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Study of Life Prediction and Failure Mechanisms of
Cramic Heater for Home Appliance

Hyoungseuk Choi"
Conversions R&D Division, Simulation Team, Korea Institute of Ceramic Engineering and Technology

Purpose: The purpose of this research is to establish the life test method for ceramic heater and
identify the failure mechanisms.

Methods: We do accelerated life test in the condition of thermal shock and failure analysis for
failed samples.

Conclusion: The main failure mechanisms of ceramic heater are identified as overstress failure
mechanisms as results of failure analysis and the shape parameters of weibull distribution by
accelerated life test are identified as 0.8, 1.2 and 0.4 each at 400 C, 600C and 900°C. At 900 C,
the shape parameter 0.4 means that It is exactly initial failure caused that the stress exceeds the
strength of ceramic heater highly and the shape parameters 0.8, 1.2 at 400 C, 600 C means that
the shape parameters are around 1.0 so that the main failure mechanism is overstress failure
which is same result as failure analysis. It means that the appropriate life test method for ceramic
heater is reliability qualification test method rather than accelerated life test.

Keywords: Ceramic, Heater, Overstress Failure Mechanism, Thermal Shock
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Fig. 1 Photographs of ceramic heater
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Fig. 2 Failure modes of ceramic heater
(a) bending of ceramic heater during
thermal shock, (b) carbonization caused
by pinhole and (c) its image, (d) crack
caused by delamination
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Table 1 Two—level quality function deployment for ceramic heater Requirements(stresses and
performance) and failure mode matrix mark depending on the relation with reliability

Crack Void Open Delamination
Requirements(Stress and Performance
Electrical properties - @) - A
Performance Calorific value A @) N @)
Temperature distribution @) A - (@)
Humidity: max 95% - A O -
Stress Temp: -40~80C O © A (@)
Vibration/Shock © o A O
Life Life Time: 10 year @) O © @)
Score 14 14 18 18

© most important: 5, O importand: 3, Anormal: 1.

Table 2 Two—level quality function deployment for ceramic heater Failure modes and test methods
matrix Mark depending on the relation with reliability

Test methods Environment test Life test
Insulation| Voltage cold Heat Sault .. | ON/OFF thermal
Failure modes/Mechanis resistance | withstand | resistance | resistance |  spray Vibration cycle
Crack 15 O O ¢ o) - O @)
Void 25 - @) @) @) - A @)
Open 13 A A - A O @)
Delamination 22 - - O o - - (@)
Score 88 162 186 199 65 70 349
Ranking 5 4 3 2 7 6 1

© most important: 5, O importand: 3, Anormal: 1.
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Power
Source

Fig. 3 Accelerated life test setup for ceramic heater

Table 3 Accelerated life test conditions(3 levels)

Factor .
Surface temperature Number of specimen
Run
1 900C 5
2 600C 5
3 400C 5
800°C
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Fig. 4 Temperature profiles of ceramic heater depending on the different maximum temperature
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a) Probability distribution in 900°C
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Fig. 5 Accelerated life test results for ceramic heater
tested at (a) 400°C, (b) 600C and (c) 900C
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Fig 6 Cross section of ceramic heater
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Spectrum 0 Mg Al Si K Ca Sr W Total
1 60.14 38.87 0.99 100.00
2 3.65 4.66 91.69 100.00
3 57.97 33.03 7.76 0.91 0.33 100.00
4 59.62 0.26 38.95 1.17 100.00
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Fig. 7 Delamination failure mechanism in vertical
axis analyzed by a) SAM b) thermo trace
¢) visual inspection

eiUn 4 5
%40&4 5 34
£ 7} gl ARE 9% o gy

<Fig. 8(c)>= ©] &3 A&
% ex Tk lE AR

02 2%
EAS S Unk 92 vk 28 FHE op)
st 2 Pzt 954 9 A0S obr)sHe 2
295 g

<Fig. 9> 7|€} 4 A|Fo] o3k vtz B4 2
o]t} <Fig. 9(a)>< Pin holedl] 2]+ 43l 2 HE A

Fig. 9 Failure modes after accelerated life test:
(a) crack by hotspot, (b) crack by hotspot
and short, (c) short, (d) short, (e) short,
and (f) open of electrode

¥
G =

Fig. 8 Delamination failure mechanism in

transverse axis analyzed by a) SAM b)
thermo trace c) visual inspection
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