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Abstract

In this study, the removal effect of EVA adhesive layer from solar panels is systematically investi-
gated by continuous laser and nanosecond pulsed laser, and the effects of different laser energies
on the removal efficiency of EVA adhesive layer are evaluated by a combination of simulation and
experiment. Through COMSOL finite element simulation, the temperature field and stress field changes
of continuous lasers at different powers are analyzed, revealing the thermal stress mechanism un-
der the action of continuous lasers and its potential impact on the substrate. The experimental re-
sults show that the continuous laser with a power of 9.09 W can effectively remove the EVA adhesive
layer and cause less damage to the photovoltaic panel. In addition, the damage degree of different
lasers is compared, and it is found that the continuous laser is slightly higher than the nanosecond
pulsed laser in terms of damage to the panels, but has a better removal efficiency. Finally, combining
simulation and experimental data, this study provides a theoretical basis and practical reference
for optimizing the laser cleaning technology.
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2. EEHARERE

AW TN F GO O I 2 BALEI RN, SINESEBOL S (CW laser) JT XS HLSEHG . BET
ar PR RE A BH B8 AT 0 2 2 53 PR A AR VE . RSO AR S I 28 X 55 AN Fik b 0 1A W & v oV TR
JRE R ZE S o SR A RAR ], AL BOLR IR AR b, T DA B RN RS A (M S P 1064
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Table 1. Comsol simulation data

%% 1. Comsol {HEHE

ZH EVA X2 FR AR
1H B R T/(kg'K) 2300 880
FHERH W/(mK) 0.3 144
R kg/m? 960 2772
Pk 2% VK 2.6E—6
W K& Pa 4 2.06E11
HELYN = 0.3 0.25
IEDIRNEIK 2% 1K 2.6E—4 22E—6

2.2, EEMNBIHRRE

FESEBRSE 2 1l 1 ST HER LTI AN S0 SEA6 o A% T RE HBLRI I OL, S5 COMSOL ARt
Pi A REAT AU T . 9 1 S NI SR TAR 2, 5 S eh e A AR e IR AR R S e B 10 x5
2.7cm?, VAR RSB B RBOR S — B3], Hrb, My 5EE N 10 em, IRIEN 5 em, =N 2.7
cmo FITA AR SR SR AL B 238 L T FROBAT RS Rl A, JF e s S0 ik A OR icdis i Al 1 A T S 47k

FEIESE - IFP AL G HOCTEERKRH B8 B IBAR EVA JRA 07 ERE A o, AU T SRR ik ] =4 A, 1550
XA E N EVA IRE S ERER, 05 %E EVA RERE BRA R S5 G5, Tk
B AR EALANE 1 PR T B OR B E F AR, R b — DR RS VBT T R, AR
PEESEHOC MM FOC A FE T, X m BT X 8 [4] (nBotiE R XL BV A/ RS ) 24T
SRS AR RS R a1 1 A P, T AR R XU SR R BN AR B R A ) T i e A R A
1&gy, LG F R T SRS FEMRCR, X T TCIR I« B 7739 R BRI L i AR A i L B AT B 2 3

Figure 1. Continuous laser simulation grid
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Figure 2. Continuous laser simulation temperature and stress
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Figure 3. Continuous laser simulation temperature and stress
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KIWOt 4B EVA B2 BTSN b, surk b Fosdas el @ v 2=t ok, wiss Ml K iR
AR, FEAR MR RS KA TEAS R EVEE N EVA IR JZ K AT AS A8 ik 31 52 2 0 7% B H #I[7]

3.2. EVA BREF$
DL PUsK B A4 A0 B N MBI G RAR EVA IRZRIMESREGE 2).

Table 2. Continuous laser energy averaging

2. EEHAREETY

b 1 2 3 4 5 6 7 8 9 10 F1

13% 9.4 8.1 8.7 9.3 8.4 7.7 103 10.2 10.6 8.2 9.09 W
15% 115 12.7 12.9 11.6 10.1 10.1 11.9 119 11.5 113 11.55W
17% 13.6 13.3 10.2 14.4 14.1 12.2 14.6 14.7 125 146  13.42W
19% 17.7 18 16.5 13.5 15.5 16.7 18.1 9.9 18.8 15 1597 W
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Figure 4. Continuous laser simulation temperature and stress
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Figure 5. Continuous laser simulation temperature and stress
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MIESEHORIE R T OKPHRE AR EVA IREMEH B 2 J5, Tt B it bR 0 B R4 AR A T 2

W% 3 FRtt OGS R DU A s AT TR R B RN R Z 5, WA S A AR N, B
A B L R AR AR FEA L 0.1% A T 5 A0 49, B AN s IR s I SR K T 2.635%,
BT 6.512%, SBIUAN A 7.047%, G4 B R BUE = AP B TSSO R R,
PR M) R THT )5 FEUAR — BB T IR A S R AR R R R b, DRI B AR kO AR, S0k
AR50 K BH A FELIBAR 14540 B AR A AR T KRR A, R LA R R L R i e 2 v A
B, Jaid MM e R A R RSO R A 0.5 36 nE] 1 A, HARGRERE MR, HifiE
SRR OE AR I N T B 7E 0.5 s [10].

Table 3. Solar panel testing
= 3. KPHREERMARIL

ZEM 1 2 3 4 5 6 7 8 9 10 S

1 2971 2.989 2.991 2.984 2.952 2.991 2.994 3.001 2.997 3.016  2.9892
2 2.781 2.779 2.691 2.788 2.751 2.766 2.776 2.759 2.764 2.783  2.7638
3 2.795 2.787 2.783 2.806 2.793 2.772 2.768 2.787 2.755 2.789  2.7835
4 2.816 2.831 2.828 2.811 2.863 2.835 2.819 2.857 2.801 2.855  2.8316
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