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Abstract

Based on the theory of heat conduction and the scanning speed, a three-dimensional physical
model of 1 pm continuous laser scanning to remove polyethylene film was established. The nu-
merical simulation and experimental study of 1 pm continuous laser scanning to remove polye-
thylene film were carried out, and the temperature distribution and ablation morphology of po-
lyethylene film were obtained. The removal rate interval of polyethylene film and the corres-
ponding removal rate were analyzed, and the optimal removal parameters of polyethylene films
with different colors were further obtained. The results show that when the laser power density is
constant, the laser scanning speed has a significant effect on the removal rate of the polyethylene
film. As the scanning speed increases, the removal rate of the polyethylene film gradually increas-
es. Respectively, under the condition that no open flame is generated during the scanning process,
the optimal removal speeds of blue, pink, purple, green, yellow and red polyethylene films at laser
power density of 800 W/cm? are 6.8 mm/s, 3.9 mm/s, 1.4 mm/s, 1.3 mm/s, 0.3 mm/s and 0.3
mm/s.
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Figure 1. Simulation model
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Table 1. Basic physical parameters of polyethylene film

® 1 RCHEBERNELYPESH

Simulation parameter Values
Polyethylene density (kg/m?) 940
Polyethylene specific heat capacity[J/(kg-K)] 2300
Polyethylene thermal conductivity[W/(m-K)] 0.44
Polyethylene melting point(K) 378.15
Polyethylene burning point(K) 623.15
Laser absorption coefficient(%) 34
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1) 1 pm EEFOCTE BRI RE D, SORR S R BA R
2) FMIEFE TR I LA . PR T RENBOCR R B IR A I
3) SRR AN A A AR
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O TH R EE N 800 Wiem? B, T 24 MRS/ AN R H0 R RIS VA R B e T 3 0 ) 2 BT
MY 2(a), HHEFHEN 5.1 mmis i, R M EERIAE X = 97 mm b H LR FE 5 R 626.17 K, itk
I, I AT T, IS BCERE CIEIRGE, FHIERLT 7.932 mm Byketh9ifE . MIE 2(b)Hm LA
o BN 5.2 mm/s B, RN FERTTE X = 97 mm AR B KB N 617.29 K, /N
B T BT3B B 880, Bl o8 FE S /N9 7.86 mm. #3E—25 WAL 2(c), 4333HE N 6.8 mm/s I,
R M N X = 100 mm A BT i KA N 391,15 K, bR 26 1T IR W4 B A e v AR o5 T, BRI

DOI: 10.12677/mp.2024.143011 94 A B


https://doi.org/10.12677/mp.2024.143011

FEE, #HIH

RO REE e 2 g iE N 2(d) R el DLE 1, (I FGEEE 4 6.9 mm/s i, 5 24 N1 X = 100
mm b R B KABN 377 K, R A 5 Tao 1ZA0 R 205 R4 2 R D9 X = 100 mm Ak oG48

MRS BT AR, FEUAFP RIS RIEOL

LI EARA 8 B TE IR
700
——— Upper surface _
g650 s Lower surface TX=97_626'175‘ T,
% A.....0
5600
&
2,550 =
£ d
2 500 3
£ :
: -
E 450 7.932mm
< B B
=400 V=5.1mm/s T,
350 1 1 1 1 1 1
0 20 40 60 80 100
X coordinate(mm)
(a)
700
——— Upper surface _
650 | Lower surface =6.8mm/s

Maximum temperature(K)

I —
Tyey0=391.15K
NN
(ID 2.0 410 610 8l0 100

X coordinate(mm)

PR=A

Ae B

AN DU T i SR I A R, IR

700
——— Upper surface
650 Lower surface =617.
Ty—97=617 29\](‘ T['.l
600 | /\
550 - o
500 L] \
450 | 7.86mm \
400 v=52mm/s T,
350 1 L L L ) i
0 20 40 60 80 100
X coordinate(mm)
(b)
700
——— Upper surface
” 650 | Lower surface V=6.9mm/s
T - m|
I e IR Sl S
g 600} i
g .
€ 550 /.
E i
< 500 - -
£
s
E450}
g T =377K
= 400 | X=100 JT
350 L L L N .
0 20 40 60 80 100

X coordinate(mm)

Figure 2. Temperature evolution and ablation morphology of polyethylene films at laser power density of 800 W/cm?
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Figure 3. Removal efficiency of polyethylene films at different scanning speeds
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K 3 NBOETh R E Ny 800 Wiem? B, 5 2 I I ) S5t /IS R A Kt i 0 4L BT %o 2 PO BRI, 40531
N 5.274 mm/s I 6.835 mm/s. 55Ny TR L0 IR I o S B A R I i g n . X2 A
P T WOCEIRGERE, TR 0B X St BE IR SR BT T 0 S NMA R BE L, AT D TR R R BT G R
W, I TIERER. L EANR, HBEOLTIEREE N 800 Wiem? i, F/NERREIE N 5.2 mm/s, i
3 N 6.8 mm/s.

25 FRBERZHBRENSEBRSHY

ACER )\ PR E. A, M, Ra, g6, BHE, 2aNEG)NER OEERE TR, 4
WOt ThZ B 800 Wiem? B, AN[R] B € 5 247 Y9 P F) 5ok P B A AN il R 3 2 o AR icdi vl
DAY, BOMAOROGHEBEAGEMIER, W, mi, L6, g6, OO OR OmERYRER
R BONEERME. K, ST REROGEBRU, BOGThREETRER: T aGBREE
FESRUE, BT EORThREEIRE N M. Bt KOO ER LGB RR . He/NE E R 5
A 6.8 mm/s 152 mm/s. 3.9 mm/s 1 1.9 mm/s. 1.4 mm/s 1 0.5 mm/s. 1.3 mm/s F1 0.4 mm/s, X}5; K13
R 243 51 4 6.835 mm/s 1 5.274 mm/s.3.909 mm/s F1 1.956 mm/s.1.406 mm/s F1 0.522 mm/s.1.301 mm/s
F1°0.42 mm/s. ¥ ALK MR O e/ NdUEBEAE, 4353079 0.3 mm/s H10.1 mm/s, iERRHE
FANF, 438 0.304 mm/s A1 0.105 mm/s. 0.302 mm/s 1 0.104 mm/s.

Table 2. Speed thresholds and removal rates of polyethylene films of different colors at laser power density of 800 W/cm?

2. BRTHEREE 800 Wiem? B R [EER & 5 Z 5 E 5 AOE B BB M B FR IR E

B, I BB (mm/s) TH BRI 2 (mm/s) $5e /N FE RME (mm/s) T BRI 2 (mm/s)
WE 6.8 6.835 5.2 5.274
M 3.9 3.909 1.9 1.956
% 1.4 1.406 0.5 0.522
S 13 1.301 0.4 0.42
B 0.3 0.304 0.1 0.105
ARE) 0.3 0.302 0.1 0.104
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Figure 4. Schematic diagram of the experimental apparatus
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LR 2R 20 A S B A R, BT R ST 100 mm x 40 mm x 0.5 mm AR FE.  SZI6% B AL
SN E B E 4 B, Hod, SRERIEAC SEHRE AT ORI D Z v R] LA E BOR RS A S AL
ZME , BT HOCR 4 R K Fa e 5 7E 1080 nm, Hoig KA Th3 N 315 W, YR oA 1.13.
VT LT AMARARART LUK )R SR T () 21415 56 e A vl WG MG, Jl I X 0 AN S iR 5 43 #r, mT AT
BN P PR 2R THAS [F) A7 2 1) AR AE AL B2 A A o SO eI A X 7 A SR R, OB R I 4 4 T
FERTIE, YuFE Dy 0~10 mm/s, [F) A RO BIAFEM B RDEREE AR 10 mm. SERSEL K 3.

Table 3. Main parameters

#3 EEBY
Simulation parameter Values
Ambient temperature (°C) 20
Ambient humidity (%) 55
Wavelength (nm) 1080
Laser power (W) 0~315
Laser spot diameter (mm) 10
Laser scanning speed (mm/s) 0~10

3.2. HBEThRBAEJ 800 Wiem® IR Z RSB ERRIMR I

TEBOC T 265 By 800 Wi/em? I, 5 2 075 VI AR ) 1 4839 F3E S (1000 B e AR Ao ok P 3 14 5 BT
R4 1 5(a) mT LR, 4R A 5.1 mm/s B, 58 20 v RS2 T 10 5% i i P AR AL T R AT T 7E X =100
mm A IR i A 3 638.68 Ko RN R T 07 BLAH . X2 R sl i 3R ZIE il 1 2 98 ot se
B, ORI R BRI . P R P RO R ARG, B P IR X B, S BURET .
UBAh, PR R SEBE RIS R, AT ALERFIRI SR I EAT SRR ICE 2 (e, TSR T m . 2
JAEFT, WBERMZ A AR RS 51 T R Z ke, Faid fE =4 T B R ) B KR 55
HRBEBORER RS FIRS, PR S EE R I T 2RI RS AU RIS . Ff#E R OEE
JRIR e B BEIA 3] 20 mm, B K T A et se B . F R R L — Mk, HA BRI
K RA . TERE AR s RS2 B SR AR TR A A AR RN, S B R AR R RIS s . X R i RN
WA AEAA R N R 7= A N g, IS BRI R A A5l TR 1 R Ao il B B o 4 P 3 I 4 5.2 mm/s
IF, B S(b)Ha LA, TR 2 5K 1 1 fee i LS 613.58 K, AT T TEHIMIERE S, W
BRI B, ER R T 2 VR O R A T B BB I R, IR = AR K2 R 5 R RSk . |
THEREEE N, JERE IR SRR TE LN R T 17 mm. B MEEE 5(c), MHERE A
6.8 mm/s i, 5 2.0 IR T UL FE e /B N 399.15 K, WL RS T IS A8 1 Tao fEFIRERIRE P, S
RIMKA T IS, (AEAHENHKIWEE . Ea)E, SRR SN2 GRS, &ELR
FOTEE N 9 mm, R OIEEMA I RE g e ATE R . BE, SHEREER A 1.9 mm/s B, A 5(d)
AT DAE B, BB M T T R B /M N 375.72 K, AR AA S T, BARVE AR AL Z AT, (B
AWM, DRGSR 0 R 5 4B B

HRIEE 6 PSR AT AR, BOCTI R E N 800 Wiem? i, 5 247 T AR 5t /IN R 5 3ok P ) 4 P
XiF IO PR3 BRI 4 ) 5.218 mmi/s A1 6.811 mm/s. 45 R BEAESIGE RN, R LM E SRR
HRMBEZ BN, SCIRIENT: WORThERZEEE N 800 Wiem? N, 58 2006 T B 1) St AL TS B FE N 6.8 mmfs.
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Figure 5. Temperature evolution and ablation morphology of polyethylene films at laser power density of 800 W/cm?
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Figure 6. Removal efficiency of polyethylene film
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MO TR A 800 Wiem? i, /N [ RS SR 20 RBS (10035 P55 BRI RISTS PR o dn 2 4 k. W 4
HEDVE H, BEMAGROEEBEAREPIER, A, ht, K6, S0, HEMIER Y
R B R R /NEEBIE . Horh, T ROROEEERE, BOtTIRBEMRLR: TAaBERS
IGHICR UL, B TEOCRE RN Ea. e, KEMSOR MBI R, SN ERE
29125 6.8 mm/s #1 5.2 mm/s. 3.9 mm/s A1 1.9 mm/s. 1.4 mm/s F1 0.5 mm/s. 1.3 mm/s F1 0.4 mm/s, TR
(35 B3 243 51l 6.811 mm/s 1 5.218 mm/s. 3.882 mm/s Al 1.936 mm/s. 1.39 mm/s £l 0.511 mm/s. 1.278
mm/s F1 0.402 mm/s. &t FNZ0 60T LG s BIEAR TR, 235128 0.3 mm/s F1 0.1 mm/s,
TEBREFANE, 43799 0.289 mm/s F1.0.093 mm/s. 0.286 mm/s F1 0.09 mm/s.

Table 4. Speed thresholds and removal rates of polyethylene films of different colors at laser power density of 800 W/cm?
4. BAITHFREZE 800 Wiem? B R EIE € B2 2 15 AR A0 B BB FE PR IR R

i, T KT R B (mm/s) T B33 R (mm/s) 55t /IR FEE A (mm/s) TH BRI ZE (mm/s)
W 6.8 6.811 5.2 5.218
G 3.9 3.882 1.9 1.936
%2 1.4 1.39 0.5 0.511
EgE) 1.3 1.278 0.4 0.402
B 0.3 0.289 0.1 0.093
AR 0.3 0.286 0.1 0.09
4. LEig

AT AL SEIG, @7 T 1 um ELFOCHREIE R R O ERE N 4B, FFRT 1 pm iE
SEHOCTRNIB IR R O R EME A S SRR 5T . S5 IR T
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B, SR s T IBE (1 7 o o 2 I 1 4 00 110 184 0 g S 48

2) TELRIERERE P A= AR B K A, O TR % BE Dl 800 Wiem? i i ¢ A, 2R, Gh,
B (0 RN ZT €0, 58 2075 T S 1) e A 35 B 8 29 391 v 6.8 mm/s<.3.9 mm/s. 1.4 mm/s. 1.3 mm/s.0.3 mm/s.0.3 mm/s.

15 1 pm EGEOCIE R IR IR R R R, J8 5 [ e WOR Th R % IR B A @ R R S, R B
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