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ABSTRACT

Intense heat from fire can result in significant damage to firefighting robots. To avoid this damage, numerous studies
have been conducted on the thermal insulation of firefighting robots using electrical motors and sensors that can not
withstand high temperatures. In this paper, we present an attachable skin for enhancing the thermal resistance of firefighting
robots using polydimethylsiloxane (PDMS), where a wet chemical extinguishing agent is injected into the holes on PDMS.
The pilot experiment was conducted to verify the thermal insulation performance of a wet chemical extinguishing agent
compared to water. Several experiments were also carried out with different diameters, depths, shapes, and degrees of
PDMS holes to determine optimum hole dimensions. The results demonstrated that the thermal resistance of PDMS skin
is related to the capacity of the wet chemical extinguishing agent. In addition, the performance of the PDMS skin can be
verified by its variation according to the ignition time.
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Table 1. Abbreviation

Variables Comments Value
h Convection heat transfer coefficient of air[100 W/m? « C
k Thermal conductivity of PDMS 0.15 W/m « C
L Thickness of PDMS skin, 6 mm 0.006 m
A Ignited area on PDMS skin 0.001257 m?
Ty Temperature of gas torch 1300 C
T Internal temperature of PDMS skin [C]

Table 2. Experimental and Theoretical Value of Internal Temperature
Increment of PDMS 15 s after the Ignition

Experiment | Calculated Error
Maximum internal 12.75 7.424 5.326
temperature [C]
3D Printing d
are petri dish
(a) (b)
(c) (d) (e)

Figure 1. The method to produce PDMS skin (a) contents of
PDMS production (b) PDMS skin curing in the oven for
2 hours at 70 C (c) PDMS skin after curing (d) PDMS
skin with injection of wet chemical extinguishing
agent (¢) PDMS skin with wrapping.
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Figure 3. Experimental data of internal temperature of PDMS
skin with first 15s for ignition.
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Table 3. Average Maximum Internal Temperature and Standard
Deviation of Test on Depths and Diameters of Holes

Max. Mean (S.D.) D (diameter)

Internal temp. [C] 9 mm 12 mm
1 mm 30.094 + 3.056 29.714 + 3.462
b 3 mm 29.688 + 3.125 28.85 + 3.591
(depth)
5 mm 28375 £ 2.76 27.9 + 1.746

Table 4. Capacity of Each Holes of Test on Depths and Diameters

of Holes
. D (diameter)
Capacity of each holes [ul]
9 mm 12 mm
1 mm 63.6 113.1
D
(depth) 3 mm 190.9 3393
5 mm 318.1 565.5
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Figure 5. Average maximum internal temperature and standard
deviation of test on depths and diameters of holes.
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Table S. Average Maximum Internal Temperature, Standard Deviation
and Capacity of Each Holes of Test on the Slope of

Holes
a
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Max. Mean (S.D.) 29.563 28.542 28.375
Internal Temp. [C] +0.718 +£3.12 +2.919
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Figure 6. Average maximum internal temperature and standard
deviation of test on the slope of holes.
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Table 6. Average Maximum Internal Temperature, Standard Deviation
of Test on Shapes of Holes

Max. Mean (S.D.)
Internal temp. [C]

D 1 mm 27.6 £ 1.14 29.714 + 3.462
(depth) 3 mm 25708 + 2222 | 28.85 + 3.591

Honeycomb Circle

Table 7. Capacity of Each Holes of Test on Shapes of Holes

Capacity of each holes [nl] Honeycomb Circle
D 1 mm 124.7 113.1
(depth) 3 mm 374.1 339.3
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Figure 9. PDMS skin according to the ignition time.
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