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Measurements of the thermal conductivity and thermal effusivity of a shape
memory gel by a thermal probe with instantaneous point contact

Akamatsu, Masato
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The aim of this study is to clarify the thermal conductivity and thermal
effusivity of a shape memory gel by using a thermal probe with instantaneous point contact. This
tool, called a thermophysical handy tester, enables in situ measurement in the short term, and can
measure both the thermal conductivity and thermal effusivity of specimens. With these thermophysical

properties in hand, the specific heat capacity and thermal diffusivity can be calculated from the
definitional equations. The present measuremets showed that the thermal conductivity and thermal
effusivitg of the shape memory gel with water content of 17 % were almost identical to those of a
fluorocarbon resin. Furthermore, the thermal conductivity and thermal effusivity of the shape memory

gel with water content of 40 % were 1.48- and 1.09-fold greater than those of the shape memory gel
with water content of 17 %.
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Figure 1 Shape-memory property of the SMG
developed by Furukawa’s group.

Yamano, M., Ujiie, K., Goto, D., Tadakuma, R.,
Gong, J., Furukawa, H., Tsumaki, Y.,
“Development of the systems for the deformation
of the robot hands made of shape memory gel,”
Proc. of the 2014 JSME Conf. on Robotics and
Mechanics, pp. 3A1-113(1)—(2), (2014).

2

Figure 2 Robot hands developed by Yamano’s
group using the SMG of Furukawa’s group.
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Figure 3 Thermal probe with instantaneous point
contact (thermophysical handy tester).
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Figure 4 Experimental apparatus.
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Figure 5 Comparison between the measured
thermal conductivities of five reference specimens
and their values in the literature at the room
temperature.

Table 1 Average values of the measured thermal
conductivities, average error of the average value,
and percent deviation of the measured value from
the values in the literature for each of the five
reference specimens.

Average Percent
Reference Average L
K value deviation
specimen error
[W/(mK)] [%]
Polyvinyl
. 0.158 +0.00415 -1.25
chloride
Acrylic resin 0.184 +0.00371 -12.4
Fluorocarbon
. 0.266 +0.0200 +10.8
resin
Soda lime glass 1.11 +0.0284 +7.77
Borosilicate
1.01 +0.0682 -8.18
glass
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Figure 6 Comparison between the measured
thermal effusivities of five reference specimens
and their values in the literature at the room
temperature.



Table 2 Average values of the measured
thermal effusivities, average error of the average
value, and percent deviation of the measured
value from the values in the literature for each of
the five reference specimens.

5 17 %  40%

Table 5. Thermal conductivities, specific heat

Average Percent capacities, and thermal diffusivities for the SMGs
Refefence value Average deviation with water content of 17 % or 40 %.
specimen error
[kJ/(m*s*°K)] [%]

Polyvinyl . A pCp o
chloride 0435 +0.0265 564 Specimen y k)] [AmK)]  [ms]
Acrylic resin 0.512 +0.0216 -134 SMG (17 %) 0.242 1.95x10°  1.24x107

3 229x107
Fluorociarbon 0.682 £0.0436 354 SMG (40 %) 0.358 1.56x10 9x10
resin
Soda lime glass 1.32 +0.0159 -8.33
Borosilicate
1.29 +0.0250 -3.73
glass
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Average value

Specimen Average error

[W/(mK)]
SMG (17 %) 0.242 + 0.00402
SMG (40 %) 0.358 = 0.0159

Table 4. Average values of the measured thermal
effusivities and average error of the average value
for the SMGs with water content of 17 % or
40 %.

Average value

Specimen [k)/ (m2so‘5K)] Average error
SMG (17 %) 0.687 + 0.0107
SMG (40 %) 0.748 + 0.0186

memory gel”, 4th International Forum on
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