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Measurement of In-plane and Out-of-plane Resonance Modes

in Cracked Crystalline Silicon Solar Cells

Student : Chun-Fan Liang Advisor : Dr. Ching-chung Yin

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Thin crystalline silicon photovoltaic (PV) cells have both good flexibility
and brittle properties. The solar—cells can be seriously fractured by hairline
cracks when small disturbance such as thermal deformation, vibration exerts on
the cell during manufacturing. Assessing solar cell integrity before or during
module processing is therefore essential for minimizing production costs. The
in-plane resonance in a thin plate "has sparse modal density and can be
potentially used to characterize the integrity of a crystalline silicon PV cells.
This study integrates an experimental system to measure the resonance
vibrations for a thin solar cell. Both resonant frequencies and mode shapes can
be in sequence measured effectively. This system comprises an electronic
speckle interferometer for measuring in-plane and out-of-plane displacement
and a set of broadband conical transducers, which are used to actuate and
measure structural vibration. The full-field measuring system was identified
through a series of comparisons between experimental and numerical results.
The in-plane vibration of a crystalline silicon PV cell has sparse modal density

and can be used to characterize the through-thickness cracks. In contrast, the



out-of-plane vibrations in the cell have much higher modal density. It is hard to
capture individual resonance mode. However, the ESPI image of out-of-plane
vibration excited at single operating frequency can be recorded and used for
detecting surface cracks. Speckle patterns near defects were manifested as
chevron-shaped and broken fringes for surface cracks and through-thickness
cracks, respectively. The validity of presented detection method for material
discontinuities in photovoltaic cells has been verified by both finite-element

analysis of resonant modes and ESPI speckle fringes.

Keywords: Crack detection, in-plane resonance vibration, electronic speckle

pattern interferometry, crystalline silicon photovoltaic cells
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221577 o SHR R e 2 A RT R B A RE S i * ANSYS
TR E A TR o RR R T o

F* ANSYS erficfs A7 e REFL R T i Behp RIS 2 IR
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Mapped mesh

Free mesh
PR R g e B AR e g AR
~ %
HAeReE*r a3 WheRe*r > e W~3
B A3 3 AR ASLR R WA S5k 2 0 B
i SR W B EF LI
A EBE A ERE

% 2.2 487 @ﬁ,:}-‘éﬂb E;g'ﬂ;?—r —gg}@;

PR RT R (PZT-A) M Gl

12 4 c(GPa)

Cll C12 ClB C33 C44
139 77.8 74.3 115 25.6
h l;,\ﬁ;:
& % 4 #c(Coulomb/m®)
£, =8.854 x 10 **farads/m
€15 €31 €3 e /€ €331 €
12.7 -5.6 15.1 730 635
2 2347 R T A B DR 2 48L £ Rk
%R p(kg/m®)  4F % fh#E (GPa)  Fito

2700

70 0.33
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: Tetrahedral Option-

! J not recommended

Y Surface Coordinate System
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Bt (7 ESPI 2P o i U dk i B 2 RS v Ap ootk B o 5
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56.566.25 & 76.25 kHz » £ Be p =H U, ~ Uyﬂ?«;‘ﬁfi”ﬁ Fip g o H
fe St m p 2o i BRI RR SF B 3.10 om0 A RIU, U,

A PE R SRR ST 6~ 2525~ 31~ 47.25 ~48.5 ~ 56.5 ~ 60 ¥&& 74.25 kHz -
5

29



Z 31 PE AT 20 5 B S B w e i

i p(kg/m’) #*#E (GPa) Fito

Poly-silicon 2330 160 0.28
Gridline and
10500 72 0.28
busbar (AQ)
Al layer 2700 43 0.35

AN

32 H f S B B A MR

S+ ¥ #(GPa) & & p (kg/m’) Fet o

E, =169 2330 v,, =0.064
E, =169 v,, =0.36
E, =130 U, =0.28

G,, =50.9

G,, =79.6

G, =796
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(@) (b) Deviation=
Mode ESPI Driving Measured (a)—(b) ‘ 100%
Frequency (kHz)  Frequency (kHz) (a)
1 43.25 43.534 0.6
2 46.59 46.24 0.75
3 57.23 57.21 0.03
4 68.22 68.79 0.84
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() (b) Deviation=
Mode ESPI Drivin Measured —
J M‘ «100%
Frequency (kHz) Frequency (kHz) (a)
1 20.45 20.461 0.05
2 32.1 32 0.3

3 47.22 48.236 2.1
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