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Investigation of the Effect of Laser Peening using a Black Liquid Ink as an Absorber

IIDA Hiroyuki, WANG Mingyan, FURUKAWA Hiroyuki, TSUYAMA Miho,
KUSABA Mitsuhiro, NAKANO Hitoshi and HEYA Manabu

(Received November 21, 2016)

In order to produce compressive residual stress on a metallic sample, the following three experiments of Ink-LP (Laser

peening) processing have been conducted using a black liquid ink as an absorber: (Exp-1) a single shot experiment using a

glass slide as a confinement layer to investigate probable conditions of Ink-LP processing; (Exp-2) a single shot experiment

to confirm the usefulness of an acrylic plate as the confinement layer; and (Exp-3) an experiment using the acrylic plate

by repetitive laser irradiation to confirm the generation of compressive residual stress. The samples used were A2017
aluminum alloy in (Exp-1) and (Exp-2) and SUS304 stainless steel in (Exp-3). The following findings could be derived
from experimental results. (1) The depth of the dent for Ink-LP processing using the glass slide was almost the same with
that of conventional LP (C-LP) processing below a power density of about 10 GW/cm’. (2) The depth of the dent for Ink-LP
processing even using the acrylic plate was almost the same with those of C-LP processing using the glass slide and the acrylic

plate, which indicating that Ink-LP processing using the acrylic plate would produce similar LP effects for C-LP processing. (3)

Compressive residual stress within the range of about -200 to ~400 MPa was observed even though when the coverage of the

Ink-LP processing was only 100%.

Key words : no surface melting, surface deformation, compressive residual stress, Ink-LP, C-LP
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Fig.2 Experimental set-up. (a) Schematic drawing of a ns laser
system and a sample. Sketches of the samples for (b) C-LP
and (c) Ink-LP processing.

Table 1 Experimental conditions examined in this study.

Laser oscillator (Nd: YAG laser, Continuum, SLII-10)

Wavelength [nm] 532
Pulse duration [ns] ~5
Repetition rate [Hz] 10

Experiment I -

Laser

Spot diameter [um] ~300, ~450, ~520, ~610

Power density [GW/em®] | ~1-16
Target
Ink-LP Glass slide/Indian ink/A2017

C-LP Glass slide/ Water/ A2017

Experiment II :

Laser
Spot diameter [um] ~300
Power density [GW/cm®] | ~0.7-10
Target
Ink-LP Glass slide or Acrylic/Indian ink/A2017

C-LP Glass slide or Acrylic/ Water/ A2017

Experiment III :

Laser See Fig. 3
Target
Ink-LP Acrylic/Indian ink/SUS304

C-LP Water/-/SUS304
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(Py=7.9 GW/cm?)

Beam scanning (v = 3 mm/s) Beam scanning (v =1 mm/s)

—
vl N __L
‘ % f S ‘
£ £ £ €
€ € £ w0
0 ol & b
? © o Il
g o " w
2 3
A y R y
(c) Supply of black liquid ink
ns Laser
Void

Plasmas

3 < - Black
Acrylic Acrylic liquid ink
Black
liquid ink Metal Metal Metal

Fig.3 2D processing methods for (a) Ink-LP and (b) C-LP
processing. (c) Supply method of black liquid ink.
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Fig. 4 Snapshots and surface roughness profiles for (a) Ink-LP and
(b) C-LP processing at a spot diameter of about 610 um and
a power density of about 5.5 GW/cm’. The sample used was
A2017Al alloy.
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Fig. 7 Snapshots of the surface of the irradiated sample at a
coverage of (a) 100%, (b) 200%, (c) 300%, and (d)
400%. The sample used was SUS304 stainless steel.
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Fig. 8 Residual stress on the surface of the sample in the horizontal
and vertical directions as a function of a coverage. The
sample used was SUS304 stainless steel.
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used was SUS304 stainless steel.
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ENBY. THhRE—L2ERORGUNTERTH S L
B ENS, CLPALETIZY — A FIANIIH LTk L
TY ==y ZHDP T b2tk EEFMEER LT
MIZARY MIEZ TS L, BHOEAL I EGLE A
fThh s (Fig. 3(b) ). Thz#EL TRENTHI
L. —F, REBTO Ink-LP LETII Y — 2 ERICES
L 7,

Fig. 9 L 1, #5200 um OFE & T TIEMZRHICT & 5
T&7 EHWEomEEZANE L, Yav bE—=
VRN X o TIEMIEE IS 259 2 8 S 3EE pm
BEOHADL %Y, RERTHS N MEESTHE
HTEEMELnweE2z 5N, Bl H12, &
e Tld C-LP AL TOIFEE F 7] TH 5 L7247 -700 MPa
F COEMEZ IS Ink-LP LB CIIFEH TE Lh o7z,
Lo, WMIRSMEORBILICE o TCLP W L RS0 ¥ —
=V 7R (ERBEZ IS OB R & % % RN o
FEHIZHY AT LENH L. MAT, Fig. 4 05 b
A &I, WFRFEE I Ink-LP F DT ANE S 072728,
EHMEEAMR 72—V ZBEARTRETH S, DX
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912, Ink-LP ML C-LP Hiffr & V) & 5758 B O a) L1215
N7z, BHEOL R, o REILEEA & 2 5 EE
HEHEL TV,

5. %% B

AR TIE, Ink-LP ULELIZ X 2 [E5EFR 6T o5 % SEEE
572012, QAL v F ISV AND:YAG L —VDE 5
TP (B 532 nm, 7SV ATER) S ns) F FHWTIRO=DD
FEEEIT 572, (1)Ink-LP WE DO LI OWTH RS 725
DO LRADBIZATA FHTAER Wz 7y ay b
EEG T NVET VI =T A E54(A2017)), 2)#HEL
TR CAOBE LTT 27 ) VA TE L Z &
BT A2ODY YTV gy NERGFY SIVIET IV
=7 AE4(A2017)), B)EMEFERBISH O 5-OFEFED
72D VY — Nk IRICHZER S W70k L ST ER (A
YTIWVIEAT L A (SUS304)). ZDkEHE, LT oH)S
SR o 7z,

(1) MLADBIZATA FHT T AZHWEEE #5110
GW/em’ LLF O/ 7 — BB BWC, ARy ME
3% 300 um DA TIE, Ink-LP WLFE & C-LP AL D
MAESIZIZIZF CTH o 7.

(2) 5~6 GW/em® [ LLF O Tld, A9 4 AT 2B
L7 7N OVTNOEESITBNTH, AEY b
%7 300 pm Tl C-LP LB B X U Ink-LP ALEL 0 [1] A4
FERRIIIEEFABE CTH- /2. o2 Lizk), o
T —EFRITIET 7 ) VIR V7 Ink-LP LEE T
LATA FHTAET I HERFED C-LP L & (313
FMEOY — = IS TE S,

(3) AR S AR 2 BG4 (X7 — %) 8.3 GW/em’
L ARy MER 300 pm) 12 BT, Y- AR A
2E(H Ny TV 200%) 4T &, KEERIA W EHE
BN LKA IZ, -200~-400 MPa F2 1 D [E 5%
IS &N C&72. ZOK, REDSHE pm OFE
SFCHEMBTIZEE TE /-

Ltk WSO RBEALIZ L o T C-LP AL & F% D

Y— = v FR R (BRI D ME O K & 82 % R L

) DFEBI Y AT LEDLRD 5.
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