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Abstract

The morphology of ablation is indicative of the quality of laser processing. Therefore, it is crucial
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to examine the temperature and morphology of combined laser processing. This paper investi-
gates the impact of spatial parameters, such as spot size and combination mode, on the ablation
morphology and temperature of aluminium alloy. The experimental results indicate that following
millisecond laser action, the surface temperature of the aluminium alloy gradually increases to
approximately 1800 K, and a plateau period ensues. Following nanosecond laser action, the sur-
face temperature of the aluminium alloy instantaneously increases to approximately 3200 K, be-
fore decreasing rapidly. The nanosecond laser action facilitates the migration of the melt. When
the nanosecond spot is large, the ablation pattern takes on a bowl shape, with a relatively small
depth-to-diameter ratio and no spatter at the edge. Conversely, when the nanosecond spot is small,
the ablation pattern is more hole-like, with a relatively large depth-to-diameter ratio and more
spatter at the edge. The influence of spatial parameters on the molten pool is explored through the
analysis and simulation of the physical model. The research findings in this paper are significant
for guiding the control of laser processing effects.
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Figure 1. Diagram of the experimental set-up for combined millisecond-nanosecond laser ablation of aluminium alloys
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Table 1. Experimental parameters of millisecond-nanosecond combined pulsed laser with different spot size combinations
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SH A FR(AL) a b c
FFLH A Fms < Fns Fms = Tns Fms > Tns
ZFWOE 2 (mm) 0.44 0.44 0.44
YIRS A2 (mm) 0.5 0.44 0.3
ZROLAE R (Jem?) 2092 2092 2092
ZNFL IO AE % (Jem?) 31.12 31.12 31.12
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Figure 2. Nanosecond spot large-time combination of laser pulse delay with different temperatures over time
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Figure 3. Combined laser pulse delay with different temperatures as a function of time when the spots are equal
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Figure 4. Millisecond spot large time combination laser pulse delay with different temperatures over time
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Figure 5. Surface ablation of aluminium alloy by nanosecond laser action
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Figure 6. Surface ablation of aluminium alloy by nanosecond laser action
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Figure 7. Schematic representation of the effects of different laser ablations
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Figure 8. External view of ablation under different spot size conditions
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Figure 9. Ablation profiles under different spot size conditions
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Figure 10. Ablation profiles with different pulse delays at large millisecond spot sizes
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Figure 11. Comparison of depth-to-diameter ratio at millisecond spot size and nanosecond spot size
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Figure 12. Schematic diagram of the principle of the effect of the way of combining the spot size on the ablation mor-
phology
B 12, XBRTHEF AR RE M RIETEE

4.2. YIEREE SR

R - DR O AR A e A LI 13, MRS MIRETE SRR, TR 4
KERRAERY, O A N HOEHR, ZR K 2 ms, 4Rk N 10 ns, THE X NKFE 10 mm. B 1 mm
KT o

zA
RAES

- Marangon il Bz

= ASTRAEST

it

A .

s Bas

N O — -
Pt r

Figure 13. Schematic of ablation model
& 13, MR ERIREE

N T L TR0 AR IR P R AR A SRR . SRATRE RSP AE (A T e ) L B S GRS
Jike) BhESFIE(N-S J5RE) SR iz A, IEHI 5 AR T

DOI: 10.12677/app.2024.144028 239 S A B


https://doi.org/10.12677/app.2024.144028

LI F

pCp[ﬁa—-lt—+u~VT}—V-(kVT)=Q )
du )
pE:—Vp+,LN u+F, 2

V-u=0 3)

Hrp, p RMEIEEE, p £k, uReRENER, C RMEIIE, FEERT), u oL,
k 2#FE, TRAREE.
2r?

KVT = l,ae © (4)

HH T4 @ OISR FE /N, B0 RORFER I, PRI AT Dl — Nl SRR #alimi. FX

I NEOGRE R, o R EER 1064 nm EKEOERIRILREL, r ABOLER, B A E T
FETERAN I 5L, AR, TS e B G TGRS, RN A2 [11].

XA T AT
—kVT =h(T -T,) Q)
AR PR A
—kVT =0 (T*-T;') (6)
LTI SUR S S
VT =0 (@)

Fr, h WX RAERREL, o RS RE o v Stefan-Boltzmann & %1
Ah, 1aR G BB N ZI, mER SIS IR m. BRI RS R R ik IR E ), R
THT 5K 7 RS2 A @ ok 78TO 7 b FH 55 20 SR 25 AR S B i), X R T AR AR R U ) S

o, =kyn (8)
UbAh, BB RIREER, SR IVER T 28R A S,  HRik
osax L(T-T)) .o _2r"
R, =0.54xP, ><exp[—R_|__|_V ) exp( z j 9)

Hrr, wohliE, yARMEK RS, PONKAE, L AZERER, T, MK, R OvEMHSERE
o WORSREE ) ATH R T b R J1/E FIFE OB R IX I8, A& BN TUME RS 5. s A2 A
FAFF R S A TN, i B 77 P i B s B FL 28 R s B X 8. Ak, SRTHNEAFAE 55 25 T4
SO SRR 5 77 A 1 S

eI, L ARAL 5] B - 40 X (Marangoni ZM) . Marangoni 28 S T 4R B A i FE
R S A T AR (0 2% AF R AR B T AR KRR . AR, 7R T B 55 20 SRR FH (1 Marangoni 200 .

Jy
O}:E?VT-t (10)

Hrr, VT &RHREHE.

BT, Bl T AN RO R R T 46 77 R RIS, Beil g LI 14, Mg RO
BERCRI (] 14(2)), S E SR E M. S EE T &, MERETK AN ISR ASZ IR
MR 77 it Marangoni R55, Bl €Ik O BCh 5. KERIMRLBR S beth I 50 ot .

DOI: 10.12677/app.2024.144028 240 I EEY/BEH


https://doi.org/10.12677/app.2024.144028

R iE=2 ms #RE: Temperature (K) Mesh o
x1o-4 T T T T T T T T T T T x103
mor 1.8
35r

30r 1.6
25

201 1.4
151

10+ g 1.2

mee"

5F . 4

ok 1 H1
5l i

ik | Hos
-15F

0.6

=20+

25|

0.4

-30-

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01m

(a) Large nanosecond spot size
(a) GIFPLBER

BFE=2 ms R ME: Temperature (K) Mesh o
x10—4 i T T T T T T T T T T 103
x

mor 1 18
35}

30r 11116
25}

201 1 H{14
15}

L i 1.2
10 -“’r

5 . J

0_ .| 1
5 J

10k | 0.8
..15_

20l 0.6
-25}

- 0.4

0 0001 0002 0003 0004 0005 0006 0007 0008 0009 0.01m
(b) Large millisecond spot size
(b) ZFPIEHER
Figure 14. Melt pool ablation morphology with different spot size combinations
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