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Abstract: Heaters using the resistance heating principle are used in various industrial fields that require heat and are also
essentially used in bidet among small home appliances. A planar heater and a coil-inserted heater mounted on a conventional
commercially used bidet have disadvantages and limitations of complicated manufacturing process and local heating. In this
study, silver-palladium (Ag-Pd) powder material was used for a screen-printing process that is more advantageous in achieving
simplification than the existing process, and a rod-type heater for bidet was manufactured. The on-off cycle test under actual
conditions was conducted to confirm the durability and the capability of the fabricated heater, and the fabricated heater operated
more than 2,600 on-off cycles, which means it could be applied for a commercial product. In addition, through the on-off cycles
under harsh conditions, the cause of failure was identified after the test that the durability limit temperature of the heater was
850°C. Through Ag-Pd rod heater in this study, it is expected to contribute to the efficient development of electrode materials

for heaters and the improvement of the durability of heaters in the future.
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Fig. 1. Schematic diagram of on-off test conducted to evaluate the
durability of actual-use condition.
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Fig. 2. (a) XRD patterns of starting powder(Ag-Pd), and rod-shaped heater fabricated by screen printing and sintering on Al2O3 substrate and
(b) the particle size distribution graph was measured by PSA and the 3000x magnification of starting powder was measured by FE-SEM.
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Table. 1. Resistance measurement results of the non-defective product and containing defect product.

Non-defect
No. Resistance (Q)
1 27.30
2 27.39
3 27.20
4 27.34
5 27.47
Average 27.34
SD 0.22
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Fig. 3. Images of the fabricated product and enlarged image for analysis of the print status of electrodes. (a) Non-defective product, (b) product

with one pore defect, and (c) product with two pore defects.
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Fig. 4. (a) Graph of durability on-off test graph of non-defective product, (b) image of the heating element under test at 90 V voltage, and (c)
the maximum temperature was 868°C and degraded and short-circuited after 12 cycles.
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Fig. 5. (a) Graph of durability on-off test graph product with one pore defect and (b) graph of durability on-off test graph product with two

pore defects.
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Fig. 6. Graph of durability on-off test of bidet module with non-
defective product measured under actual conditions.
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