%200

BEFR BEE

REAR

e YURUIL

[BIETORRDESESLLTELERAZHILT]

L—4 - 7—2
NT Yy FEEDRER

AEEXRE IFEHEHF
HHE =&E




ATV v NEBEBEOMSE - BIRE

- ary A, 8 (PFH) B
197 7#5H R&%# iF53—137044

[ZXNVF - =L LBREEE (EXSR)

ATV v NI

1977%#10H HARKHF :HE56—49195
(T4 7 V—F O HER] (TEFINER)
ZOHT, TIGO h—F L L—FE2—KITHEES
E L HIZTIG F—F ) D Sz BT = DR
00XV L—VETIGEMIECHRICITRET S L O ITBH
LT, BRIAHBET D EPAHBEINE




1o T

197 SFEDEERESZET,

2y RrDA Y 7’/1/j<%o>w M. Steel%‘dsﬁx
UK patent 12681(1975) = & & 1T “ Arc
Augmented Laser Welding ”k L'C Flg 1 2~
TXOWZHRDO EEE -EmH BTIG‘}" 7l
3@LV“ﬁH§§%TﬁN“ T— 7 BMOTIEL L
ﬂ'f:ff% BE IS L ONRIA B IR éz’)ﬁ%bﬁ‘é &

19994 DIIW (V ARV kL) T

'I'

RA Y DT —~> THKFEODilthey B s L — ¥ « 77—
7 (GMA)NA 7Y v FIEETLVISEBBEBERHOE
BIrEALLED LEEBEL, AKERSNB LI

2o T,



FH) TR

\-J

1. 1 "7V y FEgEary R (

- -
-~ e 4
I Foausng lens Flectrode

fens KCI
| aser indeed
Moty vapoe

Kc'.'.’ml«:\

\r¢ Toech
Shicldung gas

Heliym —=

\\ z/ﬁwﬁ@

= substrate (+ve)

/ ._.L direction of movement
Argon of substrole
Inl  ““arc electrode “ve

TTTTTT " T olternalive position

(Weld metal

Welding direction

Arc Augmented Laser Welding

after prof. Steen Laser Arc Hybrid Welding

after prof. Dilthey



NATYy FEgELa LU F (FH) B8

- Laser — Arc Combined Welding :
V—PEEE T — 7 WEP R -t T e Eida s
AR (FH) B#ETH D, . $2b0H, BE7T—1 5
Fl—Ti<.| W4 THLIGEIIHEETH D,

- Laser Arc Hybrid Welding:

—RIINA TV v N (HEREEIIES) BEOERIT. FHE
HIZ S ZZRIC S, B2 DEEIELTN TN O E R D3 [F]—
ThHEIHEZEE Yo

AT Yy FOFEE :
EfEY 72 & T, %@ % HEET. flziX, an
ER/ENMT Yy RL TTHEROBMIIBRE TH 5,




.

Lo 1

1. 2 ~NAT7Y v FBBEOE

Tablel A7) v FBEEBIZBITA L —V &7 —7 DGR

L=V OEE (RAHA) X T — 7 8

YAG LV—% (6 kW) X TIG,. GMA., 9 X~7—7
CO2 V'—¥% (45kW) X TIG. GMA., Y9 XA~7—7
YERL—Y (6 kW) X TIG, GMA., 9 X<=7—7
TZ7AN—1L—% (36kW) X TIG. GMA. SAW




AKWI7AIN—L—H EMAGBIED
INTY)YRBE Lsvhae




E)')T

EiASRD/ NMT YK

10 mm

THFDITHRFE ERTHRAFE:

wii



(1) JERsER~—F (2) FEhTs —F



2. "7V v FBEEZEDRM
2. 1 7—7®g. V—VEEBIDV

NA T Y v FEBEO—RR L

Table 2 LV—VEE, 7T—I7BERONAT Y v FEEOHE (£D1)
. wO® 5 Ik

L TE H L—VREE T— R NATY v NEEEE
1) ZRXAVX—FEE ‘WL fEu =RV S OB EAE
2) Bh=R RREY BHW B (REROMEHD)
3) 7—7 LOMEEH (Z2L) (72 1) 7T—7 OREAMMERARH B,

7 — 7 DK E DIEHE

4) WEREE B RRE U
5) TEEhREME VERIAB DR TEIAFDIEYD VEIAFZDS K0 RV

v — Fig BV JEUN RRJAEV

6) FRMFEX vy 75 A IRV JEUY anssg/NA



Table 2 V—V&EEE, 7—7WERUONAT Y v FEEOHK (2D 2)
LEERIE B L—YEEE MAGHE#E NATY v NEasE

7T) BEER~D T747—%N BEVAYTES A YHILroiusEE
B&HmMm THEE
8) HAZIE HAZIEH 3y HAZIERD LREW HAZERARRKE W
9) EEEEFIERE
{EC R 52 66 EEBETHEL YA YORBIRTHER ‘é{é ¥ DR T L AM
AVFHER BT aRBE R T4 RAE Ru T 4 O
ATV VA EERBENTRE MAERORE BB ERIERD 20
TINIEE EERBEEIFRE BEXMOBGIEVLE Rua T 0 0Fhssd
fcﬁb\o
U A ¥ OFER TENBHIE
10) BEEFR BEERLRY BEEEIREV BEERLRV
11) BA=XbE HW ZV> L—Y X Y 21




Xm
3|

2. 27V v FBEBEDFE-
(1) V—HRINEDM




2.7 —DICKBHMRD AR DI R [BRARD RS E IR A

3L—4T5XIDT—IB~DRE |

Process

ltem Laser MAG Hybrid Eg—.

Plasma >
(a) Photo- S .
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Laser Beam
Plasma
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Fig. Characteristics of plasma produced by laser, MAG and hybrid
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Laser with Laser-Arc
Fillerwire Hybrid

Power 20 kW 5.4 kW 1.7 kKW
Welding Speed 1 m/min 1 m/min 4 m/min
Energy per
Unit Length 1170 kJ/m 324 kJ/m 175 kJ/m
Cross section 124 mm’ 13,5 mm’ 10,4 mm’

Efficiency 103 mm'/xJ 41,6 mm’/kJ 59 mm’/kJ
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» TR high power fibre laser YLR- 7000

& 4 ¥W dode pumped Nd YAG Laser DY 044

¢ 4 KW lamp purrped Net YAG Laser ML 40060
» 10 KW tagh power {itye laser YUR- 10000

» 17 KW high power Titve laser YLR- 17000

AS Mg
T v v . | T T v y R =maxx
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=200
wdding speed [mVmin) [ = 250 mm
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1) 135 A/18,0 V/19,5 cm/min P.=26kW
2) 270 A/27,5 V/66,0 cm/min s =280 A
3) 270 A/27,5 V/59,0 cm/min Us=258YV

Zusatzdraht; G4Si1; vs = 80 cm/min
1,2mm Zusatzdraht: G4Si1;

1.6 mm
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High-Powered Laser Applications in Shipyard Industry

®m Frigates

m Corvettes

m Large Yachts
®m Cruis Liners

= High Degree of
Payload

« High Service
Speeds

= Lightweight
Construction of
the the Decks

'a

! 3 g

TLF |":.'¢_'_|I'. Powel [_':( ), Lasers in St Wpvard Industry 260ba; Shipyard « 27.02.2000, 1
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A Strategic View of Implementing
Laser Beam Welding for European
Shipbuilding

Dr.-Ing. Frank Roland
Forschungszentrum des Deutschen Schiffbaus
Hamburg, Germany

@ Prof. Dr. sc. Peter Seyffarth

Schweildtechnische Lehr- und Versuchsanstalt
Rostock, Germany

SAII.I Shipyard Applications for Industrial Lasers

Wiliamsburg, VA, USA June 2-4, 2003
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UL, The idea of High-Powered CO, Laser Application:
Precision Manufacture

m Lightweight construction
® Increase of productivity

» Faultless preperation of
weld seams

® Manufacturing sections to
tight tolerance ranges

® Reducing assembly /
alignment work by
accuracy in the mm range

m Use of modular,
prefabricated units: walls,
decks, bulkheads (parts
families)

® Increased degree of
automization
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Figure 8:

Principle and bene-
fits of laser hybrid
welding as used by
Meyer Werft
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esClids Butt-Joint Welding System (20m x 20m):
2 X TLF 12000 - Flller W|re (MIG) - Seam Tracklng

| 5 x TLF 12000 on mobile gantry
N Jas LB-MIG hybnd process
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System layout of a widely automated

®m Transport and movement of
panels by shuttles (2 x welding,
1 x cutting) with 16 tons weight

Weight of fabricated structures:
up to 10 tons

Maximum size: 12 x4 m

Automatic alignment / clamping
system for stiffener bars

Fillet joints:

« Reduced seam size / heat
input / distortion

= Ultra sonic testing due to full
penetration joint is possible

Laser: conventional:

ot 4 b
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Fillet Joint Welding System: welding stiffening bars

onto panels and waIIs 1 xTLF 12000 + MIG + Tracklng

| ©Meyer Wertt | - T : |
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Odense Steel Shipyar
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assembly

ThyssenKmpp Marine Systems
e Surface Vessel Diision
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ThyssenKrupp Marine Systems
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A revolutionary innovation
in the history of shipbuilding, order 6 Feb 2006

The world's largest cruise vessel - taking a giant step-into the future
with bold design, daring innovation and technological advancements

« The new generation flag ship developed by Aker Yards in cooperation with RCCL
* Worth approx. EUR 900 million = the most valuable commercial ship ever ordered
» Contract for one vessel + option for a similar vessel

NB 1363 delivery in autumn 2009 + option 2010

yards.



Since the 70's
the size of cruise
vessels
(measured in GT)
has doubled

in every decade.

Freedom .
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Voyager 20Q0 ath generation

Panamax'

1990 3rd generation

1980 2nd generation «e— ...

e i - 1970 1st genaration aker .
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Project: DockLaser

(funded under the 5. FP for R&D, EC, GROWTH, KA J)

Partnership: SLV MV, SLV Halle, MobileLaserTech -~ DE

Coordinator  Meyer Werft (jointly with FDS/CMT) ,l:?‘ :
IZAR - SP, 0SS, FORCE - DK, DNV = NO, Fronius - A, VUZ - SK "

Cost: ca. 4 MEUR
Web-site: www.docklaser.com
Alms: Development of mobile laser equipment for block and

dock assembly, major applications:
- tractor type equipment for long linear hybrid welds
- manually guided equipment for tacking
- manual equipment for welding and cutting
in outfitting

Content: requirements definition

process development and modelling
prototype equipment development
approval, work safety, environmental protection -
testing in shipyards

.l,ndustrlal User Group — members invited world wide !!

"‘"ngln Shipbuilding Weiding Training

and Research Institute

' 5 " Ode | 1./12. Sept. 2003 “Wecklenburg-Western Pomerania
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Automation in Shipbuilding
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Figure 10: Schematic diagram of decoupling between
laser beam and GMA process
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Fillet weld PG
Zero width of gap
web 9 mm, belt 5 mm

vs = 1,3 m/min
PL =10 kW
Vp = 7.5 m/min
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The result
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15l (ED2: BEHE - EHHH)

Applikation VW - Phaeton

MIG
mm)

Laser
mm)

LaserHybrid
mm)

)
mm

7 seams (380
11 seams (1030
48 seams (3570

4980

Quelle: Volkswagen
AG
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Audi A8 (D2) Audi A2 (W10) Audi A8 (D3)
SOP 1994 SOP 1999 SOP 2002
D-Klasse AO-Klasse D-Klasse
249 kg, 334 Teile 156 kg, 238 Teile 287 kg, 267 Teile

Fugetechnik Fiigetechnik Fugetechnik
1100 Stanzniete 1800 Stanzniete 2400 Stanzniete
70 m MIG-Nahte 20 m MIG-Nahte 64 m MIG-Nahte
500 Schweil3punkte 30 m Lasernihte 20 m Lasernahte
178 Clinchpunkte 5 m Hybridnéhte

Quelle: Audi
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History of applications

1998 1999 2000 2002 2003 2004 2005 2006

‘ Start I | | l | I | ‘ |
1998
Trunk lid Trunk lid Trunk lid Trunk lid Trunk lid Trunk lid Trunk lid
Roof seam Roof seam Roof seam Roof seam
Front window
Side Panel

HRASRS  PAKIF Joining Technology, Dr. T. Jiickel 3 ‘ T
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3. Megatrends in Laser Application.

Past

9 RSW-Robots
100% Invest
2 Mio. €

2003

3 Laser-Robots
100% Invest

2 Mio. €
LP-Nd:YAG

Now

1 Laser-Robot
50% Invest

1 Mio. €
Disk-Laser
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Mercedes-Benz

History of Laser @ Mercedes-

Benz

2004

2005

S spin

BEDE

CYNL

2007

CLS-Class C219

V-Class

fig="

S-Class W221

Sprinter BR906

C-Class W204

T .

» Roof rails
F/M/B

» Laserbrazin
g Trunk lid
Edge &

9m

Laser |

« Welding Roof-
Sidewall

« Cutting Floor-
and
Sidepanels

(e

» Laser-Hybrid
welded Alu-
minjum
Doors

» Laser fixed
Doors &
Fenders

» Laserwelded
B =N H
15 mi Rail
9 Lasers|

Laserwelding
Roof-Sidewall

Laserwelding
Base-Floor

Laserbrazing
Sidewall

Variants

m |

Lasers|

« Laserbrazing
Trunklid, E & F

« Laserfixed Doors

» Laser-Remote:
*Doors
*Sindewall Inner

*Rear Center

31 Lasers
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| Welding conditon _L‘.asér.p’;';:
flayer:
Loser
G CO2, CW Angjg Cross
| ' To0mmanin 20" | section
Aayer,
Laser arc hybrc
700mm/min l
MIG 320A 30V ‘
| : | JISRT
Ang'e
My
— .5 Angle | Cross
V| us 25 | section
J
115
JISRT l
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Figure 2. Cross section of conventional multipass
pipe weld with 12.7 mm (0.5 in) thickness.
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Center Solenoid Coil

L

A
Poloidal Field NS
Col "’\’*m.ﬁ 'g/
"‘ - & N '~ ; .
oM W
Toroidal Field RP =N
Coil l

Conductor with the
turn insulation layer

Figure 2 TF coil construction

TF coil

Figure 1 ITER superconducting coil system

The following is required for the CP welding.

m

Optical fltvr 1 =y
- gg TN
\”""‘ Fiber luser 444 3+ -
111
\ J 1l
Condenser lens ' § R0 §
: Collimator lens
g o o
1
7 Nigp

Magre cross section
Figure 12 Twin spot laser-arc
hybrid welding head

Post-welding appearance and cross-section close-up



Restraint
piece

PAME

Figure 24 Photo‘;;‘)‘h of post;\#elding appearance |

Figure 23 Welding conditions
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Joining Speed of different welding processes
VR REH I (v)
PRV X Tg;&i}ﬁéé #HEHE (Vi=v x t)
e (mm)(mm/min) |
3.2x90 |} I R
s —ovss 5x200 i
TIG 2.3%500 N
MIG 10x600 NN
v-—/v—:ﬁ——//iz‘;ﬁT 3gx200 |
2x2000 [ kW)
o, 6x1250 NN (5kv)
L | 12x1320 I (12k)
35x1000 N (1)
T A 73— 27000 — (4kW)
L—HW | 4.5%10000 — (10kW)
b+ gl 38X1000 R e ] (kW)
501000 | 7 cv)|
0 1.0 20 * BO 4.0 5.0

V; x10* (mm?*min
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P=10 kW
v=22m/min
X70,t=11.2 mm
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Courtesy of Bias Bremen Vietz GmbH X70 t=11.2mm
Power =15kW
FC/125:FL/500mm
Speed =2.8m/min.

courtesy of Bias, Vietz GmbH b i as
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« Laser GMA hybnid welding tractor (fibre laser version) DOCRAsS 9

DOCK-LASER equipment

« T-joint welding at Navantia. Spain
« 10 mm stiffener thickness
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EN-AW 6008, t=8 mm
P, =10.5 kW
Vg =4 m/min
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PHOYOMICS
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S Mit seiner Moglichkeit der Strahl-
fiihrung (iber Laserlichtkabel ist
der Festkdrperlaser heute ein
unverzichtbares Werkzeug in der
Automobilindustrie - beispiels-
weise zum Dachnahtschweifien.

With beam delivery via fiber optic
cables, the solid-state laser is
today an indispensable tool in the
automotive industry - e.g. for roof
welding.
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CCD
e Camera
Laser Coaxial
Beam Detector
Imaging
Optic
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No seam track deviation Seam track deviation Seam track deviation
(reference) +0.1 mm into material ) -0.25 mm into material (1)

0
X [mm)
Intensity Profile

Z150

Material (1) : ST14, 0.8 mm, Material @): ST14, 1.2mm, Laser Fower: 3KW Nd:YAG, Focus@: 600 um, Feed Rate: 5.5 m/min, GasFow: He 15 I/min

figure 3: characteristic CPC images for seam track deviation during tailored blank welding
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Manual welding

Mechnized SAW

Robotic Welding

|aser weldina
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Thank you for your kind attention.
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