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Micromachining of Metals and Thermal Barrier Coatings Using
a 532 nm Nanosecond Fiber Laser

Lai Hongkun Qi Huan
(University of Michigan-Shanghai Jiaotong University Joint Institute, Shanghai 200240, China)

Abstract Precision manufacturing of the shaped film cooling holes on turbine blades is a challenge, especially when
the metal blades are coated with thermal barrier coatings (TBC). A 532 nm nanosecond pulsed ytterbium fiber laser is
used to study the physical interactions between pulsed laser beam and metal or ceramic materials. Using a semi-
empirical model and finite element model, we study the interaction of laser and material, and predict laser ablation
surface geometry. Results are compared between modelling and experimental data. Optimized machining parameters
are recommended with the aim of maximum process efficiency and minimum thermal effects such as recast layer,
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edge protrusions and microcracks. By varying depth of focus, scanning mode. beam diameter and power density. the
interaction between laser and stainless steel, copper, TBC and IN718 are investigated. Laser ablation energy density

threshold values and the best material removal rate are obtained, and the result of simulation is verified.

Key words laser technique; laser micromachining; film cooling hole; thermal barrior coatings; nanosecond fiber laser

OCIS codes 140.3390; 140.3615; 140.7300

1 5] E

AR I VR4 0 AL 1% R 285 o — A
EAR o TR 8 &8 5 TR 2 (TBO)
TRy TRISE . Eb AR G5 11 e R ik 2 B Ik b J o AL B
T FL TR T CEDMD 3 45 65 e 3 I 58 4 i AL 1 3 A5
R4 Bk b OB I T 7E i T TBC iR J2 5k 4 8 it
HA MR A, RS G Tl #2, B e X

FS B HEE: 2013-02-01; B A HHEA: 2013-03-20

BEeWmB: IMASE SR ERESLKFHRB(MSV201112) | BT R #H AR R

TBC ¥ )2 #EAT Rk B IT L - 1500 2 R 6 2R
T2 PR K AE A AL A A T AR o o AV AL

BOCH LR C R L T+ 24 70N L& ik
< M R A A RE L B TG ) HL B AR R B
PR A . R ST P WO B LT T
Nd: YAGHOEAR e A2 2 B0 K vh AR 3k 15 10 fik
mrREED L (R EOEEE B 1R BRI R

SXHIL A (12PJ404)

TEE R B 1987 5B 0 ox A4 EE N EPNRMEOEA RO L5 i 5¢ . E-mail: laihongkun@sjtu. edu. cn

Sl 55 w1974

E-mail;: huan. qi@sjtu. edu. cn

) U3 BB . EENEROIN L ORI B B S i 4E 7 TR DAY

0803001-1



i &

# ot

JZ T K v R 0 3 A ) 0O BT LR e 3X 2K 1]
A, Feng 7B € A BOLH QKA
780 nm Ak ihAFEE I RIS 150 £9) 47 3250 1A A
JR A GE B CIn I 2 MR B0AE) . Das 4
A Aok G A AL RE A T DR I 3 T D 3 R AR T XA
M4E e . MRIEAMATI AT TE . R B0 I A ™ A
SO B BB . [ I 2 BB ik b O WA AR —
6 J5y B L ATS 9K 22 A L TR % A R Ok O T A R R
Y, O; MEIM AR AE 19 ZrO3 (YSZ) ] Az B2 i) g ol
PR o BR AT REMROEEAR AT LU 80 dh 5t
L+ (L PR HG B AR S e o T BE AR Tl
WHIA R . SHRELBOtE M. R EOL I
AmtAEZZ . HR TGP Bk oh 306 B4R BRI
] I TR T B o A A A o T RE 2 52 B

ARSI R AR ik b 42 B OE 27 WOE AR BT T Bk o
OGN 5 e B B AR Z A W B BAR .
Ao 7 R TR R L A T Mok b A S 3 RO
ST A AR R A RS . R A SR S
B Z I8 BEAT LA R AR in T2 8 HF AR Ik e
) H BRIV 51 Y R L AN B SR L S S TN
LU BRI R ARAS I R R

2 ARSI vk
2.1 fE#HiEER

DL R ICAR AL (FEMD A5 481 Jik w806 o B8R 7R
— SRR 0 R G AR . TE RGOS AR L M
BRI L AL B 1 ns Bk o6 beblUs 59
JUAel M B, BT FF R, # L — R AF R
120 pm X5 pmf 4G AR A TR, R,
WO AR b 26T 3 BA ST BB RN w,
IO 7 I S0 o 7%= 1 5 O B RS R g 1 )
R E e, BN

<, %ﬂcu CVT=7 .GV +Q.

@)
K o WL C N AEEE TR HY VA 8 L —

\ ‘ / laser pulse: 1 ns
1

5 um material
120pm 3

BT fl g

Fig. 1 Heat transfer modeling geometry
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