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Latest developments in laser processing,
welding and coating

\
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Content
- Drilling and Cutting
- Coating
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From basics to industrial applications

In laser material processing we always transform

optical energy into heat energy

and partially in:
melting and melt movement
evapouration and vapour flow
plasma energy

To optimize the laser process we have to understand
und control all this energy and energy flow.
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Laser Drilling

Beam diameter & =50 um
Intensity |, = 6.2 x 108 W/cm?
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Laser Drilling

Beam diameter & =50 um
Intensity |, = 6.2 x 108 W/cm?
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Laser Drilling

Beam diameter ©'=50 um

Intensity lo = 6.2 x 108 W/cm?
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Laser Drilling / Cutting

Short pulse Interaction time high speed cw baem
(v =1000 m/min)

Intensity 1, 6 x 108 \W/cm? Intensity 1, 4 x 108 W/cm?

ns-pulsed beam cw beam

100 um
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Laser Remote Cutting

remocut®
Laser cutting without process gas

high speed Video
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Laser Remote Cutting

Material thickness up to appr. 150 pm

High cutting speeds and simultaneous = :
keeping high quality demands (removal  [Copper foil "3 =
width) Bottom side [

\
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Laser Remote Cutting

M Scanning of the laser beam through two fast galvo scanners
W Cutting with SM fiber lasers as an ablation process without assist gas

\
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Cutting of foam materials

Thermal interaction zone

Fusion cutting Remote cutting
m Effect zone > 500pum =) m Effect zone < 150um ©
® fraying =) B No fraying Q
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Cutting of foam materials

Fusion cutting Remote Cutting
B Molten material visable B No visible molten material
B Material bonding B No material deposition

i
FhGIWS FhG-WS 500pm
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Cutting of foam materials

Remote cutting

copper material stainless steel

3 mm thickness 3 mm

\
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Laser Welding with Melt Expulsion

shielding gas
nozzle

laser induced
plasma

steel

12 mm

\
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Laser Cutting without Gas Nozzle

laser beam

nozzle to
protect the
__lense

\
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Recoil Pressure

Modell Anisimov:
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Laser Cutting

Recoil Pressure

laser beam
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Laser Cutting

Vapour pressure

laser beam laser beam

cutting
front

molten material
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Laser Cutting

Vapour pressure at the melt front

laser beam

cutting
front

aterial rippled melt flow
melt front
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Laser Cutting

Vapour pressure at the melt front

laser beam

cutting
front

aterial rippled melt flow melt flow
melt front
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Laser Cutting Gas Nozzle
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Laser Cutting Gas Nozzle
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Gas Nozzle
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Laser Cutting Gas Nozzle

1 mm,1.4301, 90°, 25 FPS
Edgewave Laser @ 830 kHz 2 350 W
we=17 pm, zz=0.5 mm, v.=1.1 m/min

\
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Laser Cutting with

Diode pumped ps-Laser

- max. average power: 350W
- max. pulse energy: 500 pJ

- pulse time : 12 ps
- beam quality : M< 2
- focus radius: ro=17um

= o
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Laser Cutting with

Diode pumped ps-Laser

- max. average power: 350W
- max. pulse energy: 500 pJ

- pulse time : 12 ps
- beam quality : M<2
- focus radius: ro=17um
Intensity loys = 4.6 107 W/m?
Photonic pressure /¢, = 150 MPa
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Laser Cutting

Recoil Pressure

laser beam
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Laser Cutting Gas Nozzle

\
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Cutting with cw and pulsed Laser

30
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Melt Expulsion in Fusion Cutting

t=1 mm; v.=1.0 m/min; z=-0.8 mm; p=2 bar

cw disc laser 300 W

IWS  Dresden

\
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Melt Expulsion in Fusion Cutting

t=1 mm; v.=1.0 m/min; z=-0.8 mm; p=2 bar

_ﬂb

/ﬂ'

.ﬂﬂﬂt

cw disc laser 300 W cw disc laser 220 W
+ pulse laser 80 W

\
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Laser Cladding

' easily exchangeable
protection glass

comfortable
xyz adjustment

modular tube system
for focal length

internal SLElen

media
supply

|
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Nozzle for COAX powerline

Laser-cladding of CuzZn-Alloy

Without exhaust With exhaust of smoke
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Laser Cladding Innovation

Repair of ship drives

B Large-area repair of ship drives:
6 kW diode laser and IWS COAXS8
coaxial nozzle

M Current example representing a
long-run cladding:

- Propeller shaft of a passenger liner:
11 m length, 26 t weight.

- Deposition of 300 kg stellite material
in operation time of 700 hours.

- Meanwhile the ship is back at sea.

|
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Laser Cladding Innovation

Record in laser TC/Ni cladding: 78 kg/h!

B TC + NiCrBSi
(60Wt.%) (40Wt.%)
MMC onto steel

® 18 kg/h deposition rate
at 10 kW diode laser

Deposition of INCONEL 625
using coaxial nozzles

M Deposition rate at 8 kW
diode laser power:
6.3 kg/h

B Powder utilization: _ _
90...95 % Laser cladding process using the

COAXpowerline coaxial nozzle
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Laser Cladding Innovation

Deposition of INCONEL 625 using flat-jet nozzles

M Flat-jet nozzle's upper limit of feed
rate: 30 kg/h

B Metal powders, not suitable for
carbide MMCs

M Large single tracks:
up to 25 mm in width

B Powder utilization:
60...90 %

M Potential application:
- Lasers > 10 kW,
- deposition rate > 20 kg/h
- large-area corrosion protection

COAX11

39 Z Fraunhofer . /oo fiadi
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Large-Area Cladding

Laser cladding with 20 kW laser power

Wide, defect-free single tracks up to 45 mm
Fine-grained solidification structure

Low degree of overlapping between single
tracks = increased cladding rate

Metallurgical bonding to the substrate
Low dilution (iron mixing): 3...5%
High productivity at moderate cladding speed

. Cross-section of an IN82 coating, one single track! ' |

S e T reie SRS R S e
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Large-Area Cladding Bosch Rexroth

Laser Cladding of Hydraulic Piston Rods

"M # l
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Laser Cladding with
Laserline Diode Laser

Setup:
50 kW Diode Laser
Cladding head with :
45 mm spot width
Fraunhofer IWS
COAXn powder nozzle
type COAX11V6
material:
Substrate: 42CrMo4
Powder: Inconel 625,

42 Z Fraunhofer - /oo [l
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Laser Cladding with

Laserline Diode Laser

Setup:
50 kW Diode Laser
Cladding head with :
45 mm spot width
Fraunhofer IWS
COAXn powder nozzle
type COAX11V6
material:
Substrate: 42CrMo4
Powder: Inconel 625,

\
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Laser Cladding with
Laserline Diode Laser

Successful result at 50 kW

no process problems despite
the high laser power
smooth and flat surface

no cracks, holes, pores

Deposition rate:
powder feed rate 580 g/min

- 35 kg/h
. Cladded le:
surface cladding rate 3,5 m?/h 3 tracks, cladded
~ area 130 x 120 x
. @~ 1,0 mm 1,0 mm, 50 kW
thickness laser power, laser

on time only ~ 15
seconds

cladding speed 1,42 m/min

e 12 13 vhed

__——
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Laser Cladding with Wire — Process

WIRE-BASED LASER MATERIAL DEPOSITION

% Fraunhofer . ./ u_\f V“"A_m/
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Laser Cladding with Wire — Process

Advantages of Laser Wire Cladding:

® 100% utilization of added material
B omni-directional 3D-processing due to
centric wire feed
M shorter machine downtime (post-process
maintainance time) due to 100% utilization
(clean process, compared to powder deposit
processes)
® Fraunhofer IWS Head:

higher accessibility due to compact

design
Available for Fiber, Disk
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Laser Cladding with Wire — Process

COAXwire processing head

Basic properties

= 3 beam optic setup

= Centric wire supply

= Up to 4 kW laser power

= Weight with attachments ~ 20 kg
(1) Safety and collision shutdown
(2) XYZ-wire supply adjustment
@ Crossjet
@ Downjet
(5) Cover glasses

\

2 Z Fraunhofer . /oo Joall

IWS  Dresden

Laser Wire Cladding with Hot Wire

W Laser power: 3 kw

® Wire material: Inconel 625
B Wire diameter: 1T mm

B Wire speed: 4.8 m/min
B Wire Heating Power: 0.4 kw

M Travel Speed: 3.6 m/min
® Deposition rate: 1.9 kg/h

\
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Laser Wire Cladding with Hot Wire

Cladding of patches on tool die

F

Quelle: ALOtec Dresden
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Quelle: ALOtec Dresden
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Laser Wire Cladding

Laser system for cladding with centric wire feed
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Laser Wire Cladding

Laser system for cladding with centric wire feed

Hinm

Quelle: ALOtec Dresden
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DPEL AlOtee Dresder

COAXWIRE

NEW FINE WIRE PLATTFORM

Basic properties

= 3 beam optic setup

= Wavelengths: VIS 450 — 1100 nm

= Weight with attachments ~ 70 kg

Technical features

@ Easy adjustments

@ Integrated sensors

@ Fine wire guiding

@ Mini camera

@ Fume and smoke extraction

\
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DIGITAL SYSTEMS FOR LASER
CLADDING

Modular System

smart
BOX

55

expandable bus system

A

cooling water flow

G

I
:4_ - -/ - _ ! additional I
I

smart = powder flow
MEDIA = gas flow
smart = powder distribution
POWDER = leakage rate
smart = power dissipation
OPTIC = temperature
= temperature

moduls

scattered light
internal pressure

acceleration
(collision, path...)

meltpool

\
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Conclusion
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Conclusion High Lights
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High Lights

d Thank you for
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IWS Teams

Dr. Achi ahrle and the basic team %
Dr. Andreas Wetzig and the cutting team LT
Dr. Ddhise Beitelschmidt and the thermal coatir g tearh

ok -_ Nowotny and the team for wire clad
L.
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ISAM 2019 -
3RD INTERNATIONAL SYMPOSIUM ON

ADDITIVE MANUFACTURING
TACKLING THE MATERIALS AND PROCESSING CHALLENGES

JANUARY 29-31, 2019
DRESDEN, GERMANY

Special features:

® Business forum: market challenges and opportunities
® Elevator Pitches: fresh insights concisely delivered

® Posters: hot topics on display

® Exhibiton: tools for AM success

www.isam.network

\
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B — A — NHFEEANC & 5 A3 Z AR
Spatter suppression with beam mode control technology

LENEGE, PRSI T B
B L EMASH
(T290-8555 TFHEW IR /e =8 6 &)

Tomomichi Yasuoka®, Takashi Kayahara®, Toshiaki Sakai”, Takashi Shigematsu”

*Furukawa Electric Co., Ltd.
(6 Yawata-Kaigandori, Ichihara, Chiba 290-8555 Japan)

T7 AN =PREEZORmNE =L EIZ LD | EFITDSOEIBICE AT =2 B SED LR T
D, THAUTKY | IILRE ?ﬂ%gﬂ%m\fx <\ WTIARIR S DIRWVIITRC, ARIMERTRIN A 1Z L A EFF
TRV L2 FER T L2 LN TEDL, TO—HTMLFITIFIZEDA NNy ZFE2FESHETLEDI, Z
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ARG T D Z & TASy Z O, IR O AN B LTz,

Owing to the high beam quality, fiber laser has high power density by minimal spot size. So we can get the results
of narrow heat affected zone, deep penetration depth and welding with low absorption materials like copper. On the
other hand, welding with fiber laser occur many spatters. These induce welding defects and poor appearance around
the welding bead. To improve this, we applied beam mode control technology to the welding and succeed suppression
of spatters.

Key words: Fiber Laser, Beam Quality, Spatter, Defect, Beam Mode Control Technology

L O ITNE—RT7 7 AN L —F B IO LT E
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MERETHEHEZ 7 ANTIN)—FTHZLNTX 21 VU ITNAE—RT7 7 AL —H
LD, EEAL—YLE L CERICHENTH MHOL U ITNE—R T 7 A RN —HF DB &
V. ZOMEGHBBITFELILR LTS, fEke, EESL Figl \ORT, IR A =8 L —, Fl
LeHERASNTE R L—F L L THENT N 57 7 A 73, FBG(Fiber Bragg Grating) %D TH
D D L—F DI 5 HEHIREE R E oo BENTEY, BRESh V=PRI T7 74 "%
WHHEN D OB X Z G - BEALEAL TN D, WU CHAME TREIRTVD

AR TIEZ OBV E — LGB 2150 LTI T RHE,
BLOE—2E— NHIEEIN 2105 D728 L
L—HFITIZOWTEHET 5,

]

2. 77 A SRR

TrAN =B OB E—LmEIZLY
BVSD —BE RS0 2 ENARETH D, T DORER,
BERFCITE T AT MR IAR LD I WEGEE, =
X BIZHERD L —FTIII IR T 2o =800 & Fig.1 Single mode Fiber Laser manufactured by Furukawa

Electric Co., Ltd
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Fig.2 1% SUS304 (2 L CHI A 1kW, 75|58
Im/min 3 X Y 10m/min T L —F RS L 72RO
HTHD, 1 m/min T 4 mm, 10m/min THJ 2.5
mm OETIARRIDELNTWD Z & D3RR
T& 5, Fig.3 1% A5052 12xF L) 1kW, #5315
J£ 1m/min 3 X% 10m/min T L — YIRS U728
OWmTH b, ZHHIE 1 m/min TH 3 mm.
10m/min THJ 2mm & 72 >7-, F7-. Fig2 B
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Fig.2 Cross-section view of SUS304 with SM1kW fiber laser
(a) 1m/min (b) 10/min

Fig.3 Cross-section view of A5052 with SM1kW fiber laser
(a) 1m/min (b) 10/min
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Fig.4 The result of bead on plate test with SM1kW fiber

laser
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Fig.5 Multi Mode 6kW Fiber laser manufactured by Furukawa
Electric Co., Ltd
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Fig.6 Cross-section view of SS304 with MM6kW fiber laser
(@) 1m/min (b) 10/min
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Fig.7 The result of bead on plate test with MM6kW fiber
laser
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Fig.8 Appearance of bead on test with stainless steel.
(a) Conventional focused beam
(b) with beam mode controlled technology
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Fig.10 Optical images of bead on test with pure copper.
(a) Conventional focused beam
(b) with beam mode controlled technology
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[1] N.Yoshihiro, K. Kousuke, A. Ayumu and T. Takeshi,
Journal of Japan laser processing society, Vol. 23, No.3
(2016)
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Spatter less welding technology with high power solid state laser and its application
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Kazuki KUBA®, Akihiro UENO™

* Mitsubishi Electric Corporation, Advanced Technology R&D Center, Drive & Control Systems Department
(8-1-1, Tsukaguchi-Honmachi, Amagasaki, Hyogo 661-8661, Japan)
E-mail: Kuba.Kazuki@dy.MitsubishiElectric.co.jp
** Tada Electric Corporation, LTD. Industrial Apparatus Works, Welding Machine and Heating Apparatus Department, System
Engineering Section
(8-1-1, Tsukaguchi-Honmachi, Amagasaki, Hyogo 661-0001, Japan)
E-mail: Ueno Akihiro@TadaElectric.co.jp
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L7z, b—PENRESAIL, F—F— KT D580 L —V IO FERIZ, Bl 2RO IAT 5550
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In the field of high power solid-state/fiber laser welding, the sputter generation and the accompanying degradation
of welding quality are large problems. We developed a unique laser focusing intensity distribution by using a
processing optical system at the fiber exit port, which control and stabilize the shape of the keyhole and molten pool
at the welding point and dramatically suppress the sputter generation. The focused laser beam intensity distribution
has a strong main laser beam forming a keyhole and weak laser beam gently spreading the keyhole aperture. By
stabilizing the keyhole aperture, we succeeded in reducing sputter generation by more than 95%, even at high output
of 10 kW. There was no limitation of the welding speed for sputter-suppressing, and the welding speed was improved
more than twice.

Key words: solid-state laser, fiber laser, welding, sputter, keyhole, molten pool, sputter-suppressing, 10 kW
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Dominant factor of HT780 non-road carry T joint fatigue strength
using laser arc hybrid welding and quality control

PEWASE RS, ARARIE T, Bkl ARARESE, B4 A

"M &4t HI
(T235-8501 A7) 1| VARV T % 1 X A T 1)

Koutarou INOSE’, Junko KANBAYASHI', Daisuke ABE, Naoyuki MATSUMOTO, Shoichi NONOMURA

“[HI Corporation
(1ShinNakahara-Cho, Isogo, Yokohama, Kanagawa 235 -8501, Japan)
E-mail: koutarou_inose@ihi.co.jp

L=« T =47V v Fiaz A HT780 SO i I n M T k28U L, 9730 OfERE &
ZDOXR A DOBEREZAT o 72, i L2725 7 — A0 LEMFIZIHE W TR EIMER T (k521
TEL, WITME LML LT, 77 7 MBS WERESRE TR km PR REEsnD. 777
Ay Lk ST IR IS MAFTREIIRE <, BB S S, BEDPRE {513 SR EmE LM Lk
T4, WEMEOEREOL (AN VA ViRl L §2) 2 RETDLEEBREROT T 7 MIT/NS
<, IEERIIREL 2D, SEEYE LTZRF ORI T E D Fik & W50, LTl T & DHkF
LD, TNTOMTITDRS EOEFME B FERERAFEULETH 2. MFOT T 27 MORKIER
AT, RSP R/MET 1.3mm TH 5. T BEMRIED 72D O TEHOER L L THW DTN TE
5.

The study intended for clarify that dominant factors of fatigue strength of T joint which welded by laser arc
hybrid welding. Fatigue test has been conducted using 5 types of T joints fabricated under different welding
conditions respectively. Dominant factors for fatigue strength of T joint are Frank angle and radius at toe of T joint
fillet. The fatigue strength is increasing inverse proportional to Frank angle and proportional to radius at toe.
Heat-filler feeding ratio affects Frank angle and radius at toe. The former would be decreased and later should be
increased by heat-filler feeding ratio increasing. In the study, fatigue strength of the one type of joint shall be
recognized as JSSC fatigue strength class D. All types of joint in the study can be deal as at least JSSC fatigue
strength class E. Frank angle of these joints are smaller than 47 degree and radius of toe are larger than 1.3mm.
These quantitative results of the study are very useful for quality control of practical fabrication. That secures the
fatigue strength of Non-load carry T joint welded by laser arc hybrid welding.

Key words: Laser Arc Hybrid Welding, T Joint, Fatigue Strength, Heat Filler Feeding Ratio, Frank angle, Curvature at Toe of
Weld
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Fig.1 Overview of laser arc hybrid welding for fatigue test
specimen
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Fig.2 Fatigue test specimens cutting from
Laser arc welded panel

Table 1 Chemical compositions and mechanical properties

Chemical compositions Tensile test
c[silm] P | Others YP | TS | Remarks
[%] [N/mm?]
Base metal | 0.09 | 0.21 | 0.95 | 0.006 | 0.002 |Cu-Ni~Cr-Mo-Nb-B__| 813 | 825 |HT780
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Table 2 Chemical compositions of welding wire

Chemical compositions Tensile test
c|lsi{mm]| P [ s [culYP]TS
[%] [N/mm?]

a [005 [0.65 |1.14 [0.013 |0.017 |0.25 | 404 | 496

0.10 |0.72 | 1.36 [0.010 [0.012 [0.24 | 480 | 568

0.06 1047 [ 161 [0.006 [0003 [0.19 | 717 | 869

Table 3 Welding condition

Welding Welding |Laser Arc Heat input
procedure | wire | Power [kW] | current| [J/mm]
Case 1 a 6.0 80 558
Case 2 b 6.7 160 917
Case 3 b 6.0 80 558
Case 4 c 6.0 80 558
Case 5 c 6.0 113 632
Rib plate
Rt . \&
/ \

il
e

A 0
Shape factors T
6 : Flank angle
Rt : Curvature at toe Skin plate

Fig.3 Macrograph of Laser arc welded joint and shape factor
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Case 5

oL >oo

Curvature at toe of fillet weld (R) [mm]

Flank angle (8 ) [degree]

Fig.4 Correlation of Flank angle and curvature at toe
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Investigation of hydrogen sources dissolved laser weld metal
of steel sheets in automobile field
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WEN 2ol £ 2 THBRO L — PRI OKFICE L, KFEE, WHEROKRRESCHIEED
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KL, BROBISEHREDR AN TH L Z &b role. KR ORFMBIEIZ LY, LR =
PRL, =V 72 liEm S nm T 5 Lbnol.

Laser welding has been applied to automobile bodies. However there have been no reports on hydrogen in laser
weld metal. So, we investigated the source of diffusible hydrogen released from weld metal and the time
dependence of hydrogen amount and formability of welded blank. As the results;

1) In order to reduce the amount of hydrogen dissolved in the laser weld metal, it is effective to lower the humidity
of the atmosphere at welding and to remove the rust preventive oil of the steel sheet.

2) As time elapses after welding, the amount of diffusible hydrogen reduces and the height of Erichsen forming
improves.

Key words: Laser welding, Tailor welded blank, Diffusible hydrogen, Formability
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Introduction of wobble welding and keyhole depth measurement by ICI technology
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A — R — RS & 1 C 1 HAN CEHIRTREZR v AT A b b TR T 5,

By high-speed wobbling with high-brightness beam fiber laser, we introduce wobble welding which can change
the bead width and penetration shape without changing the spot diameter, which is effective also for gap and
misalignment. We also introduce a system that can measure and assurance weld keyhole depth by ICI (In-line

Coherent Imaging) technology.

Key words: fiber laser, wobble, keyhole depth, ICI
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Laser + CMT hybrid welding for thin steel plate
IR E N, SRR
HADH A~ ) T¥ LR
(T445-0802 25 IR 6 B i AT FRR F 1-1)
Nobuhito TAKIZAWA”, Kazuhisa MIKAME®

"TAMARI INDUSTRY CO. ,LTD.
(1-1 Gorota, Yonezu-cho,Nishio-City,Aichi 445-0802 Japan)

E-mail: n-takizawa@tamari. co. jp

KECTHEEEOR WL =PRI A EOR T —ICREFEEIND X O CHEMROBE~OEHANEA TN D,
LorL, BERICEH SN TS DIEEEREER TR ETH D, MABEIZIET — 2 EENEH STV DR,
ERKEL, AFEE LS D, Vr A OEMIZEADBHIR SN TWDONRBUIRTH D, L —F THEREE
MATHE & 7p T, W RPN AN Y | MR L, BELICLERTE 5, &, BR%S OEROERE~DH
HARED LN TND L—H « T—7 A T U v FIERBRIIREIEK & RERE~ORIEDO L TERL TS, £ 2
T, TAVIEREE L—TFABEHIE L, SR EHET 5 L — e TIEZB% L. A E A EHRK -~
WHIEKZM S, ZOFEE LT, HROBEBLQBAMEFICR L TLU—F+CMT /1 7 U > REEBEOEH % M
L7z, ARG TIX, REED A T TUA YOURRET), REOEREHZBILE L, BHEY A YOEKBRMEL
L—HRR SR EZ oy ba— L L, FRT7 A =2 EREIROGHIERNS, T d—h v b, TUoH—7 4
D IRNRETGIR N L ERNIE DN DI RT A —Z WML LT, v v 7 GRERE) BE., JHOLED
HEIZOWTHET %,

Laser welding with low distortion and high productivity is being applied to welding thin steel plates as
represented by the body of automobiles. However, mainly applied to products is lap welded joints. Arc
welding is applied to fillet welding, but strain is large and productivity is inferior. The present situation is that
the application to the thick plate around the chassis is restricted. If fillet welding becomes possible by laser,
the range of application is expanded, contributing to structure optimization and weight reduction. Laser-arc
hybrid welding, which is being applied to the welding of thick plates such as ship buildings and bridges, is
superior in terms of surplus formation and compatibility with plate-to-plate gaps. Therefore, we develop
precision control laser welding method which precisely controls wire feeding amount and laser heat input, and
precisely control the shape of the embossment, and expand application to automotive thin steel sheet. As a
method to do this, application of laser + CMT hybrid welding to the lamina fillet joint of thin sheet was
investigated. In this report, we observe the melting behavior of the wire and the formation behavior of the
surplus in a high speed camera, control the feeding condition of the welding wire and the laser irradiation
condition, and from the measurement result of each parameter and the extra shape, undercut. We report the
gap and the tolerance of the target position when clarifying the welding parameters that can stably obtain the
surplus shape without undercut and underfill.

Key words: Laser Welding, Laser-arc Hybrid Welding, Dry Cold Metal Transfer Welding, Fillet Welded Lap Joints
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Smart Laser Processing using Deep-Learning Technology

AR, /INRPESET
THURK S WPERTFZE T
(T277-8581 THEWANTIANDLE 5-1-5 WMERFZERT /NRIFTEEE)
Shuntaro TANI', Yohei Kobayashi"

"The Institute for Solid State Physics, University of Tokyo
(5-1-5 Kashiwa-no-ha, Kashiwa, Chiba 277-8581, Japan)
E-mail: stani@jissp.u-tokyo.ac.jp

MBS A DRI T 2 EHT 572010, T T A —F2 —FEROEELABLERATRTHY,
ML= H—=F =M T D7 4 — KRy 7Y A 7 NVDEECITIRD LW RT A —F — R FEHT D
frLied., 74— Ry VA 7 NOEEIZITY A R—EM &7 0 DNV EMORERBMEN AR THY,
ITFERM7e B2 R TV AR FEEN N RE LA 2 EAT2EEREBOOESER D, BxlTL—F—
MTIZBWTEEFSE ZHW=@mER 7 — RNy 7 FIEOBRBEED TN D, FRICARBER TIIE/E )N
EOALZRBREM TN AIRE & T A B SV A L—F =N Ta &SR E LT, MLOEBIRREZDOHNO) T H
A LTHRIHT D FEIZOWTHET S, RFEEIEERD A ZIZX D BEEERY = 2 XV A BIZE=2T5H 2
IZEY, ITms LNIZBRERFELHEEFREET 2D THS.

Acceleration of the parameter optimization for laser processing is of great importance in industrial applications.
As the vast parameter space of the laser processing requires many cycles of processing, measurement, and evaluation,
in-situ measurement of laser processing will be a key to accelerate the parameter optimization.  For this purpose,
we developed a method to monitor removal volume during femtosecond laser micromachining.  Specifically, we
monitored a scattering pattern using a high-speed camera and analyzed the removal volume utilizing a sequence of
the images of the scattering pattern.  The combination of high-speed camera and deep-learning technology enabled
us to estimate the removal volume in 1 ms during the processing.

Key words: Laser-based Material Removal, Scattering Pattern, Real-time Monitoring, Deep Learning, In-situ Monitoring
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Automatic parameter-variable laser processing system for
efficient optimization of process conditions
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BB NN LA O NZRAIERR D T= 01, BFE AT A —F Z I HE AR CE 5&mH 7 74 b
—YP—IMTAEE LI L DRI AT A=F AL LT =2 2G5V AT LEWE LT, 7L R
i1 400 fs~400 ps D 3 HTD AIZEMEZ REL L, BB « B OB R Z R DI L Tnvd, S 5IT8
VAT IR T 2 M7, BE VAT U /vy 3y R B E T, MY IR LA 1 MHz OFF:
B HETE 5, FHHINT 100 W ELETHY . mAL—T"y MRS T TOERRBATETH 5,
IMTEEE L, R HOBEAT =T L =L EAHOT NN AF ¥ F—ICA T, MTEZEET 57
DONFHTMBE LR L, F—DL AT AND L—F — 1T 2 —& L INTAE O E R L UM eI 52
FTEHETHET D LN TED, NITA—FEAELTEREROT 7 L—3ya 38— ORBE
{5 2 30 S3FEE TS5 2 LT LTz,

For the purpose of efficient optimization of laser processing, we have developed an automatic parameter-variable
high-average-power femtosecond fiber laser and a processing system for efficient acquisition of parameter-dependent
processing results. The wide-range variability of pulse duration from 400 fs to 400 ps is suitable for searching in the
transition regime from nonthermal to thermal process. The system has further variabilities of pulse energy by two
orders of magnitude, number of irradiated pulses from single shot to continuous, and repetition rate of arbitrary
fractional frequencies of 1 MHz. An average output power of > 100 W enables optimization under the high-
throughput process condition. The processing system is equipped with an optical microscope to view the processed
area besides a high-precision sample stage and a Galvano scanner. A simultaneous control of laser parameters,
processing conditions, and acquisition of microscope images is manipulated by a single program. We obtained
microscope images of ablation craters with several hundreds of parameters in 30 minutes.

Key words: optimization, parameter variable, femtosecond, picosecond, fiber laser, ablation, craters, pulse duration
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Schematic layout of the parameter-variable laser system.
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Fig. 9 Microscope images of ablation craters on
SUS304 (a) and silicon (b). The number of irradiated
pulses was 100 in both cases. The green background is
due to incorrect white balance of the camera.
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Fig. 10 Microscope images of ablation craters on
SUS304 (a) and silicon (b) with various pulse
durations. The number of irradiated pulses was 100 in
both cases.
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ZE M AR g 2 AW AARRIBEEANIC E Y, QR 22— R 7F =%~ F) v 7 2a— REO—FEL
SONL, REINCIZ 361 2 BRIEUNZEA I, Z00R T2 V7 EEIHEE OTERRENHRE STV D.
— 5T, IR DB SV A L= O @ MBI, mOIEE A AT 2 ik ST 2 DA AR S R 2
(LCOS-SLM) 3pFE & o2 5. £z, MMHEZIT O DO Y 7 by T LR LSOH Y, ZEH
FEAABZE TR K D ACAHFIENEL AT &2 N Tz EdsaE L — PN L& IS/ T 2 D REDEZ D220 5.
AR CIE, MDA > Y — A O BB ~D & L bIT, a2 L —PITxdd % LCOS-SLM Offif
JetE, 72 BN LWL d61T D NARTIHEEAR o HENZ B L TR 3 5.

Phase-control technique using a spatial light modulator (LCOS-SLM) enables us to enhance the efficiency and
accuracy of laser processing such as batch multipoint processing like two-dimensional codes, spherical aberration
correction, and precise periodic structuring by multiple-beam interference. The temperature-controlled LCOS-SLM
indicates enough stability to various high-power lasers. The enhanced software for LCOS-SLM improved the
convenience in laser processing. In this paper, we describe the properties of LCOS-SLM with high light stability, and
the various application in high performance laser processing.

Key words: Spatial Light Modulator, Computer-generated hologram, Laser processing
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INTHEORA 2 BRRBESNTOD V. FRiC, A T BT, L— Y & 22RO Ay B
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(LCOS-SLM: Liquid Crystal On Silicon-Spatial Light W, —FESEARE AW TARBNENRY 5o
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FOFELCERESIAE S, BIET A ATBWTE A B T e L — N LA BT 5.
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F 1 LCOS-SLM a5 & NV AREFMEN LI S e s o 72 L — O F5E
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i Wit v | B | e | P | LCOS-SLM
Fiber 1030nm | 17.8ns | 40kHz | 8.9 mm 50 W C14280-03
Yb:YAG 1030nm | 09ps [200kHz | 7.8 mm | 20W | C14280-03
Yb:YLE(SHG) | 527 nm | 250 ns 1kHz | 93mm | 20W |C14280-04M
Yb:YAG(SHG) | 532nm | 15ps | 100 kHz | 8.3 mm 6 W | C14280-04M
®2 afL— (532 nm, 12 W, 15 ps, 100 kHz, kv 77~ )% 100 BB & L 72 @itk o Feik
FEAE | WA (rad) | BTEREEE (V)
v | 22197 0.011
FEN S 2.2302 0.041
i 0.0105 0.03

(a) FEFAN
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JCRICEL S S A0 72 8158 L2 BRET S A0 2 S O FH 23 1l 1)
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CNAHEFRER BT 5. 270 L0 HRE VML
FERDBVLIE L SNDGEE, ITEOMEEE 27
TH VIR U CTERRT HALEPT 0 BAFA 0% H0 5
ZLITEEITES.

RELT /"A AT D LCOS-SLM % L —H LIz
WA LA, b BEINDREIL L —VFITk
THMNNMETH D, BHE, FFOMENA U D iE
L Z2VMEISR U TR LS E U A EE L XU MEN
R =®, Mt HE T 258100, AR
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Pk At L C 8 R L7851, 7354 2D
G ENAHRHE DO ZL O G & b BB S /e -
L —VORMEER1ITRT. Wbk 5%
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(b) %
®1 LCOS-SIM L ToOE—AT7 a7 57 A/ (GROFED LCOS-SIM DZEFRI DR = JIZHY)

AT FIATEY 2 — 11 kW LCOS-SLM DZEFH
HOREZ —BI R T2 HAEOR R TH D, #EN
VA L—Y DO 2 ERE R LI25E1E, R
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I RRGT U 755 ORI FE 2S5 B ds L O i ig % 3t
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EVFTA P Lo THRESHEZE —{L LIZHED
LCOS-SLM ETOMESMATH Y, &£ 21X Z DIRKE
X DRER L 2D, AGFHEORE A & )AL,
ThRbObLIR VX —EEZRBIELZLI2LD,
MYErED 6 W 235 12 W IZA L, LCOS-SLM & 78
EVFTAFEDOIHBEITHS Z LR INT.
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Precise machining for specialty glass by ultrashort pulse laser
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Glass products are widely used in all around us, e.g. displays, solar cells, lighting, optical communication. For
further expansion of glass applications in the future, it is necessary to approach by development of newly precision
machining of a brittle glass material to give new functions. In this paper, ultrashort pulse laser with oscillation
wavelength of high transmittance in the glasses was applied to the machining of various glasses. By optimizing
laser machining conditions, mainly on the pulse width and repetition frequency, unique products that could not be
achieved by conventional method was developed successfully, where parts of them have started to be put into
practical use.

Key words: Laser machining, Ultrashort pulse laser, Cutting, Drilling, Jointing
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I Machining Performance of Hard and Brittle Cutting Tool
shaped with Short Pulse Laser
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Short pulse laser processing with a large incident angle as a finishing process for hard and brittle material can
fabricate excellent surface without mechanical and thermal defects in comparison with a diamond wheel grinding
process. Shaping a hard-and-brittle cutting tool with this laser processing develops a very sharp and tough tool edge.
Even in the case of a sintered cBN insert, a sharper tool edge with less than 1pum radius is obtained and enables
precision finish for hardened steel parts equivalent to ground finish. Furthermore, this laser processing is applicable
to sharpening CVD diamond-coated tools. The sharpened CVD diamond-coated tool makes it possible to machine
sintered WC-Co molding dies excellently without delamination of a coated layer.

Key words: Cutting tool, short-pulse laser processing, hard and brittle material, sharpened tool edge, cBN insert, CVD diamond
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1 Schematic diagram of edge sharpening with
short pulse laser

%= 1 Laser processing conditions

Wave length 355 nm
Pulse width S5ns
Frequency 15 kHz
Power 3W
Focal point distance 100 mm
Feed speed 30 mm/s
Processing angle 3 — 15 degree
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pressure: 0.4 MPa, inject duration: 3 sec)
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4 Precision cutting results of hardened steel (SUJ2)
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Femtosecond laser processing of diamond and SiC crystal
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ERENICIEEHROER Z IR S5 2 N TE, A7 ZAML~DOISHOFREEEZ R LTz, X4 TE
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In this paper, we have demonstrated femtosecond laser processing of hard-to-work material such as SiC and
diamond. For SiC, the transformation to amorphous phase can be photoinduced in the plane perpendicular to the laser
propagation direction by the femtosecond double-pulse configuration, leading to the possibility of application to
wafer slicing technique. For diamond, in addition to the localized graphitization, NV color centers, acting as spin
quantum bits, are stably induced by the Fourier-transform-limit 40fs pulses.

Key words: instruction, manuscript, journal, JLPS, five to ten keywords

Lt HE, A28 EDSERIAMEHIR LT, I, KRBT,
W, BEANZR EOBBIZRINL, S bR & R
WA T —F 3 2D E ML HETed, SiC [1] LIeMBto= y F o 7 OHEED Z L 25+, P T
X GaN[2], F&iTTiE, B-GayO3[3]17RED T A R v b, BEESSOBEREZ L AT VA NEFIA Lk
R v ZHERE B OFFEB FE ANV AT T B L AMERE W 2 L —F— 2 LA ML
W5, EBIT, RERMEASATY =T34 XL LTO Wz B VBTN D

o

JICHOBmE TN DD, ZA YT Nk IR Table 1 Typical properties of wide band gap semiconductors
[4DWFERRE bIED G TN D, Eiz, FEEDOH  Eg " Ee A

TAY R % v IREKTH D AIN[S)IE, TES L Material V] [em?/V's] [MViem] [WiemK] P
BRPEEE LCHIS SALTH Y, RIS $T A HSe 33 060 25 37 1
RAHIRE (HVPE) 72 & 00 Wi G A M B o 52 GN 34 000 -3 a5 b
BEZ <ATPNTND. ERVA Ry RHEED B-Ga20s 49 300 ~8 02 D/
P2 R 1 I F L DT[69]. BIE, SiCHAF AN 63 1100 b » D
FURZIIUDE LM TAHENTINZ, ¥ 7 7 A Diamond 5.5 1900 10 ’ :
THREIND O GaN R OHEE () 7 A Eg: bandga electron mobility, Ec: maximum electric field
D ’?D Si%> SiC sk 02 V= /\}CX?L L Té@ &EOB v ?»:gthermfﬁ cp(;np(liuctivity, D: direci/,’l: indirect. ’
YR EACTEAT VAT A L T12]0AT A *) There are different reports that the transition type of Ga203
AINT[13]%, #@AVII T8 TO =% =35 OF] is direct [10] or indirect [11].

ﬂ%ﬁ‘@&b %*L/Cl/\ *HXEI/:J j: L— 'ﬁ- j]l]]:k —ji“@, /\L’/I/XTPEZJ“\Eoﬂiyu‘F@ﬁ%E/\o/VX r—
L, VPO FEST— S e R LI, T T
BBl ERERLDTTAF Y7, BT X, K, CHASTEEARAEA LTS, RIETH, kK
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EHIT (2) IZOoVWTHE, L AR ETENRTSEZ
LICXVAESITEE TWem? b DEW T — 5 %
FELTE L7200, EIHUTE 720 22 BRI £
TN oA A oAb EOIERIEA BAER %55
D2 LNARETHD. ABTIE, 7= ML
— =% E L THY, FFIZSIC XA YESR
DFEEmANER O JRFTEER O T CeahiEZ k) 1
BLTHITT 5.

2. SiC PO 7 = A NP L —HF—IT

SiC 1%, bW ZEtt, mWEVWEICEN MBI CTH
O, BREERS, WAH, FERLE L TRIGHENT
W5, 200 A2 D SIC OFEREIEOHRT, A
Jeh 4H-SiC 1%, A BITRAN E TEHERLR Y A R
RNy RXy o FHERTH Y, BRE RO
TERGRE DS ST ICHA_RTENALTWDS Z &b, NT—
TV hR=I AT NA, AQBEERMEIO—D L L
THIFf SN TS, —F T, SiC OEETX A YT
VR, RAEF T FE (BC) ITIRWTHIER ET3HE T
HY, MMTHETHDZ b, SIC T ofld
HEazx ML > TV, ATy RbfE
K = \ZOYHTHEE LT, X407y —H
n—ficAVLNTEBY, T4 —Y—5%2L%
ZA v TERNE, KREEFEICARATHDL OO
[14], AT A > TREOT 7V P BB O H A
DRETHY, vy MRE T TIThivd Z &0 —
) Tod H[15]. S I, IO RITR T T v 7 3
HEEIZL DT 2 "OREDIK T HIZ 5720, —f%
ICUA ¥ —2%47-0 180 um LA EDTIY LANRKE L
720, REMFEZ TR 250 um FEE O
KIPNA T B[14]. BilL, SiC #IEO & LE R AT A A
Eiffe LT, A~— Iy FEIN[16]23FEE ST
W53, F2, SAVAL—T—ZFHNEHLWE A
VI E LT, AT ARKA T[T ERAL
INTWD. T/ L—F—% SifkmNiEIcE R
SU, BERARITHNCRAESY, SEBERERME
NSRS THFFRL SN H[18]. Z DT, 77
VEDORENRL, RITAREE FCh/IMEOEIY L
AT e ZEWTHZENTEDL., —FT, 7=
LR L—H—% SiC #db O NEICE N3 5 &,
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T EINER SN D 2 ERRE STV A[19].
I T = N MR L—Y— W L O AEAEROIE
BB L BREGEIC L > T, L—P—ENEosE
T, L= —DBEMA R E T 28RS 5.
— 5T, SiC fEmWNEOENITIL, W I7—k ¥
—R201° 7 7 7 7 A4 e U 3 ~DOMsEE
RUAFEHE ST AEALT D, D, 7
T NPE TN AFIBRHIZ LT, L—H—I5
AR DS EEE O R 2 TE, SiIC v
I AND AT A ANTA~DIGEH O ATREMEN & 5 [22].
FEBRTIE, JEX 420 um O N F—7 4H-SiC (0001)
7 =~ (TankeBlue Semiconductor) % 5 x5 mm £4(Z
UL boaRE e Lz, 7oA M L—P )
P, LIEE 780nm, 2LV ANE 220fs, 2L A f
R UJERE 1 kHz OH A S — L — B — 48 [FRIT %
AL, "LV AEEZRK 6ps TTELEE. Zh
FTIZ7 = A NP L—H— (800 nm, 130 fs, 1 kHz)
\Z & D 4H-SIC SN O ESE L, & NA O
B L o X (100x,NA 1.35) % FH = BFSE[19]53#
HENTWDER, RAEEm D D NE ORI E % H
PEERE T2 2HME LT, KDV NA (=
0.80) DXL v XE W=, £, SiC OEWET
FIZHOR L2 skimE A i3 5729, LCOS Mlze
YA FIZE %% (LCOS-SLM; A7 b =2 R) & i
L7, B L —F— L2 EWE L OME/ER %
RET AT DI T T = b NP F T RF D
MRETEBR T, ~ v Y = =R R IR
(REfE Sy fiRE 220 £40 fs) ZfEH L7=[23]. ~S/b=x
NX— (E,) # 10WIZEEL, VAR () 2%
Z T SiC fEfm NI L7/ R % Fig. 1)l
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Fig. 1 (a) Cross-sectional optical micrographs of the black-
colored structural modifications inside 4H-SiC induced by the
ultrashort pulse laser with the different pulse durations.
Symbols of k,, and E show the laser propagation direction and
polarization direction, respectively. (b) The heights and widths
of the photoinduced structures inside 4H-S1C as a function of
the pulse duration.
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RY. 5=220fs DA, SiC #E SN O 2 & ik
BT 27200 L —HF—=FM 13D TR (E,=10 ~
1BW) , FEAEOEETREMPBRE L2, 5>750
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BT 4 FRAT—2 g 00k A3b0EEZLND.

5% 220 f IZ[EE L, & 7 L7l Z BIRRFE R (Zuetay)
TENEI LT 7 = b FRE TN ULZF|D h—F )L
D Eyow (=2E,) %L S8 CTREINEICHE L IRE L
TofER % Fig. 2 1T 7. IR O B ADOHEIEE
{LFEIK DR & WA E DN S N D e A R
7oE A, Bl > 10 W IZBW TR SN O % %2
ELTMLTE5L00, #EBLEBROE SITK
& < EH) L7-[Fig. 2(a)]. ZHE, L—HF—MRERETD
FEBPNEICBEICTFAE T B~ A 7 v 3 TRIEIZL D
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Fig. 2 (a) The heights and the laser-induced damage
probabilities of the photoinduced structures inside 4H-Si1C
as a function of the total pulse energy. 7,y wWas 2 ps. (b)
Cross-sectional micrographs of the black-colored structural
modifications inside 4H-S1C induced by the femtosecond
double-pulses (7, = 220 fs) with the delay time of 2 ps.
Arrows point cracks.
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Fig. 3 Typical micro-Raman spectra before and after laser
irradiation.
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Fig. 4 (a) Plots of tensile stress as a function of strain. Optical
micrographs of the exfoliated surfaces viewed from the cross-
sectional direction after the laser writing by (b) single- and (c)

100 pm

double-pulse trains are shown. The blue arrows and k,, show
the exfoliated surfaces and the laser propagation direction.
The laser writing conditions by the single-pulse trains were as
follows: E, = 10 W), 7, = 1 ps. The laser writing conditions by
the double-pulse trains were also as follows: Ej, = 5+5 uJ, 7, =
220 fs, and 7y, = Ips.

SiIC 7 =/ "D AT A ZAIMILA~DH O AREM: % K,
HZ &2 B/, 5x5mm AOREFEKIZ 25 pm
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RTHE TNV AFNBE OB 1ML E/hSnZ &
W05 [Fig 4(a)]. R 7NN 2B OSE, 5l
ERBIE ORI TR (~1MPa) LV H/hERIEHT
HHBECEKTI L TR Y, ¢ FHEICH - mEE I
Mz, <1R0>FR~D27 7 v 7 BRIZE DD EE
X HAL D5 [Fig. 4(b,c)]. HIfE L 7230 i 4 it =
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FIBEE I AR T, &K 24 pm OB ENHER SN
[Fig. 5(a, ¢)]. ZAUZE, L—F—DEHH G
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b B[Fig 1. —J, X7V AFNC & 2 Fgk
DRI S DORKMET 5 pm BRETH Y, kDU
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Fig. 5 Optical micrographs of the exfoliated surfaces for (a)
single- and (b) double-pulse trains. The surface profiles on the

exfoliated surfaces measured on the regions surrounded by the

400 500

dashed yellow lines are also shown in (¢). The laser writing
conditions are same in Fig. 4.
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Fig. 6 (a) Optical microphotograph, (b) lateral vision, and (c)
SEM image of the cross-sectional surface of black photoinduced
structures in diamond. The double-headed arrow d and the points
marked Pl and P2 represent a laser-induced area, a laser-
irradiated and non-irradiated points, respectively. (d) Micro-
Raman spectra at P1 and P2 points on the cross-sectional surface.
The components of the G peak (broken line), D peak (dotted
line), and diamond peak (dashed-dotted line) deduced from the
fittings (solid line) are also shown.
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Surface of WC/Co alloy for cutting tool was modified by irradiation of short-pulse laser to improve its hardness
and wear durability. The surface hardness increased by up to about SOHV when it was treated with optimum laser
fluence and number of scanning. Results of nano-indentation test suggests that the hardness increase was mainly
caused by work hardning of metal or Co phase. The modification technique was then applied to WC/Co cutting tool.
Out side of SCM steel rod was cut with both flank and rake faces treated tool. Wear of the tip was about half of non-
treated WC/Co cutting tool.

Key words: laser peening, surface modification, WC/Co alloy, cutting tool
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Diamond lenses enable ultra-compact and lightweight
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Monocrystalline synthetic CVD (chemical vapor deposition) diamond as optics
material offers unique potential for the future of high power laser application. The
outstanding materials properties include extremely high thermal conductivity, wide
transmission range, high index of refraction and high hardness as well as high
young’s modulus. These properties enable extremely small and lightweight laser
processing heads. We will present the manufacturing and characterization results of
diamond lenses suited for high power applications, and an ultra-compact laser pro-
cessing head based on diamond lenses will be discussed. The laser processing head
is designed for sheet metal cutting and was successfully tested with a 1 kW single

mode cw fiber laser.

Keywords: Monocrystalline synthetic diamond, diamond lens, lens design, laser

cutting, laser processing head

1. Introduction

Poly-crystalline diamond (PCD) is well established as
an optical material for high power CO,-lasers emitting in
the MIR at 10.6 pm [1]. Due to scattering at the grain
boundaries, considerable losses occur if PCD is used for
disc and fiber lasers which emit at around 1 pm. In contrast,
high quality mono-crystalline diamond (MCD) offers a
sufficiently high transmission and is suited for the visible
to NIR wavelength range. The MCD used for the experi-
ments were grown by use of microwave assisted chemical
vapor deposition (CVD) [2], [3].

In a cooperation between the Fraunhofer ILT, IAF and
IPT the complete process chain for setting up small and
lightweight laser processing heads has been developed.
This process chain includes optical design based on the
specific properties of diamond, manufacturing of synthetic
diamonds, lenses and adapted optical coating, mechanical
design of laser processing heads and applications like laser
cutting.

1.1 Material properties compared to fused silica
Although an extremely wide range of amorphous opti-
cal materials are available, almost all glasses are not suited
for high power laser applications due to the relatively high
coefficient of thermal expansion (CTE) in combination
with a thermal conductivity typically below 2 Wm 'K
The laser power absorbed by coatings and bulk material
leads to temperature gradients and mechanical stress. Both
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Table 1  Material properties of monocrystalline diamond
compared to fused silica [3].
Property Monocrystalline Fused silica
diamond
Thermal = 55 500 wm'K™' 1.38 Wm 'K
Conductivity k
Thermal 6 -1 -6 -1
Expansion CTE 1.0X10"° K 0.51 X107 K
Index of
Refraction ng 2.42 1.46
Transmission
0.23-100 pm 0.17-2.8 um
range /1min_/1max H H
Knoop hardness 90 GPa 6 GPa
Young's 1220 GPa 70 GPa
Modulus E
Density p 3,520 Kgm™? 2,200 Kgm™

effects change the optical properties of the bulk material,
and the mechanical tension caused by the non-uniform
heating can destroy the optical component. Fused silica is a
well-established material for high power laser applications
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due to low absorption and thermal expansion, but the low
thermal conductivity results in large temperature gradients
and thereby significant thermal lensing. In contrast to fused
silica, diamond offers a very high thermal conductivity (3
orders of magnitude larger). Therefore, significantly small-
er temperature gradients occur for diamond lenses com-
pared to fused silica lenses. In addition, the difference of
the index of refraction of diamond and air is approximately
twice as large as the corresponding value for fused silica.
The higher index results in smaller spherical aberrations,
which are dominant for centered laser optics, and for a giv-
en refraction power, larger radii and thus thinner lenses can
be realized. The material properties of diamond and fused
silica are summarized in Table 1.

2. Manufacturing of diamond lenses

The manufacturing process of the diamond lenses con-
sists of the steps growing of substrates, grinding of optical
surfaces, centering and coating.

The substrates used for manufacturing the diamond
lenses are grown in a microwave plasma enhanced chemi-
cal vapor deposition (MPECVD) reactor. The typical linear
growth rate amounts to 3-5 um x h™'. To scale the volume
growth rate, up to 61 MCD substrates are grown in parallel
as shown in Fig. 1.

Fig. 1 Substrate holder for parallel growth of up to 61 substrates
(31.

:h,‘

Fig. 2 Coated diaond lenses (diameter: 8 mm) [].

-

After growth the substrates are separated from the
growth diamonds by laser cutting. These substrates serve as
blanks for the subsequent conventional grinding and pol-
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ishing process. Either one or both sides can be curved.
Since the outer shape of the blanks as well as the relative
position of the spherical surfaces are not defined, a second
laser cutting process is applied to center the lens and to
generate a cylindrical lens’ edge. Alternatively, the laser
ablation process allows to generate a conical surface to
optimize the heat flow between the diamond lens and the
lens mount [4]. Centered as well as coated MCD lenses are
shown in Fig. 2.

2.1 Coating design

The high index of refraction of diamond causes compa-
rably high Fresnel losses for an uncoated diamond-to-air
interface, and the losses amounts to 17.2% per surface for
normal incidence (see Fig. 3).

Optical thin film coatings significantly reduce the Fres-
nel losses. The simplest design consists of a single layer
with an optical path length of A/4, resulting in two reflected
partial waves with an optical path difference of A/2. Per-
fectly destructive interference of the two reflected waves
occurs if the amplitudes of both waves are equal. Thus the
ratio of the refractive indices of the surrounding atmos-
phere n, and the coating material n, shall be equal to the
ratio of the refractive indices of the coating material n, and
the diamond bulk material ngy. If the surrounding material is
air (n,=1), the refractive index of an ideal coating material
n.; amounts to

ng; = /ng = 1.56. (1)
1,0
| ——p-pol
- - —s-pol
08 |---- s+p-pol
=
£ 06
2
B
[0}
K P
r 04 PR
e

Angle of Incidence [°]

Fig. 3 Reflectivity of uncoated diamond as a function of the angle
of incidence for s-, p- and average polarized radiation (1=1.07
pm).

Although not perfectly matched, SiO, is a well suited
material for coating diamond due to chemical stability, low
absorption and similar CTE compared to diamond. As
shown in Fig. 4, the reflectivity is below 0.5% for a wave-
length range between 1.02 um and 1.08 um. For the design
wavelength of 1.07 pum, the reflectivity is below 0.5% up to
an angle of incidence of 10°. Both ranges are sufficient for
typical high power laser applications if the optical system
consists of a small number of optical components.
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Fig. 4 Reflectivity of a diamond-to-air interface coated with a
single layer of SiO, as a function of angle of incidence and wave-
length (surrounding media is air; n,=1).

3. Characterization of diamond lenses

Beside reflection losses, the quality of the bulk material,
surface roughness and form deviation influence the per-
formance of optical components. Surface irregularities and
local variation of the index of refraction caused by imper-
fections deform the wave front of a transmitted laser beam
and increase the spot size in the focal plane compared to an
ideal lens. Scattering induced by surface roughness causes
power losses and heating of lens mounts and housings.

After polishing, the diamond lenses’ surface shape and
roughness are measured using a white light interferometer.
Fig. 5 shows the height plot of a typical diamond lens
(DL2). For this lens, the peak-to-valley (PV) value of the
surface deviation amounts to 0.338 um or A/3 for a wave-
length of 1.07 um. The smallest surface deviation observed
amounts to 0.169 um (A/6).

um
+1.85193

Surface Height

Fig. 5 False color plot of the lens’ surface topology (best sphere
removed; scale bar is larger than the P-V value).

m‘-ﬁ- e T T R T TS | T

12 T] =4 1K TR ] i =7 g aad

Optical Path Difference/nm
Fig. 6 Polariscope analysis of a finished diamond lens (diameter:
8 mm).

The surface roughness amounts to 49 nm (surface
roughness depth R,) and 7 nm (arithmetic mean surface
roughness R,).

Impurities and dislocations can form during the growth
process inside the diamond. These imperfections lead to
scattering centers, local refractive index gradients and bire-
fringence, which causes depolarization of the light field [5].
The analyzed diamond exhibits large areas that induce only
small changes in the polarization. A few dislocations in the
crystal cause characteristic stress fields, which lead to bire-
fringence. The defects causing a maximum wavefront devi-
ation of 63.4 nm are shown in Fig. 6. According to the plot-
ted histogram, the deviation is below 19.0 nm for more
than 95% of the projected volume.

4. Design and characterization of the laser processing
head

The laser head is designed for thin metal sheet cutting.
One of the main goals of the optical and mechanical design
process was to minimize the laser processing head’s weight
and size. Therefore, no conventional fiber mount and col-
limating optics was foreseen. Instead the QBH fiber is di-
rectly connected to the laser processing head. The lens
mount is made of copper and cooled by water. To adjust the
nozzle’s outlet to the laser’s focal plane, the nozzle can be
axially moved by a threaded cylinder. A cross section of the
laser processing head is shown in Fig. 7. The realized laser
processing head weights approx. 200 g.

Cooling Water Inlet
Nitrogen Inlet

=

Thread
F - |
|

| - I.aseh!eam

Brass Nozzhe

Mozzle Head

Lens Mounit Cylinder

Cooling Water Outlet

Fig. 7 Mechanical design of the laser processing head.

The optical system images the fiber exit plane onto the
workpiece. The waist diameter (1/e?) expected by design
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amounts to 54 um. Although the optical design is diffrac-
tion limited (wavefront deviation < 0.01A PV), the meas-
ured waist size is 63 um which is 17% larger than the theo-
retical value (see Fig. 8). The observed decrease in beam
quality is mainly caused by surface irregularities and de-
centering of the diamond lenses.

Fig. 8 Intensity distribution in the foal plane, measured with a
single mode fiber laser at 48 W output power.

5. Laser cutting results

For the cutting experiments, a 1 kW single mode fi-

ber laser was used. The sheet metal was attached to a

motorized x-y-table. The parameters of the cutting

experiments are summarized in table 2 and Fig. 9

shows the cutting experiment.
| H

Fig. 9 Laser cutting experimt with the compact material
processing head based on MCD lenses.

Table 2  Parameters of the laser cutting experiments.
Property Experiment A Experiment B
Material 1.4301 1.4301
Thickness 1.0 mm 1.5 mm
Nitrogen 5.0 bar 8.5 bar
pressure

Cutting speed 2.5 m/min 1.0 m/min

6. Summary

Based on diamond lenses manufactured by the
Fraunhofer IAF, we have designed, manufactured and test-
ed a compact laser processing head suited for metal sheet
cutting with a single mode fiber laser. The lenses were
characterized using a white light interferometer and a
polariscope.

The realized cutting head weights approx. 200 g which
corresponds to a weight reduction of 90% compared to
conventional laser cutting heads. Stainless steel sheets with
a thickness up to 1.5 mm were cut using the laser pro-
cessing head and a commercial 1 kW single mode fiber
laser. Further experiments will also cover additive manu-
facturing processes such as laser metal deposition.
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L—H—Y -V T OEHENEIR & ZDERASEH
The latest laser cleaning technology and applications

AASFLAE

Y= P D R USRS
(T231-0004 P21 RARSE T A X e ielT 3-21-2 ~ U A AN E /L 4F)

Kosaku Motomura

“cleanLASER Japan, Ltd
(231-0004, Kanagawa, Yokohama, Naka-ku, Motohamacho, Helios Bldg, 4F, Japan)

E-mail: sales@cleanlaser.jp
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DIEAlL, TR — 3 B OB R 28 ER 7 B SIS D Rl A T 2 R D Bt b3 BifE S
LEEDE LS LTV D,

V=P =7 V) == ZHREEN SR B O T RIRGRAKR, 777 427 A, V7 b Y =7 EORGFHEN D
EAGEE « En R AN D 7 ) —= U T EiTE L CHIBESRIZE A DN D HIMEN L W LB L S, 2EE
BEOHEMEEIC IO FHEMBEREOIMEL, BFE 7Y x 7 b & L TORBLmN R EZM %2 2 — — & A
THIUT 270y =7 FHE< ATV D,

ZITEVy—Y =2 V== RicR T 2 &R RE Ok, BEMEA 7T 1 7 ZTHERE 2 N A T
PRAER, EERIERT 5~ = 2 7V RIS S 2 B AR S O Bl 2 #8972

Laser cleaning technology utilizations has been expanding in many industrial fields, however, presently facing new
phase to overcome coining issue of solution for new material use such as CFRP, maintenance of infrastructure and
reduction of waste caused by energy production, beside reduction of energy waste and replacement of labor work and
technology revolution is very much expected and also regarded as necessary technology.

Generally speaking about laser cleaning technology, expertise in this technology, especially specialized manufactures
are highly required for development of new laser source, optical unit and software to meet demands from market who
expect high precision and high quality in technology and official R&D project with government, technical corporation
with their users to achieve particular application are seen more in these days.

Here we introduce the trend of laser cleaning technology which has more attention from market such as high power,
special optics based on inline-247 optics and latest specification of manual application with increasing demands from
market

Key words: laser cleaning technology, optics, high power
V=Y =7 V== TR A FFO A — I — 3B D
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Electrical margin shield function
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2.1.5 MDS(Motion Distance sensor)
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5. Porosity reduction by Laser Pretreatment(AL alloy)
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Ad PRECITEC

Further increase of the track width = Flat nozzle with Scan Tracker

LMD WITH POWDER YC52 AND YC30
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Ad PRECITEC

Further increase of the track width = Flat nozzle with Scan Tracker

LMD WITH POWDER YC52 AND YC30
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LMD WITH WIRE — A NEW APPROACH FOR LMD
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LMD WITH WIRE - PRECITEC COAXPRINTER

APPLICATION EXAMPLES

Ad PRECITEC

0000000000000

© PRECITEC GmbH & Co. KG | 03.12.2018 | 22

185



Innovative System Technology for Additive Manufacturing Processes with Powder and Wire

Kogel-Hollacher : Laser Metal Deposition :

23ALIODANAd N €21 8102'21°'60 | DX 00 8 HGWD DILIOTHd ©

(U/ewd 09) U/6 0.1 :8¥es uopisodaq —
Jybiay xoedy 8|buls wWw 9°Q 0} $'0 —
a)el pas) alim ulw/wz'l —

paads auiyoew,}0qoJ uiw/w| —

MY 8°1-G'L —

T91ESS [eUdleN —

SATdINVXE NOILVOI'lddV

dILINIIdXVOD J31103dd — 3dIM HLIM dINT

186



it

AN
=

90 [\ L—YHITF

OIJILIDINL Y 1yblay yoed; o|buls ww 0 — 80 — 721840272160 | 931 00 & HAWD DILIOTUA ©
a)el pady) alIM Ulw/wWZ —
paads aulyoew,10qod ulw/wg‘o —
MY G| —
ISLO0ESS [EUBIEN —

SATdINVXE NOILVOI'lddV

dILINIIdXVOD J31103dd — 3dIM HLIM dINT

187
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Ad PRECITEC

LMD WITH WIRE - PRECITEC COAXPRINTER

LASER CLADDING: VIDEO
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Formation of Ni alloy layer with low dilution and smooth surface by laser cladding
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Hitachi Zosen Corporation
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TEHMOES L—YERES &K U RHEEER K
Surface Smoothing of Tool Steel by Multiple Laser Processing and Forming of Nanoscale Periodic Structures

FEREEL, BT, mHZE, HlEs, EET, AR, BRET
RIS Bl R gERT
(T239-0847 #h7s)I| RZEE TR O - 3-1)
HASt AT h =R b
(T362-0021 HEE FREHFEH 1335)
TR EFRTAOE BRTRE B TR
(T223-8522 )| ke i H 75 3-14-1)

Tomohiro Wakabayashi®, Takuro Urushibata’, Hiroshi Ishida’, Yoshitaka Sugiyama’, Tomoki Kobayashi™ ",
Yuichi Takushima™, and Jiwang Yan™"
"Yazaki corporation
(3-1 Hikari-No-Oka, Yokosuka-City, Kanagawa 239-0847, Japan)
E-mail: tomohiro.wakabayashi@jp,yazaki.com
Optoquest Co., Ltd
(1335 Haraichi, Ageo-City, Saitama 362-0021, Japan,)

""Keio University, Department of Mechanical Engineering, Faculty of Science and Technology
(3-14-1 Hiyoshi, Kohoku-ku, Yokohama-City, Kanagawa 223-8522, Japan)

G TSR & W o e &M RO T ¢k, L EFRAE TRICBW TR S 2 T 52 &
DB THY, FHEORE RN T TORTWS. L, ZHSIITEMEA TR O LR R
B HIED, EWVINTRFSCBE L7 A 2895, ZHUSk L TLr—IT T, HE, YL RIE,
TN A TR E OB TR TR Z LR LT 5 2 LR TE .

THER OB B EMZ - P TEE L CE SV AL DT 7L —y g UL &k L —
IZ X DR T ABERICHY, BEERLO XS R RKREWREM I ARSI T L THREME S
0.1 umRa # TS EIFZ2FEBLT S & L bz, BEESCBILICL2E5BEZMA, BHEEHEH I LN T
HHEBNL T2 Flz, 77— ar TRICBTABESRMFOREICL B EREOEIZ R
WO IEEE N T &, RPN T & RS &RIC 31T 2 EERIMEN BN D Z L vbho T

Finishing of metal surface which is rough machined or additive manufactured is usually done by cutting or hand
polishing to flatten the surface, but much skill and time is needed for those. On the other hand, laser processing can
treat even fine structure surface in a short time with appropriate conditions such as wavelength, pulse duration,
beam fluence, and so on. We used multiple laser processing method to smooth tool steel surface. The first process
was ablation for removal of large asperity with picosecond pulsed fiber laser irradiation, and the second process
was continuous wave laser irradiation to remove the oxide layer and for further smoothing by surface tension
effects. The surface roughness of less than 0.1pumRa was obtained from an origin surface roughness of 1.0umRa.
And also low heat affected and oxidized surface was obtained. The result demonstrates the effectiveness of the
proposed multiple laser processing method. Furthermore, forming of nanoscale laser-induced periodic surface
structures (LIPSS) on the flattened surface was observed after surface flattening under specific ranges of laser
fluence and defocus length.

Key words: laser, tool steel, surface finishing, multiple processing, nanoscale, periodic surface structures
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7 1 L M L— R A T B R U DS & S
Formation and crystallinity evaluation of femtosecond-laser-induced periodic structures

B)Ign Az, 1TREE

AR TERFERFERE TR Pl TRl
(T 466-85557 LA,y 3 i A Fn XA g AT T )

Reina MIYAGAWA, Osamu ERYU

Nagoya Institute of Technology, Department of Physical Science and Engineering
(Gokiso, Showa, Nagoya, Aichi, 466-8555 Japan)
E-mail: miyagawa.reina@nitech.ac.jp

EEBMECIER SN D 7 = & M L— VR REIEE (LIPSS) ZHEREMIISH S D720, O
WHeZ G T, U —F 8 2007 " 2SS S A M7 SiC, GaN, Si, Sapphire JEHRIZIEAL L 7= LIPSS
(3, TERIZFEERIC L Z 2 DS BHS X - TREGIRIE S R 72 D 2 L 393 » 72, SiC L LIPSS (356G i B THEARD S
DFEEELINA TN DITR LT, GaN = Sapphire TITFEmEITHERF L T D b O DT 7 kIR O S SE AEL
MIEAE LT, F72, Si TiE LIPSS H9ESITE 10 nm B A ROFESKLF OEAIERTH 5 LR IRET, ZDZHS
pLfE A T BT 7 RAENRE S TV DHEETH o 72, LIPSS OflahiRAE 2 IR E 1T 2 MBS PE K OV L — BRI
FIEOfEY, RMFEDZAFI 7 A& L, HIEL <.

LIPSS have attached much interest as a wonderful technique for forming the fine structures without a mask and
wet-process. The high reproducibility indicates an availability of application such as quantum devices. In this study,
we investigated the crystalline state of LIPSS onto SiC, GaN, Si and sapphire substrates. In the case of SiC, the core
of the 200-nm-pitch LIPSS retained a high crystalline quality continued from the SiC substrate, where the crystal
orientation was aligned with that of the SiC substrate. In the case of GaN and sapphire, the LIPSS kept the crystalline
including localized orientation fluctuation with the particle sizes of several dozens of nm. We continue to clarify and
control the defining material properties and conditions of the crystallinity.

Key words: femtosecond laser, LIPSS, semiconductors, crystallinity evaluation, TEM
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IR 222 T, L—FORKE X v EVED
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LIPSS) BAEEMICIERIND Z EBMHATND (V]
0, RS HEES ) b ORI A | o | o | | o
MY w7 FRERRRCY, 2 IREFRFECI07: B0 B’eakdmgﬂ;‘i"mﬂe” 3.0 a3 0.3 48
WHEDBEEA =R LE UTIREI N, EREER L Thermal expansion cosffcint | 3 g 550 3.50 75
DEEMEL RSN TVDA, FMITHLMTR-T Thermal conductivty o » . o2
WRWTZ B Z0, AT, B B EN Thelﬂc::ﬁﬁmy : : : :
% LIPSS % HEAEROICIS S8 5720, LIPSS OFIK fon'ls]. i Il I
OREEIRIEZ T, 2 ORISR YT 2R MR 293 | 200 | 14t | 200
RHEFH L —FOLMEBALNITAZEEZHNE L Refractive index 2.7 25 3.42 17

201



=11,

ILHE © 7 = & DR U — VB R IS TR O O T4

Average laser power [W]

0.2 0.5 0.8

1.0 2.0 4.0

Repetition frequency |kHz]

nano- micro-
structures  structures

1 6H-SiC IZJERL L 7= LIPSS @ Bl SEM 4
(a) 500 kHz, 0.5W, (b) 1000 kHz, 4.0 W

(@ (b) (©

2 6H- Si s LISS @ TEM & (500 kHz, 0.5W)
(QARE, b)EOE, (o)EIYPT/\F—

2. FEBRHIL

L—HHREHZIE 7 = & PR L — R IRSS (IMRA
AMERICA Inc., FCPA p jewel D-10K: 1=1045 nm,
T,=450fs, f=100-1000kHz) %M 7=. L —H 4%
EWORIIZEN L, Axy VB Lz EXkor

BAUTH 15 pm T, FH L —HF T — 7% 100 mW,
M0 IR USRS 100 kHz D & &, B — 27 80—
1.3TW/em?, 7 V£ A% 0.6)/em? & BAED S 5.

—VPRE RIS, TRy, 7ol (50wt%) , #
fli7K, IPA ONETHEMGEF Z 1T o 72, L —FHEFRIO
Ve CIREMR R 1 O G #8154 K O H R DR %
Z, L—VRRZIIT 7Y OREEZANE LTS,
L —W &%, SEM (JEOL JSM-7800F) K% TEM
(JEOL JEM-ARM200F, JEM-2000EX, JEM-2100EX)
C LIPSS OFIRRCHE ftk BB 2 5141 L 7. TEM #l£3:R
¥HE FIB (JEOL JEM-9320FIB) 7't A TIEHIL,
FEIZITW RO C ZHEFE L 7=,

202

(b)k ;rtll]'f:;;lres (C)

®3 6H-SiC | LIPSS @ TEM £ (1000 kHz, 4.0W)
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Periodic metallic nnaostructures patterning by femtosecond laser-induced reduction
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The removal of debris by laser ablation using a suction nozzle with subsonic swirling flow

EFR N EHRIESNEZ—
Masaaki ASHIHARA
(Industrial Technology Center of Fukui Prefecture)
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ZIRT 5 Z & TIRLLDEN AR E AR 5 Z &3 T&E 5. Fig. 1 flow distribution of developed
Fig. | OFERAZFZLFET D701, BN MV EERIEIZ L 5 3D suction nozzle (CFD result)
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T, Kok I O CoREE A RSO~ > ) TH Y, it
AR LTI L T2 03mm OIRNIBORRIE )2 L
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B DB BN AT T LD T, T, EHEOL e
—INT. ) ZVOEWEIERE T Imm FEETHH = Land, A UL Fig. 2 The experimental results on decompression
L— I TR 5 7= D F 4 B EIE A4 LTS, characteristics of developed suction nozzle
3. L—YIIHER

TFECHRYWE LT - W5 | AUk
0 L—H RS A KRR T CRp
WL, L—EWa1T > 755 % Fig.
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JEX 0.lmm DAT 2 LAz L7
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U CEDIVTCWAR, K UL Y g
HREEEI &L 0 SRS N O
AT T2 AFg 3O)IET 7 U AED ign_c ac.ig "
TRWEIMIE 2155 2 E N TE . Flg 3 Cross—sectlonal SEM images of 0.1mm thlckness stainless steel cut by short
pulse laser in the atmosphere
(a) without flow (laser irradiation only), (b) with swirling suction flow.
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() J. M. Vadillo, J. M. Fernandez Romero, C. Rodriguez and J. J. Lasemna, “‘Effect of Plasma Shielding on Laser Ablation Rate of
Pure Metals at Reduced Pressure”, Surf. Interface Anal., Vol.27 (1999), pp.1009—1015.
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Study on Intellectualization of Laser Processing with Machine Learming
~Report 1: Prediction of Polycrystalline Diamond Ablation Processing by Femtosecond Pulse Laser ~
REARAT, ARIEFN OCPEERAIRORFAERT)
Toshiyuki KUSUMOTO and Kiyokazu Mori
(The Graduate School for the Creation of New Photonics Industries)
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PINLOZRALHRE CDTFIELMNLT D 2 & Th D, ARKTIIH 1HE LT, 7=b ML—FCLDBEHS A TE
¥ FOBRERO PN ZENE L 7of R a2 T D,

pll

2. KB Gk

L—WINTAYERE LT, 7 =4 MPL—W Astrella, b Lo MYZ VW, 2L AT RARTT v T F—ZIZE->T
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Table 1 Laser processing condition

Figure 1 Microscopic image of PCD aﬂe-r
ultrashort pulse laser processing
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Figure 2 Relationship between predicted

Area_Deep learning

« Deep learning:train
»  Deep learing:test

R2=0.970

Center of wavelength [nm]

800 (fixed)

Repitation rate [kHz]

1 (fixed)

Pulse width [fs]

100 (fixed)

Charp (both of positively

0.5 1.0 1.5
Predicted Area (x10° pm?)

areas and actual areas

and negatively) [fs] 0~100

Pulse energy [pJ] 20 ~1000

Beam diameter [mm] 7.9,9.2and 11
Polarizability against scan Vertical, Parallel,
direction and Circular

Scan velocity [mm/s] 10 ~30

Focal length [mm] 50, 75, and 100
Inclination of work [°] 0 and 1

Assist gas (air) [MPa]

0, 0.02, and 0.04

Particle size of diamond in

(WIS, MaRIs=], WA, Al o L——<A 7 n 2K
v MEHAZIIT 24 v ae AE=4 Y 7 LiGHRE, V——E,
31-3,(2003), 231.

(2) Y. Dongsen, S. H. Geok, Z. Yingjie, Z. Kunpeng, Y. H. F. Jerry: Defect detection in selective laser melting technology by acoustic
signals with deep belief networks, Int. J. Adv. Manuf. Tech., 96-5-8, (2018), 2791.

0.5 and 1
PCD [um]

Manufacturer of PCD

3 companies

212



2590 [A] L — I T2 3l R SU4E (2018.12)

7 = I ML — AR AN T MEETERIZ T DAY <~ — % I JE ]
Periodic control using polymers in femtosecond laser induced periodic nanostructure formation
WIS, VTAEEE, GO, ek
BRBE L, BrREEEHT)

Shogo KA, Keisuke TAKENAKA, Masahiro TSUKAMOTO*, Yuji SATO"
(Graduate School of Engineering., Osaka Univ.,*Joining and Welding Research Institute.)
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HIROT ) BEEDSER STVEREAYEDO T 22 A0 EAVRER SN TR Y Y, RIESEIZBT 5T % L O IMifiEom_EAsE
HEN WA, F2, 7o b MPL—WE2T X BT 2 2 & TSI D BN/ SO IR S b L —
PWRAKTT D Z EMHNTND 2. L—IERITEZS A VT LS5 2 L3k 2 2032 O JBERT) T
0, Lo TR S LA AR T/ & OB S B/ LS DIV TR o Te, AW CIEERm 77 A€ - R
Z U R ASPPYRIEIZ LD TH LM ~DEIETT ) R A 1 =X b, FEREZTUGEG L, T X U MREIIES S
VTR ~—OFEEROIA AT MaEOENC 52 5 823t L7-.

[52851E]
Ti A EA~DJEWIR T REERR DT D7 = I MbL—H S » b7 7HIIgXZ Figd (OR7. T FeR RI2aE
L7=AR Y ~—#1% PET, PMMA EZ{LEH25 2 & TR ~—MOFEROZ N EN T T AL TN T 5. R ~—
MIXEERTEEICHD 11, 950kPa T SH 72, L—WI3HE 775 nm C, » YLAE, #0iRUERENTZEi 150 15,
1k Hz ThD. TRNFX—FEsh T —HFREE 2.0 X 1013 W/em? |ZFEEL . ZOREETL —W% Ti (2d7s [R5,
55 I 1.5 mms ST, L——2Ry MET 1/ T 60 um (ISRELT. L — IREHE OB FHICHL SEM Bzl
AFM BlIE5ATo7z.

(€375
SEM, AFM T L B EGEIEROFER, K& T, PET &, PMMA & Cl3tn 2T/ JEEkEO S 5IE 600 nm, 440 nm,
380nm 3MF DAV, SPP IHELIZ K DT U ~DEHEAN T &SR 1 = X LI TSNS, L—EERE, FX oM
DRV ~—OifEER LOVEMIN T OB MO AR & FRERA RS LEbE/ /7 7% Fig. 2 (TR~ 777
K OFHEIC L D T L SERFE RS L QD Z &Vt BHITEBRC K> TR ON=TF ¥ L HERimD T/ JE
HitEo> SEM BIZ2ifg & AFM BIE2mifg 20 CHiE 2179 .
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Fig. 1 Schematic diagram of experimental set up Fig.2 Comparison of experimental results and SPP model

for Ti processing with femtosecond laser

ZER

1. BKHE - EREAMER D7D DR SVAL—F IREHNZ LT X MO g B 2050, 115
(2013), p.78-93

2. KRS “AREE MR LD DR VAL — W RN L AT # M O FKEEEHENZ BB, -6
(2013), p.36-76
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Sheet Metal Bending Using Shockwaves Induced by Sub-nanosecond Microchip Laser

BHT7L, NRZRIT*, VAR, PelprE
(AR TN S v 2 —, * 537 REAIFERT, Rl iR Ba)

Yoshihiro SAGISAKA, Taisuke KAWASAKI*, Takunori TAIRA*, Yuji SANO**
(Hamamatsu Technical Support Center, *Institute for Molecular Science, **Japan Science and Technology Agency)

1. #% H

ImPACT 7' 7' M CTRYNIDY 7T ) fo SV A L— (A 7Ty 7 L—W) BiFSivz. Zob—34aKh
CTHEIT 5 EEWEIN T SR IR S O L— @Rk 2 E S onsd. 22T, KL—Fofizo—k
L C, s CalmaRim & i T Ah & T2 HNR &St S8 5 L—F e —0 7 4 — I UV ~Oi &3 7.
ANEOEFHEEAET 2128, ROEHERER CTh T Fig )ORMEZRET 2 Z Lo5EYTh s, 22T, M7
V=T ANTONWT, BARZEEE LT, T 74 —h A L KRE L AT RO AT L.
2. ERAE

R L7 L— P3RS T E O~ A 7 v F v 7 L—PT, K 1064nm, 7L ATE 700ps, Mok UEEEL 10Hz Th .
L—FI AR 100mm O L2 X% AV, AGE EJih Bk 48 L ORI TS (Flg 2) . FERAIIHE Imm
ORET VI =7 5% 10mm X S0mm ([ZEWT L CEER L, Rig 2 727 U7 RIEC 3 AT — UIC@EE Lz, 185w~
M A H SRS 100pm By FTTH L5 40 [ LTI 21T o7z, EREE Imms ThD. EATE,
MM 0 ZRE Lz, TS LCT 74— h A%z EAKED (Fig2) 2238 TINTLL, 0 OZ(bETi~T-.
3. ERBER

B/ VVAZRIVF—E TO 2 |6 % 6 D24 Fig. 3 \ORd. S2ERUIUKIE T 35mm D& L L7z, 8 z HAVha <72
STV ADPERTHUL 0 1TERT DIXT7505, E BEOEZO[BMBBINT, 0 03— ELRD LI otz &6
Wz VNS B E OIFABICHD LTz, UL T U AT 5 L, BT TR SN DT RLF—E
HEIIL, RERIE TOTZNVT U ARENT X0 HIKTFT 5720, S ORI TIE= L F—DIF & A EDVKITIN &
NWCLESTeDEEZ DiLD. FIR U THITIRO R z=6mm TIX E A SIETH 013813 2 Th-o7-.

WRIZ E=30mI TEUEA) 6 D7DV NS z=6, 8, 10mm (ZOVNTKIE D DA, Fig 4 1TRRART. DAAKEL
2%k, YK AT EEE SE O CRKITRIN &5 728, 0 1R, —0, D AVIEL b L 0 1353
KT L7z DAVIEWEKETT T X VA L TR F—ME R LA S, ERHIIKE COWE R~ X~ DA
ITHERTE D ote. —HT, L XOEITHE LTI L2V, KEDNE O SBIGS LN Z Lnn, KED
#< T éﬁg{&%Jr \?fﬂzaixbbf W Te Z LR, KD 9 23V 12 K D JRHTORELDS 0 AR T DR EHEE S415.
B R ATTRERERIARN - A N g R R DTSR 7 m 7 F 2 (ImPACT) O—BiE L

CHEi ui HOTY,
Laser\ / Water surface

D

Fig. 1 Sple of bent aluminum sheet.

Fig.2  Outline of experimental procedure.
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Fig.3 Influences of defocus distance on bending angle.
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Fig. 4 Influences of water depth.
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i - RS L—H OIRRIC T S EBEAE ISR O EIERFEETE
Characteristic Evaluations of the Laser Welding of Transparent Resin on the Wavelength of the NIR and MIR laser.
EEhEt A8, B A (ORISR, P&t LA a2 1)
Takeshi MANABEAB,  Shin-ichiro OKIHARA*
(The Graduate School for the Creation of New Photonics Industries, “Rayconnect Co.,Ltd. )

1. & El

PEIROTRTE ST IR BRI A S 30\ v CHEEAIE 2 IV VW EE B ~OEEEA E . BIfEHEAI 23T
VR DEEEAPOBE IR, BURSE2 ERAWGILTWDD, BV VD S5 L—FC X D RERHT & LT
ETW5. EETIE, R 808~-940 nm OUTARIMEIROYEER L— VI K H1BIRIE & aft S B OBEES NS
ATCNDD, BIIRIERI L0 L—VEaE S BIRDEA TVD D3, IEERIOEIE /2 Ekkx Il e 5 9. a3t
& RFRANEIIR DYEIRASEHIITRI Ot U CHISHI R 2 WRINER 3 0 5 Z EITE B L, IACHERA 2 IV Vi L— 5%
EATFECOWTHFEL TS, ATCIE, T « HIRVMEINOSEREEERIC X V%5 N ORISR Z OV TS 5.

2. FERIE

AT+ TPARAMEEIN O L— IR & U CHITER 147 um D7 7 A 7390 » 7)) o VSRR L —H(Max 15 W) L5 1.94
um D7 7 A X L—F(Max 200 W) & W CAERBRZ1 T 7. BIBIIROEREY — 7 & U C HRES 3mm) & FIR(E S 8
mm)?® PET, PC, PMMA O 3 RO % V=,

FEBEERE LTal A—h LU REEHL U R Lo TR L, 1R 147 pm B8R L — PR ol e —
LPERFRAE ¢ 127 pm, 355 1.94 yum 7 7 A N L—PWER TIIEN B — LG FE 411 um |2 L—ea S R
BT — 7 T D BVIBIEIIEEGEIC L 0 2 OB 2 S 221 5 OAOEE L, L—VIREIEEE LY —2
XY HEIAT —UCERTHZ LI VIEEEIT, 5 RSS2 AV O [RANHREE 2 10E L.

3. R IUEE

W 147 jum EER L — T —P U —15 WIS & 0 U—27 RIENT D AN L ARG DS RS, 1R
1.94 ym 7 7 A N L— P CIHERRI BRI IR D8 OF [BRIREEER & L— U — T~ %5 OF [iRiR R4
1To7z. FgllZBWTYU—27 PMMA LR 147 pum EERL—IZ L DA I35 5 IR R A g =
DFER IV FBRAMEIX Y — 7 OEAR L D THCOIUTHRREEREDGOND Z L0305, Fig2 I8\ Ty —7
PMMA LR 1.94um 7 7 A N L—HZ XD L— T —Tx 55 [iRRERREE R A~ 3. 22TV —7 OEEHEX
10 mm/sec & 25 mmisec D 2 Y TITo72. ZOFER LY L—Y /R0 — L S BRINERE I XESIERN RSN 50, L—Po%
T =W E 5 & U — 7 REDPRE T TRIaDBLOD L 91278 %.

PMMA O L—JROWIEFDNE R 808~940 nm H=EYRL—HFD%LLFITR LT, R 147 pm AL —HTIL 8%
FREE, PR 1.94 um 7 7 A S L—W Tl A0%FRE & HEGIR W= DISEIIM TR L CH 31 L—H RSS2 e Ch
5. Flo, PR 147 pm FEERL—YI I8 B HEARY WRINEED B B RAMEL SV Y CHSAE DM TN D T2 DEARDKR
EVEMTHOIRENTRETH D, 1.94um 7 7 A /S L—PTIIRICENE N T LIS K0 mle s 8 aTRECh 5. AR OFE
L LTI L— R D OIS 25 Z & L B RAIE DR TS bEIEORRL AT 2 2 &C, U— 7 REDE
TENEEZ 5 Z & DU 5.
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Fig.1 Tensile strength test (F.P.)on the 1.47 ym-LD, PMMA. Fig.2 Tensile strength test (L.P.)on the 1.94 ym-F.L., PMMA.
2 Z XM
(WIATR, I AF v 72—, 3 (2017).
@) AR, L—P st 44 (2015)2.
Q) I, HRRE}, 55 78 Bl L— YN P aa#i#2: (2013), Dec, 13.
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Rheinberg BBBAIZ & %55 AAREEEZE L DBALREH S & BEREHE D EIRFES

Simultaneous acquisition of bright-field and dark-field images of structural modifications in glass with Rheinberg illumination
microscope
A B, SFIE Eih, IR REL, ORRE] DRER, e R QLR
Ryo SUGIMOTO, Seiya TERAL Yuma OGAWARA, Kentaro HONMA, Wataru WATANABE (Ritsumeikan University)

1. f&5

FII VA% T T AP T D &, S enOrA S LA/ 5 Z LT 5. MG bOfEE U CRT
FIAb, BA R, BEMEL A=V ERHY, V——[kT, TT7AOFEHE, 5072 810 L0 EER ORI R
B, DX ) 7 & F SEFREOMER LD R L2 SONTHBIE T 572012, FEmDFiames, rRZEIEE, oy
FHha b5 A NS, RAETEEESe EAVHV BTV S, Rheinberg FREATEMGE THAFREF FRIA & W REFIRIA FH oG
DIRIARZ — LB Z, 71T RGET IR T 5 Z LIc kv, WHEHE, BRI ORSEISSATRETH S 9. K
%4¢TIE, LED 7 LA Z /- Rheinberg FRIAIC LV, T APEBICHEE SIS ZLoBIEHE,  IREHE O EIFER
FHZOWTHET 5.

2. Rheinberg FRHABAE:

Rheinberg FREABISEE CIIAHEFRRIAORIDE & BB R ORI I3 2 5 % WD V. Bl 21T 7 4 v 2 —DidiiE
TEI S 2\ IR ST REIROD H J65 o & BRI Y, By 2 R REFRRIAI VS 29, 2 AR LY, 3K
Btz 7 2 b ORISR JOWIHREHG & BREHE ORI FTRE Cdh 5.

3. Rheinberg MIATEMEEC K 25 7T ANERICAAIL S-S Lo BiEs

INTHAOL—F—=HIRZNTTFZ 7 7 A 7 L—PF—(FuLER: 800 nm, ~ /L ATE: 100 fs, #V I UEEE: 1 kHz)a H
Wr, Tz A ML— LR BB OE 04 DXL R LD AT ANED (RS 100 um) ([ZHEL, kA ER LY
Rheinberg MRBASEMEE 2 I TS L ABIEL L=, JEIRIZIZLED 7 LA (8X8 Ky MZMH, M % — L @aZER
ANZZERE L7z, Fig. 1(a)iZ Rheinberg FREADHIZ 3. FIERSI DR LED 7 LA 12 K 2 FREASBIREF IR & 70 0 JERESy
Dk LED 7 LA (2 X DIRBASEFHREFIRIA & 72 5. Fig. 1(0)ICH 7 APERZEEES L7I-AEE2 ko> Rheinberg FRPAIH{4 47~
F. T RLF T 184 Wipulse & 73.6 plipulse Td 5. Fig. 1(c), (ANZEHERFRIZ I V) R &kl o LT As A~
ZOfER/D Rheinberg FBIZ L0 LED 7 LA HRDFREE I IIIREY, SNERERORREE 3 HEF & L Cile L, A
T ANEBZEHIEE SABEA LOWIEEHS & BFREHEORIRFEUS S FIRETH H Z L 035,

@ Green LED:ON
@ REDLED:ON

(@) (b) c) (d)

Fig. 1 (a) Schematic for LED array for Rheinberg illumination. A square of central 4 x 4 red LED arrays was illuminated for a bright-filed
image. Green LEDs at the edge of the array was illuminated for a dark-field image. (b) Rheinberg images. (c) A red channel image and
(d) a green channel image after color splitting of the Rheinberg image by image processing. Scale bar: 100 pm.

Z2 5 XM

(1) M. W. Davidson and M. Abramowitz: Optical Microscopy, https://doi.org/10.1002/0471443395.img074.

(2) E. C. Samson and C. M. Blanca: Dynamic contrast enhancement in widefield microscopy using projector-generated illumination
patterns, New. J. Phys. 9 (2007) 363.

(3) Y. Ogasawara, R. Sugimoto, R. Maruyama, H. Arimoto, Y. Tamada, and W. Watanabe: Mobile-phone-based Rheinberg microscope
with a light-emitting diode array, J. Biomed. Opt. 24(3) (2018) 031007.

(4) D. Lee, S. Ryu, U. Kim, D. Jung, and C. Joo: Color-coded LED microscopy for multi-contrast and quantitative phase-gradient
imaging, Biomed. Opt. Express 6(12), 4922 (2015) 4912.

(5) R. Yokoe and W. Watanabe: Multi-contrast imaging of femtosecond-laser-induced modifications in glass by variable illumination
with a projector-based microscope, Optik 150 (2017) 48.
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Formation of Ceria-based Electrolyte Thin Films for Solid Oxide Fuel Cells Using Laser-sintering Method

AR, R, BT (REORT)
Yuta ISHIKAWA, Kazuhiko YAMASAKI, Katsuhiro MAEKAWA
(College of Engineering, Ibaraki Univ.)

1. &R
BAREWNIZBITDHERBNZEY HT720, KNREBHNOEMB 45Et D @zﬂsﬁiﬁi‘ﬁlﬁﬂjéﬂfb\
5. F T, “BRLRFBHEHEN D2, ER T RN X —~DOEBNEN BRI EMICERE DN EE > TV D.

d;ﬂ.:wrﬁﬂﬂ@qﬂf bR, VT ?bmu\ﬂﬁ&xﬂ+%%6nélﬁxﬁaq‘t%ﬁ/%ﬂﬁ% (SOFC) D BLE 7 ECF A
FIEICET AN THONTWAD, ZhE TIoFha L, —WEEEZ A2 /T 72 BRI B S
FETIC B A TE 72, RFZETIX, B T2 T v 7 DR WHRIREIER T U 7 REME EEO I AT,
BREE AT ) —O&AT IR, BEEA L —V & RO R EOFEBIZ SOV TR L.
2. 5‘&5%*3‘*415&:07551&

21 BUTFTRERERS) —DENEERMERK

VU T REMETHDHY~V T R—=7t U 7THh+ (SDC, ¥R £ 100nm) LR UETHDITF )L
n—RA, BHIEEOTY ) —NVERAELTAT U —%2ER L. FERIZ aﬁﬁ”’*’*%ﬁi@ 8 mol%A > U T
ZED L a=7 (8-YSZ, WhIx 3.8%@1064nm), isotw%ﬁ%ﬁtti&@t W27 T v 7 Ty R (I
R 945%@1064 nm), AYEH T AEMFH L. /ERIL7Z SDC A7 U —%, AV a— hExE AW THERiz
500rpm, 60s (8-YSZ :#), F721L 500rpm, 120s (77 v 7 7/ FHAM) 206, AKlEHE 1200rpm, 60s D
FETENENOIERITEA U TREZIRZIT > 726558, 2240 3.5um (8-YSZ 2ARk), #9 18um (77 v 7
T FHER) OBMENMG LN, £, ATEN T AHKRIC iﬂ%ﬁzz mmvxm X B A% — DB TR
L, FBEEH 15 um @ SDC BAESE S 7. - :

22 L—YHREEORKE & CEH

BEREH L —H12, Nd:YAG L— CGHEEFRIE, 1064
nm), F7-I13E LA NGYVO, L—Y (L ZIE 6~
8 ns, 532 nm) AIBIRL7-. 8-YSZ, 7T v/ T
F, AN T AER EOFNFRNO SDC BAifEIC
KR, EEEE 1 mm/s DFEHT, Nd:YAG L—H
FEWH Lz, EET T v 7 TS FEROEGEIT
25~147W, AT T AR TIZ24~29W & L7-.
F 72 8-YSZ FaM E o> SDC BARIEIZ, Nd:YVOy L —W
T 7 4 —H A+ mm, KLU E 30 kHz, H7)
3.AW &, #R UJEE 40 kHz, H1 2.0~22.7 W @
RECHEL BOonERRLIBLE WS o & e

L —HE EF SEM W TEET: E '
SDC HECE IO 2 T B % 1, TSRS 2 5 o (¢) 30 kHz, 3.1 W (d) 40 kHz, 2.7 W (e) 40 kHz, 2.3 W

(scale bar: 10 pm)

7 O)ﬁ?‘v‘ﬁ é%ﬂ{g L;:E SDC; :ﬁi%ﬂ%k ik L DR Fig. 1 SEM images of laser-sintered SDC films:
3 t“t,fz " ﬁ’j—%%‘é D BB CREM L 72 (a, b) silica glass substrate and Nd:YAG laser irradiation
. U=} N

®1(a, byic, AT A b IRk L 7= SDC B (c-¢) 8-YSZ substrate and Nd:YVOy laser irradiation
FEME D SEM 18 27~ d. fEFRm I ill_rl&b% DIEEK) 10 um DR A RBHERSND OOV IR TH D, K
JEIZZENZK 29 um (244 W), # 1.1um (293W) T, 47 AHM L 0)4@%—5 PE & R ém_ EoH T 244
W TRk L7z SDC BERE IREZE 1R OB Z B by, JHUX ) 293 W IZHEIN L2 5A8 1c8ls s vz
D, VAR EREEE L7 A UM L HEI S D,

—7J7, 8-YSZ FEM L OBAEIZ Nd:YAG L — %y‘n%ﬁﬁﬁfﬂ“é EBRIEPTRB L T2, WM ESNT T v 7T
VR FERTIE, 77100 W TEEK 50 pm O SDC OBEFSKIDO TR HER SN B IFEERICITE H 3,
147 W Ll ECIESRAEE L7, 2 = C 8-YSZ 3 0> SDC BATIEIC 5 E— 27 /<7 — DM/ UL 2 Nd:YVO,
L—YRENBE LI 2 A, HREBEFMEDOH D SDC BEREENER Iz (K1(e)~(). B L=
1.1 um, 3.6 um, 3.4um C, 31 WLLETSYSZIEMWIZY T v 7 NFAE L. NAd:YAG L —FBEREEE & b
i L{;ﬁﬂjj} TRBERE DS FIRE & 72 D08, BEREIRFD /S A 2 X738 LKA IC L D7 T v VRIS L /e o 7.
4. FEER

BT r 7 v 7Ot ) 7T REMEEREORIZ T TRET L, Aded 7 AR EIZ8AT L7z SDC &4
fEEZ Nd:YAG 1/~47L;‘z%f:%%ﬁ“5 &T, A 71%1:&&&%5 PED & HIREIE 1.1 um % # 2 5 SDC BEREIRE O ik
ERER LTz, —F 8-YSZ FEMIZHB W T, ME—27 U —DR/ UL A L —HF ORI L > TEEEDH B
JE 1 um Zi %2 % SDC BEFENEDSTERC L, BEAE R ~DBEREBIZR DT D L —P IR & L TIEHTE 5.

Z2 & X M

(1) 7z& 213, FeiYe etal.: Spin-coating derived LSM-SDC films with uniform pore structure, Thin Solid Films, 516-6,
(2008), 5206-5209.
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Technology for Forming Sn Sintered Films on Phosphor Bronze Terminal by Ring-beam Laser-irradiation
TRIRVEY, TG, LR, AileRes (RWORT:, *M&M WFSERT)
Ryuhei SAITO, Mamoru MITA*, Kazuhiko YAMASAKI, Katsuhiro MAEKAWA*
(College of Engineering, Ibaraki Univ., *M&M Research Laboratory)

1. # £

EEMEAE e HENHOMNENCIE, BREERA L L TEROEE a7 XTIV TV, oy 2,
B ZITERE 1.0 mm FREOHIESIHF FIZ, JEX 3~10 pm OFEX Sn - & &fid = & CRiESND. Sn lTESNME
RNIATF TR ED BT L LTHETHY, aA MO THLMTHS. —Ho-oZWEHIE LT, @@
IR0~ A 7 R A NEAAIRS,  L— e B U CARBERIRA T T L— Y RERIEORFTE) S A TN A,
ZOHEIFFTO->ENARETH S E, FIA4 78 ATHATZDEa A MUENS. F-7xvar Xk v
— WA PZEIRICEIE L2 ) 7 B AL —F RO TH T AT 7 A =Dl E, ARSI DT ~DBEREEI AL
HEFEL 2o TWND., T TAMMETHY, V7 B —A L —HFEEZ W TY AHH I Sn BEEIRA TR 5.
15507 Sn BERIEOWTEBIZER EDX ST LY, SnBEREIEE 0 A HH T & DFEAEIEA 1 = X LOfFREAT -T2,

2. FEMRRURETE Table 1 Composition of Sn microparticle paste
2.1 Sn <A U ORFR—R ~OER Chemicals Amount [g] | Vol. ratio [%]
L—RERE AR RS L TR 2.5 um @ Sn ~ A 7 ki 1- Tin microparticles, Sn 10.0 453
BEHRL72. Sn~ A 7 oh RSN OB KR B CIRA L%, 2-propanol 20 426
ERTFIHRNT Sn ~ A 7 R WRIN L CREERRR L7, 1 Decanol 0.6 12.0

I Sn A 7 RIS 2 ORI A Polyvinylpyrrolidone 0.01 0.13
22 Sn BHEEDRR N g T i S )
MRS L O IR A R L= 0 A S8 %, Sn~1 7

R~ = A M2 10s ERE S TH RIPSA L, (Ez$sic

JEEK) 10 um OBAIEAE G2, TO% Y 7 e —AIEE L

IR Nd:YAG L— (5 1064nm, [117135~84 W, £

FNTE COYEME K 2mm) %, Ar 5PHEHC Sn EAREL 2R

L= 20L& ) 7 E— A E ORI S AT,

B

A 2 s B LN DI Ui Babo XEAITER @Appearance  (b) Micrograph
$0.8mm, =X 40mm DY AFHE T (C5191) ZHH L7 Fig. 1 Surface images of laser-sintered Sn films on
23 WHERS DT terminal: laser power of 52.6 W and scan speed of 2 mmv/s

0 AR IR LT- Sn BEREIRODE R Z, 71 b2 28 ST CIAMR LBBESRBR 21T o 7. F 728 & Sn
BERIRZ TR LT O AB -4, 1 RATSS—R N ClsfilES LTctg, SlsBRE ColaR Y, 13A TN TR 2
L7z. EHIT, SnBEREEMTEIOD SEM #Bl52 & EDX JeE0 TR D Sn BEREIEL L St - & OFEE A D= A LEBLE LT
3. EERERRUEE
IHEIEF% 0D Sn BARIELS, HiFT 35.0 W ORI CL—RRET L7455, Sn 2NARMESHERSIR IR S e~ 72, RIS,
H1526 W OFH A TE—LEZBE Lo L 25, T b 2308 S U X 2 BEESRBRICIN 2 D RO 5 Sn BERS
ESER Sz (X1BMR) . RN Sn BEERI TN WD, SR DMAAE LBERIE OB 4 T -
e D OB . SHICHAN 838 W EEHINTed &, JERDZRRED Sn BEFREIEA AL S 417z
Z AU Sn BEREIESRIH OB LNFIR & & 2 His.
Hi7752.6 W DR CHZARL L= Sn BEREIEOI LA T2 HRRBROFER, 5 3R AWHREI37029.1 MPa & 72~ 7=. Z OfEl,
[FIRFCIHE L7ZFBR Sn - XD 32,0 MPa & B L Th I hE L, EREO RO ERE 2 bb., i
83.8W DA D S AMHREEITHI 62 MPa & 720, ZiU Sn BEREIFEOER L=ou 170> 5 OFROILER DA MME S 5.
72, 1526 W THESHUZ Sn BESIEOWIEIZL L EDX (L DIt~ v o 7715, Sn BERIEOREIEIIK 3.5 um Th
D, F7-SnfEL 0 AFHNS, SnA311.28 at%, Cu 7’2223 at%eDfEAMER S, ZOHERIT CusSns (&) <°CusSn
€8 R0, ZNLOSERULAITR ST, Sn BERHIEE 0 AESE 70O Sn-Cu MO AYEBIE DK
SNTEBEZ DD, ZOHEE, L—IEEEROD Sn BERIE S 0 AFS - OBAETERE OB L HEN XD,
4. % El
V27— AL —WREREEIZ L > TO A 7~ Sn BEREIEZR AT T 7ofE SR, IHE 3.5 um OFEEMEDH % Sn BEREIR
DGO, A, BERERFOREA U _ED 7= OIZIRIMEIE D~ — A MNHARO FHRFHZ & > THERIROY L& X 5.

Z2 EF XM

(1) Horvath. B., Tliés. B., Shinohara. T; Growth of intermetallics between Sn/Ni/Cu, Sn/Ag/Cu and Sn/Cu layered structures, Thin Solid
Films, 556, (2014), 345-343.
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Prediction of Penetration Depth of Laser Welding by Hablanian Plot and Multiple Regression Analysis
A 5 AR, PEHRRE, H)ILERE OUER, *GERALR, *»*L—3 v 7 %)
Manabu HEYA, Hiroto FUNAYAMA*, Akihiko TSUBOI*, and Masao TAGAW A**
(Osaka Sangyo Univ., *GPI, **Laserx)

1. # =
B 513, Hablanian plot (2 X DISAFES OTFRIOREEIZOW TR 7201, L—I38Res, ARy MNERR, APEH

EEEZT, AT LA (SUS304) (k5K 1200 sSOERER; R4 Hablanian plot % FAVWTHEFLL 720, ZOfEE,

Hablanian plot Tl 3 IROZIEROITRIKRE GREIHRE L5 TIRITE 52 &, TORMEIRE > RARES 2T
MTEXHZ L, LML, AT, FEERRZ AV ISALIE S ORI R L PEkEH SO S B 2
RN PRI A e 35,

2. EERAE
WD 4 TRED CW FARD L—FRIRSA AL - (4 20r
DIPG HHLT 7 A S L—F, 1 BB Trumpf 7 ¢ 22 5
L—, 4 B§FED Trumpf #15 YAG L—F, 1 #§f80 Laserline 10k
HELEERL—) | IREERIEE LG, b=, e |-
[, B L L ROMEHE, ARy NEERERTE— A 5 O
VT v— MBI AT, HL—YVaTvayTS oo
TERUM LD LOT-DITER S Iz, #1200 ROF 05t -
B — B BT =, 7235, AT L L AR L— e = Noloss
GERDBAARTIC A V- I A =" Fmetimo T
3. EBREHREBLUER B s T

Fig. 112, AL CHLY ) 2¥aHET—# % Hablanian plot
TEHLLU TR 2T, Ieds, NP EOEE 1 Osifi
1%, A L= O X =N TERBIIRIN SN, s
KBNS & DB RS A L L 72355 0D Hablanian plot T
b5, HHIOT—4 i EZhHDHFHE, 3 IROZEXTITLL
L7-fh#R (Poly, FEMEHEFR) THD.

Fig.2 |2, I OOTNE L—YGEZ LI L
TAERAERT. T2k 20, ARy MELL 800 um DOIFERAER
DIFHEIR O LT Rizhiudy, Tichiud-¢ LT, #h
DOVRNEERDT. ZOHE, 1HE0 ThoT=7=9, Fil
EATIRBNER FO—FBHAlc 72y FITnd. A
AN MEEE 400 um OFERE Laser parameters OFAEA 0.5 (=
400/800) DEFTICT 1y b EH TS,

Fig.2 LV, ARy MEEIWED-T-& LT, 9T
ARy MEAIIG U TEEET, 1EHE 0 THDHZ Eovbm
Sz, ZHUY, TRTOAR Y MEROT—F 53, Hiedh
BEAHTCH D Z E#ER LTV D, DF D, REBROHH
WCIE, WINOAR Y MEEIIKR L CH RAEHR A -
TRARRS = TRICE S (L— ), T U 77 AR
DT HAZOWT b [FREOFRERAE157-) .

logiPolk)

Fig.1 Hablanian plot results for all welding data
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(1) FRF, B, HAEER, WIERE : 27 2 L AGRD L—H R OUSADR S I N7 T =7 7y ME
LATH, L—PIITEE, 21, (2014), 21.
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Thin pure copper plate welding with 100 W blue diode laser
TR 1 2 GOATHER S, ARBRiE— 3, JHEFHR —RR 3, BE(ETTS, MREZ2 3, Z&fE =23
(BB, 2 KPE T2, 3 BoRBEEH)
Kento MORIMOTO" 2, Masahiro TSUKAMOTO?,  Yuji SATO?,  Shin-ichiro MASUNO?,
Nobuyuki ABE®,  Yoshihiko HAYASHI, 2 3 Kazuyuki AZUMI> 3

(lGraduate School of Engineering,  Osaka University 2, OsakaF uji Corporation,
3National Institute of Advanced Industrial Science and Technology)
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Fig. 1 VBEEEOFEMINEX]
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(1) Asano, K. , Tsukamoto, M. , Sechi, Y,. Sato,Y., Masuno,S., Higashino,R. , Hara,T. , Sengoku,M., Yoshida, M. ,
(2018) Laser metal deposition of pure copper on stainless steel with blue and IR diode lasers, Optics & Laser Technology, Volume 107,
291-296
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TILFL—Ha—F 1 U5 %EER= Co-Cr A& 3D & & & EMAHETE
Experimental investigation on metallographic structure of Co-Cr alloy layer formed with blue diode laser induced multi laser coating system
AT, AR A, JRRts B, Vel A, 5 HSE SFEZERIC, BEET A
GERBET, ABREEEHE, PHORBET, © )R TEGAEE)

Yuki Hirata, “Masahiro Tsukamoto, BTakahiro Hara, AYuji Sato, Minoru Yoshida, Y oshinori Funada, “Nobuyuki Abe
(Sch. of Sci. and Eng., Kindai Univ., ATWRI, Osaka Univ., BGrad. Sch. of Eng., Osaka Univ., ® IRIL)
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Fig 1. Laser coating system with blue diode laser
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formation produced with 100W blue direct diode laser system, Laser scanning rate (mm/s)

Proc. of ICALEO’16, (2016), Paper #P110. Fig 2. Coating weight dependent on laser scanning rate
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