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Laser beam surface welding
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with continuous laser beam in the kW range, using CO2, Nd:YA
fibre, slab and diode lasers. Surface welding with pulsed Nd:Y4
lasers is not discussed in this technical bulletin. The applications
of the process include a wide range of tasks for surface modifica-
tion and repair of components and tools. This technical bulletin

contains recommendations for professional use and notes gg.lay- in Table 1.

Characteristic Remarks

Laser types Normally at least 1000 W (cw)

Power density CO, laser due to lower absorption with power densities in the
region of 1,000,000 W/cm?

Exposure duration Single bead

Track geometry Greater layer thicknesses possible with multi-pass tech-

— Track width niques, 3D contour coatings

— Single bead height
— Typical layer thicknesses

Localisability

Proximity to final contour Final dressing usually necessary

Coverage/deposition gfite 1,200 mm>?/min /0.1 to 2 kg/h” Dependent on laser power, material and component geome-

» iy

Heat input into th - w to medium
ponent
76,000 W
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Characteristic Limits/rating

Remarks

Distortion, form deviations low to medium

Layer structure dense, homogenous

Bond strength metallurgical bonding

Bond strength similar to the layer tensile strength

Dilution of layer with base 2t0 5%

material

Environmental conditions mostly under normal atmospheric

conditions

Additional gas shielding possible, typically N

Component size unlimited

Depending on available laser machine

Surface geometry smaller and/or more complex func-

tional surfaces

Large-area coatings are unfavourable,
mic perspective

Processing tasks — Surface protection
— Repair coatings

— Precision machining

4. Process principle

In the case of laser beam surface welding, essentially a distinction
is made between single-stage and two-stage processes. Whereas
in the two-stage process, the previously deposited filler material
is melted by the laser beam, with the single-stage process, fee-
ding of the filler material takes place simultaneously with the laser
beam.

In the single-stage process, besides the laser parameters, the re-
sult is primarily determined by the type and design of the feeding
system, its orientation relative to the beam working area, the feed
rate of the filler material and the shielding gas supply. In the single-
stage process, powders, wires and occasionally pastes are used
as fillers.

Melting of the filler material in the two-stage process takes place
starting from the layer surface. Energy transfer to the base materi-
al is predominantly based on heat conduction. This results in grea-,
ter sensitivity to overheating and the layer thicknesses achieva
in one pass are significantly smaller, by approx. 0.3 to 0.8 mm.|

The basic principle of the single-stage process, independe
type of filler material used, is illustrated in Figure 1 basg
example of laser-powder surface welding.

gical bond essentially take
heat dissipation into the c;

depending on the stressing of
ry of the processing location. Ma-
flexible. The main advantages
at, which can be variably adjus-

the component and
terials in powder fo
relate to the sha

der feed, processing heads with a powder
to the laser beam or with quasi-coaxially

2d direction, so that any two-dimensional contours can be
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such as inG¥mplete powder use (overspray) and the danger posed
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ders, wires have become more prevalent, especially for repair
el@ng of tools and components for the aerospace industry. Metal
ba can also be used to produce relatively broad surfacing be-
, which should have a rectangular cross-section.

Laser beam surface welding is preferably performed without pre-
heating. For certain crack-sensitive combinations of layer and filler
material, however, preheating or the welding of a buffer layer (e.g.
of nickel) may be necessary.

Also, cooling of the workpiece may be necessary if there is an un-
favourable ratio of layer thickness to base material wall thickness.

With widely differing coefficients of expansion of the parent and
filler materials and a tendency to form brittle phases in the dilution
area, a metallurgically appropriate intermediate layer can be wel-
ded on before the actual, function-defining filler material is applied.

5. Technical components of laser beam surface wel-
ding systems

A basic requirement when using a laser for material processing is
the integration of the laser in a functional system. Such systems
can be divided, regardless of the application, into the four sub-
systems: laser, beam guidance and shaping, workpiece handling,
control and monitoring. The particularly relevant components are
highlighted (Figure 2).




