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Advances in Materials Processing Technology of Copper Using Short Wavelength Lasers
—The Role of Blue Diode Lasers in The Smart Country Concept —
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| EB-AM: Electron Beam-Additive Manufacturing |
EB-AM S-EB-M
| S-EB-M: Selective-Electron Beam-Melting

3D printing
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1 (a) Additive manufacturing (AM) & 720D 5 5 T1) —,
(c) Selective laser melting (SLM : L — 4% I\ 72 By KR
e L F — HERE )

3D printing

[ SLM: Selective Laser Melting |

LAM:

Laser Repair
Additive

Manufacturing 3D printing

LMD: Laser
Metal Deposition

LMD:
Laser Metal Deposition

Powder delivery

nozzle \.

Deposition
surface

Focused

/ laser beam

Surface

X-y motion

(b) Laser additive manufacturing (LAM : L —# % i\ 72 AM),
BRI A7),

(d) Laser metal deposition (LMD : L —+% fv:7-

(a) Additive Manufacturing (AM) and 7 categories, (b) Laser Additive Manufacturing (LAM: AM using a laser.),
(c) Selective Laser Melting (SLM: Powder bed fusion method using a laser.) , (d) Laser Metal Deposition (LMD: Directed

energy deposition method using a laser.)
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Light absorption rate for copper.

3. FEFEHL-—TFLUVRELl —TRERR

3.1 BHA—DH—IC L BRI

HEPEMRL —HFodlE X —H— & L ik, Laserline,
NUBURU, Coherent, BWT Bel]mgi‘itc ENRETFT N D,

Laserline #1:5 @ blue L — 41, 3% 445 nm, 1772000 W T 7 7
AN TFEIX600 pm, HREIZ07 MW/cm?i27%: ), BPPIX
60 mm-mrad, NAIZ02T&» %, F£72, NUBURUALEO D AO ¥
) — X TlE, AO-6507%, %450 nm, Hi171650 WT7 7 AN
I 7 £ 13400 pm, GE E (205 MW/cm?iZ & U, BPPIX
<30 mm'mrad, NAIZ022Th b, %8B, WOITA V) v T
DALY —ATiL, AL150072%5, K~ 445 nm, HI715 kW
T7 7 AN 7HIE<125 pm, X122 MW/cm?, BPP &
<1l mm'mrad, NAF022, ERSINTVE L) ThH b,
Coherent #£Tld, 200 umZEI 7 7 7 4 355500 W D H T -
ERE AR L, HIERET 7 A NS TRW RO I b ER7
L, L6 MW/ cm2 2 BT\ 5,

AR, PEIORZEICBWTE, FaPEEL —FHE, KO
FEPLEL -2 BN IHA ORI ATV,
BWT Beijing#:Tl%, #3450 nm, #771,000 WT7 71N
74330 um (NA 022) ZFEHL TW5E 2 LM snzs),
F72, UWHETIE, #%E455 nm, 771000 WT7 7 A4/8a7
££800 pum (NA 022) OBELAFT b T2 9,

—7J5, kL =SB L Tk, TRUMPF#:19 ® TruDisk
302275, PWES515 nm, 117113000 WT7 74 /3T 7412200 um,
FREEIE 9.6 MW/cm? (BPP 18 mm mrad, NAIX0.1) 12, 72,
TruDisk 2021%%, #3515 nm, H17/72000 WT7 74327
12100 um, #REEIX255 MW/cm? (BPP 134 mm-mrad, NA
1301) 12, 512, TruDisk 1020%%, #3515 nm, HiJ71,000 W
T7 7 A /8N3 7 #IE50 um, 513509 MW/cm? (BPP (X
2 mm-mrad, NA1Z0.1)1Z:#L T\ %, TruDisk 102022\

T, &MMQFELW& u%ﬁéhfwéo

32 NEDOL—H%—=7AY 17 MIHTD

FeyEgL —FHR

NEDO L —#—7uy=s bTld, KBRKFEEERENE
FTORIBERSE 7 )V — T L8y = v 7 S O e 5 7
W= TR L5 A TOFELEAEL -2 ZNTNHFEL T
X7z

KRR AR ARSI 7V — 7 Cld, b T RS
Mok, 20184E121%, T 74100 um, NA 020, 77

A N 7100 W O F @8 K L — 4 % Bl 58 Lto$v A
&, 77 AN TONRT —FHEHNL3 MW/ cm? 13EL, R

R A ER L 72 & 512202041213 %2 100 WA 5 200

WIZHE K EH72, 7813100 um &= DT, 77 A4 NI TH/3
T =20 26 MW/cm2 & 2 0, i EEAR L — YR
Bkl L CoMRUR @i 2 B8 L7z, £ 72 2020 4512135 (0
FHER L —FOWII500 WA EK L7z, E 5123 78400 um
DKT 7 A NP EHIII00 WE 5L 2 ENRTEe 774N
Wi CTOINT =L, 1.2 MW/cm?2 TH 5o

RNFV =y IBREHDO I V—TTIE, ALy YA+ —
F L — YO EEREN 2 WV 72m Y — A 0 (EEA00 ~
450 nm, H177135W TBPP (%15 mm-mrad) 7350 L — i

HAETRRE 1405 (SM3E7TR) 4



HEROL—¥INT

TBERL—YICEBAMIHMOER - Av—rH2 M) —1BRICHT2FTEYBHL —FOKE -

(7 7 A NTEAT 5 T v) OFFEE R % PHOTONICS
WEST 2020 THFE LW, IhbsnifzHic, NEDO L —
Y—70Y 27 N ORMLERETH 5 20204EFEH HBRIEA [
17248 COo FEHLD 725 DHBFE 0 bt Ot £ Fo%e - 35 T Ji BN e
LT, [79V ABREBEREE O R ¥ — A 0H - S s
fo L — YL ORER ] 217> TWb,

4. NEDOL—¥—70OY 9 FTRHHELE
FeFERlL —HYZ2zEAL -INTEE

41 HRAYOFEFEEFL —FEH
N Ty FEAIMIHE

4.1.1 Laser metal deposition (LMD) H#ft DB
BERTROLMDIIIIA Y FOFL2SEHRT L —F %2R
BFL, B ICERE K L T AR R E A B
DWEHHEAT 2 2 L CHBEATER T 2 2 L05TE b, fERAA
LMD CTIEROZEREAEETH 0, FRlith %R
D7zDIE, kWU LoEH L —FRUEELE 7D, ZD7:
9, FEImANOMILTIE, B OEIRLAROZEEHRE L
% ho WHNHRIEH A/ N— a VAlE 7T 75 4 (SIP)[ &
iR - M 2 EHT 5 L —Fa—F 1 ¥ ZHilT o5
BZEJ(LLFSIP 117 u Y2 b)) ClE, itk iXLMDO L —
FEMKROMEZEEMRZ 2 VFE— 2 FREREL, <

WFE—=LINTAY FEBFE L. BIMTAY FTIH6HDOF
AR L —FEEE L 100 WO D2 EH L2112, KR
(B 3) XM DEARRA RO E DD 7z, /WNITHRAD
O R EE 70 B an IR T BE 7 R BEI 2 EBL L 72,

412 200 WEBFEKL —HVEER L -REMIHEORR
SR I R VA2 1E, 0.1 ~ 1 MW/cm2 /377 — % EEHS
WL b, £2C, NEDOL—¥ =702 =27 hTHEL
72200 WH M BEA L =3B %2 v Vv FE—2 LAy F
(R 4) IZHAAATENA T v FEAITE (M4) %, NEDO
L—W—70Y 7 NBEMEEDY X<y 7St &
ERDITHSELB, M4hSbbhb LI, 3¥—2OHLE

Powder

K3 ~uFr—2Jixiz &b LMD
LMD using a multi-beam method.

gL X

gﬁgg%

aAYA-KL X

5 @a = 200 W

SEEFerERL -
TIFE—-LINIAY K )

\

2

oo R a7 L

bl A

200 W

giEmE T — 7

4 200W HEPERL —F3EBR NV FE—201LANY FBIOILA Y FEMABAATINA T v FEAINIE
Multi-beam processing head equipped with three 200 W blue diode lasers and hybrid multi-function processing

machine with a processing head.
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High-speed and precise coating of copper using a blue
diode laser.

(a) Coating on the bar-shaped handles and (b) Coating
on the doorknobs
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Schematic diagram of a SLM method 3D printer
equipped with a blue diode laser.
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HIRT 7 AN —HFEHAEDLEZL DR 2T L7z,
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10 IIMMHEE A RT, #1704 v 7 IT7—%2HnTE

K7  HEOEAL — YRR L 72SLMT3D 7' v & OhM Bl
3%
External appearance photograph of a SLM method 3D
printer equipped with a blue diode laser.

X8 FHEIEARL —FEIEWML/ZZSLMEISD 7 v & & flio 7z
Mg OFE I
Pure copper laminated molding using a SLM method 3D
printer equipped with a blue diode laser.
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Setup diagram of a hybrid laser irradiation optical
system that combines a blue diode laser and a near-
infrared fiber laser.
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Setup photograph of a hybrid laser irradiation optical system that combines a blue diode laser and a near-infrared fiber laser.
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DOF PR L —F 2 3EP N VT E— LTy K% B
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Ve AL HICES SN TWA T LR TE 5, AINTAY
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Y O

11 HFoPEgL — iR 7 7 AL —F 2l bGb
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A
High-speed welding for a pure copper square wire using
a hybrid laser system that combines a blue diode laser
and a near-infrared fiber laser.

12 500 WH @B L - %2 3w~V F¥— oL
~v P& g
(@ LAy ¥ (b) L=
Multi-beam processing head using three 500 W blue
diode lasers has been developed.
(a) Processing head (b) Laser output
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300 pm (FWHM)

N
~

13 500 W kL — 4 3R TR L2 E— 47077 1 b
Beam profile superimposed with three 500 W blue diode
lasers.

LM e N

14 < NVFE—LITA Y FEWIoE— N 2 ERERE R
(771,000 W)
(a) FEATHINIR L CEEFMOWHGE  (b) KifiGH
Bead-on welding experiment results using a multi-beam
processing head (output 1,000 W)
(a) Cross-sectional photograph in the direction
perpendicular to the scanning direction of the laser
focused spot (b) Surface photograph
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