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outline

 Modeling metal fatigue

o Time independent (case studies):
— Ribbon fatigue: wind loading
— Ribbon fatigue: thermal loading

o Time dependent, solder fatigue
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ribbon fatigue: wind loading

Mode Mechanism Driving Force
: : wind
_ mechanical fatigue -
solder bond cracking transportation
thermal fatigue weather
ribbon cracking &

e rediction
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ribbon fatigue: wind loading
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ribbon fatigue: wind loading
driving force

L+AL Assumptions:
h1 P h I L * Pinned connections

5 + Y = 0 = Semicircular bending
2sin(j

= Glass-Glass module
= No shear lag
= RO = 1620x810 mm

low freq: 3mm = 0.00107 %
high freq:6 um = 4.27e-9%
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ribbon fatigue: wind loading

‘mechanism: fatigue experiment
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ribbon fatigue: wind loading
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ribbon fatigue: wind loading

mode
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ribbon fatigue

fatigue experiment: off-set
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ribbon fatigue: thermal loading

Mode Mechanism Driving Force
: : wind
_ mechanical fatigue .
solder bond cracking transportation
thermal fatigue weather

ribbon cracking

e rediction
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ribbon fatigue: thermal loading

Mode Mechanism Driving Force
: : wind
_ mechanical fatigue .
solder bond cracking transportation
thermal fatigue weather

ribbon cracking

e rediction
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ribbon fatigue: thermal loading
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ribbon fatigue: thermal cycling

' driving force

empirical relationship between temperature
change and ribbon strain
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Meier, R., F. Kraemer, et al. (2010). Reliability of copper-ribbons

in photovoltaic modules under thermo-mechanical loading.
Photovoltaic Specialists Conference (PVSC), 2010 35th IEEE.
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ribbon fatigue: thermal loading
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ribbon fatigue: thermal loading

mode
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ribbon fatigue due to thermal loading may cause failure
within a module’s lifetime.

leaving an unsoldered length will extend the ribbon’s lifetime.
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creep-fatigue

1074 Time independent
plastic deformation
S 102~ A% _ g (2N,) "
= T ef S
a3 \yield strength 2
gl@ 1073 |
=l elastic creep
%% deformation deformation
< 104 .
Time dependent
10-° | J A
0 05 L0 Tf - Ao 2| e~ ]
applied temperature a S m
melting temperature - sy [ dep Xp[ Q J\ sinh-" | [ dep exp( Q J\
| | (Adt RT ) LAdt RT J
Deformation mechanism map. (After M. F. Ashby and D. R. H. Jones, 1
Engineering Materials I: An Introduction to Their Properties and * A 5 Le Q
Applications, 2d ed., Butterworth- Heimann, 1996) S =5 P CXp| —
A RT
D=W,= “a\dgp,

NATIONAL RENEWABLE ENERGY LABORATORY



simulations and analysis

simulation results FEM : empirical relationships
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simulations and analysis

simulation results
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conclusions

 Modeling metal fatigue
— Consider driving force and mechanism
— Testing must represent service

* Curibbon fatigue
— Wind loading is likely inconsequential

— Thermal loading is significant
* May be mitigated by proper ribbon routing
e Ribbon shape and constraints are important

* Solder fatigue
— Time dependency complicates modeling
— Empirical models may relate ALT, but not service
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Sample Text and Object Slide with Bar
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