissivity. Equation (2) shows the heat loss through the MLI attached to the base 

plate and frame. The effective emissivity of the MLI is assumed to be 0.05. 

 𝜀eff =
𝑄𝑙𝑜𝑎𝑑−𝑄𝑙𝑜𝑠𝑠

𝜎𝐴𝑟𝑎𝑑(𝑇𝐻𝑇𝑅
4 − 𝑇𝑠ℎ𝑟𝑜𝑢𝑑

4)
 (1)  

 𝑄𝑙𝑜𝑠𝑠 = 𝜎𝜀∗𝐴𝑀𝐿𝐼(𝑇𝑀𝐿𝐼
4 − 𝑇𝑠ℎ𝑟𝑜𝑢𝑑

4) (2)  

At low temperatures, the effective emissivity at -50°C was calculated to be 0.16 (average value of step-up and step-

down). At high temperatures, the effective emissivity at 30°C was calculated to be 0.78, and the On/Off variation of 

the effective emissivity was 0.62. In conclusion, the test results demonstrate that the proposed VER has a variable 

emissivity according to onboard equipment. 

 
Figure 11. Temperature profile during stepwise up/down test. 
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Figure 12. (a) Relationship between heater temperature and heat load and (b) relationship between heater 

temperature and effective emissivity during step-up/down test. 

 

3. Power cycle test 

Figure 13 shows the temperature profile during the thermal cycling test and the deployment and stowing state of 

the STL at a quasi-steady state under each heat load. In this test, the STL was held at 20 W heat input and then cycled 

successfully between high (40 W) and low temperatures (10 W). 

The repeatability of the STL deployment and stowing behavior during the power cycle was confirmed by 

comparing the temperature profile of each part and the deployment angle during the quasi-steady state. On the other 

hand, the deployment angles of the wings at high temperatures (40 W) are comparable, while at low temperatures (10 

W), the deployment angle of Wing B1 is larger than that of Wing A2. This is due to the difference in SMA 

transformation temperatures mentioned above (part V-C-1). To improve its performance as a thermal device, the 

transformation temperature of SMA should be controlled at the same level and improved so that it can be deployed 

and stowed in as narrow a temperature range as possible. 

 
Figure 13. (a) Temperature profile during the thermal cycling test and (b) deployment and stowing state of 

the STL at quasi-steady state. 
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VI. Thermal analysis and discussion 

A. Thermal mathematical model 

Based on the STL prototype model, a thermal mathematical model was developed using Thermal Desktop/SINDA. 

Figure 14 shows the appearance of the thermal mathematical model. The area of the base plate radiator was 410 × 260 

× t5.0 mm (A6061), and it was assumed that the surface was covered with 10 mil silvered Teflon. The thermal 

conductivity of A6061 was set to 170 W/(m･K), and the surface optical properties of silvered Teflon were 𝛼𝑆 𝜀𝐻⁄  = 

0.09/0.88. 

The aluminum wings consisted of an aluminum frame (A5052) with a thickness of 0.5 mm and a thin aluminum 

sheet (A1050) 0.2 mm thick, connected to the main frame by one SMA and two bias springs. The bias springs are 

modelled with their equivalent thermal conductance (0.00975 W/K) in the model. The surface optical properties of 

the thin aluminum sheet were 𝛼𝑆 𝜀𝐻⁄  = 0.15/0.05, and the specularity was assumed to be 0.70. Other assumptions were 

that the base plate radiator, the backside of the wing, and the frame were covered with MLI, the effective emissivity 

was 0.05, and, to improve the accuracy of the thermal analysis, that the STL was installed on a cold plate maintained 

at -180°C through a 20 × 20 × 100 mm PTFE insulator. Table 5 shows the analysis conditions. 

 
Figure 14. Appearance of the thermal mathematical model of the STL prototype. 

Table 5. Input parameter, constants, and thermophysical properties. 

Items Value 

Thermal conductivity  

    A6061 170 W/(m･K) 

    A5052 138 W/(m･K) 

    A1050 225 W/(m･K) 

    Cu-Al-Mn alloy 15 W/(m･K) 

    Be-Cu alloy 130 W/(m･K) 

Optical property (𝛼𝑆 𝜀𝐻⁄ )  

    Ag/Tef (10 mils) 0.09/0.88 

    A1050 0.15/0.05 

    MLI 0.15/0.05 

A1050 IR specularity 0.50 (before correlation) 

MLI effective emissivity 0.04 (before correlation) 

Heater area 200×300 mm 

Deployable angle Variable 

Solar heat input 0 W/m2 

Cold plate temperature -180°C 

Shroud temperature -180°C 

B. Analytical results 

Figure 15 shows the test results of the step-up and down tests and the steady-state analytical results of the thermal 

mathematical model. The horizontal axis shows the heater temperature, and the vertical axis shows the heat load. The 

solid line in the figure shows the experimental results. The light blue dotted line shows the analysis results for a 

deployment angle of 2.5º. The orange dotted line shows the analysis results for a deployment angle of 75º. The angle 
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settings in the analysis are based on the deployment angles of the stepwise up/down test at high and low temperatures 

(60 W and 2.5 W), respectively (right side of Figure 15). Correlation of the thermal mathematical model was done by 

referring to the test results of the step-up test at 60 W steady state. The contact heat transfer coefficient of each part 

and the effective emissivity of MLI were adjusted as parameters. Table 6 shows typical parameters before and after 

correlation. 

From Figure 15, at high heat load (40–60 W), where the deployment angle was 70–75º, the test and analysis results 

agreed within ±1.0°C. Furthermore, at a low heat load (2.5 W), when the deployment angle was 2.5º, the temperature 

difference was within 4°C. These results indicate that a highly accurate thermal mathematical model was developed. 

Furthermore, in the low-temperature region (around -20°C), the heat dissipation was about 20 W in the analytical 

results and 10 W in the experimental results, comparing the analytical results at 75º deployment with the test results. 

This showed that the heater power could be reduced by about 50% at low temperatures. At -50°C with the STL fully 

stowed, the heat dissipation was 12.3 W in the analysis results and 2.5 W in the experimental results, indicating that 

the heater power could be reduced by about 80%. These results explain that if the wings can be fully stowed in the 

range from -20°C to +0°C by optimizing the design, the heater power necessary to maintain the lower allowable 

temperature limit of the spacecraft equipment can be significantly reduced. 

 
Figure 15. The test results of the step-up and -down tests and the steady-state analytical results of the thermal 

mathematical model. 

Table 6. Typical parameters before and after correlations. 

Items Before correlation After correlation 

contact heat transfer coefficient   

    Heater - Base plate radiator 1000 W/(m2･K) 3000 W/(m2･K) 

    Frame - SCSMA 500 W/(m2･K) 100 W/(m2･K) 

    SCSMA - Wing 500 W/(m2･K) 100 W/(m2･K) 

A1050 IR specularity 0.5 0.7 

MLI effective emissivity 0.04 0.05 

 

VII. Conclusion 

This paper presents the Shape memory alloy-driven Thermal Louver (STL) as a compact, lightweight thermal 

control device for space probes. The reversible actuator, consisting of SCSMA and a bias spring, was tested for heating 
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and cooling. The STL prototype was designed, fabricated, and tested. The results obtained in this study are listed 

below 

 

I. A reversible actuator combining a single-crystal Cu-Al-Mn SMA and a curved bias spring was proposed. The 

relationship between the aging time of the SMA and the preload applied to the SMA, and the temperature-

deployment angle was clarified. 

II. It was shown that the 𝐴f temperature of the SMA transitioned higher as the load of the bias spring to the SMA 

increased, and the temperature difference between the start and end of deployment and stowing increased. 

III. The thermal vacuum test of the STL prototype was conducted in a vacuum. It was demonstrated that the STL 

autonomously controlled the amount of heat dissipation according to the temperature of the onboard equipment 

without using any power. 

IV. By comparing the results with a thermal mathematical model, it was shown that the heater power could be 

reduced by about 50%. The effective emissivity changed by 0.62 at high and low temperatures. 

 

In order to further improve this device, we would like to do the following in the future: 

 To improved thermal conductance between mounted equipment and SMA. 

 To conduct mechanical environment testing simulating vibration conditions at launch and to improve mechanical 

environment resistance of the STL, especially wings, if necessary. 

 To control the deviation of transformation temperature relying on crystal orientation in Cu-Al-Mn alloys as 

possible. 
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