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The previous reports revealed that the adaptive control procedure developed was effective for stable production of

full-penetration welds without through-hole defects in micro-lap welding of A3003 aluminum alloy sheets of 0.1 mm in

thickness with a pulsed fundamental YAG laser beam.

In this third report, with the objectives of producing stable lap

full-penetration weld joints without swelling, spot welding was performed at low laser power density. Then the con-

cavity of the weld fusion zones was remarkable with an increase in the pulse duration. These in-process monitoring re-

sults showed that the total power of heat radiation represented the bottom surface diameter of spot weld fusion zone.

Accordingly, the laser pulse duration was controlled at 0.15 ms intervals on the basis of that the total power of heat ra-

diation in order to produce a satisfactory spot weld fusion zone. As a result, all 20 fully penetrated welds of desirable sizes

were consistently produced.

it was consequently confirmed that the developed adaptive control was also effective for

the improvement of full penetration lap weld geometry in laser micro-spot welding of A3003 thin sheets.
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Table 1 Welding conditions with pulsed YAG laser.
Energy 17—55J
Peak power 1.2 kKW
Pulse duration 15—45ms
Poerover s
Pulse shape 1260 1
15 asme o Tme

Laser focusing condition -2 mm defocus
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Fig. I Experimental results of laser micro-spot lap welding

of A3003 thin sheets, showing effect of pulse dura-
tion on spot weld diameters (8) and relationship be-
tween diameter and tensile shear strength of weld
joints.
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Fig. 2 Cross-sectional photos of laser full-penetration
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lap spot welds.
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Fig. 3 Monitoring results during full-penetration welding

of A3003 sheets of 0.1 mm in thickness performed
at -2 mm defocused distance, showing laser pulse
shape, reflected light and heat radiation signals,
and high-speed observation images of Ila-
ser-induced plume and molten pool.
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Fig. 4 Relationship between in-process monitoring signals and
size of laser spot lap welds in A3003 sheets.

2, BRI OEA RS, REBLUCREOEMEEE
DHMEZRDTAZ EVFRETSH L. —7, BBSEER
REEMEOFEMBMEL SHEBREZHANDL Z EHFTE

7o BARBOIZIE, BRERELRE, BB OBERED 30 0]

TTE, TORERE iéébﬂ&k%héi’%?bﬂt e
ZBELIBE—EE ol B, BEMBPRKEVEEICE

BIERR B OPESMIERIC R AZ s EET L &, ?&Eio
S UHEOBMEZEL, R EN 14mm BI T i nm BE
WEFLWEEZLNL., ZOZERE, BRBEEEHEED
REZ S BRIEEETAELWVWI LIIRA.

L7:8o T, REEEHETILBVT, RETIE, B8
AR 2‘:‘@1‘%#%&@Fm”fﬁﬁﬁ&ﬂf?%é%&ﬂé ki
TE&hdolz. —F, REGHEEEOREE, Balimas
EhzEmL, 2‘2@(’@%@&% DHRROELZ /NS CHFITE

LITEDOEMBELY T TELEFTH AL LTSI,

3.3 FESICHEEOREICED CEISHIENE
BEMELOERZ BT 5720127, 2mm ERIEFL

MBI > TVEBE, 12kW O L —H18T - TEBERE
TRELZ. TOMR, BEBEIBOBELBITERT

&, BREOENEBILTE 7S, BRBEOENE &3
VVBERRER R DE LB Lz, F2T, dEE o=
HEFERT 27201, HOd EEOBEMEETI mm & L,
VRO FAY v T ETOBRBE A EEL T,
b~$”%%##%%ﬂL%%m%%ﬁﬁmﬁiﬁ4zm
DECL—THBEZERTL I ICELEE 27 (U
T, BICHE 1 LIRS B). E500, 3.1 By CKE
LBV AR 15 ms T, SV AL —FRETIR

R B, BVt L AMEICAHE S A 0T, B"%?Lﬁiﬁ%’rﬁ<
’?%f‘&b , Table 2 (RS LI LV —FRBOTA Y v

EEL, BICHIE 1 &R LHE LT - 72D, @S

1% 2 SRR, BRI 2 Tk, FRETHOBAELPHETL
THho, L—HT—% 3 kWICE TR, #BEe8ELD
BRI & SV ABOERHER o7z, 22T, =%
—% 3kWIIHRELZOWE, E28 YD 33 0B WTEE
DEFRED 12 mm BET, BRI 1 ms ML sins 2
TH, ROEVREE LR PoERTERE LI LIL A,
72, ZOBIGHE 2 OBRBEHEORIER, Fig 4 OER

L—HINTF%ER Vol 12, No. 2 (2005) 103
REIELE DS 1.2 mm B & % 2 B8 0ORMEESRE OB
= 2.inl & LTz,
2REEOBILHENII DWW BB O 7T —F v — N % Pig.
5B LTMICRT. FOHETAERKEE Fig. 6 IIRT.
Fig. 6 OEEII L — FRE GO 74 ) ¥ FHAEM

TOEEFEERE OB T, Hdm! i&?ﬂ@(ﬁﬁ?iﬁ ETHD.
WHEOR RKBHTZED @Tf‘fiﬁ; 21 mm TH5. BREIE T
T, 20 ¥ 7NVCH LT, EEOBRIRE, BAE,

SFEHER L UE $f#%ﬁ%ﬂﬂﬁ%mmk%mmki0

Table 2 Improved long tailing of the adaptive control for
reduction of laser pulse duration, compared to the

conventional laser pulse.
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Fig.5 Tlow charts of two kinds of adaptive control.
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Fig. 6 DBottom surface diameters of spot weld fusion zones
made at -2 mm defocused distance as a function of to-
tal heat radiation power just before laser peak power
decrease, showing effect of adaptive controls on weld
formation of target size.
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Cross sections of laser full-penetration spot lap
welds produced under adaptive controls.

Fig. 7

—12kW TOEBBETIE, BaEEOBmE & I
R OELNRDT A, TOHEEL LT, Bighh
[T BB B OBETHIEESER TH D I L VRS
nie. £, BEEBEOBO-OOFLEELIT oM, 2
HIBEO 7OV AMEDOERILITTEETH - 728, BRI
DEHPET LI,

3.4 FHIZHLERSEROL-—YF ARy FERBE
EICH T B ESEEE

E1HY POLRBELIT, TLIZTAEEHERO<A
HLTEL. FOWN, BFTHo EnHIEEL k0B
EOBEEEEEDLIT Table 310 EDTRYT. FLTC, &
BISHEETES R AE Yy FEESOMERRE L 20
B Table 4 128 L, Rl & BEOBEMEBE % Fig, 8 107K
F.OMEENY, BREHELEBRETH L.

BICHEIME 2 LOWROBELEMETIE, 5 Y MilBwy

Table 3 List of the adaptive controls for in laser mi-
cro-spot lap welding of A3003 sheets of 0.1
mm in thickness.
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Table 4 Summary of cross sections and characteristics of
laser full-penetration spot welds produced under
normal condition and several adaptive controls.

Laser welding condition LCross section Characteristic
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Diameters of laser spot weld fusion zones showing
effect of adaptive controls.

e
@
o

T, WAEAREEN, HEEEN, EERRREETD
RO 3 EEOBREIHR L. EERETE SRR
FE & BEOBERAEI, 0.65mm & 027 mm &I I/
BThotz. 13T, EERRMET IR 2EICH
kA DV TRET 21T - 72, BBAKRRGIE, B AL
LD EMICRE LT - LB IR E S LR T
HHLEZOND. £IT, KELIBERELERFT S
PO, KERRE L BRI ET T, L=
- w@IEE L, FOERE, 20 T RTIIB WY

EREGECT, EREESTEL LY, REOR

——

T, B

- 42 -



B KE, SFHEB L Us/MEZF N1 1.1 mm,
0.98mm BLU 0.82mm & & o/z, L, SLEOBRBEE
DEKE, FHEB X OR/MEE, 0.62 mm, 042 mm B &
020 mm &T5IENTEL. ErHI9TIE, KRR
fill& &0 % 2 WMBIL kAR, L-FESESLVET
OEBARBEYT Y, BHINHEB & ClionwTHEL.. &
BT LM mm &2 mm OBRBETIE, TV — 2 08EE
WEWEE TR EEVEE 7T AL, 20
R, BB O AR IRTES Y UERNER
ol FNEFNOTZY ) Y ERICE T EEITEIE R 1T

D TR, TRNTO Ty T BTERBENTE:,

HOWBEEORAE, TIES L URNMEE, Theh
0.86mm, 0.77 mm BEL 059 mm Il T LT ENCTES. —

DI /NEL 90 um FRERT 5 7o [ E O BBIEE 0.65
mm BT ZEIEL CER LR, EHOBRBREORK
1, FHiEB L UR/MEE, FRFR 0.60 mm, 0.57 mm
BLUOmmIlT LI ETCEL. BINEEBRB EC LD,
BISHIE A I, BEOR/NEMEEL 1.5 5 Ll
TEZ. BB, REECOHICHE D T3, BISHE B
ECTREELBEREIOER 2R S, EhEok

W - OEBEBEER L. —F, BT —HEOR
BT, BEREIROBHREARLERETE, Boi%b
ICELDS, EREMEOEINE & O ICBBE T ROEZRH
WOTHIEPEI o7z, FIT, 20T ERAG, B
B RS DL R B 1L B 72010, BE OB KEREIEE
| mm O EEEYERE L CEILHE D 247> 7258, BE
DEBEVER, BRE, FES LORANMENFNENR 114
mm, 0.93mm BELL 08I mm PIES N, ERIDOE S AL
&R RS, BB EREEINERTE A

EDRERL AN,

UL, B1MPALSEAHELELC, 7VIZYLE680
HROBE AR IBWT, HEHEOBMIZEORE, EER
KIE, THICBIT AERBEELOMY, BEHELTOR
LARERIMOER L Vo /2, EEOEEHRETREIN S
B KB BRI DT, Table 3 1SR L 72 BIEHIIEE A, B, C
BLUD PENENENTHD I EWRER SN, T2,
BROT VI =T ABEEO L —WEE TR, BT A-
YOEERTTY, BETOEANKEL LD, B
TULABE LT VT EBORRIVETHL D
EHHBT LA

4. ¥

i

T, TVIZTL4888HOL - 702
Ry PERBBIIBT ABHETIRGLED 720 OBITHIE
WCOWTHE 54T o7, BORHEREILUTOLRBUTS
%,

) BAMELOERAEIOL —F 2Ky MEBORS

LT sE4EE Vol 12, No. 2 (2005) 105

BTV EREREL, W7 07 -1 2 kW
ELUTEMRBIRY LR LR, BRSO BE
BAERAYRRTE, EhioBnsihilhvs 2 &7t
TE7:.
QOABAEBRNHA SN, BREIKENEE, 20
FRDELDWS T D L DL T E T
2) B O UEEREEBER S OMB T,
OARBRENTCE, AL, L FRESEOLEE
REHLE FORRE G L TWA EE RS
WL, MRV NS HAL 23T
Aol
OFRBEHEHT ClE, BRGE, BEHEOBEREREL
HMERS D, REOBRMISHROERD/NE VL
""" ELYTED

BIEFTHLI Do,
3 EILHIE O RICL D
DBAEEROBINE & b I AR R R OE LT
TABERRICH L, RS EET RS

Boh, #ECHEOEREAIRE ST,
4 TVIZTLAEEBREOVA s n ARy FEBEEE

WKBITLEILHEEE T 05 L,

O7 VI A4S HUROBEBBEIIBNT, EBO
EHERSTREIN S A, BEREET HEERR,
L OBEEFEORE, THRICBIT L EMIEARO
MY, BESELHOE S ALHERIEOELE VS
TRRBILOWT, EICHIEEIESICH A 2 LUK
eCc&7-.

@7 NIy LAEEEHEDO L —F2Ey FERARE
TIE, BT A= S OEEZTTYH, BETOE
AWKEL LDy, BETORACHE# LB Y
VIEBEOBRRPEETHL I LR ENT.

Eil fid
AEFEOFTIIH I, T2y IR EITEIEE
%, EICHE L -FRIESICELT, TYBEWERETE
BEEBIFIVFTF I ) AOBEBRENIZE CHALEL -
FEg.

zE X H
1) Kawahito, Y. and S.Katayama: In-Process Monitoring and Adaptive

Control in Laser Micro-Spot Lap Welding of Aluminum Alloy, The
Review of Laser Engineering, 32-5, (2004), 357.

2) Kogel-Hollacher, M., M. Jurca, C.Dietz, G. Jassen and E. F. D.

Lozada,: Quality Assurance in Pulsed Seam Laser Welding, Proc. of
ICALEO '88, (1988), 168.

3) Kawahito, Y. and S.Katayama: Adaptive Control in Laser Mi-

cro-Spot Lap Welding of Aluminum Alley (Report 1), J. Japan Laser
Processing Society, 11-3, (2004), 6.

4) Kawahito, Y. and S.Katayama: Laser Weldability, Monitoring Re-

sults and Pulse Duration Control under Different Defocused Condi-
tions, J. Japan Laser Processing Society, 11-3, (2004), 12.

— 43 —





