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The invention concerns an apparatus and its use for laser welding. A laser welding apparatus comprise
at least one first laser device, each providing at least one first optical feed fiber with a first laser beam; at
least one second laser device, each providing at least one second optical feed fiber with a second laser beam;
means for generating a composite laser beam comprising a first output laser beam and a second output laser
beam for welding a workpiece; wherein the first output laser beam has a circular cross-section and the second
output laser beam has an annular shape concentric to the first output laser beam. The second laser device is
a fiber laser device or a fiber-coupled laser device. The apparatus is configured to form the second output
laser beam at least on the basis of the second laser beam, and the second output laser beam comprises a first
wavelength and a second wavelength having difference of at least 10 nanometers, or the second output laser
beam has spectrum width of least 10 nanometers.
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QEEEETCEE-D
[ o081 4T ] B8 S AL A L

[ =238 1% ] LASER PROCESSING APPARATUS AND

METHOD

[ % il < 48 ]

[0001] A#HLHEZAMN—EENEEEFEDN L -  BRBME >
A IR A B S A8 Th B e BRI FE AT R -

[ 5% Fil 5277 ]

[0002] ELLEHRAKEHCBIF > EHRBEBEHEHT R EH W
AR 100 R %2 500 fOoK BYBE LUAR & 6E & % B2 - 07 B T4
fELZ 1500°C B¢ 1500°C AR BE LA T Ja Rt - [EI0G - mT 88k
B R AS (assist gas) LAPGIEI&ERL & EHY S (b - AHER CO, T 5
WY B 7Y T ORI R Y B A R S > K B B E K 8O E JT iy —
PR R B B B Y SR AE 2 8 10 T fF ( metallic work ) _E 2 plJE B & HY
JCRE TR E KRR o 2R > R R A &S AT R ( Gaussian beam) HY
— (RO B Y BB B PR B SR B B SROAS — RE (o AR U] B e g A T 4R
(' mild steel sheet workpiece ) » Al T {4 HY JH [ | #Y J& Bl & & & A 0%
Ik 8 WA 59 U O Ckerf ) #EH] o AN o W E A H R
(self-burning ) HLFEEHUIEHLE S -

[0003) & 147 & 49 #4 kst i B SE 88K P 8 R ERGIR &6 49 3 > Pt BBk
B R TR B B AR T BBE (doughnut); FHUARHY

B1H 24 HEEHEHD
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SR Sy i o BT o AL {5 F 2R B IR PR 1T JE B (40 /Y 2R i BD
ALEE SR RUERAGEREENBAHTUE > LHES

[0004] US8781269 BB G EH K EE L AaJE ( multi-clad) ¢
b7 A W HH AT R B R [E] R e R MR Y S AR BRSO 2 H
A B R O] SRR S 2 N R 40T (inner fiber core) HECAMNIR I
( outer ring core ) &

[0005] phEM M ERERASNINEESHRNRERAL - =&
WEEBSEMITERA (solidangle) REBEMEBENIIE - £ 5
STEEEMLAER - BRI REF R TE - 0 E S e A
SN R E R - 1] B B0 4 B KOE R B & (thin disc laser)
EREsREEHNE ER _BEEHNREITICABETEI N
Z BRARMEREENEEEY SRS N AR EIDLEE
5 BH R B A Y ST -

[0006] FEiRiBSCmIFLATAYE IR > FH RN ZFE R TLEEIR
48 (weld seam) B (b > NG kA RABCHEERIF 4 - RIFE
ZHAE B IR BRSO RY )T 0E Rt

[#HNE]

(00071 A 4% BH 2 148 77 55 K IH AV B BUR SLE » 12 T /& 55 K T o
FRE—LBERERHPY -

[0008] MRIBAZHY—(HELE  —HEENEHELEERLRE @ £/

a2
—(HE—FH I FTARED—FHE-ENHLHTNE—ERE

B2 H o 24 HEEHEHE
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D RBOCREECEIEHEE —FHE 2V —HE_FEH
t o BT/ — (B _ERH I FE—F R ED RSB LE
AR _ERE  ARELEE S EN KAEMNF - AriliE
ERFEEEANRERZ THRE —EEEN R RE S
P H PR~ E R R A B EE I AT s E
WHREFHEASE —@HEHRELHRP AR - Friiss &5
LB E S L EOCE M e ES L - BT E AL E N 2
DETYBTAUSE ZE R R AR AT A SE B AR AT
HEFRBEBFEAEAED 10 R RNENE KRR EFEZNRE B
Pl ss & AR B /b 10 ZROREVLERE -
[0009] #RIZAZEIFEYEE —fefE - — I HERRERE TS
EEFELLT S

- HEREE D —HE-FHITHENED—RE —EHEIX
e ieft 2 /b — W% —FHFE

- HEREEDV—WE _FHITHNED—RE B IX
edieft 2 /b — W% _FH R

- EAECENR > TEcENKEERAREE LS
—EHERN RS _WHEN R HPmMAiE —mEEHREER
(Bl FE fem el Ten HL AT 200 56 i L1 BR B R B BT A SR — i S AT R ]
OHIERIDIOIR > ATl SR i HE SN R (2) 2 dBdE Koot 2ot
MO EH LR OERATIS ZE BRI R > Pl s

EHFE (2) AFEAED 10 ZRBENE-KREFEHE
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SREFTAE W ESR (2) BEARD 10 FRAYEEE -
(00101 fRIZEH G > FTAlsE — HEFHBLRIE RS 800 =
Sk 815 Z5k
[o011] fRIBEHA > Tt sE —FH THEFERESH TH > A
PRt “EHTHRELCERE mEEN T -
[0012] fRBEMA  FHEHEBEREGEHABEUERER
i 1=k E 20 2Rk Z M EERYSER -
[0013] fR¥BEHE MBI - $2 At —FE e B T - A7l 472 1 BE T A2 D) B
A1 8 PS5 — B B T Mk R BT 5B R B T 4 DA Bl 2 D P
A5 — T W A R R /BT i B R PRV REE -
(00141 £ T2k » 2 U8 B 5 5 4 3 o] 7 A 25 B 09 & e 1)
QEEMGREEED
(00151 LATT - 2 BB B o 40 ) 2 A 25 5 o B i
la J[@ le on AR 48 A 25 05 — S0 B i 0 A9 &6 B IR BE R R Y

W}

Ib R IR B A SR I — S E HE SRV 8 & & S R Ayt i -

2a [ 2b R AR A I — S5 BB 5F i AT R
Y E

B 3R AR FEEECEN RACELE -

4 i B g Al R - (Rayleigh length) AHEHAYR 28 -

S ERIERER -

6 71~ t AR 98 A 3% BH — LB i (5 /Y FH R HE 1T 38 B AR e 58 2 3R

B4 H o 24 HEEHEHD
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ERIBVZEBIE T -

TREREBEAZEH -EEHANEENE S

8a 7 tH AR 5 — L5 & i (1 /Y 1 & 8 7 Y 132 0O s Y s D

8b i tH AR — L5 5 T ) B AL B & R O Y B L R Y BT ST R
paliiil=i RO

9~ MR R HAR 5% e BTRY e B A 1 -
(&t 5]
[0016] FRACIRME—THAEMNZEH LB T EREE - LEH
MER LT — P aR ey B G & SRRz -
[0017] 2URME la > ABHBHTHNRTEREE  HPEEH
PRPREH 3 BRI 4 HEM A A EE EEP mEimay s
—EHNEEHE | UEAEFRAE-ENEHERLONEE BRI
INEYSE B B B PR 20 5K — M B BT R 1 IR HT A Ry [P AR B
FULEK > HSE T B B R 2 AR R IR P R BRI -
[0018] frfE 1b RN EEHNEHFEIBHETH4INNESER
BT HGERE - BIPINLERARK 2 SEME ZE N LB E S
TR o HEH - NER LR | SOEME —E N IL R E N

(0019 fE—SeFEfl® » .0k | 2ERKEEEN (L)
HYE R R > HERRR 2 B AC@BE S (o) BOotEB oS
B Coth) R - L3R 1| RIRARR 2 Al ¢ SR ME it S8 2155 )7
FEHYER A -
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[0020] Hrpa 2R 1 W] W fC B Bl AE T 0 sl sH FLIE 25 - S0 1c A
Mo ER 1BIR 2 ZEHZEPE 8 BIP & 8 (ERMEMEEAVE S
BE IR B e R & R I -

[0021] BEEHNK 7 FTHERBERBUANUSZERLE -
FE—EE RGO - BGIRER 2 BLfE B A W E S FE R EYR 2a > 2D
0ME 2a #E—FFoR > BARE 2 TEFEEA £/ 10 RV ERE

—HRRE KR BTAE AR PR EE - L —EEF B

o 2 0EIE 20 BRIREE 2 B £/ 10 FRORAYEEE T > B 2l e 3
REAFEERNE 2 WD RE > BANE 2 0] i — & f 6
ARE B AR EDR Ry — B Z F R PR - AR > B 2b ot Y i
TE R WA B — (W B IE - HERIR R YO RE R A L 50 L iE HAY
= SR MERE L pd 7B - AL EHE B AV ERE R E A8 100 570K
HOERR TR AL 10 22K 2 100 Z=2K (il 10 ZRoR %2 50 =0k ) Z
] Y o [ A A AT A

[0022] JER =/ 10 FAFHEREZRED 10 FAREH R
YA 3 0H 22 gk (15 Ae 50 2 pn & R AV I B A BUNRYF 1B R Y

S HERAXEAERRBRBEPRBENR SIS @ WEmE lc

T EAMEE/ N ELER 6 Tt o 54N BRE (spatter) E A F/D
HoAT 2 pl B B AL R JhAh > AEIF B dn Ko g & RV A B > A i
AERZD 10 ZZRE TP REZRED 10 FORERYEEETIRIR
R 2 BRmEmEREbmim A RFEER o LI Ag R S AbmEFF
HHE  HREMSEKEREBOEELE - B0 T8 22080 H
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bR EALYIR IR 7 2 RTHVER SN HY E g o

[0023] TAIAERMRE 2 FHIAEN S EREHERBESEHH
BEAVELT TR - BE T 10 ROREY T T IR At 5 oKy sk
HEEE FEFEOEELEREFEROILER - RIS
BRA R 2 BY4Y 100 ZRORAY 35 5 R o] #5 b 3 TR 88 4 ROR (1
EEH IO ) dER > FTAIUEE SRR RIEA 10 5
REVEEEE DL 20 RoR & ERR - BOIME > 9 EMHERR 1030 58
KRE 1090 ZORAYE BN AY K & -

[0024] 2 H31&E 3 B 3 R AN ETEHN RERILERG - &
D — g MR A VT FEA N E A R 3 DUER

EF

H
EE

[
\\\

R
i
B
i
>H+

[0025] HEHZEHERFEERIEESH A foo K froe » 60 BEE
7 (convergence angle ) » do B R E K » H Zr B T FAIVEEE
BB FBE B ( Rayleigh distance ) o

[0026] MEBIEEEUAN S H A (divergence angle) HEUANE

BEFHHIHE 28 3k fE ( beam-parameter product » bpp ) °

2
d —2r =22 g oM
6, 76,

He M BERBERF - HABKERIWE R ZEREEE -

[0027] 4 HE— 25 o H B B A A R Y SR 2 8 o B A RE AR
i B B (8 A e B B B 06 52 T R o BT 5 B AR Y BT S R EY &
AL SRV RO B W AN RAVER R [ Df AYFRREE - B Al i A

BT H 24 HEEHEHE
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Zr 172 (L 25 5T 5 1L £ BE R 0V fE BB o 2 8 b=27Zx 0] #fY [ 4L By £ 54 depth
of focus ) - FHAEH S H# 8 &4 3 ( Gaussian laser beam ) HAY ¥ Fl| FE B £5

MBS R B B /N AR AR wo RO & A ZKE R -

ZR:”ZO

HH IR A E B R S > Hw A1 BE Al g H A8 = i 2R A B A1 BE
B/ M? E o & Df << Zp I > [ R AV [F 08 5 R By £ B pE 2 (L
HEAGHEEZEEHEELE - 55— | > & Di~Zr 3{ Df>Zz

F

N RENEEVEGEENZEERNIEHRLE - TEF - &
M EERE NG ERmLLE -

[0028] 5 Rt B E G S AR AY Bk Ay B (E 2 85 B R HY 3T
WREEms e ERIREG R - ALEHF - ELL 250 2Ry
TEBEGEETE SRR AR 0.1 2RIVER > HPE
EHNRIE KR 22aBIF R 2b AV RER 15 70Kk - BU4E
ARG HE BT A A ERE R > RN EEEFER
M@ s R ERI G -
[0029] et e @i & &5 (Juih) BTy 28 o] MR 45 A T o
HY I R YRR AR P2 BIAnfERIKE 0 T2 10 TREEEE
R fEsBEZ AT > aJHERR 2 iRy | T RE 4 T REYL
GHUEE B YR AL AR -
[0030] AHHARESE WNEUEISEAEMRERNEREN
Ry FAREY D) RALEACEATIR R - AL RPIMEERES o > FL0E 1
Y E SR E & 600 FLHEGRE 2 VEFFRT R | T ILH

58 H o 324 HEEHEHE
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BAHMARERD (4 3000 250889 E 6 ) B 100 =K /DY R #
RE - BHZES2E > JER | 2RNFEFRE RIEEFHES
RRemE -

[0031] BEHIRHEMNBRENEETEMBEEMZEGF LR 1 &
BREK 2 (VRS HIMHARHERES RN RENL - 175
FH RF S S Ot Y & B2 (R B IE RS AS W HY 20 (turbulent flow )
/MEKREE ERCDERE o 5 BBl RS NEY REREL
H] E AE T8 HA B IR ] 2 (50 SR B R SRR AE A RS B [ 2 A Ak i S AR
BEA RIS AR Y FLEE R RO D IR P Y ZE RV B H -

[0032] fE—sLFHfld - BARE 2 FELBEOCLEMEEFTH
MRS 1030 oK E 1090 ZRoRAVEEWN - B4 E > F.O0E 1
R Y S B AR R TR P e A B JE R R BE 1R 0 AE — S E i
TR B 700 oK E 1200 FROREYE E N - Fl408 1070 5

[0033] fr—deE it - B EEEE RIEGE MR E DR
fatl - sat AT BA | 2R 2 20 22k ~ B 1 FoRE 10 7ok Z
EHYEE « 201 F > oJ 2 EFER P 800 7R £ 1100 F oK &6 B W HY
BORR 2 YRR - BOIRAER 2 i HY 808 SRRy N R{ERFEN £/ V1
J# % 6000 51 $n & <2 1 B 1R AE 808 ZR R HY K & fid HY W WX L& {E 1T
B E R TR R R s R -

[0034] fp—sLH &GS > 5 " w B R 2 o EELEM
AMmEERE FRRE 2 FRNEENLERG SR EN
RAMPREINESE N K 7T HICRAYRIL -
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[0035] A8 ji B o - JE A SC 4B — i AR B8 I Y 48 & 2K P B ER IR
R 2 BHNMNE  BARK 28V 8 (FBFEHILH BN E=E
HIOCPERIOEIR ) P EY— & W SR 5T AR AR OE o MBI A IR R
B MEBERILHE SIS > WESEAE-TIRSTFERE
IR ENE - AR AE Lo B B MHE/NTEA(LRYER 6 BToR » 3K 2a {£
BB HE B AT FEC SR E B 2K > HLBK 2b W45 A B A K o AL — L
BEHE A BARR Y RS T H KRRV R 0.5 fORE 1.5 5%
REVEEEN - AE—SEHAIT - HIRIRE 2 BRI 10 LE 50
FLE E N e B N R 2 - A —EFHEAIF - BikE
o B e S AR Ry A AR R DL R L )y R i e E] Je T M A e -

[0036] A1tk 17 {5 = #& i i A 4 3% B Py 8 85 69 5 B0 JE F3 P i
HY A RS O K HE T MR o B A RIR R Y SR E RS o — (B
fReEmE RIATEAEENE - ERPRICESEHES T
B OCH BB A S REA L E R LE - A > M Az
R FIT i B B R R Y B TR E HY A AR o DRIILE L (R 15 mE S Rk /L R RE
[0037] 6 MK ERNEENTLHE | RIRRE 2 BYE L BT
PEHIEYARE — L E e fAY FZEH BT 10 FZEHI B T 10 H B B0
pmER/V—HERET 122/ —(EEFET 12 BLIESE T
ODHR 1 R /EIRARR 2« PERIBETC 10 Ml ELFER B H 3 B Wi DUETT
Th R PR Y 38 A B R > BOE P A PR R B T AT B PR P A5 o BT
EHRE TEE R —MEEEES 1 e/ b —(FREHEs 11 TR
2 pa PR A5 B2 i pa B As o o B A P As B B — (B R AT 2%

510 H - 424 HEEHRIAD
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mHGEELZN —FEREZ  illEEsTaEe b —FEHERE
FAf& 24} (application-specific integrated circuit) » ASIC » Ff i
Ro B e 0] R N AE e R i T 7 A BRAVE M - Pl B a5 1] &2
BB oy i B RS T S B B R A S A PR RS HE & R A K B JED

AT HER] o

(00381  Fy it #2¢ il BE 7 Je (4 n ELFE RO 1E A 13 » Pt 0 RS v |5
b 1% 7 B AL IR A S/ Bk AR IR R - Prilisd B m s 2 /0 —(HEs
7L 888 (random-access memory * RAM) [/ - Fiatid B A2
AEFEGMEEIERS - MMEER - ERER R/ EERRE
# (holographic memory ) o Ffy it 50 & 88 7T 22 /D &0 77 3t 738 pE B 2% o
TR - FrziER T aE e EES 14 RES 1 HEICERRIT
EIES 14 EWHEREREESHTELEFIVEKESHT

REERTEMA BB EICENRERH KB ERNYERE S
R B GRS B 2 T EITE B 45 R /B B 25 HY 2 /D — (il i
f2 B 8 W0 By L B R AT P A B S @ fF - RRE AR 11 | /03 oy i
BaREEET - iR 1 f 2/t ot 2o H
Al P By R T EL -

[0039] A#HHA RBFHEAHEFRLER 3THEEHESHNE
D EEEENEL  FTAE S EML B 11 IR (AT 2R
B 2 ENEIT 12 B R P EH R A i f) & 5 2R
1~ 2a~2b (YER - ZEEARE 13 A G 7 & 2 B i B 5 PR I Y 3R
IR 2 R /B LR L By E By S A2 8 15 BI40 A R 5 E A [F

511 H - 424 HEHEHE)

x|

[T
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O RSB BRI R 2 B DL R 5772 AT i i 08 & 58 B Y A [5) 1R 1% B
FiR A SR E -

(00401 Py 7t #2¢ il BE e 7T 4 7] B 45 58 F§ % /0 1@ ( user interface > UT)
16 - FTatfE & | o] B AR OB R e ~ B - mEERTHE
b—& o P AL PE ] BE T ] i 22 R Rl 22 /D D o 1 R B 0 A A e A K
PR E B SRR A K /e 2 B e PERI B T 10 7K a] 23 57 22— 302 (i J]OHI
gy 17 B0 58 50 22 95 1 By 2 8 A 1T B M Ay RN 25 e /3 {5 0
P BEHY TRV PR E A RO 28 - PERIEE T 10 JR o] e iE H A B T - B
B B AR 38 2 /D — (# 1€ BLAE#E (cellular standard ) B{JE i &
fE# (non-cellular standard )2 1% K £ WU E 1 HY 3% 5 25 K REUTES
[0041] #R4ZE— LB fi 1] - #E) BE 70 10 0] w4 iC B AR i & 0 R By
IRRE AN B & 2 Bl st P oL PR 1 R /EGERAR PR 2 FRYT R T
FULE 1 BV DR E BRI R 2 BY D) R E 2 [E YRR 5% AT AR 92 17
R RERY TRV E Azl - BB S > FEFIE T 10 7] g fC B R A
JER: TRV EE T [ 2 7H € )& IR {5 LLT 1 BA BA 3R AR 28 LURE B 2R
IWEE R - £ —SLFHH T > FrfR{ESEE 4 2°RE 8 2 kAVa
CAE—EE T R 6 ZoK o Al Ui 17 4L IF R BY ARk A I G
BOEABRRR 2 ZEH A FERY DR E LR (%

[0042] JRFEAE m] 2GRl B T 10 S Ay KR 28 - hE2 %
N — O EEEATR ¢ SRR RE ~ J0 K K /BRI R AY
HE - HEH/ME - RESBREMREE

(0043 5 Jii () o] HE FH A B IR W P R i B IR B HE T « (L i IR 2

12 H 0 324 HEEHERIHS)
84978pif
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WIFE F > B R 2 EE N R EEEE) ) A ERYAT4 (leading
edge) EAF —MEIEE - HIRARKE 289K & (rearedge) EAF
sRfEEE o NIE o BB HL T P ER T IO - HAR & KA & HY 58
EREEMHE N E B R K - DIEA T RHYERL o Fr FE 0L
Sh > mr& N g IR RIS AP0 AR (ablation ) » B {5 15 E % & 2 T EIHY
o JEE D 588 I 3 o0 B 2 /D IRk /D RS 1R B (B 0K HLER G R 0 A A i S
HY O B OB Y B Y Y & 38K o A S Y R B2 (5 R IR R AL
IR T E N R A AR o ALEFER T > LR 1 By DR ]
A TE Ry (RHY B PO R AT B 58 2 RARA o R AT & o0 28 24
[0044] HE&EH R 7-BIA0HR 1 BLERIRR 2 6908 & 0] 7% A 2K
H 30 & ST e fF R ARV E S R S N Z e # i E £
HATIL 2 CO BTV R A LR | RIRRE 2 (VR G EH HE ]
WSl EE T - B — BB ¢ 8 m] BLAT I % Ce ey 55 — B
A H % OB aE KOl AT BT A 25 O Al Y 58 U AR o BT A
ZNCHHE — S B R B A E o BB o B BT R —
S Y BRIE AR o LUT &t B F — SR il 14 & R )
[0045] fE—LFHHIF - /N2 WE lc BERH - HHEIALERHE
(keyhole laser welding) 24 (& E T 740 Gl 2K fE I LR {2 =T &)
RE A& BUHY T 0 B ST PR e 5T R B IR AT R R BT o AV EE B W)
IR EEZT M 2 2 ROMBERZNEBR M - MEHETE
BIfpNENEENEBR BB S BHE ZETAVE -
HAELEREMEREEN (0 LEEN) 2L - HAW

513 H - 424 HEEHRRIAD
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HEEE PR 1=k (Fl4 0.1 Z228) (EEN - HERE K
B Eok (Bl 3 2K) BYEEW - &R IR H
B EHKELBEVENEREMAVESFHEETERE > 23X
o R G T BB A R R S AR R R

7 20% o

[0046] [& 7 7t AE % M8 T 3th 2 17 o0 B 1) < 4258 il BRLER IR PR Iy 3
EFIH TR ERTRHERN AR E G EN KBNS THE
B EEEEN —EE A - F—EH LM 30 EOEE RO
32 EBEFENHMEGHS 34 - Bkl —3CEFE _FH 31 1
BRAEOCH 33 E R R RHGS M- HEadNEBEHMAEANE
WHRBETHRSILIEMA S H R Mo 28 0Ot# 35 Nt > &5
BEEAVREaAE S E A B E GO 35 N E 7By W (E E 5 =AY
SR o JEdR 35 N HY AT W (F B B R AR B S [F Y 5 R SR E Oy
fidi 4% - HA A FERVE R o BB - TR MRk E 5 —E S
JCPF 30 RSB E AT IO 31 Byl AR (i 8 20 17 0 28 4 M 1% ) B 2
WA {25 5 R P HY D SR ALAE -

[0047] Rl KAV B HmE - E—FH ok 30 7] K EHE i
Bt (diode-pumped ) B¢ 4 28 59 4k 22 25 B0 ARG BT 2 O 4R &
fr&as ~ & ERE S -PFRBPAEE (master oscillator-power
amplifier - MOPA ) fH&HHY & B ECME 4T - ATt 4H sl T (4 41 20 o>
AIA G 2t SEE RS R el & R E N AN - S mEEH
HY LA & B Ry (5 2K B i 5% B8 B B DC BT Y S AR & R AT

5514 H - 3£ 24 HEEHERHASE)
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( fiber-coupled thin-disc laser ) = & $k 2 % G 1@ &
( Neodymium-doped Yttrium Aluminium Garnet » Nd-YAG) &4
HAENRMEETRENCEEEEERE Y » HHRES T EE
REOEIU R M B Z &/ - HES & N H IS By 8GR R B A It
sEmE R TR E AP E B EE I -

(00481 25 T4 L 31 o] ¢ fic B sk = 4 A N P B0 B A R ER AR
R2WANERS “ERK -F BT 31 0] B #E 5 B0
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[ =238 1% ] LASER PROCESSING APPARATUS AND

METHOD

(T3] AEAETHBAR -—EANENIFEREERHLER - —
MENREEEAR 2V —WMF—-FHCH > oHlkED—1Mk
—HEEEOCRIERE-FH R 2O —HF _EHILH 0 T
MEBEED—RE_DCEEXECHREMBE _ENE: ARNELEESG
ENFEES FIAECENRUEANERZIANE - HHE
WREREF _HEERNFKE  HPS-HUENRAFEEEETD
FHMEERREARE - HHEHREEOLNRERPEIR - E2F
HICH RO E H T B o E B oL o BT AR B #EC B L
EVOEREF_EFREPRBE _WEEH K HE_HHEH A
BMEAZEDVI0 AN ENE - EEAE NE NEF _BHLE
WHREARD 10 FRPLERE -

[ 3232 ] The invention concerns an apparatus and its use for laser

welding. A laser welding apparatus comprise at least one first laser
device, each providing at least one first optical feed fiber with a first
laser beam; at least one second laser device, each providing at least
one second optical feed fiber with a second laser beam; means for

generating a composite laser beam comprising a first output laser

B1H 2 HEHBEE
84978pif
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beam and a second output laser beam for welding a workpiece;

wherein the first output laser beam has a circular cross-section and

the second output laser beam has an annular shape concentric to the

first output laser beam. The second laser device is a fiber laser

device or a fiber-coupled laser device. The apparatus is configured to

form the second output laser beam at least on the basis of the second

laser beam, and the second output laser beam comprises a first

wavelength and a second wavelength having difference of at least 10

nanometers, or the second output laser beam has spectrum width of

least 10 nanometers.
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[ 723018 ] LASER WELDING APPARATUS AND METHOD

FOR WELDING A WORKPIECE WITH A LASER BEAM

(% o <38k ]
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A3 I 2 B S RS R O e AR AT R
[ 5c Air 4% i
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[ 723018 ] LASER WELDING APPARATUS AND METHOD

FOR WELDING A WORKPIECE WITH A LASER BEAM
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[ 3232 ] A laser welding apparatus and a method for welding a

workpiece with a laser beam are provided. The laser welding
apparatus includes at least one first laser device, each providing at
least one first optical feed fiber with a first laser beam; at least one
second laser device, each providing at least one second optical feed

fiber with a second laser beam; means for generating a composite
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laser beam including a first output laser beam and a second output
laser beam for welding a workpiece; wherein the first output laser
beam has a circular cross-section and the second output laser beam
has an annular shape concentric to the first output laser beam. The
second laser device is a fiber laser device or a fiber-coupled laser
device. The apparatus 1s configured to form the second output laser
beam at least on the basis of the second laser beam, and the second
output laser beam includes a first wavelength and a second
wavelength having difference of at least 10 nanometers, or the
second output laser beam has spectrum width of least 10 nanometers.
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