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ABSTRACT: The increase of system weight due to installation of cooling devices adds
electrical and mechanical loads of humanoid robot, and in return, results in much heat.
Therefore, the weight of cooling system is a critical issue for robot cooling. In this study, we
propose non-metallic cold plates to deal with such problems. We compare thermal performances
between one metallic cold plate and five different types of non-metallic cold plates. A metallic
cold plate is totally made of copper. Five non—metallic PC (polycarbonate) cold plates, which
are designed to reduce the overall weight of robot cooling system, are composed of a
polycarbonate cover with different types of base plate. The overall heat transfer coefficients
per unit mass and thermal resistances are obtained for the cold plates. The metallic cold plate
shows the best thermal performance. It is interesting to note that the PC cold plate with an
aluminum base plate with 18 channels shows the best overall heat transfer coefficient per unit
mass. Most polycarbonate cold plates display fairly comparable thermal performance with more
reduced system weight compared to the metallic cold plate.

Key words: Thermal resistance(® A 3}), Overall heat transfer coefficient(ZFZ 342 A 4), Cold
plate(§2}5h), Liquid cooling($58), Robot cooling(Z% ¥ 7})
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Fig. 1 Schematic of experimental apparatus.
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(a) PC cold plate with (b) PC cold plate with
an Al base of 9
straight channels

no base

cold plate with
a Cu base of 9
straight channels

(¢c) PC cold plate with (d P
an Al base of 18
straight channels

opper cold p ate
with 18 straight
channels

(e) PC cold plate with
a Cu base of 18
straight channels

Fig. 2 Six types of cold plates.
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Fig. 3 Cold plate configuration.
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Table 1 Particulars of cold plates
@ m © @ @ o

Base Al Al cu Cu cCu
material

No. of 9 18 9 18 18
channels

Pich 9 1 9 1
(mm)

Height 3 3 3 3 3
(mm)

Width 1 o5 1 05 05
(mm)
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Table 2 Estimated uncertainties

Parameter Uncertainty
Temperature + 051%
Mass flow rate + 1.23%
Pressure + 2.45%
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Table 3 Conduction thermal resistance of the
cold plates

conduction resistance

Case [K/W]

PC without base -
PC with Cu base 0.0065
PC with Al base 0.0106
Cu cold plate 0.0065

Table 4 Mass and mass ratio of the cold

plates.
Case Mass Mass ratio
[g]

PC without base 55 0.20
PC with Al base

(9 channels) 76 0.27
PC with Al base

(18 channels) T 0.28
PC with Cu base

(9 channels) 12.2 0.44
PC with Cu base

(18 channels) 125 0.45

Cu cold plate 28.0 1.00
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