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Introduction & Objective

Statistical Models for SSADT

O Introduce cutting-edge life-testing technique, accelerated degradation
testing (ADT), for PV reliability testing
Q  Apply two common types of ADT for life-time prediction of PV modules: TCos Mat o &) L)
multiple constant-stress ADT (MCSADT) and step-stress ADT (SSADT) & ? ?
i .
O  Develop statistical models for use of SSADT with the thermal-humidity i 1 gc)
stress condition through the cumulative damage model (CDM) ® iwmu‘wm jae ;'
Q Provide quantitative models for prediction of PV module life-time E = § i) 85° C 3
including  mean-time-to-failure ~ (MTTF), warranty time and & _ RH (%)
failure/degradation rates B R TR ) /'
4 I N 5 P 75" C
O Estimate testing such as activation energy, Matrix 6 5 4
acceleration factors, upper limit condition of stress via statistical inference @mmmncn] i
procedure £ o ¢ 5%
2mo 4mo 6mo 8mo. 10mo Time
(month)
i
Accelerated Testi & == > QO This plot depicts a test design based on “Test Matrix 5” which has five stress
S TN B % T kg s T s levels
= Level1(s;): 65°C & S5%RH
Q The thermal-humidity condition *  Level 2 (s,): 65°C & 70%RH
= Temperature (T): 3 levels (65°C, 75°C, 85°C) = Level 3 (s;): 75°C & 70%RH
= Relative Humidity (RH): 3 levels (55%, 70%, 85%) *  Level 4 (s,): 75°C & 85%RH
*  Nointeraction between T and RH *  Level 5 (s5): 85°C & 85%RH
__________ Degradation 0)_6 possible test matrices can be considered for the SSADT plan
(ADT) H
i Degradation SSADT Model
i Model
5 e e . Coffin-Manson Model H
2 i 2 & Norris-Landzberg Model O  Expected degradation for SSADT
3 g XX g : - Xpe
2 £ § Stage 1: Defining a Stage 2: Defining a i s
g stress-level i £ degradation pattern physical model for stress L(t]s,) iro<i<r
" st<g
Time fime’ Time Lt+w,—1,|s,) ifr<t<r,
L(O)=L(t+w, =1, ]s3) ifr,<t<t,
e ime-varying) Acceleratea g Lew; =55 Fesic<,
bis; T,Rmﬂ-np(—d-mz)-ap[b(mﬂ)] L{t+w,—1,|s5) ifr,st<tzy
L(t)=expl[-b(s)‘]
(Tseng and Wen, 2000)
P Ey
& L H LO=(1+b(s)-1°) c
Regressive Step-stress Testing @ (Mitsuo, 1991) .‘%
Profile Step-stress Testing 5
time =)
3
St
Life
G ] Ut | 5,=85°C &85%)
O  The accelerated life testing (ALT) technique may offer little help for high Least square estimation by minimizing
reliable products which are not likely to fail during a rather short period SSE(@ab)= Y {In(-I SInCng )
tim f
€ Expected value Observed data
Q  ADT collects the degradation data instead of failure data when it is more a
difficult to obtain sufficient failure data for ALT 2
o}
Q  Single constant-stress testing (e.g, Damp-Heat Test) can be used for Given D= criteria for failure, K
qualification testing with a specific durability criteria . T g
=(-mD/ °
0  MSCADT can be used for life-time prediction of products g ( " ﬂ")
g = 3 chambers § -
] = 30 testing units K] |
85°C g e Least square estimation by minimizing T £ £ T T e
o .
esc  © SSE(Bpa(j).o0,)= X{In-InHy0)- A, Salint,  +1-7,)])
65°C =t Estimate at each stress level .
45°C _— § (1. Lee andR. Pan, inear Models,” I
. Detect the violation for the constant assumption ssactions, 42, 2010, pp589-598.
85°C ith (2157, Tseng and 2.C. Won, ighly Jou
i G- a(p|<é ‘Qualiy Tachnology, 32, 2000, pp209-216.
time time 131 W. Nelson, Accelerated Testing — Statistical Models, Test Plans, and Data Analysis, Wiley & Sons, New York, 1990,
Step-Stress ADT (SSAD Measureme puts SSADT
for Degradation of PV Modules
O  Step-stress testing is one of the most basic time-varying stress tests. In a J-V measurement System Q Product lifetime parameters at various use-conditions Prediction of
a step-stress test, multiple samples in one or more sets are exposed to = Open-circuit voltage (Voc) - Mean time to failure
several stress conditions over time. = Short-circuit current (Isc) - Reliability (Warranty) time
O  Step-stress testing is an advanced reliability testing technique for high = Fill factor (FF) - Failure rate
reliability products = Conversion efficiency of the device (1) 0 Degradation rate at various use-conditions
= Economical: suitable for limited test facility and condition - ::”e: 'esfstta"ce ((II:S:;) 18 A E ()
) . . unt resistance (Rsl a y limit level of tolerable stress level
= Flexible: useful for new developing products where there is not prerlimi el s ol b s Rl
enough knowledge for test conditions Degradation for Efficiency ,
A :
0 SSADT can be constructed based on the cumulative damage model S10 of CIGS Modules SSEQoa( 0y 072)= X -l Ho0)-A oy, +1-c,)]
(CDM), which assumes that the remaining test units are failed according § .. Dy st owpresre s st a5°C In(~InH,()
to the cumulative density function of current stress level regardless of 209
the history on previous stress levels. H Detection °f‘U"“°’
Fon Limit Level of Stress Prediction SFNTTE
. and Failure Rate
2 = 1 chamber s
7 = 10 testing units 5 @7 Damp heat: S5-C/ASKRR
—_— ] perin
H = T, +1-7,,)
—_— 65°C ko @5 Q “ais independent of stress” is only valid for temperature
less than or equal 85°C
45°C o Do a0 600 5o0) i - The issue of “over-stress” can lead to misleading results
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