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Reliability Evaluation on PTC Heater
Using Accelerated Life Test and Failure Analysis
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Abstract: In this paper, the failure mechanism of PTC heater were examined closely by failure analysis and based

on it, accelerated life test were conducted. Finally, life distribution and acceleration model were established. The

failure mechanism of PTC heater such as crack,

increase of resistance due to heating were identified. Two

acceleration factors such as temperature, humidity were chosen with two levels each and accelerated life test were

done. Life distribution were identified as Weibull distribution with shape parameter 5.4 and Temperature-Humidity

model was fitted as an acceleration model.
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Fig. 1. PTC heater appearance.

Table 2. Requirements (stresses and performance) and failure

mode matrix. ¥ Point :O 5, 0 3, A1

Failure mode
requirements

Short  Breaking Resistance  Breaking
(Stress and circuit  of wire  variation crack
performance)
Temperature(°C) O O O
Humidity(%) VAN
Overvoltage(V) O O O A
Migration (@) O

Thermal shock O © © ©)
Score 7 14 14 9

Table 3. Failure modes and test methods matrix.
¥ Point :© 5, 0 3, A1
Test High High
ethods Migration Humidity voltage temp.

Low

temp.

Failure test bias test withstand operating operating
mode test test test
Short
Circuit O ©
Fig. 2. PTC heater appearance. Breaking A 0O A A
of wire
Table 1. Specification of PTC heater. Resi.st?nce 14 O o 0O o
Rated Surface Inrush variation
Resistance Temp Current breaking
@ 0 (Arms) crack ©ce 0
Non Pb-free
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HAMLGS 12.0 V, A AHGHEY 135 V, -20C  Jb 2gAde AY, U ne Ad 2% 4

~+60°CY| AE 2= HHE 721 72N AL B |
b Zoh PTC S|H9 vgRe+= 318 Yo oAl
A, 2% 5ol g A&AQ1 AEAE v
o dojubs o Adgat, AR ARRPO] e Fst
AA, A=5eh A2t Ro] duAAIS Aolof <fgt A
= A ol dojutal ot 2™ 2(a)ollA 9]
crack AFS HFEA Q] AEH AV} 5|E]Q] micro-crack

? HARA HEAoR mehe s
dAg2 HE gler, 2™ 2(b)oAe =Y
AEUA FHFAS Atolo os myEe 252
UEt 1 Qltt. Field AR Eof Z2AHSIY & 2, &
31k Zro] PTC 3]EJQ] two level quality function
deploymentg & %=35}3 0t Field A Afdd &~ Q)
+ AlE Wio] @& A UE, 12 Ad ¢olE=

SHAIA ez A= 2 sl

AR 1A HAYE 24 A3 PTC S8 17 b
AYES AHA ¥h= gdo] ogt 4 34, A3 ©
3}, delamination S0 & BAME]9itt Crack, s},
delamination 2% 2%, $&, AY¢S =Wo2 5102
o] 37}A] factorg ©o]&sto] Ad A=Z st7|2 5t
th. Al factors ZAAs o™ 7+ factor?] Level&
ot Zlo] Z@stth PTC slE+= A& &EA s
140°C o] d5stoz of =0 JFe duxes
e Aoz o gEXe g sIEo vls] EE 2=7}
gouog 2t factorg ¢s] RAIY &+ gt

Tt %, S5 Z5 71% levelE T9lo0 A
2t ARAI7E S=of ISRl fevg IO FEE
z=7] 95t ez 70°C, 85°C, =+ 70%, 85%

1
=



A7) AR A =8t

Table 4. Failure modes and test methods matrix.

Factor Temperature  No. of
Voltage (V) R.H.(%) N
Run 0O Sample
1 13.5 85 85 10
2 13.5 70 85 10
3 13.5 85 75 10
4 13.5 70 75 10
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Fig. 3. Plot of accelerated life test.
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Fig. 4. Pore distribution on good and failed sample surface.
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Fig. 5. Relation between temperature vs. (a) Life and (b)

acceleration factor.
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Fig. 6. Relation between humidity vs. (a) life and (b)

acceleration factor.

Table 5. Temperature and humidity in (a) field condition, (b)
accelerated life test condition.

. .. Accelerated life
Field condition

condition
Temperature( C) 25 85
Humidity(%) 50 85
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