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Lasersvetsning 6kar stadigt
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Hans Engstréom
Luled tekniska universitet

Den 8:e nordiska laserkonferensen, NOLAMP 8, visade
samma trend som de senaste dren av vad som pdgar inom
laser F&U virlden i Norden, nimligen att det dr svetsning
som dominerar. Av konferensens 14 sessioner handlade 9
om ndgon form av svetsning. En total dominans med andra
ord. Denna gang har hybridsvetsning seglat upp som en ny
lovande teknik for bl a svetsning av tjockt konstruktionsstal.

NOLAMP 8 holls i Kopenhamn i augusti och virdparet
Professor Flemming O. Olsen och adj. Professor Jens K.
Kristensen hade ordnat ett intressant konferensprogram
av hog kvalitet. Sen minns vi ocksd konferensbanketten
som jag utan tvekan vill utropa till ”den bista hittills”.
Och sedan fortsatte trevligheterna pa Tivoli och i Képen-

hamns brusande nojesliv, men det dr en annan historia.

NOLAMP i ett notskal
Vad lockar da 79 deltagare till NOLAMP? Kan det vara 44
foredrag inom 14 sessioner dar som sagt nio handlade om

lasersvetsning, tvd om allmin laserteknik, ett om vardera

Professor Flemming O. Olsen och adj. Professor Jens K. Kristensen var
vdrdar for NOLAMP 8 i Kpenhamn.

skirning, ytbehandling och nya lasertyper. Ja sikert, for
NOLAMP konferenserna har alltid varit av hog kvalitet,
men jag tror nog att manga ocksa vill passa pa att traffa
den nordiska forskarvirlden for att underhélla och skapa
nya kontakter. Och sedan naturligtvis traffa kollegor och

”skvallra™ lite.
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Konferensartiklarna omfattar tvd volymer pé totat 411
sidor sa att forsoka presentera all information ar inte att
tanka pd. Hir dr istdllet ett axplock av ngra foredrag som
belyser NOLAMPs innehall. De tre svenska tekniska bidra-
gen presenteras ocksd i sin helhet pd annan plats i detta

nummer.

Lasersvetstekniken godkind

J. Bang Mikkelsen, Grundfos A/S, som dr en av varldens
storsta pumptillverkare med en drsproduktion av 40 milli-
oner pumpar, berittade om hur man infort lasersvetstek-
nik pd foretaget. Det startade 1993 och komponenten var
impellrar till pumparna. D4 var robottekniken inte till-
rackligt noggrann utan man fick anvinda foérenklade ro-
botrorelser tillsammans med indexeringsbord. I dag svet-
sas 28 olika impellrar i fyra laserceller. En femte cell ar nu
under installation. Lasersvetstekniken innebar att Grund-
fosuppndr ca 50 % materialbesparing for komponenterna

och det racker mer dn vil att fi en pay-back tid under tva ar.

Jens Kristensen, FORCE Institutet presenterade en trend-
oversikt inom svetsomradet och konstaterade att hybrid-
svetsning ar av starkt intresse for att processen kan over-
brygga spalter och ger hogre svetshastigestet utan nimn-
viard okning av varmetillforseln till materialet. Jens kon-
staterar ocksa att klassificeringssillskapen nu godkanner
slagseghetsprovning av lasersvetsar dar sprickan gir fran
den hdrdare svetsen utidet mjukare grundmaterialet. Man
har ocksa helt nyligen godkant att svetsar dir svetspara-
metrarna dar framtagna enligt ett speciellt forfarande, s k
”weldability lob” for att undvika stelningspipes och andra
defekter, bara behover genomgé normala rutiner for icke-
forstorande provning. Tidigare kriavdes 100% kontroll
vilket inte dr praktiskt genomforbart. Darmed har laser-

svetstekniken tagit ett sort steg framat inom varvsindustrin.

Diod- eller lamppumpning

Tekniken att pumpa Nd:YAG-lasrar med dioder eller lam-
por har debatterats ndgra r och debatten pagar fortfarande.
M. Ochs, fran HAAS Laser; Schramberg, presenterade
deras syn pa hur diodpumpningstekniken star sig i forhal-
lande till den vanliga lamppumpade tekniken. Den totala
verkningsgraden for en diodpumpad Nd:YAG-laser be-
riknas till 14 % vilket kan minska till ca 10 % med aldrade
komponenter. Genom att anvianda diodpumpning kan ener-
gikostnaden minska ca 70%. Dioderna dr dock forbruk-
ningsvara och behéver bytas efter ca 10 000 timmar. Aven

om detta dr 10 gdnger lingre driftstid jamfort med lampor,

sa blir kostnaden for utbyte av dioder 5 ganger hogre dn
utbyte av lampor. Dessutom ar investeringskostnaden ca

30% hogre for en diodpumpad laser.

25
Laser power: 4 kW
Energy costs: 0,05 €
Lifetime lamps: 1000 h
20 1 Lifetime diodes: 10 000 h
Lamp costs: 3395€
Diode costs: 204500 €
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Figur 2. Kostnad fér energi och férbrukningsvaror f6r lamp- och diod-
pumpad Nd:YAG-laser.

Sa slutsatsen fran M. Ochs blir att den lagre energiforbruk-
ningen inte kan kompensera for hogre investeringskostna-
der och hogre kostnader for utbyte av dioder. Den diod-
pumpade laserns framsta fordelar ligger i tre gdnger hogre
verkningsgrad och tvd ginger hogre strdlkvalitet. Detta
kan omsittas i mindre lasrar; en diodpumpad laser pa 4,5
kW kan byggas med sex kaviteter medan en lamppumpad
kraver nio. Den battre stralkvaliteten kan utnyttjas for att

t ex svetsa med lingre fokallangder.

Skivlasern - framtidens laser?
Diodpumpningen ger inte bara hogre verkningsgrad. Den
ger ocksd moijligheter till att anvanda alternativa geometri-
er for det aktiva mediet, t ex tunna skivor. Detta utnyttjas i
skivlasern dér kristallen dr en skiva med ca 10 mm diameter
medan tjockleken dr ndgra tiondels millimeter. Ljuset som
pumpar kristallen kommer frén dioder och passerar kri-
stallen flera gdnger. Kristallen ar monterad pa en koppar-
platta som ger kylning. Arrangemanget ger mycket mindre
termisk distorsion av kristallen varfor stralkvaliteten kan
Oka med en faktor fyra jimfort med diod pumpade stavar.
HAAS har framme en skivlaser pa 1 kW med en stréal-
kvalitet pd 3 mm mrad. De testas just nu med 0,2 mm fiber
for att svetsa aluminium. Effekten kan skalas uppat genom
att anvinda flera skivor i en kavitet eller koppla samman
flera kaviteter. Teoretiskt kan 7 moduler pad 1 kW koppas
till en 0.3 mm fiber och 19 moduler (19 kW) till en 0.5 mm
fiber. Men papekar M. Och avslutningsvis, framtiden far

utvisa om dessa extrema lasrar kan realiseras.
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Dubbelfokusoptik 6kar skdarprestanda
Laserskarning med dubbelfokus optik lanserades for na-
got ar sedan av Steen Erik Nielsen vid FORCE Institutet.
Tekniken utnyttjar tva fokalpunkter placerade ovanpéa var-
andra i strdlens utbredningsriktning. Den har nu under-
sokts vidare av John Powell, Laser Expertise Ltd och Steen
Erik Nilsen/ M. Valkama, Rautarukki Steel OY som bada
presenterade nya ron.

John Powell har analyserat laserstrdlen i det intressanta
omrédet mellan fokalpunkterna och funnit att intensitets-
fordelningen i strilens tvirsnitt ir komplicerat och varie-

rar langs strélen, figur 3.

Powell har ocksa gjort
skirtester pd 12 mm
rostfritt stal (316L)
med 2,9 kW CO,-la-
ser dar han har jam-
fort en dubbelfokus-
linsmed envanlig7.5”
meniscus lins vid hog-
trycksskarning (18.5
bar, nitrogen). Den tes-
tade dubbelfokuslin-
sen hade ett avstand

pd 12.5 mm mellan

Figur 3. Intensitetsfordelning for en dub-  Ovre och nedre fokal-

belfokuslins undersokt med HeNe laser. punkt.

Resultaten visar att dubbelfokuslinsen ger hogre skar-
hastigheter (+23%), smalare skarsnitt (0.5 mot 0.86 mm
vid 6veryta; 0.38 mm mot 0.5 mm vid underyta) och mera
vinkelrdta kanter med mindre slagg. Alternativt kan dub-
belfokuslinsen ge battre snittkvalitet om inte skarhastighe-
ten dr av hogsta prioritet.

Nielsen/Valkama sammanfattar sina resultat for skar-
ningav 12,15 och 20 mm RAEX 250 C Laser med dubbel-

fokuslins pa foljande satt:
® storre parameterfonster for acceptabel snittkvalitet

e storre tolerans for fokalpunktens positionering i verti-

kalled
¢ ytor med primer skirs littare
e tilldter att ytor med tjockare primer kan skiras

¢ tendensen till okontrollerad forbranning av materialet

minskar

Nielsen/Valkama fortsitter sitt arbete och ska optimera
lins och munstycken samt fortsatta processutvecklingen
for tjocka material. Steen Erik Nielsen meddelade avslut-
ningsvis att den fortsatta utvecklingen av dubbelfokuslin-

serna har tagits 6ver av Air Liquide i Frankrike.

Bystronic utmanar linjirmotordriften
Om vi fortsitter pd temat laserskdrning men nu vander oss
mot lasermaskinerna sd pagér en debatt on linjarmotor-
driften for- och nackdelar. Linjirmotordriften har slagit
igenom hos de flesta leverantérerna som nu har maskiner
till forsiljning. Bystronic diremot har tagit en annan vig
berattar Pieter Schwarzenbach, Bystronic, Niederonz, nar
han gar igenom teknologin for avancerad laserskdrning
for kostnadseffektiv industriproduktion. Han noterar det
eliminerade slitaget pd kulskruvar och kuggstinger, men
ber oss observera den stora vikten pd statorn vilket kan ge
reducerad dynamik speciellt vid ldnga axlar. Han menar
ocksd att de stora krafterna mellan motor och stator méaste
observeras vid konstruktionen av linjarstyrningarna. Ju
storre massa som forflyttas och ju storre acceleration som
uppnas, desto storre vikt kravs i maskinfundamentet for
att ta upp de dynamiska krafterna. En kompromiss kan
vara att ha en ling ”ldngsam” axel och en dverlagrad latt
och snabb axel. Schwarzenbach menar ocksa att det kan
vara ett stort problem att undvika att metalldamm fran
skarprocessen attraheras av statorns magnetfalt.
Bystronics alternativ dr direkt kuggstdngsdrivning med
skivmotor vilket ger litt vikt pa statorn. Problemet med
metalldamm ir eliminerat och krafterna mellan stator och
rotor ir utbalanserade via den cirkuldra konstruktionen.
Dessutom multipliceras den elektriska drivkraften med

kvoten mellan radien pa rotorn och radien pa pinjongen.

Figur 4. Jamforelse mellan resulterande krafter for linjdrmotor och
skivmotor med kuggstangsdrivning.

Framtiden

Jag vill avsluta detta referat frin NOLAMP 8 med Jens
Kristensens summering av konferensen. Jens konstaterar
att NOLAMP fortsitter sin tradition at presentera fore-
dragav hogkvalitet, vilket naturligtvis speglar en aktiv och
hog internationell kvalitet pa det F&U arbetet som bedrivs
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i Norden inom laseromradet. Sen ar NOLAMP ocksé en
trevlig tillstallning med rikt utbyte av sociala kontakter.
Fordelningen av foredrag bland de olika metoderna
visar att svetsning okar, skarning ar ungefar konstant medan
ytbehandling och foredrag inom 6vriga omraden minskar.
Jens Kristensen gjorde ocksa en utblick mot framtiden

och berittade att han forutser:

e Lasersvetsning i alla tjocklekar kommer att fortsitta
att vixa. Hybridsvetsning kommer att oka.

e Skirning av tjockt material kommer att fortsdtta att
utvecklas

* Mikrobearbetning kommer att f4 storre betydelse

¢ Kontroll och 6vervakning av svetsprocessen blir allt-
mer viktig

* Diodpumpade Nd:YAG-lasrar kommer attersitta CO -
laser for 3D-svetsning

* CO,-laser kommer att fortsitta att dominera planskar-
ning och svetsning av tjockt material

¢ Diodlasern kommer speciellt for ytbehandling

NOLAMP till NORGE

Naista NOLAMP atervander hosten r 2003 for tredje gang-
en till NORGE och dirmed har konferensen passerat de
nordiska landerna tva ginger sedan starten 1987. Professor
Einar Halmeoy fran Norges Tekniska Hogskola, Trondheim
blir vard for den tillstallningen. Han lovade ett bra arrange-

mang och trevlig atmosfir.

Intresserad av mera skriftlig information fran
NOLAMP? Kontakta dé:

Technical University of Denmark

Dept. of Manufacturing Engineering and Management
Building 424

DK-28000 Kgs. Lyngby

Tel: +45 452548 00

Info@ipl.dtu.dk

Order No: IPL-088-01

Laser Welding of Thick Structural Steels

Hans Engstrom', Klas Nilsson',Jan Flinkfeldt', Tony Nilsson?, Anders Skirfors3, Marcus Miller*

Luled University of Technology, S-971 87 Luled, Sweden

I
2 SSAB Tunnplat AB, S-781 84 Borldnge, Sweden
3 SSAB Oxelésund AB, S-613 80 Oxelésund, Sweden
4 Volvo Articulated Haulers AB, S-351 83 Viéxjo, Sweden
Abstract

Laser welding of thick steel has been further developed
providing high quality welds with minimum distortion at
high speeds. Laser welding also gives new design opportu-
nities. These properties have the potential to positively
influence the manufacturing process, by shortening of pro-
duction and lead times, as well as reduction of the amount
of materials used.

In this paper results are presented on laser welding of
thick structural steels used in the heavy mechanical and
heavy automotive industry. The results include welding
parameters for high power lasers up to 17 kW, weld metal-
lurgy, static and dynamic weld strength of test specimens

and components designed for laser welding.

Keywords: laser, welding, steels, thick, structural

I Introduction

Industrial use of high power lasers for welding steel plate
thicker than 5 mm is so far limited compared to their use in
thin gauge applications and mass production of machined
components. The need for a significant new welding pro-
cess has been obvious for some time due to the known
limitations of existing welding techniques as far as heat
input and deformation, welding speed and process economy,
work environment and potential for weld process automa-
tion are concerned.

R&D projects in ship building industry [1, 2, 3, 4] have
been successful and the laser welding method is now accep-
ted by the major classification organisations. These pro-
jects report full penetration in 12 mm I-, and T-joints using
lasers of up to 14 kW. Joint gaps of up to 1,5 mm, were
coped with and the mechanical strength, including fatigue

strength, of the resulting joints were reported at least as
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good as those obtained by arc welding. Impact toughness
was reported to be substantial improved compared to arc
welding. However, the sulphur and phosphor content of
the steel was found to be more critical for the strength
qualities in laser welding than for conventional welding.
Other recent studies [5] investigated the influence of laser
parameters and material composition on the formation of
solidification flaws. Techniques to avoid such welding
defects by the combined control of steel composition and
welding parameters were presented. Laser welding of thick
construction steels for the heavy automotive and heavy
mechanical industries [6] has demonstrated excellent wel-
ding results in a number of high strength cold forming,
structural and wear resistant steels. With recently develo-
ped high power lasers, penetration depths of up to 20 mm
have been reported [7].

The aim of the current project was to develop the laser
welding technique for thick plates = 8 mm of structural
steels of different types and strengths and to define the
possibilities and limitations for laser welding materials of

this type and thickness.

2 Experimental

2.1 Laser equipment
The majority of the experiments were performed by using

laser II. The experimental set up is shown in figure 1.

Table 1. Laser equipment used

Laser I

Power [kW] 12
Focal length [mm] 270
Beam diameter in focus [mm] 0,5

Double focusing optics

Shielding gas He
Shielding gas arrangement ”Ring nozzle”!
Workstation Moving laser beam,

fixed work table

2.2 Steel grades

Domex steels > 8 mm. Four steel grades of Domex cold
forming steels were included in the tests: Domex 460 MC
(8 mm), Domex 600 MC (8 mm) and Domex 355 XP
(10 mm) and Domex 390 XP (10 mm), table 2. Domex
cold forming steels are high strength hot rolled strip with
improved formability in comparison to conventional con-
struction steels. The mechanical properties of the steels
tested are shown in table 2. The chemical composition of
these steels can be characterised by their low carbon con-
tent and very small quantities of non-metallic inclusions,
which increases the steel’s bendability. The required strength
levels are achieved by small additions of micro alloying
elements (Nb, Ti, V) in combination with thermo-mecha-
nical rolling in the hot strip mill. In relation to their strength,

the carbon equivalent values of Domex steels are very low.

Process gas
219

Plasma gas
22

Figure. Experimental set-up (Laser II)

II

17
300
0,8

0,6 mm between focal spots

He
Coaxial nozzle + plasma gas
Fixed laser beam, x/y-table

!'The ring nozzle has 4 holes 61,2 mm placed in a ring around the laser beam

Table 2. Mechanical properties of the Domex steel samples.

Steel grade R, R
pU,. m
MPa MPa
Domex 355 XP 10 mm 376 462
Domex 460 MC 8 mm 523 616
Domex 600 MC 8 mm 674 749
Domex 390 XP 12 mm 410 507

A (A,) Charpy-V

% J/em?/C
38 (41) 344/-20
19 (19) 223/-20 220/-40
22 (23) 103/-20  80/-40
28(32) 363/-20 295/-40

The testing direction was transverse to the rolling direction for the tensile tests for Domex 355 XP and Domex 390 XP
and longitudinal for tensile tests for Domex 460 MC and Domex 600MC and the Charpy specimen.
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Table 3. Mechanical properties for WELDOX and HARDOX steels tested

Steel grade T Rp 0,2 Rm A5
mm MPa MPa %
WELDOX 960 10 1027 1073 13
HARDOX 400 10 -- -- --
HARDOX 400 15 9894 1250% 12*

Specimen size 7,5x10 mm
Specimen size 10x10 mm

1)
2)
3) CE(%) = C + Mn/6 + (Cr+Mo+V)/5 + (Cu+Ni)/15 (according to ITW)
4)

Typical values

Experiments were also done using structural (WELDOX)
and wear resistant (HARDOX) steels. In the current in-
vestigation one high strength structural steel, WELDOX
960, and one wear resistant steel, HARDOX 400, were
laser welded. The mechanical properties of these materials

are shown in table 3.

2.3 Joint types and joint preparation
Experiments have been made using different joint types

and joint preparation

i) I-joint (buttweld) autogenous, lasercut or milled
edges
ii) I-joint (buttweld) filler material, laser cut or mil-

led edges
iii) V-joint filler material
iv) Edge joint 90
v) Edgejoint 45

The filler materials used were ESAB OK Autrod 12.51 and
12.64.

The oxides on the laser cut edges were removed by
mechanical brushing. The cut quality was varying because

different cutting machines were used at the industrial par-

Domex 390 XP 12 mm
Cutting machine | (above) Cutting machine 2 (below)

Figure 2. Examples of surface appearance for laser cut edges.

Charpy V. Hardness CE .}

j/°C HB
35/-40" - 0,55

- 408 0,37
80/-40%4 400* 0,38

ticipants in the project and because cutting was made at
different occasions. Typically theR -value varied for Domex
390 XP 12 mm between 18-33 mm and for Domex 355XP
10 mm between 12-17 mm. But it must be noticed that the
Rz-value does not characterize the cut quality totally. Figure
2 shows some different cut qualities achieved by the diffe-

rent cutting machines used.

3 Results

3.1. Domex steels,summary

The steels tested are presented in table 2. For all welds
referred to in this paragraph, the welds are butt welds in
one pass and all edges were laser cut. Filler material was
used only when welding Domex 390 XP 12 mm, which
also was welded without filler material. The laser power
used was 11-17 kW and welding speed were 1200-2100
mm/min, which gives an energy input of 0,3-0,70 kJ/mm.
This is only about 1/3 or less of the energy input for conven-
tional methods like MAG-welding. It must also be noticed
that MAG-welding sheet thicknesses of 8-10 mm requires
several weld passes.

The samples selected for this evaluation was selected to
be free of solidification flaws. X-ray investigation did not
show any other defects in the weld metal. The hardness in
the weld metal was increased , but no softening of the heat
affected zone could be noticed. Figure 3 shows the hard-
ness and weld appearance for Domex 355 XP, 10 mm and
Domex 600MC as examples.

All welds shows good mechanical properties like strength
and elongation. The failure has always occurred in the
substrate beside the weld metal. All welds passed the ben-
ding test (V-bend, 120 deg., mandrel diameter 4x sheet
metal thickness). Also the impact strength showed accep-
table values, as all specimens passed —20 °C and many also
—40°C and -60 °C.

LASERNYTT NR 3-2001 7



Domex 355XP 10 mm

Hv5

Vickers

0 2 4 6 8 10 12 14 16

Distance (mm)

Domex 600 MC 8,0 mm

Vickers

0o 2 4 6 8 10 12 14 16

Distance (mm)

3.2 WELDOX and HARDOX steels,summary
Autogenous laser welding has been done using various
heat input in WELDOX 960 (10 mm) and HARDOX 400
(10 and 15 mm). The edges were machined by milling in all
welds.

Generally the weld quality was very good. A few welds
showed a few pores. No cracks or other defects could be
observed, figure 4, although the penetration was as much
as 21 mm in some samples.

All welds showed very high strength, in all cases excee-
ding 1000 MPa, table 4. In WELDOX 960 all failure was
located in the base material and the elongation (A50 ) was
more than 20%. The welded joints in WELDOX 960 do
not fulfil the requirements of the impact toughness for the
base material (20] at—40C, specimen size 7,5x10 mm), but

for many applications the impact toughness is quite suffi-

Figure 3. Hardness and weld ap-
pearance for Domex 355 XP and
Domex 600MC, autogenous wel-
ding, laser cut edges.

cient. The welded joints in HARDOX 400 obtain good
impact toughness for cooling times At8/5 (cooling time
between 800 to 500 °C) of 2 s. For most applications the
impact toughness is quite sufficient for At8/5 of 1's.

3.3 Solidification flaws
Solidification flaws are a welding defect that appears in
laser welding of thick steels. In this investigation these
defects have been observed primarily for the thickness of
12 mm. The solidification flaws appear both as small (*1mm
long) defects as well as long continuous defects along the
whole length of the specimen (200 mm or more). Analyses
shows that these defects can be considered as a kind of
binding defects like a longitudinal pipe along the weld.
The defects are located in the centre of the weld and

normally in the middle or 1/3 up in the direction of the

Table 4. Tensile strength' and impact toughness for laser welded WELDOX 960 and HARDOX 400.

Material T At8/5 RP 0,2 Rm A50 Fracture  Charpy V toughness °
[mm] [s] [Mpa] [MPa] [%] position —40-C []]
WM3/HAZ?

WELDOX 960 10 6 1036 1088 24 BM? 18/18

10 2 1032 1086 23 BM 15/15
HARDOX 400 10 S 1032 1058 4 HAZ 20/22

10 2 1108 1213 6 HAZ 30/15

10 1 1114 1230 7 HAZ 23/20

15 S 1011 1108 8 HAZ 30/27

1 According to EN 895 2 Base material 3 Weld metal 4 1 mm from fusion line 5 Specimen size 7,5x10mm

LASERNYTT NR 3-2001 8
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Figure 4. Hardness (HV5) and weld appearance for WELDOX 960 (10 mm) and HARDOX 400 (10 mm).

Figure 5. a.) Solidification flaw in laser welded cold forming steel; b.) SEM picture of the surface in the solidification flaw
(upper part 40x, lower part 400x), c.) detail of surface from picture in 6b 2000x.

thickness. It can be assumed that the materials on the op-
posite sides of the flaw have been pulled apart just before
solidification and the solidification has occurred without
contact between the two sides. Figure 5a shows a typical
solidification flaw and 5b and 5S¢ shows the surface of the
flaw. A typical dendrite structure can be observed.

These solidification flaws have been noticed in all expe-
rimental series for 12 mm thickness for the cold forming
steel at both high and low welding speeds. As can be noti-
ced from figure 5a, a significant widening of the weld metal
can be observed at the location of the flaw. This is characte-
ristic for the formation of the flaw. Different laser parame-

ters like the focal point position can influence the geome-

trical shape of the weld and hence influence the formation
of the solidification flaws.

3.4 Process windows

A special procedure, the welding envelope, (WE) develo-
ped by researchers at the FORCE Institute in Denmark has
been used to identify the process windows where there are
no solidification flaws or other defects like pores or exten-
siveundercut (atlow speeds). The WE is obtained by bead-on-
plate welding at different power levels using different wel-
ding speeds and the welds are examined by x-ray. A typical
process window for cold forming steel, DOMEX 390XP,
12 mm is shown in table 5.
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Table 5. Typical process win-
dow for defect free welds in
DOMEX 390XP, 12 mm.
The shaded area indicates the

defect free areas. Bead-on-

plate laser welding.

Power Welding speed

(kW] [mm/min]

11 500 700 9200 1100 1300 1400 1500 1600
14 800 1000 1200 1400 1600 1800 2000 2200
17 1000 1200 1500 1800 2000 2200 2400 2600

Welding envelopes have been established for 10 and 12 mm
DOMEX and 10 mm HARDOX both for laser cut and machi-

ned surfaces as well as for autogenous welding and welding

with filler material. The welding has been done at different

occasions, normally at intervals of two to four months. The

results have not been consistent from time to time; instead va-

riations in the welding results have been experienced. Figure

6-8 shows typical process windows obtained by the WE-pro-

cedure for real butt joints.

DOMEX 390 XP, 10 mm, lasercut

Autogenous B
kW 4 Notapproved
17 A oo 2 O Approved
) O Approved He/4% O,
14 T & P
- - ’ -7
111 & By
il
12 14 16 18 20 22 24 26
m/min
DOMEX 390 XP, 10 mm, lasercut
Filler material
kW T 7T + notapproved
17 74 D oo+ o
, S
14 T 7
1 r =
10 12 14 16 18 20 22 24
m/min

DOMEX 390 XP, 12 mm, lasercut

It must be observed that the dotted lines in figure 6-8

only indicate the area of the process window where de-

fect free welds can be obtained.

3.5 Influence of focal position and double

focusing optics

As shown in figure 5, the solidification flaw normally

appears in the centre of the weld metal and the forma-

tion of the flaw is regarded to be partially depending of

DOMEX 390 XP, 10 mm, milled

Autogen
kW } > not approved
| approved
17 ‘f O approved, He/4%O;
S S
4 . |
14 ‘ - {
| e - |
1 4 ‘
12 14 16 18 20 22 24
m/min
DOMEX 355 MC, 10 mm, milled,
Filler material
kwi | i 4+ not approved
{ ]
7 1 \ L approved
i Y T
14—
11877 N4 4+ i

10 12 14 16 18 20 22 24 26

m/min

Figure 6. Process windows for DOMEX 390XP and DOMEX 355 MC.
Plate thickness 10 mm, filler material Esab OK Autrod 12.51, Laser II, butt joints.

DOMEX 390 XP,12 mm, milled

+ not approved
Vv not approved He/4%0:

O approved
O approved He/4%0;

Autogenous Autogenous

kW += not approved KW | T T
| v = not approved He/4%0> ! i
17 ST 17 | iy 23 A
. s © = approved | / ,

14 b= 2 O = approved He/4%0- 14 r _ N

o AT | B
"My 7T ¢ "Mt + @ 8= =

| |

08 10 12 14 16 18 20 08 10 12 14 16 18 20
m/min m/min

DOMEX 390 XP, 12 mm, lasercut

Filler material
W T - T
, | | < not approved, welding speed/wire speed=1:1
17 ; =1 ‘ -4 V not approved, welding speed/wire speed=1:2

- L " ," o approved, welding speed/wire speed=1:1
14 r = y [ approved, welding speed/wire speed=1:2
1 7 4
08 10 12 1, 16 18 20 Figure 7. Process window for DOMEX 390 XP, 12 mm.
m/min Filler material Esab OK Autrod 12.51, Laser |l, butt joints.
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Hardox 400, 10 mm laser cut

Autogenous
kW
<> not approved
17 T 3 | © approved
14

116

1,0 12 14 16 18 20 22 24 26

m/min
Hardox 400, 10 mm, laser cut
Filler material
kW
4 not approved
17 £ 4 & O approved
14 ’ - Weld speed/wire speed 1
- -
11
10 12 14 16 18 20 22 24 26
m/min

Figure 8. Process windows for HARDOX 400, |0 mm. Filler material
Esab OK Autrod 12.51, Laser Il, butt joints.

the broadening of the weld metal. The weld geometry can
be modified by e.g. changing the focal point position. Ex-
periments have been done using Laser I in 10 and 12 mm
DOMEX 390 XP and defect free welds can be obtained as

shown in figure 9.

3.6 Fatigue test

A box beam, shown in figure 10 has been laser welded
from DOMEX 355XP, where the thickness of the top and
bottom parts are 8 mm and the rib 10 mm. The torsion
fatigue strength has been evaluated and the result is shown
in figure 11. These tests indicates that the torsion fatigue is
significantly increased (>50%) by the laser welding pro-
cess compared to conventional welding.

Laser-
stréle \l/

Thickness Focal point Weld Welding Weld quality 120:[:
[mm)] position  geomertry  Speed
[mm] [m/min] |teo ]
Figure 10. Design of laser welded box beam and torsion
10 +5 '| |I 1,5 Approved test equipment.
1,8 Approved
-5 :| i 1,2 Approved
+0
12 -5 E @ 1,5 Approved
+0 I: 1,5 Not approved
+5 Not full penetration
Figure I'l. Torsion fatigue for laser welded box beams

Figure 9. Weld geometry (schematic) as a function of focal point posi-
tion. DOMEX 390XP 12 mm, Laser | (0 at workpiece surface)

Also experiments using a laser beam divided in two focal
spots at 0,6 mm distance has been tried, both where the
points have been oriented parallel (L) and perpendicular
(P) to the welding direction. The P-orientation showed
acceptable results for 10 mm material, both when the ed-
ges were laser cut and milled. The L-orientation showed
solidification flaws in the laser cut material. In 12 mm
material only milled edges shows acceptable results, for

both focal point orientations.

compared to MAG-welded. Laser welds made at diffe-
rent occasions and by different equipment
1000

+ MAG
oe— ]
\\4\\_‘!‘ e ® @
] m |aser
153
& |aser2

10
100000

1000000
No of cycles to failure, Nf

10000000
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4 Conclusions

Two different lasers, 12 and 17 kW maximum output power
has been used in this investigation. Laser T (12 kW) de-
mands machined edges in normal autogenous laser wel-
ding. Welding of laser cut edges in 10 mm Domex 390XP
requires double focusing optics where the focal points are
oriented perpendicular to the welding direction. Defect
free welds in 12 mm Domex 390XP can be achieved for
machined edges. V-joints (7.5 degrees) has also shown de-
fect free welds. Laser II (17 kW) gives a larger focal spot
and together with the higher power, it is possible also to
obtain defect free welds for laser cut edges in 12 mm
Weldox 390XP.

For materials thickness to 10 mm fairly large process
windows have been obtained, At 12 mm the process win-
dows are reduced and it is recommended to use milled
edges or filler material if laser cut edges are to be welded.
We recommend making investigations of the process win-
dows in the planning for industrial use of laser welding for
thickness of 10 mm or larger.

The torsion fatigue strength of laser welded box beams
isincreased by >50% compared to welding of traditionally
designed MAG-welded beams.

Laser welding of thick steels is considered as a most
interesting and promising welding process with a large
economic potential. But there is a need to further adapt this
process for industrial use and to increase the understan-
ding of the welding process in particular the interaction
between laser parameters, edge preparation and the mate-

rial composition.
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Laser Welding of Copper to the Aluminium Alloy

AA 2014

C.Lampa',M. Nilsson',H. Holmqvist?
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2 Lasertech LSH AB, Box 106, SE— 691 22 Karlskoga, Sweden

Abstract

This paper describes the replacement of electron beam wel-
ding with Nd:YAG laser beam welding for a component
where a cone made of 99,95 % pure copper is to be joined

to the inside wall of a tube made of a precipitation harde-
ned aluminium alloy AA 2014 (ISO Al-Cu4SiMg). It is

well known that copper and aluminium alloys are difficult
tojoin together by fusion welding methods because of their
difference in material and physical properties, such as mel-
ting temperature, thermal conductivity and thermal ex-
pansion coefficients. In this work it is however shown that

if special care is taken, joints with satisfactory properties
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can be achieved with a high power Nd:YAG laser and by
using the opposite sector welding method. In this case spe-
cial care includes measures to ensure that residual tension
after welding is minimized and evenly spread. It is done by
proper fixturing and by use of the opposite sector welding
method, a method that is explained more in detail in this
paper. Special care also involves minimizing of brittle inter-
metallic phases by limiting the amounts of material being
mixed during welding.

Keywords: laser, welding, aluminium, copper

I Introduction

The ever-increasing demands of manufacturing industries
have resulted in a commercial interest in techniques capa-
ble of welding metal combinations that were previously
thought to be more or less unweldable. The automotive,
military, and aerospace industries have, as usual, led the
way in developing techniques such as friction welding steel
to aluminium to produce high-strength low-weight com-
ponents. Aluminium has also been joined to brass and
copper in this way but the process is limited in application
because one component of any pair must be capable of
being rapidly rotated about an axis of symmetry [1].

A more generally applicable joining technique that can
be used for dissimilar and difficult metal combinations is
laser welding. Laser welding of dissimilar metals, such as
laser welding of copper to stainless steel [2] and of steel to
aluminium [3], has increased in interest lately due to the
possibility of tailor made constructions. Joining of alumi-
nium to copper by using laser technology has previously
been investigated by the author [4]. In that specific case tin
was used as filler metal in between the components to be
joined.

The success or failure of welding between dissimilar
metals depends on the physical properties of the materials
involved (melting points, thermal conductivity, atomic sizes
and thermal expansion coefficients etc.). Weldability is esta-
blished in most cases by empirical methods but analysis of
the relevant alloy phase diagram can predict problems. For
example, if intermetallic compounds are formed the welds
may be brittle and if there are large differences in melting
points, segregation of high and low melting point phases
can cause hot cracking. This type of cracking can also be
generated as a result of shrinkage stress if the thermal ex-
pansion coefficients of the two metals are substantially
different. Levels of residual stress are also dependent of
Young’s modulus of elasticity and yield points of the mate-

rials involved.

This paper discusses an application where the dissimilar
metals involved (copper and aluminium) have large diffe-
rences in melting temperatures and are also expected to

form very brittle intermetallic phases.

2 Theoretical discussion

Aluminium and copper are a difficult combination to weld
together by many reasons. Firstly they have a substantial
difference in melting points, 933 K and 1358 K for pure
aluminium and pure copper respectively, and secondly they
easily form brittle intermetallic phases when mixed, which
can be seen by analysing the phase diagram in Fig. 1.

If an intermetallic phase can be limited to thickness of
10 mm or even less, it will not affect the strength of the joint
[3]. One method to limit the growth of these intermetallic
phases is to use a welding method with rapid heating and
rapid cooling. Such welding methods are electron beam
welding and laser welding.

Thermal conductivity is another material property that
causes problem in welding of both copper and aluminium.
High thermal conductivity materials require high energy
input in order to melt the material. This is because the heat
rapidly escapes away from the welding zone. At room tem-
perature the thermal conductivity is 390 WmK! in cop-
per and 145 Wm"'K"' in AA 2014. In comparison with
steels, this is in the order of 10-20 times higher. Examples
of material properties of the materials involved in this in-
vestigation are listed in Tab. 1

Both copper and aluminium shows high reflectivity for
laser light of 1,06mm wavelength. At room temperature
(293 K) and normal incidence the reflectivity of Nd:YAG
laser wavelength is approximately 95 % for aluminium sur-
faces and about 98% for copper surfaces. This can be
compared with steel surfaces that reflect about 65% of this

specific laser wavelength under the same conditions.

Atomic Percent Copper
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Figure I. Aluminium — Copper phase diagram [5].
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Melting Density ~ Thermal Young’s Tensile beam is focused too much on the alumini-

temperature (kgm®) conductivity modulus strength um side of the joint there will be no weld

(K) () (Gl alia) between the two materials. Additionally, if

AA 2014 793-913 2 800 145 475 the fixture is not rigid enough, the portion
Cu (99,95%) 1358 8930 390 250 of the laser beam hitting the aluminium

Table 1. Material properties of AA 2014 and 99,95 % pure copper at 293 K

3 Experimental work and discussion

The subject of this work is to replace an electron beam
welded joint with a laser welded one, without any modifi-
cations in the design of the component. The component
consists of a conical shaped copper piece (99.95% Cu)
inside a tube made of an aluminium alloy (AA 2014). The
main part (80%) of the laser beam is focussed onto the
aluminium alloy surface close to the interface between the
wide end of the copper piece and the inner surface of the
aluminium alloy tube, see Figure 2. For this study a conti-
nuous wave 2 kW Nd:YAG laser (Rofin-Sinar CW 020)
with a fibre optic beam delivery system was used. The laser
beam travels through the optical fibre (600mm diameter)
to the focussing optic mounted on a robot (ABB IRB 2400
S4). The focal length of the optic is 120 mm. The compo-
nent to be welded is fixtured on a rotating table that can be
set to rotate with a constant speed. For the best results the
laser was used in a pulsed mode. The parameters used are

seen in Table 2.

Laser beam

2014

Figure 2. Schematic that shows the two materials being joined by a
focused laser beam.

A very important factor is where at the joint the focused
laser beam will hit the component. Due to the higher reflec-
tivity of copper than aluminium, it is not possible to initia-
te aweld on the copper surface with this equipment. There-
fore the larger portion of the laser beam has to be focused

on the aluminium part of the joint. However, if the laser

side will fluctuate during the whole lap,
resulting in a bad weld.

Table 2. Laser welding parameters

Peak power: SkwW

Pulse length: 2 ms

Pulse frequency: 170 Hz

Focal length: 120 mm
Welding speed: 3 m/min
Shielding gas: Argon (30 I/min)

Incident angle, a:  20°

When welding this component in one turn or lap it is noti-
ced that thermal distortion due to residual tension misa-
ligns the copper and aluminium parts. One solution to this
problem is to use two or three fibre optic beam delivery
systems in order to distribute the laser power more even
around the joint to be welded. The disadvantage of such
method is that instead of 2 kW laser power, 4 or 6 kW
(2 kW in each fibre) respectively would be needed. In this
work however only one fibre is available.

Another solution that is easier and cheaper than using
more laser power and/or more fibre optic beam delivery
systems, is successfully used in this work. This solution is
named the opposite sector welding method. In this case the
lap to be welded is divided in sectors as shown in Figure 3.
The sectors are then welded in the order as the numbers

indicate.

Figure 3. This figure shows a laser-welded component. The numbers
indicates the sectors and in which order they are welded by using
the opposite sector welding method.
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3.1 Evaluation of the weld quality

The quality of the weld and the welded component was
evaluated by a strength testand by a metallographic investi-
gation. The strength requirement on the component is to
withstand an axial load of 7800 N. In weld shear strength
it is equivalent to 35 MPa if the weld width is 1 mm. The
tensile strength of both the copper and the aluminium alloy
is far above this value.

Successfully welded components can withstand an axial
load of over 30 000 N. At this load the failure is in the
copper cone.

The metallographic investigation revealed that totally
crack free welds were not achieved during this experimen-
tal program. Figure 4 shows the weld cross section of an
electron beam welded component. As can be seen the elec-
tron beam has been directed to the copper side of the joint.
A high amount of copper has been melted and in Figure 5
small cracks in the close vicinity of the aluminium can be
seen. The replacement of electron beam welding with laser
beam welding required a different approach as mentioned
earlier. To be able to couple the laser beam to the compo-
nent, the major part of the focused laser beam has to hit the
aluminium part. Figure 6 shows the weld cross section of a
laser beam welded component. As can be seen a high amount
of aluminium has been melted and in Figure 7 small cracks

in the close vicinity of the copper can be seen.

4 Summary and conclusions

Nd:YAG laser welding of aluminium alloys to copper is a
joining method that can be used for certain applications. In
this special case the method is applied to a component
where a copper cone is welded to the inside surface of a
tube made of the aluminium alloy AA 2014. If special care
is taken to minimize residual stresses and to minimize the
existence of brittle intermetallic phases the strength of the

joint can be sufficient even if it is not totally free from cracks.
The solution to this problem was as follows

e A stable and rigid fixture must be used.

e Approximately 80% of the focused laser beam should
hit the aluminium part of the joint.

* By using the opposite sector welding method distor-
tions due to thermal stresses are reduced.

Figure 5. Micro cracks close to the aluminium side of an electron beam
welded component.

LLRR I HTH |
A f

s 1A

Figure 6. Weld cross section of a laser beam welded component.

Figure 7. Micro cracks close to the copper side of a laser beam welded
component.
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Abstract

This paper examines the factors that effect the efficiency of
the CO,-laser powder cladding process. By theoretical cal-
culation and experimental work it has been possible to
identify how much of the original laser energy contributes
to the cladding process and how much is lost to the sur-
rounding environment by reflection, radiation, convection

etc. Every aspect of energy redistribution has been analy-

sed and quantified and this has lead to a deeper understan-
ding of the process. The paper concludes with a number of
suggestions for improving the efficiency of blown powder

laser cladding.

Keywords: Laser cladding, Laser processing, Energy redis-

tribution, Surface treatment
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I Introduction
Laser cladding is a method of welding one metal onto the

surface of another. There are two basic techniques:

1. Single stage or blown powder cladding: This involves
blowing the cladding metal powder into a laser genera-
ted melt pool on the surface of the substrate. (see figure
1). This process is easily automated and has widespread

commercial applications [1-3].

2. Two stage or pre-placed powder cladding: In this case a
bed of powder is laid on the surface on the substrate and
the laser subsequently passes over it (see figure 1). This
process is difficult to automate and has limited com-

mercial applications [4].

Blown powder

/ //‘/ particles
/ 23 % <4——  Substrate

Clad layer

Pre—placed cladding

/ material

Figure |. Schematic diagrams of laser cladding processes [5].

This paper considers the efficiency of the blown powder
cladding process by analysing how much of the laser ener-
gy contributes to the cladding process and how much is

lost to the surrounding environment by reflection etc.

2 Theoretical Discussion

An energy balance for laser cladding can be expressed as

follows:
Ptut = PC+PL (1 )
Where:
P = the output power of the laser
P. = the power utilised in melting the cladding
material and welding it to the surface of the
substrate.
P, = the power lost by reflection, radiation, con-

vection etc.

P_in equation 1 can be expanded as follows:

P.=P 4P, 2)
Where:
P = the power utilised in melting the cladding
powder.
P = the power utilised in melting the surface

S

of the substrate in order to achieve a clad/

substrate weld.

P in equation 1 can be similarly expanded:

P=P +P +P +P +P+P (3)
Where:

P, = Power reflected off the surface of the clad
zone.

P, = Power reflected off the powder particles as
they approach the weld pool.

P, = Power lost by radiation from the cladding
zone.

P, = Power lost by convection from the cladding
zone.

P, = Power lost by conduction from the clad zone
to the substrate.

P. = Power absorbed by the powder particles

which do not enter the cladding melt pool.

Figure 2 gives a visual representation of equation 3. Of
course these “losses” are to some extent necessary to the
cladding process. It is not possible to heat a metal to well
above its melting point without having radiant or convec-
tive thermal losses. A liquid sitting on a comparatively cool
solid will always lose heat by conduction etc. For the pur-
pose of this discussion however, it must be taken that any
influence which could minimise P,, P, P, P,, PF or P
would increase the efficiency of the cladding process. This
reduction in any of the factors of equation 3 would, of

course, increase the proportion of the power available to

!

P Laser

the cladding process.

Powder stream

Pr

Substrate

Figure 2. The redistribution of laser power during the cladding process
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The aim of commercial cladding is to cover the surface
of one metal with another at the lowest cost. Clad depths
are usually stipulated and the biggest cost element of the
process is laser time. Therefore the simple aim of commer-

cial cladding can be expressed as follows:

e Tocover metal A with a known thickness of metal B at the

fastest possible rate with a high quality interfacial bond.

Returning to equation 2 it is clear that the process can be
speeded up if there is an increase in the laser power avail-
able for melting the cladding material P . The requirement
here would be to melt enough powder to achieve the cor-
rect clad thickness at a faster linear speed. Similarly an
increase in P must not be employed to melt the substrate to
a greater depth. The process must be accelerated to achieve
the same (minimum) substrate melt depth at a higher pro-

cess speed.
To summarise:

¢ The efficiency of laser cladding could be improved by
minimising any of the losses in equation 3. This would
lead to an increase in P_and the process could be accele-
rated to produce the same clad depth with a minimal

depth of substrate melting.

The following experimental section details an investiga-
tion to identify the relative magnitude of the components
of P andP,.

c L

3 Experimental procedure

3.1 General
The substrate material used in this study was (SS 2172)
steel with the following composition.

Table 1. Steel composition (substrate)
C Si Mn P S \Y% N Fe

wt% 0.16 0.22 0.94 0.014 0.022 0.06 0.009 98.6

The cladding material was cobalt based with the following

composition.

Table 2. Cladding powder composition
Ct C Si Mo Ni Fe Co

wt% 27.2 0.27 1.0 55 23 0.3 634

The laser used was a Trumpf CO,-laser with a maximum
output power of 12 kW. The shielding/carrier gas employ-
ed to propel the powder was argon. The substrate speci-
mens were grit blasted before cladding was carried out.

A number of different experimental and theoretical
analyses were carried out to estimate the relative impor-
tance of the components of equation 2 and 3. These are

described separately below.

3.2 The power absorbed by or reflected off the
powder cloud above the clad zone

During the cladding process the laser beam must travel
through the powder cloud in order to reach the cladding
zone (see figure 2). A proportion of the laser energy is
reflected off the powder cloud and is lost to the cladding
process. Another portion of the incident energy is absor-
bed by the particles but some of this energy is also lost to
the process because not all the heated particles join the
cladding melt pool.

A simple experiment was set up to discover what pro-
portion of the original laser power would penetrate the
powder cloud (see figure3 below). A commercially availa-
ble “power probe” was used to measure the laser power
with and without the powder stream turned on. The pow-
der flow rates were typical of the cladding process as were
all the other process parameters. The average results from
several such tests are presented in Table 3. The energy
absorbed by the powder cloud was directly measured by
measuring the average temperature rise of the powder after
it had passed through the beam (see figure 3). The power
reflected off the powder cloud could then be easily calcula-

ted as shown in table 3.

Laser
Beam

Powder
Particles

Insulated
4—— calorimeter

Laser power
Probe

Power reading

Figure 3. The experimental arrangement for the analysis of the absorp-
tion and reflection of the energy by the powder cloud.
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Table 3. Power absorbed and reflected by the powder cloud

Laser output Powder flow Post powder  Total power Power Power
Power" rate cloud power  reflectedand  absorbed by Reflected
absorbed by powder off powder
the powder cloud cloud (P,)
cloud
(Watts) (g/min) (Watts) (Watts) (Watts) (Watts)
5300 35 4800 500 106 (2.0%) 394 (7.4%)
5300 45 4660 640 119 (2.2%) 521 (9.8%)
5000 35 4510 490 102 (2.0%) 388 (7.8%)
5000 45 4370 630 117 (2.3%) 513 (10.2%)
4700 35 4200 500 101 (2.1%) 399 (8.5%)
4700 45 4150 550 116 (2.5%) 434 (9.2%)
Average 2.2% 8.8%
(approx2%)  (approx 9%)

* Measured by the powder probe but with zero powder flow.

** Percentages are approximate

It is clear from table 3 that we now have an approximate
value for PB for the commercial parameter range covered

here:

P-9%P. (4)

t

One other component of equation 3 can also be identified
fromtable 3 after the same parameters were used for actual
cladding. This parameter is P, the level of power absorbed
by particles which do not enter the cladding melt pool. A
number of cladding trials were carried out and these show-
ed that, over this range of parameters, the proportion of
particles which formed the clad track was 60%( The range
was 57%-63%). Then it can be concluded that 40% of the
heat collected by the powder cloud (2% P see table 3)

does not contribute to the cladding process.

ie. P.=0.8%P (5)

3.3 The power lost by radiation from the cladding
zone (P,)

The total energy radiated from the clad pool can be calcu-

lated from the pool temperature, surface area and emissi-

vity. If the emissivity of the liquid metal pool is taken as

equal to one then the calculation is simplified and the max-

imum possible radiation power can be estimated:
P =cT*A
Where
o isthe Stefan-Boltzman constant (5.7*10-8 Wm-2K*)

(6)

T is the surface temperature of the melt (K)

A is the area of the melt surface (m?)

In this case the surface temperature of the melt was ap-
proximately 2300 K and its surface area was 32 mm?2. The
value of 2300 K has been chosen because it is half way
between the melting point (1700 K) and the boiling point
(3000 K) of the material.

This gives a maximum value for P of:
P =5.7*10-#* (2300)* * 32 *10°= 51 Watts (7)
P =1%ofP (8)

3.4 Power lost by convection from the clad

zone (P)).
The cladding zone is a molten alloy with a surface tempera-
ture of = 2300 K and a surface area of = 32 mm?. This melt
is exposed to a stream of argon which carries the powder to
the clad zone. The argon flow was measured and found to

have an average flow velocity of 4.3m/sec.

The rate of convective cooling of a hot body exposed to a

cooler gas is given by:
Q = hAAt Watts

Where:

h = heat transfer coefficient

9)

A =surface area of the hot body
At = The difference in temperature between the body

and the cooling gas.

Evaluation of h from a standard text on the subject [6]

gives us a value of approximately 100 W/m?K.
Q=100 * (r *0.0032)* 2000 (
PE= 5.6 Watts (
OrP,=0.1%P,

A
—_ =
N = O
- =

t
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3.5 Power reflected off the surface of the clad
zone (P,).

Calorimetry was employed to measure the heat input to

each clad sample (P;~). From this measurement it is pos-

sible to measure the power reflected off the cladding zone

in the following way:

P, =P

=P~ (P+P +P +P +P ) (13)
Table 4 shows the results from the calorimetric measure-
ments taken at different laser powers and powder feed

rates.
Table 4. Calorimetric measurements
Powder flow

Laser output Power input to

Power % input

Heat affected zone

‘ //_ﬁ}< Clas layer
s S

Figure 4. The cross sectional geometry of a blown powder laser clad
layer. Note: the melted substrate and cladding material are mixed
together during the process.

Melted substrate

The amount of substrate melting can range from mini-
mal to levels where the clad layer is really a dilute alloy of
the substrate and cladding material. For this reason clad-
ding which involves substantial substrate melting is called

laser surface alloying.

P, the power utilised in melting the cladding

material and welding it to the surface of the sub-

Power rate clad sample (P, )  tosample strate can be calculated as follows:
(Watts) (g/min) (Watts) P = Avp(CpAt+AH ) (7)
5300 35 1990 37.5 % Where:
5300 45 1886 35.5 % ) ) N
5000 35 2043 41.0 % A = The melt cross sectional area (m?)
5000 45 2147 43.0 % v = The Cladding speed (m/s)
4700 35 1938 41.0 % p = The Density of the material
S o 1730 974 % Cp= Specific heat capacity of the material
Average 40 1955 39.0 % At = The difference between the average melt
temperature and ambient
AHm = Specific heat of melting of the clad melt.
From our earlier results: Taking approximate average values of these variables in
PA=100-(9+1+0.1+0.8+39) (14) the case of our experiments gives following;:
PA=50.1 % (15) A = 3.4* 10°m?
In summary it can be said that the clad zone reflects ap- v = 0.015 (m/sc:c)
proximately half of the laser energy. This high reflectivity P = 8020 kg/m
value confirms the work of other authors in the field [7] Cp = 500J/kgK
. . . At = 2000K
who suggest that the onset of melting is associated with a
- . L . AHm = 300 kJ/Kg
rise in material reflectivity. It is assumed that this is because
. . o P = 3.4*10°%0.015%8020*(500*2000+300%10%)
amolten surface in an inert atmosphere (in this case argon) c
P = 530 Watts

is smoath and oxide free. This smooth, oxide free surface
acts as a better reflector than the solid, rough, oxidised

surface which exists before melting.

3.6 The power utilised in melting
the clad layer to the substrate
(Pc)

Blown powder laser clad layers usually

have a cross sectional geometry similar to

that shown in figures 4 and S.

As figure 4 demonstrates, the produc-

These values give us a typical value of P_ of = 500 W
or10% of P

Clad layer

A

tion of a clad layer usually involves mel-

ting the surface layers of the substrate.

~ 6.2 mm

> Melted
substrate

Figure 5. Macrographs of a typical laser clad sample in cross section. (see also figure 4)
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3.7 Power lost by conduction from the clad zone
to the substrate (P,)

This value is easily established by subtracting (P~) from the

total power absorbed by the workpiece (P ). Taking ave-

rage values:
PF= Pln' Pc = 3O%Ptut
4 Discussion

Figure 6 presents schematics of the redistribution of energy

during the laser cladding process (approximate percentage).

% of power
Raw Power of beam (5 kW) (P,,) 100%

Power Reflected off the workpiece (P,) 50%

Power Re radiated [rom the workpiece )(P,,) 1% 100%

(| | KT

Power Reflected off particles (Pg) 9%

Power absorbed by the Process (P+Prp) 40%
Power absorbed by the cladding process 40%
Power used to melt the Clad layer (P.) 10%
Power absorbed in heating the substrate (Pr) 30%

Figure 6.Schematic of the redistribution of energy during the laser
cladding process.

Our calculations show that two of the variables included in
equation 3; P, and PG are negligible as they account for less
than1 % of P_ (see equation 5 and 12). P also account for
only 1 % of P_ and can therefore be ignored.

The major mechanism of energy loss to the process is
that of reflection from the melt pool and the powder cloud.
Reflection off the melt pool is a funetion of the condition of
the melt surface. As this meltis produced in an inert atmos-
phere it experiences no surface oxidation and thus has a
high reflectivity. Dilution of the inert shroud gas with an
oxidising agent would decrease this reflectivity but may
have disruptive consequences on the stability of the pro-
cess and the metallurgy of the clad track. Overlapping such

deliberately oxidised tracks could also prove problematic

The reduction of reflective losses from the powder cloud
is comparatively easy. All that is necessary is an increase in
the average particle diameter. During its passage through
the laser beam the particle interacts with and reflects light
over an area equal to its cross sectional area (pr2) rather
than half its surface area (2pr?). This because the shadow
cast by any particle has an area of pr?> where r is the particle
radius. A particle of twice the original radius would cast a
shadow four times as big but would have eight times the
mass (mass ). Thusitis clear that, for a set mass flow rate,
larger particles interact with (and reflect) less of the beam.
This is of course only useful within certain limits as the
cladding process will break down if the particles are too

large.

5 Conclusions

Of the powder absorbed by the cladding process (40%)
three quarters is used in heating the substrate and only the
remaining quarter (10% of the original laser power) is em-
ployed in melting the cladding material. From this it is
clear thata pre heatinvolving a cheaper energy source than
a laser would improve the economic efficiency of the
process. Such a preheating method might employ flame,

plasma, oven or induction techniques.

1) In commercial blown powder cladding the laser power

is eventually re distributed as follows:

a) 50 % is reflected off the cladding melt
b) 10% is reflected off the powder cloud
) 30% is used to heat the substrate
d) 10% is used to melt the clad layer

C

2) Reflections off the powder cloud could be reduced for a
given mass flow rate if the powder particle size was
increased (within certain limits above which the pro-

cess would break down)

3) The proportion of laser energy required to heat the
substrate could be reduced by exploring in pre heat
method which uses a cheaper energy source (flame,

plasma, induction etc)

4) Acting upon 2 or 3 above could improve the cost effec-

tiveness of laser cladding.

LASERNYTT NR 3-2001 21



6 References

[1] Ollier, B., N, Kreutz, E.W, Schluter, Gasser, H,.
Wissenbach, K. (1992)Cladding With Laser Radiation:
Properties and Analysis. DGM Informationsgesllesheft
mbH (Germany), pp. 687-692.

[2] Li, W.B., Engstrom, H., A Model Of Laser Cladding
By Powder Injection. (1996) Pre heating of the blown
powders and powder redistribution of the laser beam.
Conf. Proc. Of MSMM °96. June 11-13, Beijing, China.

[3] Sahour, M.C, Vannes, A.B, Pelletier, J,M., (1991) Laser
Cladding By Powder Injection: Optimisation Of
The Processing Conditions. Journal De Physique IV,
Vol 1. Dec. pp C7-51-C7-54.

[4] Powell, J., Laser Cladding. PhD Theses.
Imperial College of Science and Technology, Dept.
Of metallurgy, London, UK, (1983).

[5] Riabkina-Fishman, M., Zahavi,]. Laser alloying and
cladding for improving surface properties, Applied
Surface Science (Netherlands), vol. 106, no. 1-4,

1 Oct. 1996

[6] Porier, D.R., Geiger, G.H. Transport Phenomena in
Materials Processing. Heat Transfer and The Energy
Equation. The Minerals, Metals & Materials Society
(1994). ISBN 0-87339-272-8.

[7] Bloes, W., Griinenvald, B., Dausinger, F., Hiigel.
Recent progress in laser surface treatment:
I. Implications of laser wavelength. Journal of laser
applications 8 (1996) pp 15-23.

Laserdag hos SSAB Tunnplat

Av
Hans Engstrém
Luled tekniska universitet

SSAB Tunnplédt AB i Borlidnge arrangerade den 10 oktober
den andra laserdagen for aret i ett stralande hostvader.
Tony Nilsson var vird och han hade ordnat en intressant
dag med besok ute i SSABs anldggningar samt hos E.M.
Eriksson Plat AB.

Bild I. Tony Nilsson, (th) vdrd fér Laserdagen och Sven Jansson, guidade
oss runt i SSAB Tunnplét anldggningar i Borldnge.

Dagen bjod ocksd som vanlig pa ett par foredrag, dar
Tony Nilsson inledde med att presentera verksamheten vid
SSAB Tunnplat.

Bast i varlden ar malet

e SSAB-koncernen, som ir helt privatigd, har i dag verk-
samhet pa 6 orter i Sverige berattar Tony. Vi producerar
totalt ca 3 miljoner ton stil varav 2,4 miljoner ton ir
tunnpldt och resten grovplat till vir marknad som ar
hela virlden. Omsittningen ar totalt 19 270 miljoner
kronor varav SSAB Tunnplédt omsatter 9 500 miljoner
kronor. SSAB ha totalt ca 19 000 anstillda.

Tony fortsiter att berdtta att SSAB Tunnplat har anligg-
ningar i Luled med koksverk, masugn, stalverk och strang-
gjutning. I Borlinge finns valsverken for tillverkning av
varm- och kallband samt anldggningar for metall- och farg-

beldggning samt formatklippning.

Produktsortimentet omfattar

DOMEX; varmvalsat kallformningsstdl med strack-
grans upp till 700 MPa
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¢ DOCOL; kallvalsad tunnplét
¢ DOGAL; varmforzinkad plat

e ALUZINK;tunnpldt med korrosionsskyddande belagg-

ning av zink och aluminium
e PRELAQ; fargbelagd plat
¢ DOBEL; folielaminerad plat

¢ Det varmvalsade sortimentet svara for ca 50% av pro-
duktionen, berittar Tony Nilsson, foljt av kallvalsad
plat, metallbelagd plat och sedan den fargbelagda.

e Virt mal dr att vara europaledande pa hoghéllfast stal
och virldsledande inom det ultra hoghéllfasta omradet
fortsitter Tony. Det innebir stindig produktutveckling
och just nu arbetar vi med att utveckla DOMEX 750
och 800. Vi ligger idag i den internationella toppen
bdde inom det varmvalsade- och kallvalsade omradet

avslutar Tony Nilsson.

OSCAR

Johnny K. Larsson, Volvo Car Corp., Goteborg, berittade
om delar av den pigdende karossutvecklingen for de nya
Volvobilarna. Idag sd dr mer 4n 50 % av karossen i S 80-
modellen tillverkad i hoghéllfast plat med strackgrans ho-
gre an 220MPa. Motiven for att anvanda hoghallfast ma-
terial ar frimst att minska brinsleférbrukningen och dir-

med uppna en minskad miljobelastning.

e OSCAR stér for Optimized Steel Car Body och fokuse-
rar pa den nidsta generationen stora bilar fran Volvo,

berittar Johnny. Vi arbetar inom &tta teknikomrdden

EASLITRIMI NHFEVI

Figur 2. Varmbandverket vid SSAB Tunnplat ar hjartat i verksamheten.
Harigenom passerar allt strdnggjutet material som tillverkas i Luled och

Oxeldsund.

och madlet dr att hitta en optimal karosstruktur mot
slutetav ar 2002. Malet d4r 100% 6kning av energiupp-
tagningen, 25% viktsbesparing och 300 kr lagre till-
verkningskostnad per kaross. De malen ar redan upp-

fyllda, avslojar Johnny.

® Vi arbetar efter tre spar dir ett spdr innebar forbatt-
ringar av nuvarande struktur; det andra innebar info-
randet av rullformade profiler och ett tredje med bl a

hydroformade komponenter.

Det forsta sparet, som internt kallas P2X-Kaizen, innehaller

bl a undersokningar av lasersvetsade forband i

® Dual Phase stal med hallfasthet 450-800 MPa
® sk TRIP stal med strackgrans 700 MPa

* Varmformningstal fran USIBOR

® Vi har utfort svetsproverna med var 4 kW Nd:YAG-
laser vid var pilot-plant anldggning i Goteborg, berit-
tar Johnny. Vi har svetsat ¢verlappsfogar med typiska
svetshastigheter pa 3-4 m/min med 160 mm fokallangd
pa optiken. Positionen pa fokallaget har varit 1.1-1.9
mm in i materialet for att fa en tillrickligt bred svets.
Aven en del s k ”fillet welds” har utforts.

e Vikan konstatera, summerar Johnny efter att ha redo-
visat en del forsoksresultat, att vid statisk skjuvbelast-
ning har inte materialet sa stor inverkan pd hallfasthe-
ten. Vid flaklaster ar det mjukaste stalet (DP450) star-
kast. Lasersvetsning star sig ocksa bra jamfort med
MAG-svetsning med hoghallfast tillsatsmaterial, som

uppvisar stor spridning.
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¢ Utmattningsprovning av DP450 visar att nitning dr battre
ansvetsning i flikbelastning. Lasersvetsning och MAG-
svetsning dr ungefir jambordiga. For TRIP 700 syns
ingen distinkt skillnad mellan svetsmetoderna. Process-
missigt 4r TRIP 700 bra att svetsa, men knickfrigan
ar metallurgin i svetsarna. Det kan mojligen paverkas
positivt genom att anvanda tillsatsmaterial, avslutar

Johnny K. Larsson.

RACERII

Direfter tog Hans Engstrom. Luled tekniska universitet
over och berittade om négra delresultat frin RACER II-
programmet. Det ar ett industristyrt utvecklingsprogram
for laser och AWJ-bearbetning, som syftar till att 6ka kon-
kurrenskraften hos svensk industri genom ¢kad anvind-
ning av hogteknologiska tillverkningsprocesser.

e Vi driver nu fem delprojekt inom RACER II berittar
Hans. Programmet startade forra hosten och kommer
att avslutas i december i &r. Idag har vi 21 industridel-
tagare och F&U- arbetet utfors vid Luled tekniska uni-
versitet, som ar koordinator, Lunds tekniska hogskola,
IVF och Chalmers Lindholmen.

Hybridsvetsning av tjockt konstruktionsstal

¢ Tdetta projektutvecklar vi hybridsvetstekniken for tjock-
konstruktionsstdl i tjocklekar fran 6-12 mm, berittar
Hans. Vi gor det tillsammans med SSAB Tunnpldt AB,
SSAB Oxelosund AB, Esab AB, AGA AB, Volvo Articu-
lated Haulers AB och Ferruform AB vilket har gett en
fantastisk input av kunskap till projektet. Det mesta
arbetet har varit inriktat mot att utveckla svetsteknik
for olika stumfogsvetsning med olika fogberedningar
som laser- och plasmaskurna kanter, klippta kanter och

som referens frista kanter.

® Vi har nu ndtt bra resultat for alla typer av fogbered-
ning och har ocksa hunnit svetsa en del kalfogar. Vi har

ocksd med framgang hybridsvetsaten tvarbalk somidag

Figur 3. Hybridsvetsad
DOMEX 390 XP 8 mm
tjocklek. Laserskurna
kanter

:_;:. {L ikt !

anvindsiproduktion hos en av deltagarna. Vikan kon-
statera att hybridsvetstekniken visentligt 6kar mojlig-
heterna att lasersvetsa av detaljer i tjockt konstruk-

tionsstdl i industriell miljo.

Pasvetsning med 12 kW laser

Ett annat projekt som drivs tillsammans med DAROS AB
och Duroc AB syftar till att utveckla produktionstekniken
for pasvetsning av 20 mm breda och 2 mm tjocka skikt pa
rotationssymmetriska komponenter med samtidig for- och
eftervirmning. Vi har nu lyckats fa en stabil och palitlig
process och har tillampat tekniken pA DAROS marina kolv-
ringar, berdttar Hans. De pasvetsade ringarna ska nu bear-
betas och planerna ar att sitta in dem i faltmassig test i
nagon fartygsmotor. Det slutgiltiga svaret pd ringarnas slit-
styrka kommer om tva r dd motorn har varitidrift 15000

timmar.

Viarldsunik adaptiv lasersvetsning

Inom projektet robotiserad lasersvetsning som drivs till-
sammans med Faurecia Exhaust Systems AB, Motoman
Robotics Europe AB, Higglund Vehicle AB utvecklar vi
teknik for adaptiv lasersvetsning med robot och teknik for

att svetsa svarsvetsade material som ferritiska rostfria stal

och hardat stal fortsatter Hans Engstrom.

Figur 4. Adaptiv lasersvetsning med Nd:YAG-laser och industrirobot.

¢ Vi kan nu demonstrera fogfoljning och adaptiv laser-
svetsning av stumfogar dar vi mater spalten mellan pla-
tarna och adaptivt styr svetsprocessen si att vi fir en
fogavhogkvalitet oavsett spaltens storlek. Vi har testat
med kontinuerligt varierade spalt upp till 0,75 mmi tvd
mm tjockt material med utmarkt resultat. Utvecklingen

av systemet har skett tillsammans med Motoman i
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Japan som har svarat for att utveckla programvaran till
roboten. Enligt Motoman ar detta den forsta tillamp-
ningen i virlden pd adaptiv lasersvetsning med indu-

strirobot.

Svetsning av koppar till aluminium

Ett annat projekt inom RACER Il drivs av IVF i samarbete
med Lasertech LSH AB, och Bofors Missiles AB och syftar
till att utveckla svetsteknik for att svetsa koppar mot alumi-
nium i en speciell produkt. Den svetstekniska utvecklingen
har lyckats bra och nu pagédr arbete med produktionsan-

passning hos Lasertech.

¢ Detta ar ett utmarkt exempel pd hur vi forsoker jobba
inom RACER II, sager Hans. Nira samarbete med fore-
tagen ger snabb teknikoverforing och i detta fall kom-

mer resultaten att omsattas i produktion av detaljer.

En utforlig presentation av detta projekt finns pa annan

plats i detta nummer av LaserNytt.

Branschrekommendation for AW] skarning

Detta projekt handlar om att underlitta samspelet mellan
bestillare och utforare genom att ta fram en bransch-
rekommendation for klassificering av AWJ-skurna ytor.
Projektet drivs av Chalmers Lindholmen i samarbete med
sju foretag inom vattenskiarningsomrddet. Inom projektet
har man gjort en utforlig intervju med alla deltagare for att
fa en utforlig bild av hur bestillare och utforare ser pa
snittkvalitetens betydelse vid AW]-skiarning. Genom att
anvinda delar av befintliga standards och komplettera
dessa, bl a med experimentella resultat, sa ska en bransch-
rekommendation vixa fram. Den kan senare vidareutveck-

las till en standard inom omradet.

Avslutningsseminarium

* Vi kommer att arrangera ett seminarium dir vi ger en
utforlig presentation av alla projekt inom RACER II.
Detkommer preliminart att hallasi marsisodra Sverige,
avslutar Hans Engstrom, som dr koordinator for pro-

grammet.

Laserskarning och lasersvetsning av SSABs
hoghallfasta stal

Tony Nilsson avslutade foredragningarna med att beratta
om deras arbete med att undersoka skir- och svetsbarhet

for deras hoghallfasta stal.

e SSAB Tunnplat har undersokt olika stalkvaliteter fran
den egna produktionen, DOMEX 240YP, DOMEX
420YP och DOMEX 690XP och jamfort dessa med
St 37-2 och RAEX 250 och RAEX 355, berattar Tony.

DOMEX lika bra som ”’Laserstalen”

e Viktiga egenskaper ir ytbeskaffenheten och stilsam-
mansattningen och det ar speciellt viktigt att ha lag
Sihalt for att f3 bra skdregenskaper. Lag Sihalt ger
ocksa forbattrade ytor och ar bra for varmforzinkning.
Tatning med Al i stallet for Si ger ocksa battre slaggbild

och aldringsegenskaper, sager Tony.

¢ Resultaten visar att vira DOMEX stal gér lika bra att
laserskara som de RAEX-material, som marknadsfors

som ”laserstal” konstaterar Tony Nilsson.

Tony Nilsson berittar ocksa att man har lasersvetsat flera
DOMEX-kvaliteter inom RACER-programmet. Lasersvets-
ning ger lag strickenergi, 0,3-0,4 kJ/mm och svalningstiden
mellan 800 och 500 grader ar bara 1-2 sekunder jamfort
med 10-30 sekunder vid konventionell svetsning. Hardhets-
okningen i svetsen blir trots allt mycket liten for DOMEX-
materialen, men racker till for att brotten vid dragprov-
ning ska ske i grundmaterialet. Utforliga svetsresultat fran
dessa forsok presenteras pd annan plats i detta nummer av
LaserNytt.

Laserhybridsvetsningav DOMEX 390XP ger fina svet-
sar, vissa smaltdiken har dock kunnat iakttagas. Hardhe-

ten dr bra och svetsarna har bra mekaniska egenskaper.

Slagsegheten i svetsen ar ocksd hog.

Figur 5. Féredragshallare vid Laserdagen var fr v Hans Engstrom
Luled tekniska universitet, Johnny K. Larsson, Volvo Car Corp. och
Tony Nilsson, SSAB Tunnplat AB.
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Bild 6. Deltagarna i Laserdagen hos SSAB Tunnplat.

Aven ultrahoghallfasta material i DOCOL- serien har
lasersvetsas med framgdng. Hallfastheten dr hogre an for
MAG-svetsning och i hillfasthetsnivder upp till 1000 MPa

ar svetsens héllfasthet lika med grundmaterialets.

E.M.Eriksson satsar pa stora format

Laserdagen avslutades med ett besok hos E.M. Eriksson
Plit AB, vars lokaler ligger inom SSABs omrdde. Foretaget
har gamla anor for man harstammar fran E.M. Eriksson
Smides ABsom grundades 1921 och som nu har 25 anstall-
da och en omsittning pd 30 miljoner kronor. 1992 bilda-
des E.M. Eriksson Plit AB.

EME jobbar bara med laserskidrning berittar Sven
Olsson, som ar chef for E.M. Eriksson och vi satsar pa plat
ide stora formaten, vilket avspeglar sig i maskinparken. Vi
har tre lasermaskiner for planskirning. Den forsta, en
Bystronic ByStar (4x2 m) koptes 1995 vilket foljdes av en
Trumpf (6x2m) 1998. Sedan dess har vi ocksa tagit i drift
den tredje maskinen, en Bystronic ByStar 4025 med 4 kW

laser. Arbetsomradet dr imponerande 8x2m vilket vi far

genom att positionera om pliten (skiromrdde 4X2m).
Mellan 5000 och 6000 ton plat passerar igenom maskiner-
na pa ett ar.

e Vidirca 16 personeriforetaget och omsitter ungefar 20

miljoner, avslutar Sven Olsson.

Bild 7. Sven Olsson berittar om verksamheten vid E.M. Eriksson.
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EMO 2001

Av
Hans Engstrém
Luled tekniska universitet

EMO

Hannover
12-19-9-2001

EMO 2001 i Hannover var en fantastisk tillstallning dar
all tankbar tillverkningsteknik presenterades av mer dn
2000 utstallare i 23 hallar med en golvyta pa 190 000 m?.
Aven de storsta maskiner visades in action s ni ma tro att
luften dallrade av verkstadsljud. Jag var dar for att bevaka
och rapportera om vad som hinder inom laserbearbetning.
Och det blev ett digert arbete att besoka alla intressanta
utstillare och ta del av deras nya produkter.

Rofin visade skivlaser

Rofin Sinar Laser GmbH, Hamburg, visade en ny modell
av den s k slab lasern, Rofin DC 040W, vilken ger 4 kW
uteffekt. Detta 4r ett svar pa stindiga krav pd okad effekt
och denna laser ar speciellt tainkt for svetsning. Stalkvalite-
tendr utmirkt med ett Kviarde > 0.9. Gasen i kaviteten byts
bara var 72 timme vilket ger en mycket 1dg gasforbruk-
ning. Rofin garanterar en tillgdnglighet p&d >97% och med

service kontrakt upp till 99%.

Bild I. 4 kw CO,-slab laser fran Rofin Sinar visades for forsta gadngen
pa EMO.

Man visade ocksd en ny diodpumpad Nd:YAG-laser med
uteffekt 3 kW, Rofin DY 030 HP. Den effekten fis med
bara tre kaviteter. Den ingdr i DY-HP familjen dar det finns
lasrar fran 1-6 kW med strilkvaliteten 25 mm x mrad,
vilket dr jaimforbart med lamppumpade Nd:YAG-lasrar.
Inom DY familjen finns lasrar frdn 0.55 till 4 kW med
stalkvaliteten 12 mm x mrad.

Dr Peter Wirth, vd for Rofin Sinar, sa vid Blech forra
aret att man kanske skulle ta och visa vad man gor for
utveckling av skivlasern. Och vid EMO littade man pa

sekretessen och visade en 750W skivlaser integrerad med

Bild 2. Rofin sinar visade ocksd en 3 kW diodpumpad Nd:YAG-laser
med stralkvalitet 25 mmxmrad.

0.1 mm fiberoptik. Verkningsgraden dr mer 4n 20% bittre
an motsvarande stav-laser och stralkvaliteten ar superb;
5 mm x mrad. Bernd Ladiges, affarsomradeschef CO,-och

diodlasrar, tror att lasern kan finnas pa marknaden inom
3-4ar.

¢ Rofin fortsatter att utvecklas starkt, siger Bernd Ladiges.
Vi dr nu 1100 anstidllda och omsitter ca 250 MECU.
Tillvixteniar dr 38%, men i den siffran ingar kopet av
Carl Baasel Lasertechnik GmbH.

¢ Diodlasrarna utvecklas ocksa starkt berittar Bernd. Vi
har nu en 8 kW pa gang for laserytbehandling. Aven
mirkning ar stort avslutar Bernd Ladiges.

Bild 3. Bernd Ladiges (t h) och Pierre Scheyvaerts visar stolt delar av
Rofin Sinars produktprogram vid EMO.
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Mazak utvecklar ny Fabri Gear

IMazaks monter triaffar jag Gunnar Thoursie, forsaljnings-
chefhos Ravema, som marknadsfér Mazak i Sverige. Gunnar
berittar att Mazak har upptackt ett behov av en mindre
Fabri Gear, som dr Mazaks 6 axliga profilskdrmaskin, och
lanserar darfor till varen en ny maskin som klarar 6 meter
langa profiler med en inskriven diameter 150 mm. Den
storre maskinen klarar 8 meters profiler med diameter 280
mm. Maskinerna bestyckas med lasrar frin Panasonic med
upp till 4 kW effekt.

Gunnar berittar ocksd om de andra lasermaskinerna
Space Gear Och Super Turbo 510 Mark II. I den senare har
man flyttat resonatorn for att 6ka servicevanligheten. Till-
forlitligheten ar viktigast for Mazak enligt Gunnar.

¢ Vi har silt tva laserskarmaskiner for obemannad drift
dar hela hanteringssystemet tillverkas av Hestra Meka-
niska AB, avslutar Gunnar Thoursie.

Trumpf kombinerar drivningstekniker
Trumpfs trumfkort pd EMO var den nya baddskarlasern
Trumatic L3050 dir man kombinerar linjarmotordrift med
traditionell kuggstangsdrivning. Maskinen ger skarhastig-
heter pd upp till 40m/min i 1 mm plat. Kolstdl kan skidras upp
till 25 mm; rostfritt till 20 mm och aluminium till 12 mm.
Maskinen ir en typisk ”flying optics-maskin”, beridttar
Jan Fransson, forsaljningsingenjor hos Trumpf Maskin AB,
ddr man konsekvent har infort littviktsteknik. Det har
gjort det mojligt att utnyttja linjarmotorer for drivning av
y-och z-axlarna. For den ldnga x-rorelsen sker drivning med

traditionell dubbelsidig kuggstangsteknik. Trots olika driv-

ningstekniker ndr axlarna samma hastighet pa 200 m/min,
vilket ger en simultan rorelse pa ca 300 m/min. Maskinen
ar dessutom utrustad med trombon for konstant stralgéng-
langd, adaptiv optik, samt kan pulsas vid skidrning av t ex
sma hal. Det sistnamnda gor det mojligt att sira hal med en
diameter av 40% av plattjockleken vilket for en 10 mm plat

ger 4 mm diameter.

e  Maskinen behover inget speciellt fundament utan kan
stillas direkt pa ett normalt verkstadsgolv, avslutar Jan

Fransson.

Trumpf visade ocksa en helt ny optisk matmaskin, Quali-

fier 2500, for att mita stansade och laserskurna detaljer.

e Noggrannheten dr 30 mikrometer/m siger Stefan Wal-
1én, siljledare vid Trumpf Maskin AB, som visar mig
maskinen. Maskinen dr byggd pa ett granitblock for att
nd den yttersta stabiliteten. Miatning sker med CCD-
kamera som aker over objekten som ska matas och tar
50 bilder/s. Kamerans position detekteras samtidigt i
tva axlar. Dessa bilder ar indata till matprogrammet
som automatiskt gor jimforelser med inprogrammera-
de CAD-bilder. Matprocessen tar beroende pa storlek
och komplexitet mellan ndgra sekunder och nigra mi-
nuter. Resultatet visas pd en monitor och alla avvikelser

markeras i rott. En matrapport skrivs ocksa ut.

¢ Inte nog med detta, forsitter Stefan. Maskinen kan ocksa
maita formade detaljer med hojder upp till 40 mm med

en noggrannhet pa 0,1 mm. Detta sker ocksa pd optisk

vag med laserdiod och triangulering.

Bild 4. Trumatic L3050 &r en ny laserskdrmaskin fran Trumpf som kom-binerar traditionell drivning med linjdrmotordrift.
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Bild 5. Qualifier 2500, Trumpfs nya médtmaskin for stansade och laser-
skurna delar.

¢ Maskinen kan levereras i tvd storlekar, 2500x 250 mm
och 1250x1250 mm. Sa nu finns for forsta gdngen en
matmaskin som matchar laserskdrmaskinerna i nog-

grannhet och snabbhet, avslutar Stefan Wallén.

Bystronic utmanar linjirmotordriften

Bystronic gdr sina egna viagar vad giller utveckling av
laserskdarmaskiner. Nu introducerar man en ny maskin,
Byspeed 3015 med 4 kW CO,-laser.

¢ Det speciella med maskinen dr bade konstruktion och
drivning sager Ulrich Bollier, Bystronic. En centralt pla-
cerad bom utgor faste for styrning och drivning for
x-axeln och i den hdnger y- och z-axel. Drivningen sker
med Bystronics skivmotorer vilka kallas DHM (Direct

Helical Motor). Accelerationen per axel ar imponerade

30m/s? eller mer 4n 3g.

¢ Maskinen har ocksa ett nytt skarhuvud med linskassett
och sjilvjusterande gasmunstycke. Adaptiv optik hal-
ler konstant fokalposition 6ver hela arbetsytan som ar
3000x1500 mm. Maskinen vager 19 ton vilket ar som
en ordindr laserskdrmaskin och darfor behovs inte

nagot speciellt fundament.

Bystronics system for materialhantering kan naturligtvis
anvindas och ger mojlighet till obemannad produktion.
Dartill har man ett antal funktioner som Cross jet, over-
vakning av skdrprocessen och automatisk rengoring av

gasmunstycket.

e Maskinen ska borja levereras i april 2002 avslutar
Ulrich Bollier.

Amada introducerar Quattro

Amada visade en ny liten laserskirmaskin som kallas
Quattro for smad detaljer och som kan passa i de flesta
verkstdder. Den har arbetsomrade 1260x1260x100 mm
och idr utrustad med en 1 kW CO,-laser som skir upp till
6 mm stalplat.

e Maskinen dr byggd i en enhet, sidger Jonas Hedqvist,
och ar en lagprismaskin for den lilla verksamheten.
Prestanda ar dock i samma nivd som vanliga maskiner
med forflyttningshastigheter pd 30 m/min och skirhas-
tigheter pd upp till 10 m/min.

Bild 6. BySprint 3015 dr Bystronics svar pa linjirmotordriften.
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Bild 7. Jonas Hedqvist visar Amadas nya lilla skirlaser, Quattro.

Amada har ocksa investerat mer dn 135 miljoner kronor i
en ny fabriks anlaggning i Charleville, Frankrike, dar man
ska utoka produktionen av maskiner for den europeiska

marknaden.

Laserhoning i produktion

Vad mera av laserintresse frin EMO? Ja, Finnpower visade
t ex sin stolthet FPL6 med linjarmotordrift, och man kan
inte annat an imponeras av farten i positionering och skar-
ning. Den maste upplevas!

Salvagnini, LVD och Stiefelmeyer visade ocksa laser-
skdarmaskiner som funnits ett tag pd marknaden. Adige
stallde ut sin profilskarmaskin LT 652, som nu 4r ytterli-
gare forbattrad. Omstillningstiden for byte av profiltyp ar
nu mindre an 5 minuter upplyser Ing. Lino Grisoni.

Bild 8. Adiges profilskdrmaskin dr helautomatisk och &r utrustad med
slablaser fran Rofin Sinar och h&jdhallningssystem fran Precitec KG.

Om vi nu limnar laserskarmaskinerna och tittar pa
ovriga metoder sd fanns ett rikt utbud pa lasermarkmaski-
ner frin t ex Ostling, Gravograph, Borries och Baublys.
Den sistnimnda har en hel mangd maskiner for markning,
djupgravering, och ytstrukturering.

Maschinenfabrik Gehring GmbH & Co. visade en mycket
intressant teknik for ytstrukturering av cylinderfoder i bil-
motorer som man kallar laser-honing. Tekniken gir ut pa
att gravera sma fickor i 6vre delen av cylindern med laser
och darefter honas fodret. Laserhonade foder ger 50%
reduktion i oljeférbrukning, mindre fororening av kata-
lysatorerna, mindre utslapp, lagre friktion och minskat
slitage pd foder och kolvringar. Tekniken anvinds nu i
Opels 2.0 DTI 16V Echotec motor.

Alpha Laser GmbH visade en laserarbetstation for ma-
nuell ytbelaggning eller svetsning. Med denna kan man
reparera diverse olika komponenter som verktyginsatser,

gjutformar, stimplar mm.

Bild 9. Manuell laserarbetstation for ytbeldggning och svetsning fran
Alpha Laser.

EMO i Hannover bjuder som synes pa ett rikt utbud av
laserteknik. Laserskirmaskiner dominerar, men det finns
ocksd mycket annan laserteknik att titta pA. Om Du dess-
utom dr intresserad av tillverkningsteknik och verktyg-
smaskiner har du funnit en guldgruva att botanisera i. Jag
sdger som Sven Jerring sa om japanerna i den beromda
fotbollsmatchen mot Sverige, men i EMO tappning:

”Maskiner, maskiner, maskiner — 6verallt maskiner!!

Vil mott pa nasta EMO!!
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Schweissen & Schneiden 2001
— allt for skarning och svetsning

Av
Hans Engstrém
Luled tekniska universitet

Schweissen & Schneiden, S&S, virldens storsta svets- och
skarmassa halls vart fjarde ar i Essen, Tyskland. Det dr en
stor massa men den kanns mera “hanterbar” an EMO efter-
som omrédet dr koncentrat pd ”bara” 12 hallar. Och allt
handlar om svets- och skirteknik. Hallarna dr ocksd mindre
vilket ger en titare atmosfdr och man kan verkligen kinna
masspulsen. T ar lockade S&S ca 1000 utstillare vilket dr
10% mer dn vid forra tillfillet. Man har ocksa tagit i bruk
en nya hall vilket ger totalt 105 000 m? utstallningsyta.

Esab dominerar
Nir man anlidnder till S&S via huvudentrén till Hall 1
kanner man sig riktigt stolt som svensk. Dar, direkt innan-
for entrén, har som vanligt Esab (jag fortringer att de ar i
utlandsk 4go) en jattelik monter dar man visar ”allt” man
har i maskiner, tillsatsmaterial samt ovriga svets- och
skartillbehor.

P4 lasersidan har man en planskirmaskin, Alpharex, i

det storre formatet. Det storsta format man levererat har

- _
ALPHAREX AXB 7000

Bild |. Esab Alpharex &r en laserskdrmaskin for de stora formaten.
Skdrning av faser ar mojligt med ett fler-axligt skarhuvud.

A S
S

il

en bredd pd 5 m och en skirlangd pd 28 m. Det ”normala”
standardformatet dr annars 2x6 m. Maskinen r av hy-
bridtyp dar laserkillan dker med i x-rorelsen. Lasrarna
kommer fran Trumpf. Trots det stora formatet har den en
positioneringshastighet pa 25 m/min.

En finess 4r mojligheten att ansluta ett fler-axligt huvud
som gor det mojligt att skira faser i upp till 45 grader i
10 mm material.

Maskinen tillaiter obemannad drift i upp till 8 timmar.
Laddning och lossning kan ske under drift med ett palett-
vaxlingsbord dar palettviaxlingen tar mindre an tre minuter.

Esab har naturligtvis tinkt pa arbetsmiljon sa Alpharex
ar ocksa utrustad med effektiva utsug och filterkasetter
som enkelt kan bytas.

Aven Messer visade en stor planskirmaskin, LaserMat
5000, som har arbetsbredder pa upp till 3.2 m. Aven denna
maskin kan skadra faser och da dr den forsedd med ett
Precitec CS skarhuvud. Messer anviander Fanucs C4000A

laser i maskinen.
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Hogeffekt diodlaser

Laserline GmbH visade ett urval av sina diodlasrar. Effekt-

omradet for de direktverkande lasrar ar fran 0.1 till 6 kW.

Den minsta vager 3 kg och den storsta 18 kg! Fokalpunkt-

ens storlek dr 0.45x0.45 mm respektive 0.9x4 mm.
Laserline har ocksa fiberkopplade diodlasrar och hir

stracker sig effektomradet fran 0.1 till 4 kW. Fiberdiameter

ar 0.4 mm respektive 1.5 mm.

Bild 2. Fiberkopplad diodlaser fran Laserline

Bild 3 Diodpumpad pa | kW Nd:YAG-laser fran Trumpf. Effekten ga-
ranteras under diodernas hela livslingd.

Diodpumpad Nd:YAG och remote welding fran
Trumpf
Trumpf hade ocksé en stor monter vid S&S dir man visade
flera nyheter. Den kanske storsta dr att man nu har diod-
pumpade Nd:YAG-lasrar till forsdljning. P4 massan visa-
des en 1 kW med stralkvalitet 12 mm x mrad. Till den
anvinds fiberdiameter 0.3 mm. Den storsta diodlaser ger
maximalt 6 kW med garanterade 4.5 kW pa arbetsstycket
under diodernas hela livslangd. Stralkvaliteten 4r 25 mm x
mrad och till den lasern anvander man 0.6 mm fiber.
Trumpf visade ockséd en prototyp till remote welding
med arbetsomrdde 760x760x350 mm. Den bestyckas med
CO,-lasrar pa 3-5 kW. Portioneringshastigheten dr 700m/
min (11.7 m/s). Fokallangden pa optiken dar 1500 mm och
man kan fir en fokalpunkt pa 0.5 mm i diameter. En riktig
maskin kommer varen 2002 och mot slutet av dret ska man
ha framme en maskin med arbetsomrade pd 1.6x1.6 m.
Trumpf visade ocksa sin programmerbara optik, PFO,
som svetsar sma detaljer blixtsnabbt. Man hade ocksa en
station dir man svetsade 5 mm aluminium med 5 kW CO,-
laser vid 5 m/min. For att fd optimal svetskvalitet anvander
man dubbelfokusoptik, Twin Spot.

Manuell pasvetsning

Aven Rofin Sinar fanns pa S&S och visade bl a remote
welding och ett system for manuell laserpasvetsning kallat
StarWeld Tool.

Det storsta systemet for remote welding ger ett arbets-
omrade pa 1.5x2.4 x0.6 m och till den anvinds en 3.5kW
CO,-slab laser. Fokallingden 4r 1600 mm och den posi-
tioneras med en hastighet av mer dn 2 m/s. Rofin korde
systemet "live” och det dr imponerande att uppleva posi-
tioneringshastigheten over en sa stor yta. Dodtiden mellan
svetsarna ar i princip eliminerad; daremot dr svetshastig-
heten annu begransad till foljd av den relativt stora fokal-
punkten och franvaro av skyddsgas.

StarWeld Tool systemet utnyttjar en 100W Nd:YAG-
laser som ger 80] pulser vid 10Hz. Systemet dr tinkt for
saval sma som stora (max 350 kg och 125 ) detaljer och
dven vertikala ytor kan behandlas utan att arbetsstycket
behover tiltas. Pasvetsmaterialet dr av trdd och man kan fa
hardheter upp till 62 HRC. Systemet ska vara sd ergono-
miskt utformat att operatoren ska kunna arbeta timmar i

strack utan problem.
Laserhybridsvetsning
Bade Fronius och KUKA ”pushade” for laserhybridsvets-

ning av aluminium med Nd:YAG laser. Fronius visade en
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Bild 4 a. Remote welding system fran Rofin Sinar.
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4 b. Remote welding system fran Rofin Sinar.

cell med ettintegrerat svetshuvud och man uppger att svets-
ning kan ske med 3-8 m/min i effektomradet 2.5-3.5 kW.
KUKA hade ingen visning men uppger att man kan uppna
3 gdnger hogre svetshastighet med sitt laser-robot system!
P4 tal om laser-robot s3 demonstrerade ABB ett system
med ett skarhuvud fran Permanova.

En spiannande upptiackt var HighYag Lasertechnologie
GmbH som visade processhuvuden for ett flertal tillimp-
ningar som svets- och l6dhuvud for bade diod och Nd: YAG,
svetshuvud for hybrid-MIG, svetshuvud for aluminium.
Man har ocksa standard fokuseringshuvuden for bade
Nd:YAG och diodlaser.

Hog puls pa S&S

En dag pa S&S gér fort. Det finns mycket spinnande svets-
teknik, sd den svetsintresserade har hogtidsstunder, men
det visades ocksa mycket av rena standardprodukter. Van-
liga svetsmaskiner finns i parti och minut for att inte tala
om enkla tillbehor. Rullar med svetstrad finns ocksé over-
allt. Men trots detta sa tinker jag nog forsoka uppleva S&S
ar 2005. Som sagt, masspulsen ar hog pa S&S.
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Att valja gas for laserskarning

Bo Williamsson AGA Gas AB

Inledning

Laserskarning lampar sig for en stor mangd olika material
och legeringar. Vid skdrning i varierande material stalls
krav pd korrekta parameterkombinationer, dir gasvalet
ingdr som en liten, men val sa betydelsefull del. Denna
artikel dr den forsta i en serie, ddr olika aspekter av gasval
och gasparametrar kommer att belysas, och behandlar i
detta avsnitt skarning av konstruktionsstil. Uppmarksam-
het kommer ocksa att fastas vid gasval for s k hoghastig-

hetsskarning.

Material

Gasvalet har stor inverkan vid skarning av olika material.
Beroende pa onskad snittkvalitet, prestanda och ekonomi
finnsiregel ett antal olika alternativ. Har tas endast upp de

vanligaste materialen.

Konstruktionsstal
Standardgasen for skarning av olika konstruktionsstal har
traditionellt varit oxygen (syrgas). Oxygenet ger ett energi-
tillskott vid forbranningen av materialet i snittet vilket
borgar for hog skirhastighet. Skirhastigheten kan okas
ytterligare genom att anvdnda oxygen av hogre kvalitet.
Nackdelen med oxygen ar att den egenskap som ger forut-
sattningar for hog produktivitet ocksd skapar problem i
form av oxiderade snittytor. Detta giller framfor allt vid
efterfoljande pulverlackering. Krav pd lackeringsbara snitt-
ytor har lett fram till utvecklingen av alternativa skargaser,
exempelvis oxygen/nitrogenblandningar eller t o m ren
nitrogen (kvave), var och en med sitt specifika anvind-
ningsomrade samt for- och nackdelar, se tabell 1.
Nitrogen forefaller vara ett gdngbart alternativ for att
l6sa problemen vid efterfoljande pulverlackering. Ett pro-
blem i sammanhanget kan mojligen vara att processen

kraver betydligt hogre effekt 4n vid skdrning med oxygen.

Detta beror pa att vi i detta fall saknar det exoterma till-
skottet vid forbranningen av material i skarsnittet. Skar-
ning med nitrogen sker som ren smaltskarning vilket nod-
viandiggor hog lasereffekt i kombination med god stral-
kvalitet. Som exempel kan nimnas att undertecknad har
skurit 2 mm konstruktionsstal med samma hastighet som
vid oxygenskarning. Snittkvaliteten var extremt hog, med
slagg- och oxidfria snitt.

Skillnaden var att lasereffekten 6kades till 2.8 kW mot
tidigare 1,1 kW. Skargastrycket 6kades ocksa till moderata
10 bar. I 6vrigt anvandes parametrar for skdrning av rost-
fritt stal, bl a flyttades fokalldget frdn overkant av pliten
ner i materialet. Undersokningar pagar for att dokumen-
tera skdrparametrar vid skiarning av tjockare plat, upp till
8 mm.

I de fall lasereffekten dr for ldg kan i vissa fall bland-
ningar av oxygen och nitrogen anvandas. Den lilla oxygen-
tillsatsen ger ett tillrackligt stort energitillskott for att pro-
cessen ska fungera. Nackdelen dr att snittytan blir delvis
oxiderad, dock i betydligt mindre utstrackning dn vid skar-

ning med ren oxygen.

Hoghastighetsskirning
Hoghastighetsskarning med laser intar en viss sirstillning
i ssmmanhanget. Maskiner med linjirmotorer i kombina-
tion med lasrar med hog stralkvalitet skapar forutsittningar
for mycket hoga positionerings- och skarhastigheter. Skar-
hastigheter upp till ca 30 m/min i 1 mm konstruktionsstal
gor att metoden i vissa fall kan konkurrera med stansning.
Hoghastighetsskirning anvinds dven vid skdrning avandra
material t ex aluminium och rostfritt stal.

Vid hoghastighetsskarning anvinds, i motsats till vid
normal skarning i regel nitrogen. Detta framfor allt p g a att
forbranningen av material i oxygen tenderar att stora skir-

processen snarare an underlatta den. Ett laminart gasflode

Tabell 1. Sammanstallning av olika skargaser for konstruktionsstal.

Gas Fordel

Oxygen Hog skarhastighet
Nitrogen/Oxygen Lagre skdrhastighet
Nitrogen Ingen oxidation

Nackdel
Oxiderade snittytor
Mindre oxidation

Lagre skarhastighet i vissa fall

Kraver hog lasereffekt
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Tabell 2. Exempel pd prestandaskillnad vid hoghastighets-

skarning kontra konventionell skdrning.
Mitrl: konstruktionsstal t=lmm  Max pos.hastighet (m/min)  Max skdrhast (m/min)

Konventionell skarning 80 10

Hoghastighetsskarning 300 40

paverkar skarprestandaigynnsam riktning. Prestanda okas
ytterligare genom den hoga stralkvaliteten hos lasern. Hog
stralintensiteti kombination med ett effektivt gasflode ska-
par forutsittningar for hoga prestanda.

Gastryck och floden ar i motsats till vid hogtrycksskar-
ning av rostfritt material relativt moderata. Gastryck upp
till 5-10 bar ar vanligt forekommande. Ett exempel pa
skillnaderna i prestanda mellan normal laserskarning och
hoghastighetsskarning visas i tabell 2.

Nista artikel: Gasfrigor vid skirning av rostfritt stil och

aluminium
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EDLEMMAR

ABB Assist AB HIAB AB Saab Automobile AB

ABB Flexible Automation AB Huskvarna Prototyper AB Salvagnini Scandinavia AB
AGA Gas AB Hagglunds Vehicle AB Sapa profiler AB

Air Liquide Gas AB Institutet for Metallforskning Scania AB

Alfa Laval Lund AB IVF Industriforskning och utveckling AB  Spanga Allmontage AB
AMADA/PROMECAM AB Kendrion JV AB SSAB Oxeldésund AB
Arbetslivsinstitutet LASAB SSABTunnplat AB

Bahco Metal Saws AB Laser Centrum i Gnosjo AB St Jude Medical AB

BT Products AB Lulea Tekniska Universitet Totalforsvarets Forskningsinstitut, FOI
Bystronic AB Ingenidrsfirman Lundwall & Co AB Trestad Svets AB

CEPA Industri AB MAPRO Lasersystem AB TRUMPF maskin ab

Dala Platteknik AB Henrik Murray Consulting HB Volvo Aero Corporation AB
Duroc AB NUM Norden AB Volvo Articulated Haulers AB
E. M. Eriksson Plat AB Permanova Lasersystem AB Volvo Cars Uddevalla AB
ERASTEEL Kloster AB Permascand AB Volvo Personvagnar AB

ESAB AB Permascand Laser AB Volvo PV Komponenter AB
Faurecia Exhaust System AB Platspecialisten AB, Arlov Westlings Industri AB
Fribergs Verkstader AB Platspecialisten i Orebro AB Ostlings Marksystem AB
Gamma Optronik AB Pullmax Ursviken Scandinavia AB

Hackman Wedholms AB Rotage AB

ONFERENSER och SEMINARIER 2002

|2 mars Racer Il, Laserbearbetning och abrasiv vattenstraleskdrning.
Avslutningsseminarium med presentation av resultat i samarbete med svensk industri.
Studiebesdk vid Faurecia Exhaust System AB, Torsas

21 mars VI Laserseminarium "Mojligheternas teknik" Lasergruppen i samarbete med CEPA, Lund

6 maj Laserdag och arsméte for Lasergruppen, Luled tekniska universitet, Lulea

27-31 maj LAMP 2002, Osaka, Japan innehéllande tva konferenser:
LPM2002 - 3rd International Symposium on Laser Precision Microfabrication

HPL2002 — Ist International Symposium on High Power Laser Macro Processing

24-25juni  IW Internationell svetskonferens, "Advanced Processes and Technologies
in Welding and Allied Processes”, Kbpenhamn

9-12 juli IBEC 2002, Paris. International Body Engineering Conference and Exhibition
18-20 sept Aachener Kolloquium flr Lasertechnik, Aachen, Tyskland

[4-17 okt ICALEO 2002, DoubleTree Paradise Valley Resort, Scottsdale, Arizona USA

SGd . Jil och
&m@/l/yﬂ@%
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