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This thesis deals with laser welding of difficult-to-weld materials, specifically copper and aluminum alloys. In
order to adapt laser welding to copper and aluminum alloys, improvements in efficiency and welding quality were
investigated using pulsed Nd:YAG lasers and adjustable ring-mode (ARM) fiber laser.

Experimental and numerical investigations of overlap welding of aluminum alloy were performed using ARM
fiber laser. A method to stabilize the welding phenomena and improve penetration at a high welding speed was described.
The influence of intensity distribution was clarified by evaluating the geometry and appearance of weld bead. In
addition, the influences of supply direction and flow rate of nitrogen shielding gas were clarified. The weld bead was
evaluated in terms of its width, height, penetration depth and surface roughness. High-speed welding without humping
could be achieved by using appropriate intensity distribution of the laser beam. Dual-mode irradiation of center and ring
power made it possible to stabilize the welding process. Center power helped to achieve sufficient deep penetration,
while ring power ensured good temperature distribution. High-quality welding could be achieved in dual-mode welding,
using appropriate low flow rate of shielding gas, supplied from the back.

To improve efficiency and welding quality with 1064 nm Nd:YAG laser in copper micro-welding, techniques to
enhance process stability have been proposed. Since the surface state of copper affects the absorption phenomena, effects
of surface undulations, such as concave shape and surface roughness were investigated. In addition, processing by
superposition of 532 nm and 1064 nm Nd:YAG lasers was numerically and experimentally investigated. The absorption
rate and molten volume were increased by creating appropriate concaves, and by controlling the surface roughness.
Stable micro-welding with deep penetration and good surface quality could be achieved under transitional processing
condition between heat conduction and keyhole welding. In superposition, a short irradiation delay for 1064 nm laser,
coupled with appropriate high power density of 532 nm laser, resulted in stabilization of absorption phenomena and
increase of molten volume, and then high-quality welding of copper could be obtained.

This research work presents unique techniques to achieve high-quality and high-efficiency welding of copper and
aluminum alloy using lasers. Process stabilization in laser welding of aluminum alloy is achieved by control of intensity
distribution, even at high welding speeds. In copper micro-welding, process stabilization is achieved by control of

surface texture, and superposition of different and suitable laser wavelengths.




MXEERROEE

AWF7EIE, TERGOBEICRKPERVHBEDOSWT LI =y 50548, BILUIENREITRLF—
BRI EREZRIRE LI L—FREBICET A2 O TH 5D, TV =0 L5488 LOEITEO KRR
ERNRKZNTZD L — I TIC B W TEBER MR T 2, ARIFFETIE 25 OMBHI T 2 iR & 2 0
THREAAD=ALEMRA L, @2FE - @iile L— A BT 5720 O FIEOBRICE Y A TS,

TN =T AEEO L —PFEBEICE LT, WAEBORNBNELNLS Z LIk > TEHMIK FABRSSh
DX mEL—YPHEERICBNTEH, L=V ARy MIBITFDHREEIE Y o 7 EO L —F R & T
L CHIE Ll 7 L—YHIRE DA 2 AR D Z LIc k- C, e — FOREH S 2K L oo K&
R TIARRES P EOND Z L AR Lz, £, TRIMEIC K D miihiie LU — iR AZ 3283 572 0121%, =
FU— IV KA RE L—FHIREHO% G L0 L, MEZ B ME T 28T/ IS RETHZ L0
MTHD, SHIZ, AV IO BE T AT V7 — REPREESEY o 7O S & 4
L7 27— RTIE, BEAHNDRE—THNIFEROEEZEE — FIRSIZRD2bDD, 727 /0E— ROk
DRI CORMEBOMNEZEIE(LT 2 Z N TE, RERREMINFEOND ZEEHLNE L,

—J7, 8O L —VPEEETIE, JERSTRPIERF IR E QIR 1064nm O L — A Ve & LTH, TOHOERES
30pm FREE DMK, F 713K E M E 30um FRE A2 RBI R IR T 5 2 & T, BVRERER: & F— R —L
RIS DBB ST &L WO RLZERGEICEW TS L—VORRINERE 2 2 ERIC ) E S, K& ZpysmiEk 4 Ik
TELZEEWBNE Lz, 72, R 532nm O L —H % FET L -TH 5 200ps F2E % I2 R 1064nm O L—
FHEBKEGET 2 Z 128D, BE532nm O L—H R THUOXF—FK— %2 Ek L, & Z~EE 1064nm O
L — W RN ORENCRIN S ED Z ENAREL 725 Z Linh, TOREERE~OMERZZRITH Z &
72, SAOREBFE « @M L —YPRENFEBTEH L AR LT,

ARWFFEN L > TR LN ERT, L— M LICB W CREREM L L ST DTV =0 A5E80HIc 5
BN« @A T R AR RBIT D1 OICH KR MATH Y, L0 - TENMENE., Lo T, AR5
L (L5 OFLUTET 260 LROBND,



