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High Quality Processing of Copper Using Fiber Lasers

A

Keigo Matsunaga

(B®)

RN

Taro Murayama

T7ANL—HFRBVWE-LREPEVVNT-BELVZERDY S, SR - EAZEOMINH
BETHDEVWIBEREED, — AT, AR T771NL—HFORRERICHTIREEDS & Pz
ROZEIN S, RELLBENELWMHTHZ, SABITHL -V EeSRAEHRTERL TRHT
BEBER/ L ZEFHERN E, EXEATOE - LBES T ERERICHMEEEY 3 E— LT — Nl
BMiEHAWT, 771N —HICL3RMOEREMITICRIIL 2,

1. FLC®IC

=Ry Za— b7 (FRFEIL) OFEBICIT, RERHRT
A DOHIFIZ AN 72 GBS iR P CHEd S v b, BRI ER
2BV, ko) YHENLEEE (XEV)I2Y 7 M
LZENEDMHEL T D, xEVOERIZIZFEERRERTH S
Ny T ) —oEEEl =5 O/NULBEUETHY), FOE
TRt & L O S N2 $ib o f5%5 - Bhin BN LSRR e 5
T,

—fEIIS, T 7 AN = HFEE WY = ARERENT B
EVo RS, M LWIx L CRFTIICEVE T AR T
BHZENTE, MILMEAANOBGEEZWZ 72N LA TES
EEDNTWAE, LML, 77 ANV —FDWRETH SR
AR B U RO R S RBREROEH S5, LE LN
THEE L WHMETH 5

HIELTENY 7)) — -y ORETRIZER L, §ih
259 2 2 L — PN LEMORE o T& 7z, AT
X, HAELO7 7 AN —FEGIIOWTHN LIz, Ny
T — OBMRNZAEH S AT B 05 O I TV A %0 70 A ik
2OV AWETEHIEEAT &, S OB REHEL RO BRI AN %
Y — A E— FHITEEATICOW T 7? 7)) 7 —3 a Y HhlL &
HICHET %,

2. HABEINDT 74/5L—HFBH

T ANL =, E—2NEDE B um D IEFITNE
BEICENRTACENTEBY VI NVE—R 774NN —H
L, FOY U TIWVE=RTZ 7 ANL =2 EBEREE L TN

CEHGEE V) 2= 3 YRR L — Y AT A

LR VFE= R T 7 ANV =FIZRYTE S, HilEL
TS kWETOY Y ZVE— R 774 NL—H L 12 kW £
TOYNVFE—-RT7ANL—=F%2TF4F v 7LTBY,
THREOEHLHENA DL THECGIF DI RETH Lo RET
FENZNOL —FORRIZOWTHHET) .

21 2NN E=KR T 7A=Y

HETHEY V7 VE— 7 74— OB L O
a2 2N EenB, K2R3 7 7 4 /3 L — i, i L —
WFEAF = FPOERIELIEE YD F=T5E7 7 4 /N~ &k
L, TORIRICEE LSR5 7% %5 FBG (Fiber Bragg
Grating) THIE S A Z & TUMEIRT 2, 2o kH12, 774
INL—=HIETRTCOEREDS 7 7 A NHNTET T 5T &0,
RS ALETH Y, EaE - WAERE - AT AT ) —
EVIORREEFT b Tz, A TIHBESTF TR Db EHWV
e E E A O T N, FREEIZ LY, RO T 7 AN —
FEYENSWVERET 7 ANTTEEZEHL, LOVLEIOE
E—ABEO7 7 AN —F &Rt LT 5, FETED
TIWVE—=RT7ANL—=FOaT7#EIE¢ 14 um, JeHIIiHIZE
T A2 — A B MAHF1E1.06, E— 48T X —F1E
BPP (Beam Parameter Products) {£0.36 mm-mrad T& %,
M2HFRBAER Y7 v E—ntoThzrl, X (1)
WRT LISV =V o4t s £7,

o g
CAEEAR Y ME (um)

L —FDHE (nm)

CHEYEL v A S (mm)

L Y X ASEI O 2 X — b ¥ — A% (mm)

M?: ¥ — AW E T

O~ > €

HAETRRE 1405 (SM3E7RH) 13



BESHOL-FIT TZ7ANL—FEAVSEOEMRENT

WIS U IIWE— T 7 ANL —F DO M2ZHET- I THAER 2
TIT rE=LADUEL, B REREEEEL TS, Z
DR S, B - AR EEET um ISR L TE IRV EF -
EEBERD G ENTE D20, M7V IM % Ew
MEOML S TR E 220, IILERIANOBGEDN S W E
BT TH 5o

1 Y7 NVE—F7 745 =444
External view of single mode fiber laser.
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Constitution of single mode fiber laser.

22 YIVFE—RT 74 NL—F

WL, RIRS - mAIER R Y — A T VN FHU R A L,
1kWY Y ZVE= R 77 AN =T EESG LI NVTE—F
T7ANL =R LT 5, RBIZHH12 kW IV TFE—
F77 ANV —=FONEERT, B TIETT7HE P50 um,
80 um, 100 um~¥NVFE=RT77ANL—HF2 I3 4 F v T
LCWwb, 2NN MM 72: BPP i3 1.7 mm-mrad (M2=50),
3.0 mm-mrad (M2=89), 35 mm-mrad (M ?2=103) TH %, 7z,
2021 4EFEIZ18 KWDY VT E— K7 7 4 NL —F & E LT
ETHY, ZOBPPIZ30 mm-mrad &, —fi7% 10 kWi 7 7
ANV —=HF DY — A NMED40 mm-mrad & HBE L T 25% B
b,

INHEDTNVFE—RFL—HE2 mmE#z 55 S 0K o
MLICEETH Y, BIFR Y — 50805 SR TOEWE
AR EGFENL,

K3 12kW<ILFE—F77 AN —H4HE
External view of 12 kW multi-mode fiber laser.
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Cutting process of electrode foil and tab-shaped copper
foil.
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Surface image and cross-sectional image of copper foil
cut by laser.
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Comparison of laser oscillation modes (left) and
applying to foil cutting (right).
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Surface image and cross-sectional image of copper foil
cut by laser with ultrafast modulation.
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Mechanism of defect generation during laser welding.
) Suppression of welding defects by beam mode control technology.
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Optical images of laser welding on the surface of pure
copper plate.
(a) Conventional focused beam.
(b) With beam mode control technology.
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Difference in occupancy rate between round wires and
rectangular wires in the motor.
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X-ray transmission images of hairpin rectangular
copper wires.
(a) Conventional focused beam.
(b) With beam mode control technology.
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Hairpin welding of rectangular copper wires.
(a) Conventional focused beam.
(b) With beam mode control technology.
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Optical images of hairpin welding of PEEK resin
coated rectangular copper wires with 8 mm stripping
length.

5. YIS

xEVHEZ LIy 7 —RE—F OFEIHALL T

L, ZOFEMRTD D SR O EE - w2 LEA AR
{RDOENTWE, HIMELTIR, HoE—aMmExHE oM
T 7 AN —F L EHE SOV AR - A= FHIEE Vo
TEAHM ERAGDELN LY ) 2= aryERAELTY
o GRLELR LB - manE % L — VoSS, INLERD
PSS EHEE L, BEMOINZENOMEIZH > 728 ExT-C
v

HAEIRBE1405 (SM3E7RH) 17



