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An Experimental Study on the Manufacturing Method and
Performance of Planar Thick Film Heaters for Electric Vehicle
Heating

O, UZBH OKIS?, UrAS]3

Chae-Yeol Lee', Jong-Han Im', Jae-Wook Lee?, Sang-Hee Park®

(Abstract)

Currently used heating elements are metal and non-metal heating elements, including various
types of heaters, and resistance line heating elements have a problem of decreasing thermal
efficiency over time, so to solve this problem, a planar heating element using high-purity carbon
materials and oxidation-resistant inorganic compounds was applied. Through the manufacture of
planar heating elements using CNT, ruthenium composite materials, and ruthenium oxide,
physicochemical performance and capacity were increased, and instantaneous responsiveness was
increased. Through thick film technology applicable to various base bodies, fine patterns were
formed by the screening method in consideration of the fact that the performance of the heat
source depends on the viscosity and pattern shape. The heating element was manufactured by
thick film printing technology by mixing ruthenium oxide, CNT, Ag, etc. The characteristics of
each paste were analyzed through viscosity measurement, and STS 430 was used as a base.
Surface temperature and efficiency were measured by testing heaters manufactured for small
wind tunnels and real-vehicle experiments. The surface temperature decreased as the air volume
increased, and the optimal system boundary was found to be about 200 mm. Among the
currently used heating elements, this paper manufactured a planar heating element using thick
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film technology to find out the relationship between air volume and temperature, and to study

the surface temperature.

Keywords : Planar Heating Elementes, Thick Film Printnig, Screening Method,
Heater Surface Temperature, Air Temperature
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Fig. 1 Conceptual diagram of thick film printing
heater

Table 1. General properties and properties of STS
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Table 2. Main ingredient of heat source for thick

film printing
Functional phase
Conductor | Au, Pt/Au, Ag, Pd/Ag, CNT, Cu, Ni
Resister Pd/Ag, Bi;Ru,07, RuO;
Dielectric BaTiO,, Glass-Ceramic
Glass (borosilicates, aluminosilicates),
Binder Oxides (CuO, CdO), mixed
Oxide-glass, polymer

Table 3. Viscosity measurement results of Ag

430 paste for electrodes
3P R C(0.12), Si(0.75), Mn(1.0), Component(Ag = 82wt.%,
(max. %) P(0.04), S(0.03), Cr(16~18) solvent+binder = 18 wt.%)
PEAE (N/mm?) 205 Run No. rpm viscosity (cP)
AFAE (N/mm?) 450 1 10 60,800
AAE%) 22 10 57,600
BeEd F=(HB) 183 10 54,400
%= (g/cm?) 7.7 Average. 57,600
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Table 4. Viscosity measurement result of paste for
heat source

Component (RuOz+Ag+CNT+Pd < 80wt.%,
solvent+binder ) 20 wt.%)
Run No. rpm viscosity (cP)
1 10 51,200
10 57,600
3 10 51,200
Average. 53,300
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Fig. 2 Design of SUS plate for small wind tunnel
and real vehicle experiment

Fig. 3 SUS plate prototype for small wind tunnel
and real vehicle experiments
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Fig. 4 Design of slot type heater for local thermal
comfort test

Fig. 5 Prototype slot type heater for local thermal
comfort test
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Table 5. Operating conditions for the drying of
insulating layers

15[ 2nd Sl‘d 4‘[]] 5th 6[1’1 7[1’1
zone | zone | zone | zone | zone | zone | zone

Operating
Temp. | 150 | 150 | 150 | 150 | 150 | 150 | 150
(0

Conveyor 100mm/min. (total 110min.

speed consumption)
Operiat.mg air mood
condition

Table 6. Operating conditions of the sintering
furnace for the sintering of the heater

1St an Srd 4th Sth 6[h 7[h
Zone | zone | zone | zone | zone | zone | zone

Operating
Temp. 98 | 370 | 460 | 670 | 825 | 825 | 670
(0

Conveyor 100mm/min. (total 110min.

speed consumption)
Oper’ftt_mg air mood
condition
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Fig. 6 Surface temperature by heater connected in
parallel
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Fig. 7 Heater surface thermal imaging datax80
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Fig. 8 Wind tunnel equipment manufactured for
heater performance test
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Fig. 9 Heat Surface Temperature according to air
flowrate
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Fig. 10 Air temperature variation at 80mm and
180mm at rear end of the heater depending
on flow rate and power supply
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