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Influence of different water-assisted methods on femtosecond

laser layered-ring trepanning in superalloy

Ren Naifei, Yang Huayu, Xia Kaibo"
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The effects of water-based and water film assisted methods on the hole quality of femtosecond laser
layered-ring trepanning on superalloy was studied. The influence of the laser pulse repetition rate on the hole
entrance/exit diameter, taper angle, hole sidewall morphology and hole sidewall roughness under different water
assisted methods were compared and analyzed. The results shown that both water-based and water film assistance
could improve the quality of femtosecond laser drilling, reduced the hole taper angle and the sidewall roughness,
and the improvement effect of water-based assistance was more obvious. When the laser pulse energy was 80 pJ
and the pulse repetition rate was 100 kHz, the quality of hole sidewall was better with water-based assistance, and
the taper of the hole was reduced by 18.04% compared with that in air. With the increase of laser pulse repetition
rate, the hole entrance/exit diameter and taper angle decreased firstly and then increased under the two water-
assisted conditions, the changes of hole sidewall roughness were not obvious with water-based assistance, but the
hole sidewall roughness with water film assistance increased continuously. The experimental results provided a
reference for optimizing the water-assisted femtosecond laser drilling.
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Fig.l Schematic diagram of water-assisted femtosecond laser layered-ring trepanning system. (a) In air; (b) Water-based; (c) Water film
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Fig.2 Physical diagram of experimental device
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Tab.1 Chemical composition of nickel-based superalloy GH4220

Composition Cr Ni Co Mo Al Ti \%

Mass fraction 9%-12% Allowance 14%-15.5% 5%-6.5% 5%-7% 3.9%-4.8% 2.2%-2.9% 0.25%-0.8%
Composition C Fe B Mg Mn Si P

Mass fraction <0.08% <3% <0.02% <0.02% =<0.01% <0.5% =<0.35% =<0.015%
Composition S Cu Pb Sn Sb Bi —

Mass fraction <0.009% <0.07% <0.001% <0.002 5% <0.001 2% <0.002 5% <0.000 1% —

R 2 KBRHERNEESY

Tab.2 Specific parameters used in the experiment

Laser pulse duration/ Laser spot Pulse repetition Scanning Singer laser pulse Feed distance/ Feed rate/
fs diameter/um rate/kHz speed/mm-s”! energy/pJ mm um-layer '
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Fig.3 The morphology of the hole entrance/exit at different pulse repetition frequencies. (a) In air; (b) Water-based; (c) Water film
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Fig.4 Effect of laser pulse repetition rate on hole diameter. (a) Hole entrance; (b) Hole exit
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Fig.5 Hole sidewall morphology at different pulse repetition rates. (a) In air; (b) Water-based; (c) Water film

T, 7K 3052 TR B, O PR RRIE B s g
— AR PERE I BRI, 45 8 RTE K R
(/N FEAE 28 SO 2/, ALY Y S5 88 1 PR B 2 O,
HEZHEOLRER A T AR L, f&m T HOEXA R
LBRBR . K Bl vk 52 £R 9 7K 2 BOR TR RE RT LA
PEREJE R, Z900AL A A9 A5 1 UROPIAL, (5 iy TR0
25 i AR T A R TR BB R 2 K R W AT R,
I, B RE 2% BR AR BN T K A By, LA o E L B
Ko Bl B EFRAYIEIN, T L AR R BRSO Phejg
SR U, WO F T AL A BERE L AR 2 B TR
Wi 2, S5 BT RO RE B 84 B MO0 72 T
S O LR T O AR 2 BR AR R AIK,
I, 3 b AR FLAR) Bl J3E AT B 5 T S AR 119 99 R S Dok
ANFHRER RN, PR ACHT B 2R FLAY A T AR
PIRT 2R, BUKIEZMF T AL O BARR 2R
TFORBEAAE, X BT P I FLHERE /N T2 U5
7, IR T LA R/

ENGILISEE -8 TR S VR SI8 A S

TG FL A FLAS R BE B Bl an 26 3 B . mT LA
KB, 523 IR X B, S [ bk o R A R B, Ak
B OE LAY FLA O AR N T 4.67%~12.73%,
O E AR T 34.02%~50.38%, SEREU /N T 9.93%~
18.04%; 7K B4 Bl 3t i FL A FLA FLHE I T 3.27%~

16 —a— In air
——a— Water-based
15 e Water film
> 14 +
2
2 13t
[~
o)
g 12t
[}
°
= 11
10 +
9 1 1 1
0 100 200 300

Pulse repetition rate/kHz

Pl 6 BOLRK T LAk Y 520

Fig.6 Effect of laser pulse repetition rate on hole taper angle

20220143-6



i E ok A2

#1248 www.irla.cn %51 %

R 3 FREBMESHE TAAKEEAREL FTESEGTRIALILEMEZNSEBR
Tab.3 Improvement of hole diameter and taper under different pulse repetition rates using two water-assisted

methods compared with air conditions

Pulse repetition rate/kHz 50 100 150 200 250 300
Water-based 4.67% 8.05% 10.93% 12.73% 12.59% 9.29%
Hole entrance

Water film 6.91% 9.19% 12.59% 9.18% 8.20% 3.27%

Water-based 37.07% 42.86% 34.02% 43.82% 47.29% 50.38%
Hole exit

Water film 30.64% 30.36% 29.99% 30.49% 29.21% 22.62%

Water-based —14.15% —18.04% -9.93% —10.45% —11.34% -15.29%
Hole taper angle
Water film —6.40% =7.07% -3.24% —6.19% —5.84% =7.96%

12.59%, i F B AR T 22.62%~30.64%, HE B 9§ /)
T 3.24%~7.96%.
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Fig.7 CLSM 3D morphology for different inwall locations of the hole at laser pulse repetition rate of 300 kHz. (a) In air; (b) Water-based; (c) Water film
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Fig.8 SEM observation for hole sections at laser pulse repetition rate of 300 kHz. (a) In air; (b) Water-based; (c) Water film
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Fig.9 Effect of laser pulse repetition rate on the hole sidewall roughness. (a) Hole entrance; (b) Hole middle; (c) Hole exit
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Tab.4 Improvement of hole sidewall roughness under different pulse repetition rates using two water-assisted

methods compared with air conditions

Pulse repetition rate/kHz 50 100 150 200 250 300
Water-based -33.95% -51.26% —54.17% —55.39% —54.44% —65.56%
Hole entrance

Water film —9.88% -21.85% -33.07% —32.08% —41.78% —53.89%
) Water-based —38.64% —49.49% —45.82% —63.47% —74.49% —80.49%

Hole middle
Water film -12.09% -28.17% -19.41% —45.10% =57.61% —56.84%
Hole exit Water-based —39.95% —43.29% —46.53% -61.68% =72.62% —85.43%

ole exi
Water film -20.10% —26.84% -31.71% —35.95% —40.65% —22.10%
4 i I GH4220 /& i & 4 CRMEOEHI LAY FL A 0 AR,
=A

SCPSEIRATSY T AN RO K AR, K
AN P Fof 7 Ay Bl AR SO 1 L 07 200 AL LA TR
$i5 FLEE ST AR R, D KA B RO AL T 2
ALsEtt 722 0 ATLIS I LR 4518

(1) FHE T2 AT, PR OK G BY 7 285l

Wl /INFL B B, B L P B T i, FLK R 2R B
FLIG PR R AR LT

(2) 43O bk vh BE B N 80w, bk b EE A2 S SR AR
100 kHz 2247 B, 7K S8 By CRMBOG i LT LUK A5 45
L0 P RE I i, [A) IS A LL T 28 A0 T L B RE s>
T 18.04 %.
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(3) Rt CRP IO bk v S 5 AR 2 A 1, ALY
A F BTSSR T WSSO K, e MR B 250
e KGN, O EARTE 3 R AR T e R
JE /0N AL PR BE LA B2 7 7K B4 B RN 28 RS T
AN, FEAK A B S50 N A K 5 AN
XFHE, 24 ik v B 2 0 Gk #1) 300 kHz B, 7K R Bh 4%
AT DAL H 10 b e P RE LS 05/ 85.43 %,

(4) AR 52 38 2510 43 A U, K A K B B %04
KA RS A O B A, AT LR ] L
HORE S B HE R RS K A B, 1 — 2D 4R AR
FBR A TEAIE R B 25T, ol O v U B 7K A I
SLER I 2 KRR S S 5SROI T f2, Iii$ &
MR BREE

S 3k
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